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FOREWORD

In the development of any sphere of mining activity the assayer has
always contributed, unobtrusively but in no mean measure, & IOst
important share. The fact is true in the phenomenal growth of the
Witwatersrand Gold Mining Industry. The determinations of the assayer,
made in keeping with the accuracy established by continuous progress
in the technical sciences regarding improved technique and modernisation
of equipment, have undoubtedly provided, not only a measure of pro-
ductive efficiency, but also the basis upon which important decisions are
made and new expansive ventures undertaken.

This publication, therefore, which has been arranged und edited by
members of the South African Association of Assayers, has come at an
opportune moment, particularly in view of present-day rapid develop-
ment of the Industry both on the Witwatersrand and in the Orange Free
State. .

Combining technical ability and experience the authors have provided
a concise and comprehensive guide to present-day methods of assaying,
which are in general use on the Witwatersrand. These methods are not
confined to the determination of the value of ores and metallurgical pro-
ducts, but include all those phases of physical and analytical chemistry,
which are so necessary for the technical control of every-day operations
on a mine. As a result, much useful information is made available to all
adherents to the vocation, both locally and elsewhere in the mining world.
To students and juniors embarking on assaying as a career the work should
prove of inestimable value.

It affords me great pleasure to extend to the Authors, on behalf of the
Transvaal Chamber of Mines and on my own behalf, congratulations on a
notable achievement.

S. R. FLEISCHER,

President (1931-52)
Transvaal Chamber of Mines.
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PREYFACE

In assuying, as in all other branches of seience, the vecurrence of new
problems and the development of improved methods and equipment, lead
to changes in practice and to improvements in technical skill.

For these reasons the Council of the South African Association of
Assayers decided to revise its first text book Rand dssay Practice. As
this meant that large sections of the book had to be re-written, it was
agreed that the name should be altered and at the suggestion of the
Transvaal and Orange ¥ree State Chamber of Mines, whose generous
financial assistance made this publication possible, the name ssay
Practice on the Witwatersrand was adopted.

The object of the book is twofold. Firstly to provide a text book for
student assayers which will completely cover the syliabus for the assay
section of the Assayer’s Certificate of Competency: and secondly to give
practising assayers a handbook which covers most of the work they may
be called upon to perform.

Where possible, references have been included Lut a really compre-
hensive reference is impossible as most of the methods used in gold assaying
have developed over a period of many years to suit Jocal conditions and
very often their origin is lost in antiquity. :

The Authors wish to thank the Managements of the Mines concerned,
Professor L. Taverner, Director of the Government Metallurgical Labora-
tory, and Dr. Naude and Dr. Roux of the Council for Scientific and
Industrial Research for permission to publish various data andillustrations.

They also wish to thank Dr. D. J. Simpson of the Geological Survey,
Dr. S.J. du Toit of the National Physical Laboratory and Mr. C. A. Cousins
of the Johannesburg Consolidated Investinent Corporation who supplied
information on techniques at present being used wnd who read and
criticised Chapter XXIII before it reached its final form.

They also wish to acknowledge their indebtedness to the Metallurgical
Committee of the Transvaal and Orange Free State Chamber of Mines for
its assistance in producing this book.

V.Sh.
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CuaprTiEr L
ASSAY OFFICE DESIGN.

The design of the building plays an important part in the casy handling
of the large number of samples which are treated daily in a Rand assay
office.

As with any organization which relies on mass production methods, a
system should be devised which permits an uninterrupted flow of work
from one section to another.

The main considerations underlying the accompanying ground plan of
an assay office are to allow for such a flow of work and, in addition, to
provide separate rooms for carrying out work which, for reasons of
accuracy, prudence or health, should be performed under conditions of
isolation.

Tt will be noted that the furnaces are arranged so that the stoke-holes
may be outside the building.

This being accomplished, the other nccessary equipment, such as slag
and button anvils, tables, etc., may be placed as desired.

On one side of the furnace room and with access to it are the rooms for

receiving, drying, crushing, weighing up and “fluxing”” of the samples

from the reduction works and underground.

Tt is necessary to ensure that the risk of contamination of surface
samples, particularly residues, should be entirely obviated and this can be
effected by eliminating all possibility of contact with the richer samples
from underground.

In addition to these rooms it will be noted that provision is made for
adjacent rooms for storage, drying and also for lux-mixing in bulk.

The balance room, laboratory and office are separated from the furnace
room by means of a passage which serves the purpose of excluding, as
far as possible, the dust, heat and fumes generated in the other portion of
the building.

In the Southern Hemisphere, the balance room should have a southern
aspect, light and ventilation being afforded by means of windows placed
sufficiently high to prevent disturbing rellections being seen in the glass
of the balance cases. This room should not be subject to vibration from
any source.

The laboratory, for preference, should L lined with glazed tiles or built
of glazed brick and a portion should be purtitioned off for coal and air
analysis.

The actual equipment of the assay office and the luboratory is described
later on in this book.

The building described herein would be suitable for assaying up to 2,000
fusions per day and could be modified as circumstances direct.
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THE CRUSHER HOUSE
The size of the assay office crusher house must depend on the nuber

of samples which is sent in for assay. In designing the crusher house,
Lhowever, due consideration should be given to the fact that speedy and

" efficient handling of the work is essential.

The crusher house should be provided with ample sorting, crushing and
quartering equipment and should be spacious, effectively ventilated and

well lit. The health of the worker is of paramount mmporgance and an
efficient installation for the removal of injurious dust is necessary.

CrusHER HOUSE MACHINERY AND LAY-OUT.

In order to facilitate the flow of work in the assay crusher house and
to reduce handling to a minimum, the vencral lay-ouw of machinery and
other installations should be in the following order-—-

Sorting Tables.
Preliminary crushers.

. Intermediate crushers.
Sample dividers.
Pulverizers.

woly —

Ux:&—

Sorring TABLES.

Crusher sorting tables can be fixed or movable, and may be built of
brick piers with cement tops, or made in the form of sturdy wooden benches,
preferably steel-topped to prevent wear. They should be fitted with hoods
or cowls connected to the exhaust svstem for the removal of dust.

Where the transfer of sample to dish takes place outside the crusher
house, it is usual to place the sorting tablex near windows or hatches
through which the dishes may be passed.

PRELIMINARY CRUSHERS.

Several types of jaw crushers suitable for the primary reduction of
mine ore samples are available. The work required of these machines calls
for robust construction and simplicity of desizn. The preliminary crushers
should be installed close to the sorting tables 1o obvinte unnecessary

transport of samples.

INTERMEDIATE CRUSHERS.

The types of intermediate crushers generally used on the Witwaters-
rand are the “Hush”, the “Sturtevant” and the “Capelite” jaw crushers.
All these crushers are strongly made and are simple in design.

The “Hush” crusher is a small machine and i generally used in con-
junction with primary crushers.
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Fis, oA Sorting Tabie for Mine Sangl s
e ventilation duet ranning voderneath the tables which s oo v Gt
tist e, is covered with perforated plites Phe vabde o 260
fect and the duet s 1 foor wide
Witk bnoalidguient 1o C0ndadad Pooyg o M dees

o, exld

Fig. 2. “Cupolite” Juw Crusher with Cover Connected 1o PN nest Sy <ies
(it ardoneledguient to Jeond Loises o Pagelsy (00 G
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The “Sturtevant” and the “Cupelite” are larger and the size of the
jaw openings permits the crushing of the largest pivee of rock that should
be found in any underground ore sample, while their etfiviency, when
properly adjusted, has rendered preliminary crushilg unnecessary since
they are capable of reducing the sample to « product wlich is mainly
minus § inch.

SaMPLE DIVIDERS.

On the Witwatersrand the practice of “coning” and “quartering’ a
sample, by hand, has been almost entirely superseled by « method of
reduction by an automatic divider: nevertheless the process is still termed
“quartering”. This device consists essentially of « rectangular yunnel or
hopper, supported on a strong iron stand. The base of the funnel is divided
into an even number of adjacent chutes slanting in vpposite dircetions,
so that the sample, by dropping down the chutes is divided and falls into
areceiving pan on the one side and into a reject bin on the other. Thereject
bin is placed below the strong iron table on which the upparatus is
mounted. The reject chute, in some crusher houses. leads to « bin outside
the building itself, and this method of installation is rccommended in the
interest of the maintenance of a dust-irce atmosphere inside the erusher
house. For the same reason the quartering apparatus should be enclosed
in an efficiently ventilated hood. '

The portion of the sample retained in the receiving pan is passed to the
pulverizer, where it should be ground to minus {0 mesh. On some mines
a portion of the crushed, but not pulverized, sumple Is retained for
reference. This procedure is useful in case contan:ination in the pulverizer
or in the process of assay is suspected. a further san.ple being then avuil-
able for check.

Fig. 3. A Jones Type Riffle Divider.
The reject chute leads to u bin outsile the building.
(With acknowledgment to Last Geduid Mincs Ltd.)
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PULVERIZERS.

! Pulverizers of the disc type are in general use on the Witwatersrand,
! the best known being the “Braun”, the “Hush”, the “Cupelite” and the
“Atom”.

o The Braun Pulverizer.—The main features of this machine are the
{ simplicity of design and the ready accessibility of the grinding discs.
- The machine is easily opened for cleaning and this fact contributes con-
siderably to its utility. It is not particularly “dust-proof”, however, and
to maintain a low dust count in crusher houses where it is installed it is
necessary to enclose the machine entirely.




] PP—

| S——

6 ASSAY PRACTICE ON THE WITWATERSRAND

The Hush Pulverizer—This machine is simply constructed and has
few wearing parts. Its rate of pulverizing is wpproximarely the same as
that of the Braun and the shape of its outer casing simyplitics the control
of the dust generated while it is in operation.

The Cupelite Pulverizer.—This pulverizer s of similar design to the
Braun and the Hush. It is fitted with ball bearings and is capable of
dealing with a large number of ore samples over a considerable period
with little attention. The dust gencrated during its operation is incon-
siderable.

All three types are fitted with 8" discs.

The Atom Pulverizer—This machine is fitted with 107 grinding discs,
and consequently has a faster grinding capucity than the machines
previously described. The rotating disc revolves at §00 r.p.m. on an axis
which has an eccentric movement.

The stationary plate is attached to @ hand-operated lever which causes
the grinding surfaces to separate approximately one-sixteenth of an inch
and at the same time actuates the compressed air valve allowing the air
to travel along special blow-out channels which lead to all points where
dust may accumulate. The machine is thus more easily wnd efficiently
cleared of any possible contaminant.

The pulverizer is hinged about the centre and may readily be opened
for inspection, or for the changing ot dises.

The whole unit is mounted on a hollow cast iron pedestal which con-
tains a 5 h.p. motor connected to the pulverizer by five vee belts, a press

Fig. 5. Surface Pulverizor (Sue Fig. 4).
(With acknowledgment (v Geduld Prop. Mives Tud.;
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button overload switch, and a built-in casting which is attached to the
exhaust system. All rotating parts are enclosed making the unit pertectly
safe to operate.

A specially designed suction attachment muy be fitted 1o the feed
hopper to ensure that no dust escapes into the atmesphere when the
sample is introduced.

In modern crusher houses all machives are driven by scparate clectric
motors, and not by belts from a line shaft. This svstem of sepurate motors
and switches for each machine enables any particular portion of the
crushing plant to be operated as requircd. anl is Loth convenient and
cconomical. Transmission of power from motor to machine is by direct
shaft drive or vee belt, the latter being preferable. ax. a1 the event of the

‘jamming of a machine, the shock is not carried divect to the wotor with

the risk of consequent damage.

The treatment which the samples undergo in the erusher house is ux
follows:—

The canvas bags are opened and the samples arve tipped into steel
dishes. The ticket contained in each bag is undolded and is wiso placed
in the dish. The samples are arranged in numerical order, stacked in piles
of a suitable number and carried to the jaw crushers where they arce
crushed to approximately minus a quarter of an incli mesh. They are
then taken to the divider where each onc is quurtered down until
suitable quantity remains. The samples are then transterred to the pul-
verizers where they are ground to af least minus 60 mesh,  Adter this the
samples are placed in trayvs in numerical scquence and taken vo the
fluxing room.

A COMBINED CRUSHING, QUARTERING AND PULVERIZING
UNIT FOR MINE SAMPLEN.

This unit, which was originally designed and stalied ore the Geduld
Proprietary Mincs Limited, is now in use on several mines on the Wit
watersrand, and has proved successtul wiere w lirve number ot mine
samples are handled daily. Considerable saving in time and luboar has
resulted from its introduction. In addition. the amount of injurious dust
generated and dispersed into the atmosphere during the operation of the
unit has been reduced to almost negligible proportions. Standard cquip-
ment is used in its construction and all desirable fearures. used hoomine
sample crushing, are incorporated.

The principle of the Geduld unit is to wrange the separate niwchines i
such a manner that the discharge from thie jaw crusher is fed through a
divider direct into the pulverizer, thus combining several operations and
reducing handling to a minimum. Whercas in the ordinary installation
individual operators are required to manipulate the crusher. the divider
and the pulverizer, the Geduld unit can he controlled by one attendant
whose sole task is to introduce the sample to the crusher hopper and to
withdraw it, crushed, quartered and pulverized. frone the drawer below.

Precautions against the dissemination of dust wre provided, the erushing
portion of the unit being fitted with a powerful suction and the pulverizer
enclosed in a box connected with the ventilation svstem. This box, or
hood, is open at the front and the operator has complere access 1o the
pulverizer at all times.
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f st o

Fig. 7. A Later Version of the Cedulo Uit
Dust is drawn away through the perforated plate on which “he palver.zers st
(Sce Fig. 6 for origrinal).

(With acknowledgmend to Geduld Prop. Mies Lol

Descrirrion or rTir UNIT.

The Crusher —The crusher is a standard “Hush " jaw crusher mounted
on a steel framework 2’ high. It is driven off the fiy-wheel at a specd of
620 r.p.m., which is approximately twice the speed at whiclh anaciine
of this tvpe is normally driven. The increased speed niore tisar dounles
the crushing capacity, and it has been found in prastice that the Lo of
the bearings is increased considerably.

The Divider.—The divider is a specially constructed applianee. It was
found that the standard type divider had a tendency to choke wnd, as
the divider is rigidly fixed, difficulty in cleaning was experienced.

The modified type fitted, consists of two chutes ranning b oppesite
directions, so arranged that the crushed rock falls directiv on the metion
of the chutes.

It is necessary, when fitting the divider, 1o determine its pesicion ad
setting by experiment, as the moving jaw of the erusaer his @ teadeney
to throw the crushed material towards the back of the machine. The
correct setting is determined by checking the weitis of the separsted
portions of sample until they are as near as possible o coadity Thorough
investigation and checking of both weights and assay viiues has e fied
that this method of dividing is eflicient for the vvoe o0 verk lealy wh
by the unit.
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The standard receiving tray may be placed under the crusher so that
a sample may be crushed and caught hefore it passes to the divider.
Moreover a special divider may be inserted in this space. [t inserted one
way, all the sample is diverted to the pulverizer and if reversed. only «
quarter of the sample is sent to the pulverizer.

The sides and bottom of the divider chutes, which are perfectly smooth,
are tapered down from 63" to 24", the slope being 55° off horizontal.
compared with 45° in the case of the locally made “Jones” type divider.
This steeper slope prevents the jamming of particles of crushed sample
in the chute. A compressed air jet is fisted for blowing out the deviee
after each sample is crushed.

The Pulverizer.—A standard “Hush® pulverizer is used. The discharge
from one chute of the divider is fed directly invo the throat of the machine
and, as the rate of feed is governed by the discharge from the jaw crusher.
there is never sufficient ore at any one time to choke the throat.

HOLE FOR AIR PIPE

SCALE /B"™=1™
Unit.

“Geduld”

ELEVATION
DIVIDER

TEMPLATE
Tho samnploe divider as used in the

Fig. 8.

2"
SIDE VIEW




.

THE CRUSHER HOUSE 11

The pulverizer has suction from below, and is fitted with « damiper which
automatically closes while pulverizing is being performed and opens when
the machine is being blown out.

Provision is made for the efficient and rapid cleaning out of the machine
in the conventional manner, air jets being fitted to the throat and casing,

The Reject Bin.—The discharge from the reject chute of the divider is

fed into a reject bin which stands alongside the pulverizer. The hin is
24" % 12" and 14" in height. The bin must he removed befere the pul-
verizer door can be opened.

Cleaning the Unit.—Compressed air jets are installed av all points in the
crusher, divider and pulverizer where dust and particies of sample may
collect. These are controlled by a single cock so that the entire unic may he
¢leaned in one operation.

The Mounting.—The framework holding the jaw crusher is welded 1o a
base plate on which the pulverizer is mounted, and the whole unit stands
on a hollow conerete block 14” high. The space inside the block aws us a
trap for the heavier material which is blown out of the pulverizer after
crushing.

Each portion of the unit is detachable and can be removed for repuirs.
Where more than one unit is installed, it is advisable that the same type
of components be used throughout, and that o spare crusher and pulverizer
be available for replacement of any part of the unit in need of repair.

Fig. 9. A “Ceduld” type it made up of & “Cupelite” jaw crusher and o “Cupeite’”

Atomn pulverizer



12 ASSAY PRACTICE ON THE WITWATERSRAND

PREVENTION OF CONTAMINATION O SAMPLES DURING
CRUSHING.

If a pulverizer is opened and cxamined after a sample has been pul-
verized, it will be noticed that all the pulverized material has not found
its way into the sample drawer. A small quantity will be found on top of
the stationary plate, and on the inside of the casting, particularly if the
casting is rough.

These small quantities of sample, if not removed, will contaminate the
next sample to be pulverized and in the event of a rich sample preceding
one of low value, serious enrichment of the second sample may oceur.

For this reason it is necessary to clean out the pulverizer thoroughly
after each sample is crushed.

In theory, the machine should be opened and thoroughly brushed out to
ensure complete cleanliness; but this procedure is cumbersome and is guite
impracticable when a large number of samples is ha ndled daily. Experience
has shown that the pulverizer can be efliciently cleaned by the use of
compressed air jets directed at those points where the powdered ore is
most likely to accumulate.

The suction from the fan should be sufficiently powerful to exhaust all
the air and dust produced when the blowers are in operation; otherwise
some dust may be dispersed into the atmospherc of the crusher house, and
constitute a threat the health of the workers.

Tests MUST be carried out from time to time (o ascertuin whether or not
the suction from the fan is causing concentration of the sumple. It is generally
found, however, that where suction is applied directly to the pulverizer
no conoentration takes place although the amoun mple drawn off

oy lirges ™~

by the fan may be compar:

THE PRINCIPLES OF CRUSHER HOUSE VENTILATION.

In the course of mining operations underground, and in the handling
of the ore on the surface, a certain amount of siliceous dust is produced.
The finer particles of this dust (those measuring 5 microns and less),
if inhaled continuously over long periods, give rise to a chronic disease
of the lungs known as silicosis. For this reason every effory is made to
limit the formation of this injurious dust and to lay it, as it is formed, by
means of water-blasts, atomisers, water sprays. ctc., or by passing the dust-
laden air through flannel bags or other types of filters.

Although only a small part of the very finc siliceous dust is caught by
means of water-sprays, ete., the dust content of the air can be reduced to
negligible proportions by large scale dilution.

The rate of fall of the small particles is very slow. In still air, a particle
of dust 1 micron in diameter falls at the rate of 0-0070 cm. per second,
while a 10 micron particle falls 0+75 em. per second. Consequently the
suction from the fan removes this fine dust from the working place before
it has settled.

In the assay office crusher house, however, the removal of dust presents
a slightly different problem.

The dust produced during the crushing of the sample is of minor im-
portance and can be removed with comparative ease: but the problem
of removing The dust produced during the cleaning-out of the machine is a
more serious one.
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To prevent contamination, the pulverizer must be thoroughly cleaned
after each sample is crushed. It has been found that one of the most rapid
and effective means of achieving this end is to craploy compressed uir
at a pressure of from 50 to 80 lb. per square inch. Siice up o hali an
ounce of sample may remain in the pulverizer and this is blown out
immediately the air is turned on, it follows that the suction must be capable
of coping with this sudden surge of dust-laden, compressed air. For
example, if four half-inch pipes, with a pressure of 75 1b. per sguare inch,
are-used for blowing OUY; B8 much as 1,500 cubic lect per minute mayv be
produced. Therefore the fan must be capable of remoying this amount of
airand” to ensure cfficiency, should lave 4 TeSerse cipudly of 20 1o 50
per cent. In such a case a suction of 2,000 cubic fect per nunuLe nase e
applied to each machine. This is, perhaps an extreine case but even with
four quarter-mch pipes a suction of at least 500 cubic fect per minute
would be necessary.

It is ur.usual to have a separate fan for each machine, the usual practice
being to have several machines connected to the fan. 1f these connecticns
are all of the same diameter, it follows that the shortest will draw more
air than the longest, since the friction is greater i the fonger pipe. In
order to apply an equal suction to each machine, the diameter of the shorter
pipe should be less than that of the longer.

Similarly, if the suction is induced through a channel running the length
of all the machines, the size of the inlet nearcst to the fan must be smuller
than that of the inlet farthest away, if equal suction ix desired.

A third method of ensuring equal draught in each machine is by varying
the cross sectional area of the main duct according to the cross scetional
area of the sum of the inlets.

The calculation of the variations in the cross sectional area of the duct
is based on the following facts:

(¢) the combined cross sectional area of the inlet pipes shall not be
greater than the cross sectional arca of the fan inler.

(b) the cross scctional area of the main duct shull viry according to
the cross sectional area of the sum of the imlets,

For example, suppose a number of pipes, cach ot 7 inches dinmeter. is
to join a duct, connected to a fan with a 16-inch diameter inlet. The first
portion of the duct, that farthest from the fan, is the saune diameter as the
inlet pipe, and has a cross sectional area of 38-50 inches until it 13 joined by
the second pipe. The cross sectional area of the duct is now increased to
2 % 88-50 = 77-0 square inches giving it « diamecter of -9 inches. Waere
the third pipe joins the duct the cross sectional wrea is again increassed,
this time to 3 X 38:50 = 115-5 square inches and a diaerer or 12-12

"inches.

This procedure is continued until five such pipes have joined the main
duct. The cross sectional area of all the pipes is now cqual to that of the
fan inlet, and no further pipes can be connected without reduemy the
amount of suction in the pipe farthest from the finn. Jo tollows. thereiore,
that if a greater number of inlets is required the diamerer of cach inlet
must be reduced.

Alternatively the diameter of the inlet pipes can be caleulated it the
size of the fan and the number of inlets required is known. Thus. if five
machines require suction at the rate of 1,000 cubic {eet of uir per minute,
a fan with a capacity of at least 5,000 cubic feet per minute must be
installed. If the diameter of the inlet of the fan is 16 inches, the cross

2
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sectional area of the inlet divided by five gives the cross sectional area of
each inlet.

These methods may not give exactly equul distribution of suction, and
it may be necessary to fit dampers to accomplish this. For niost practical
purposes, however, the use of dampers is unneCe-s4Ty.

The formulae on which the above results are cideulate ] are included
below:—

(1) To calculate the number of leads of « particulur diameter thit may
be taken from a main:—

(Diameter of Main Pipe)*

=N ber of Pipes.
(Diameter of Lead Pipes)? Nuaber of Pipes

(2) In the same way to calculate the dizmcter of the lead pipes:i—
\/(Diameter of Main Pipe)?
Number of Lead Pipes

The data. given above are intended as a working guide for the assayer.
Lay-outs based on these figures will give satistactory results.

If, for some reason, the machine can enly be fitted with o smaller
opening, a high-pressure fan will be required. The capacity of the fan is
based on the amount of air which it is required to draw through this
opening.

Low, medium and high pressure fans arc obtainable. The smaller the
opening for any given amount of air the Ligher the pressure must be.
Low pressure fans revolve at a slower speed than those of high pressure and
consequently this type has a longer mechanical life than the others.

A further problem which is peculiar to the assuy office 1 usher house 1s
the fact that some of the material which is to be driwn off is comparatively
coarse. The portion of the crushed sumple which remains in the machine is
approximately minus 60 mesh, and this is blown vut by thie pressure of the
compressed air. If the suction of the fan is not sufficient to draw it along
the pipe, the material settles and, in a comparatively short space of time,
considerably reduces the effective diameter of the pipe.

For this reason a dust trap should be fitted under cach machine. A dust
trap is an expansion box which reduces the velovity of the air and allows
the coarse dust to settle. Easy access to these traps is reconumended so
that they can be cleaned out at regular intervuls.

== Diameter of Lead Pipes.

DUST COLLECTION AND DISPOSAL.

The problem of collecting and disposing of the dust withdrawn from
the assay office crusher house is onc which receives continuul attention,
and various methods of collection and disposal ure in use throughout the
Witwatersrand.

In most of these systems the dust-laden air is passed through expansion
chambers in which the coarser particles are collected and thence through
stacks or towers in which the fine dust is settled by means of water sprays.

Although most installations collect a large proportion of the dust, few
give completely satisfactory results and a cloud of fine dust can usually
be seen issuing from the final exit.

Good results have been obtained from flannel bag filters, from filter
cabinets filled with wood shavings and from Multi-cyclones and it is
suggested that complete efficiency may be attained by the development
of such devices.
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The whole purpose of the dust filtration plant is to scparate and collect
the harmful dust, so that the air being discharged into the atmosphere,
causes neither injury nor inconvenience.

Fig. 10. A Completely Enclosed Pulverizor.
During crushing and blowing out the door is kept closed. The branch draws dust
from underneath the machine.

(With acknowledgment to Rand Leases (Vogels) (.M. Co.)

METHODS OF REMOVING DUST FROM THE CRUSHER HOUSE.

Removine Dust CavusEp During CrusuHING aXD Browixg Ocr.

The methods adopted to deal with the problemn of dust removal vary
from mine to mine but may be classified into three main groups, all of
which depend upon the suction provided by an exhaust fun,

1. By entirely enclosing the machine.—In this method the machine is
placed inside a box or cover which encloses it completely.

The sample is fed into the machine through a chute. This chute has a
lid on the outside which is closed during crushing and bLlowing ouv. After
the sample has been crushed or pulverized it is withdrawn through another
opening which is also fitted with a lid.

The box is connected to the exhaust fan and the dust which escapes
from the machine during crushing is trapped by the Lox and removed by
the fan. The compressed air, used for cleaning, blows that portion of the
sample which remains inside the machine wfter crushing, into the box
where it is also trapped and removed. In addition the box should be
provided with a large door, preferably occupying a ccmplete side of the

-
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box. This door should be easy to open and should allow complete access
to the machine for cleaning and servicing.

Considerable ingenuity has been displaycd in thie design of this type
of cover and in satisfactory types it is possible 1o adjust the sctting of
crusher jaws and pulverizer dises from outside the cover, and wlso to
observe the operation of the machine through vliss covercd observation
windows.

2. By partly enclosing the machine.—In this case a hood partly covers
the machine and both the hood and the body of the machine wre connected
to the exhaust fan.

These hoods or cowls may take the form of a box, in which the machine
stands and which is open in the front or they may be bell-shuped cowls
which are suspended over the machine.

The machine itself is connected to the fan by means of a pipe.

The suction from the hood must be very much stronger than that from
the machine for, while a comparatively gentle suction may be sufficient
to remove the dusty air from the cover in the previous type, in this in-
stance the draught must be strong enough to draw in the air immediately
surrounding the machine and so prevent the escape of the dust into the
atmosphere. Consequently this surrounding air must be made to flow
away from the operator and towards the cowl.

Fig. 11. Pulverizers mounted on hollow concreto blocks connected to an exhaust
fan. Ovorhead cowls, also connectod to the exhaust fun, remove any dust which
may escape {rom the pulverizers.

The suction from the inlet chute is bouxted by mcun- of the “*Venturi™ during
“blowings out’.

(With acknowledgnient jo Modder East Ltl)
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3. By malking the machine itself dust-proof.—In the methods previously
described the principle is to blow the dust out of the machine and then
remove it before it is dispersed. In this method. the machine itselt is
made dust-proof by fitting spring lids to all openings except special
openings which are connected directly to the suction tan and throush
which the dust is drawn off. Since a certam amount of dust will tend to
escape when the lids are opened to introduce or withdraw the sample,
it is necessary to have a slight suction at these points at all times. When

‘the machine is blown out the main suction pipe is fully opened thus

providing a large outlet for the compressed air and dust.

The spring lids used to make the machine dust-proot are lined with
felt or rubber. The springs should be strong cnough to resist the pressure
of the compressed air, but too strong a spring should he avoided as it
makes the lid difficult to open.

The above three methods give excellent results if properly installed.

The chief causes of inefficient ventilation are:—

1. Badly fitting lids or covers.
2. Insufficient suction.
3. Too short a stack at the outlet end of the fun.

B

Fig. 12. A “Cupelite” Pulverizer Mounted on a Cuncreto Block with the Suction
Duct Below.
The compressed air pipes for “‘blowing out’ the pulverizer can be seen, ws well as
the pipe connccting the throat of the machine to the suction duct halow. This
pipe applies a continuous suction at the throat and provides un outlet for any blow
back during the “blowing out’ with comprusscd wir.

The hood in the background removes dust during the transfer of the samyple from

the pulverizer receiving tray to the paper packet.

(With acknowledgment to East Gedwld Mincs L.t}

-
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The ventilation system of the crusher house may be considered satis-
factory if Konimeter counts show that the dust content does 1ot exceed
that of the outside air by more than 50 particles per cubic centimetre
but it is possible, by using any of the three methods described, to reduce
the dust content to within ten particles per cubic centimetre of that of
the air being drawn into the building.

Fig. 13. A pulverizer mounted upon a concrete expansion Lox, which is connectesd
to an exhaust fan.

The down draught through the porforatod plate draws avway the dust.

(Acknowledgment to Geduld Prop. Mives Litd.)

A1r Ducrs.

In the case of the overhead cowl the comncction to the fun is wsually
an overhead ventilation pipe and this is also used for certain completely
cenclosed machines.

In most other cases the main dust exhaust systemn consists of an under-
ground channel, running the whole length of the crushing plant. It is
usually situated below the concrete blocks on which the machines scand
and is connected to the exhaust fan. The opening in the base of cach
machine is connected to the channel by a steel pipe running down througl:
the block. Some assayers prefer to use a large diameter ventilation pipe
in place of the underground channel. Whichever systemn is used. however.
it is important that the channel or the muin pipe be fitted with air-tight

doors at intervals to admit ofecasy access for periodical cleaning.
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"REMOVAL oF DUST CAUSED BY THE TRANSFER OF SAMPLES FROM Bacs

TO DISHES.

The samples are received in canvas bags and, before crushing, are
generally transferred to steel dishes.

This operation should be performed under a hood which is connected
to an exhaust fan or on a table which has a perforated top with a suction
from below.

The practice of transferring the samples to their dishes outside the
crusher house is one that has much to commend it since it reduces the
amount of dust produced inside the crusher house. A lean-to roof to give
protection from the weather should be provided and « window or hatch
through which the dishes can be passed to hooded tables inside.

RemovaL oF Dust Causep BY TRANSFER OF PULVERIZED SAMPLES.

The transfer of pulverized samples from one container to another gives
rise to considerable dust and should be carricd out as seldom, and with as
much care, as possible. All transferring, such as from pulverizer drawer to
sample dish or paper packet should be done under a hood or near a venti-
lator cowl connected to the exhaust. The use of metal liners for pulverizer
drawers abolishes one stage of transfer of sample. These liners are shaped
to fit, in all dimensions except length, the pulverizer drawer. The liner
is approximately three inches shorter than the drawer so that it can be
easily grasped for removal, and in order that the pulverized sample shall
be directed into the liner and not over its ends into the rawer, it is neces-
sary to fit two small baffle plates to the pulverizer. The liner replaces the
receiving pan under the quartering machine, and carries the sample to the
pulverizer. The sample is tipped into the pulverizer hopper and is received
into another liner in the drawer. This sccond liner is removed and is
replaced by the one from whence the sample was tipped, and is ready to
receive the next sample to pass through the machine. This method
abolishes the necessity of transferring from the drawer 1o the sample dish,
and the liners form neat containers from which portions may be taken for
assay. They are also convenient for the filing of mine samples on shelves
for reference. !

Where paper bags are preferred as containers, a funnel drawer is used
to receive the sample. This is an oblong drawer which fits under the
pulverizer and has one end drawn out in the shape of a funnel. Tle paper
bag is placed over this funnel during crushing, after which the drawer
is withdrawn and tilted so that the sample runs into the paper bag.

Each method has its advantages and disadvantages, and opinion as to
the best method is fairly evenly divided.
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In most Rand assay offices the furnace room is the largest room in the
building. It should be bright and well ventilated and, if possible, no
work other than that incidental to the fusion and cupellation of sumples

should be done in this section.

THE ASSAY FURNACE.

Assay furnaces are divided into two types, the crucible furnace used
for the fusion of samples and the muffle furnace used for the cupellation of
lead buttons. :

In the construction of these furnaces brick arches are commoenly used,
and in order to prevent excessive expansion and contraction, with con-
sequent loosening of the brickwork, it is necessary to encase the furnace
block in mild steel plates, braced with tie rods.

For “free milling” ores a temperature of 950° Centigrade may be

-sufficient for fusion but, as the percentage of pyrite increases, greater heat

is required to produce satisfactory fusions. When dealing with ores con-

Fig. 14. An Assay Furnace fitted with an automatic stoker.
(With acknowledgment to East Ceduld Mines Lid.)
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taining over 50 per cent pyrites a temperature of 1,1007 Centigrade wnuy
be necessary and all assay furnaces should be capable of exceeding this
figure. A furnace of this type should be capable of fusing a “'crucible
charge”, usually 40 to 80 No. 1 crucibles, within 30 minutes.

Owing to the comparative cheapness of coal on the Rand most assay
turnaces are coal-fired and until recently, were hand-sicked. However,
a considerable saving in the cost of labour wnd fuel can be effecved by the
use of automatic underfeed stokers and these are becoming increasingly
popular.

In some cases the stoker has been successfully fitted to an cxisting
furnace but, in others, new furnaces have been designed und built.

A most important point in connection with un automatic stoker is
that it can be controlled by means of a thermostat. Thus a pre-determined
temperature can be maintained to within a few degrees. This is particu-
larly important in the case of muffle furnaces.

Coal consumption, comparable with that obtained from automatic
stoking, has been attained by means of a modified method of hand-firing.
In this type of stoking the fire-box is scaled, air being supplied by means
of a fan-duct under the fire-bars. The coal, in the form ofruts, is fed infrom
the top of the fire-box through a chute which can be close.l vy 1aeans of a
cast iron plug. The fire-box is comparatively huge wnd the draughy is
strong enough to force its way through the ash, coal-bed und clinker. No
ash or clinker need, therefore, be removed until the end of the shift.

Fig. 15. Louwding chute on Geduld crucible furnuce, showing lever-aperatad conical
plug.
(With acknowledgnient to Gedwld Prop. Mines Ltd,)
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Tyres or Furnaces.

Although the gencral principle of most assiy furnaces on the Rand is the
same, there are, nevertheless, various typues. These may be divided into
two main groups.

(a) Those having separate fire-boxes for the heartl anl for the
muffles.
(b) Those having one fire-box to serve both hearth and mufies.

In the first group the muffle furnace and the hearth furnace may be
separate units or they may be built into one block. In the seeond group
there are threc types, depending on the scquence of the mufties and the
hearth. The muffles may be heated either Letore or after the hearth or the
flame may be split and both heated simultaneously.

The Crucible Furnace.—In its simplest form this consists of a tive-box,
a hearth and a flue leading to the stack. The flame frow the fire-box passes
over the hearth and thence through a flue to the stack. The simplicity of
design makes this a very inexpensive furnace to build.

Various flue arrangements have been incorporated in order to censerve
the heat. The more complicated these become the urcater the cost of
building and the greater the need for flue cleaning to muintain satistactory
working conditions.

The Muffle Furnace.—The muffle furnace differs from the hearth furnace
only in its dimensions. The fire-box is usually smaller and the hearth is
replaced by a flue with openings in the front through which the muttes
are sealed into position so that the flame passes over. under and behind
each muffle.

Fig. 17. “Geduld” Mufile Furnace.
(With acknowledgment to Geduld Prop. Mives Lid.)
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es directly above the fire-box.
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cection. This is not a serious matter however and the Rival furnace is
a popular one on the Rand.

The Hearth to Muffle Furnace.—This is a modified Rival furnace. The
mule fire-box has been dispensed with and the flame from the hearth,
instead of pussing underneath, is diverted upwards and along the muflle
flue before going to the stack.
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If a good, long-flame coal is used the muflies are adeguately heated,
but it has the serious disadvantage that cold air is drawn in every time
the hearth door is opened, with consequent cooling of the mufies,

The Split- Flame Furnace.—This is a modificd Rival furnace. It has
only one fire-box and the arch above the fire has an opening through which
a portion of the flame passes to the muffles. The remainder of the fhune
passes over the hearth. This furnace gives excellent resuits, but great
care has to be taken in the splitting of the flame to ensure the even und
adequate heating of the muffles.

The Muffle to Hearth Furnace.—A typical example of a single fire-box
furnace which heats first the muffles and then the hearth is the Goldfields
furnace, which is an elaboration of the older Duplex furnace.

The furnace is similar to a crucible furnace in principic except that the
hearth is much longer and the height of the inverior is greater ut the tire-
box end.

The fire-box is supplied with insufficient air to enable complete com-
bustion to take place at this point, but pre-heated air is introduced beyond
the fire-box, causing complete combustion of the vases from the coal only
as they pass the muffles.

The muffles are fitted into the first section of this Learth where they
split the flame. The space between the first mullic and the fire-box acts
as a mixing chamber for the hot gases and the pre-heated air, and complete
combustion only takes place over the hearth. It follows, therciore, that
the greatest heat is at this point. The partial combustion in the muftle

Fig. 22. Rand Loases Furnace.
(With acknowledgment to Rand Leases (Vogels) .M. Cc.)
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section is sufficient to maintain the temperature of the muffles which are
not cooled down by the entry of the extra pre-Leated wir. This air is
introduced by blowers through flues whicl: run alongside the exit tlues of
the furnaces, thus heating the air and, incidentally, returning to tae rur-
nace, heat which would otherwise be lost.

The Rand Leases Furnace.—This is a mechunically stoked, split-flume,
furnace having two muffles and a hearth on either side of the fire-box.
This design ensures that the two crucible Learths, with their mufiles,
are equidistant from the source of heat an:. as the ikune is split into 1wo
sections, each travels a shorter distance than is the case with the more
usual arrangement.

The fire-box is small and complete combustion does not take place at
this point. The burning and unburnt gases fill the heating chambers on
cither side of the fire-box. These chambers, being comparatively large,
permit continued combustion of the unburnt gases to tuke place.

The muffles are situated near the top of these chambers, virtuully
dividing each flue into two, one being the scetion above the muflles and
the other being the section between the mutfies and the crucible Learth.
As combustion takes place throughout the chamber it is heated at all
points.

After passing out of the chambers the burning gases travel underneath
the thin hearth and thence to a flue which heats a drying oven

Very little heat is wasted in this furnace. bhut the somewhat involved
flue system makes regular cleaning essential. ‘This deaning is done tlirough
ports which are situated at all the necessary points.
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RAND LEASES FURNACE
Fig. 23. Plan of Rand Leases Furnace.

Furxace Room EQUIPMENT.

Cupel Tongs and Forks.—For a small number of samples the cupels
and lead buttons may be handled with tongs, but whkere large nuabers ure
handled daily the Monckton Fork and the Monckton Irausierrer save
time and lessen the possibility of mistakes.
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Fig. 24. Cupel Tork and Sleigh Transforror for loading cupels and lsad buttons

respectively.
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Fig. 25. Crucible Loading Fork.
Mines Ltd.)

(With acknowledgment to Gudaldd Prop.
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The Monckton Fork is an implement shaped very like a garden fork
with straight prongs. The rows of cupels fit between the prongs and the
whole batch is lifted and placed in the muffle at one time. The fork can
be designed to handle any number of cupels.

The Monckton Transferrer consists of a tray with o fulse bottom
the apertures in the tray coincide with the cupels. The tray. loadod with
the lead buttons, is placed over the hot cupels, the sal-e bottom is with-
drawn and the lead buttons fall into the corresponding cupels.

Scorifier Tongs.—These are similar to cupel tongs. but the end of one
prong is U-shaped. This U fits underneuth the scorifving dish, while
the other prong clamps the dish in position from the top.

4°DA %2"ROUND STEEL- e i
o [Friee: _d_
E e e e
TONGS FOR 5 CRUCIBLES
47D % RoUND sTEEL-Y L -1-r
L.(( e 3
A ———t
" TONGS FOR 2 CRUCIBLES
‘g:(Df. "2 "rounp STEEL) 1_/‘Ié — 300
i s P JN
r 4’2 re 8 |
' * el
SINGLE CRUCIBLE TONGS
Fig. 26.

Crucible Tongs and Forks.—Crucibles may be loaded one av a time and
this, indeed, is the common practice. Recently, however, an adaptation
of the Monckton Fork has been designed which loads the required number
of crucibles at one time. Owing to the extru weight of the crucibles the
fork must be either suspended from a running block or it must be sup-
ported by a wheeled framework. To load crucibles i this mumer, the
door of the furnace must extend the full length of the hearvh.

Tongs are used for pouring. These may be of the single or multiple
type.

The single type is merely a straightforward pair of tongs which grips
one crucible at a time. The multiple type is similar in construction to
scorifier tongs, but is larger and longer and has « deeper U, They arc
used in the same way as scorifier tongs. A line of crucibles is firmly
gripped by sliding the.tongs forward with one arm of the clongated U
on either side of the crucibles and by clamping them in that position
with the other prong. The U can be made vo hold any number of cru-
cibles, but the tongs become cumbersome when arn attempt is made to
pour too many crucibles at one time.
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Tig. 28. Crucible Loading Fork.
(With acknowledgment to Geduld Prop. Munes Lid.)
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Tables—Tables in the furnace room should be capable of withstanding
the effect of having hot articles placed upon them. Steel tables with
heavy cast iron tops have been used with success but tables with flat
iron tops tend to warp in time.

The most satisfactory table tops are miule of 1l strips of nild stec
placed on edge. The strips are about {7 wide by 117 deep and have
spaces of about 1" between them. Distance pieces placed @t regular
intervals help maintain rigidity and the whole is welided to i stout iron
framework.

Anwvils.—A cheap and very satisfactory anvil can be made by sinking
a piece of steel shafting into a concrete block. The end of the shadting
should not project more than 3" above the 1op of the block.

Such an anvil withstands wear and tear and cuts down the noise of
hammering to i minimum.

Fig. 31. Anvils and Table for Bot Cupel Truys.

(With acknowledgment to East Gedwld Moves Lad.)

Fume Vents and Fans.—All mufile furnaces should have a cowl fitted
above the front of the muffles to take away the lead fumes which are given
off as the cupels are withdrawn. A fan should be fitted to ensure positive
suction.

Some furnaces are fitted with small shelves above or below the mufflies.
and the cupels are placed on these shelves until they have cooled below the
temperature at which litharge volatilizes.
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The action of the fun, being ccntinuous, also assists materially in cooling
the atmosphere of the furnace room. Ventilators placed in the rocf help
to keep the temperature normal.

Another aid is to have the furnace itself outside the furnace room. the
front of the furnace being flush with the wall or even recessed slightly.
The latter method enables the cowls to be fastened 1o the outside of the
furnace room, with consequent improvement to the appesrance of the roon.

Fig. 32. Anvil with Chute and Receptacle for Slag.
(With acknowledgment to Rand Leases (Vouels) (.M. Co.)

CUPEL MAKING.

On the Rand two types of machines are used for making cupels. The
piston press, actuated by compressed air, and the “flyv-screw’” press.

The following is a description of a compressed-air cupel press which has
been used with success on the Witwatersrand.

The machine stands on a table of solid construction, huving a surface
24" x 24", on which lies a " base-plate of polished steel of the same
dimensions.

A bridge, made of §” iron plate, 12”7 X 20" in surface and 127 in height,
is fixed on to the base-plate by bolts, passing right down through the table-
top. It should be placed somewhat to the reur, in order to leave working
room at the front of the base-plate.

A steel cylinder, 6” in diameter, 14" in height, is set vertically on the

bridge.
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Two classes of cupel are made on the mines of the Witwatersrand, viz:
(1) A cupel made entirely of calcined magnesite, and (2) « combination of
a magnesite surface, with either a cement body or a body made from the
unused portion of old cupels. In the latter vasce the unused portion is
knocked off with a hammer and is crushed and grownd to pass a 80 niesh
screen.

The method of operation is as follows

The mixture from which the cupels are to be made should be tine enough
to pass a 90 mesh sieve, and the amount of water usnally emploved ix
about 10 per cent by weight of the material taken.

S T SR E R E L

Fig. 34. A Compressed Air Cupe! Pross.
(With acknowledgment to Geduld Prop. Mines L.,



38 ASSAY PRACTICE ON THE WITWATERSRAND

Fig. 35, A SR Serew’” Cupel Press.
(Wath acknowiedgment to East 0 duld Miyos L1
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Fig. 36. Trough for Mixing and Sieving Canel Powder.
(With acknowledgnuwnt 10 Euast cledided Moo Lt
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The material is thoroughly mixed with the water unul the muass is
perfectly homogeneous. The mixture is then rubbed through a sieve.
having 3" apertures, in order to break up any lumps.

The mould is filled up level with the base-plate, urd the seraper an achied
to the latter is drawn across to remove the surplus material.

The air valve is opened, the piston descends and firmly presses the
plunger on to the mixture inside the mould.

When the required pressure is registered on the gauge. the vidve lever
is reversed, the air escapes, and the piston ascends to its original position.

A gentle pressure on the foot lever raises the false bottom in the mould
and lifts the finished cupel from the mould.

The pressure exerted by the piston is generally between 1.000 and 1.200
1b. per square inch.

kS

Fig. 37. Cupel Drying and Storage Rack.

(With acknowledgment to (feduld Prop. Mincs Ltd)

(2) The cement used in this class of cupel is passed through a 59 mesh
sieve and then mixed with 10 per cent, by weight, of water.

Tt is advisable to have a small tin of the required capacity with which to
measure the moistened cement; the latter should constitute about seven-
eighths of the whole cupel.

The cement is placed in the mould and the final layer of magnesite
placed on top and levelled down with the scraper; the air is turned on and
the operation completed as with the first method. The cupels must he
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FFig. dn. Cupel Diryvine ard Stes oo T

Woth ocbemiamlodigmeeit to Roase CGode o Yoo L

slowly but thoroughly dvicd before using. A weedirade Cipe s ket
practically it< own weight of lead oxide.

The other tvpe of machine is i ordimary Heeserea press v
three-lead serew (37 pitel) which acetuates the punch oo b

The mould bloek is attached to the foot of the mon o <iny oy
pressure (800 to 1000 1h.) i3 obtained for the makineg of the Lirgestsoze
cupels used in assaying, the downward impetus of the phonzer heis con
siderably sugmented by the heavy horvizontal oS

The Blocks and dies are identical with these ef the aimsne




CHaprTER IV.
THE BALANCE ROOM.

"The determination of mass, or weighing as it is commonly called, is a
fundamental step in all analyses and it need hardly be stressed that
accuracy in weighing is an essential in assaying. In a mine assay office a
large number of weighings has to be carried out daily and, as the operation
calls for extreme concentration and care on the part of the operavor, con-
ditions in the balance room should be such that efficiency is in no way
impaired.

While it is obvious that the assay balance should be set up in such a
manner that it may be operated to the maximum of its specified efficiency,
it is just as necessary to ensure that the assayer himself works under such
conditions that he is able to obtain the utmost from the delicate instrument
upon which the accuracy of his work depends.

Fatigue due to concentration for considerable periods, as well as eye-
strain, are matters which should be carefully guarded against, and it will
be seen, therefore, that comfortable seating, correct height of the balance
table, restful efficient lighting and provision against shadow on the instru-
ment are essential. Draughts and variation in temperature and humidity

Fig. 39. Balance Bonch with Concrete Top.
(With acknowledgment to Geduld Prop. Mines Ltdl.)
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should be provided against, and noise is a disturbing factor. It might be
stated that under ideal conditions no other work than weighing should be
carried out in the balance room.

It is common practice on the Witwatersrand 1o sct bilances up on slate-
topped tables, standing on concrete foundutions, scparate from those of
the building itself. A solidly-built heavy-topped wouden table. its supports
resting on concrete piers, has also proved satisfactory, and it is claimed
that this type of table or bench is more comfortable from the pomt of
view of the operator. The separate foundations are desiymed to insulate
the balance table from floor vibration.

The provision of natural lighting from windows sct high m the walls of
the balance room is a feature of modern design. These lights cecupy the
full length of the room and should be fitted with blinds or curtains to
provide control. The light is thrown from behind and above the operator
on to the balance, the bench running parallel to the walls.

Fig. 40. An Oertling balance fitted with Fluorescent Lighting on Top.

(With acknowledginent to Modder ust Ltd.)

The installation of fluorescent lighting for assay balances is becoming
increasingly popular, however, and whether provided from powerful tubes
on the ceiling or from smaller types fitted to individual balances, it would
seem that this form of illumination has rendered all other methods obsolete.
The concentration of a light cn the beam of the balance, and the absence
of shadow, are factors much in favour of fluorescent lizhting.

e ——— [ .
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THE BALANCI.

The balance consists, essentially, of a rigid beam or lever, having a
central fulerum and two arms of equal length: the two ends of the beam
carry prism edges upon which the balance pans ure supported by means
of a suitable suspension.

If a body or mass is placed in the left-liand pan the pointer will be
deflected. To restore the pointer to its original position, bodies of known
mass, termed ‘“weights’ are added to the right-hand pan. When equili-
brium has been restored it follows from the fundamental kuws of mechanics
that the body under consideration is equal to the sum of the known
masses or ‘“‘weights’ that balance it.

Strictly speaking, the balance determinces mass and nof weight. At
any given place, however, the weight is proportional to the mass and it
has become customary to employ the term “weight”” synonyniously with
mass.

As an assay balance is a very delicate instrument it must be carefully
stored and housed; in practice it is usually kept in a glass case in a special
room. .-

The beam of the balance is constructed with the ureatest possible
rigidity consistent with lightness. The beam moves about a cenurad point
on a horizontal fulerum, or knife edge, and carries, suspended from cither
end, a pan, usually made of platinum or aluminiuni, on one of which—
conventionally that on the right—are placed the standard masses, and
on the other the body under investigation. The fulcrum of the beam
consists of an agate knife edge, resting across two parallel agate planes
carried by a central pillar, while the two pans arc suspended from agave
planes resting on knife edges of similar material. Attached to these
agate planes are stirrups and from these are suspended the pans.

The most important constant of a balance is its sensitivity, which may
be defined as the increase in the deflection of the beam for a given small
additional load on one pan. Maximum sensitivity is attained in practice
by having a long beam, by reducing the mass of the beam, by making
the distance of the centre of gravity from the central knifc-edge small,
and also by the use of a long pointer. Thesc conditions, while increasing
the sensitivity, at the same time increase the time of oscillation of the
beam, and therefore the time occupied in weighing. In general, a compro-
mise has to be made, some of the sensitivity being sucrificed to reduce
the time of swing.

In precision balances, one of the qualities mentioned—viz., the distance
of the centre of gravity below the central knife edge, is made variable
by means of the gravity bob, a nut with milled edge, moving on w screw
attached to the beam vertically above the centre.

As the gravity bob is moved up, the sensitivity and time of swing ure
increased until a point is reached where the balance becomes unstable.
The use of very long beams is not so popular now, because equal sensitivity
with a shorter time of swing can be secured with a short beam and long
pointer. This has been made possible by improved adjustment of the
knife edges.

The three knife edges should be exactly parallel and, in general are
so arranged that they all lie in the same planc with no load on the balance.
If the beam were perfectly rigid the edges would remain co-planar for
all loads. In most balances this is not so, and the end edges fall below the
central one for heavy loads. For this reason it is somectimes arranged
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that the terminal edges are above the central ones for small loads, thus,
as the load is increased, the beam bends slightly and the cdges become
co-planar. With still greater loads the terminal cdges fall below. This
gives maximum accuracy at medium loads.

The centre of gravity of the loads and balunce pans should always be
vertically below the knife edges. When not in use the pans of the balance
rest on two supports, while the weight of the bean is also taken ofl the
central plane and knife edge.

ASSAY OFFICE BALANCES.

THE FINE Assay BALANCE.

The balance most commonly uscd on the Rand is the “Ocrtling 14A",
and that is the example chosen for description. The most important part
of this instrument is the beam. It is constructed on the most scientific
principles, and should never be handled by an inexpcrienced person.
Its principal parts are the beam proper; the pointers, one at either end of
the beam; the ceniral bearings, one on either side, front and back, and at
right angles to the beam, which ure fitted with agate knife edges; the
end bearings which support the pan hangers, and which are also fitted
with agate knife edges; the adjusting vane, which is fastened to and
movable on a fine threaded rod rising from the top centre of the beam;
on this thread and above the vane is fitted the gravity bob by means of
which the sensitivity of the balance is altered or adjusted.

The adjustment effected by the vane is that of bringing the beam into
equilibrium. It may be stated here that with this very sensitive instru-
ment it is a tedious process to bring the beam into equilibrivin by means
of the vane, hence it is customary to obtain an approximate adjustment
by the vane and a final and exact cne by placing a half-milligram rider
on the left-hand side of the beam.

Both halves of the beam are graduated or divided into ten principal
sections numbered from 1 to 10, which are again divided into five sub-
sections.

The adjustment of the sensitivity by means of the gravity bob is
effected by screwing the bob upwards away from the centre of gravity
to render the balance more sensitive and incidentally increase the oscil-
lation “period”. It follows that if the balunce is rendered very sensitive
its spezd is thereby lowered. The object of the adjustor should be to
obtain the closest precision compatible with the greatest speed; rapidity,
however, must always be a minor consideration with the balance under
review. A well-cared-for and perfectly adjusted ““Oertling 14A” should
turn to one two-hundredth of a milligram. There is a limiv of adjustment;
should the bob be raised too far the balance is thrown entirely out of gear,
but recovery of equilibrium immediately follows the subsequent lowering
of the bob.

Next in order of importance and delicacy are the pans and hangers and
their bearngs. The pans hung from the end bearings of the beam, each
having an inverted agate plane which rests on the agate knife edges
mentioned above. It will be noted when inspecting the beam that the
end agates are two in number at cich end. This is 1o ensure that the
agate planes of the hangers shall rest on them without pivoting, which
might occur if the knife-edge agutes were in onc unlreken line. Such
pivoting would, of course, at once upsct the cquilibrium. The hanger is
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divided into two sections which hook together. This joint permits,the
pan to swing without displacing the agate plane und consequently up-
setting the adjustment.

The beam support arrests the motion of the bean and brings it to rest
with all knife edges and planes very slightly sepurated.  Similarly the
pan supports rise from the floor of the balance case and support the puns.

This ensures that the knife edges are protected from undue wear and
from injury during the transfer of weights, cte., and it ix ubvious thut the
balance must never be left swinging except during the ues of weighing,

The balance is enclosed in a dust-proof, draught-proof case gluzed on
all four sides and the top. When weighing vold of more than 5 mgm.
flat weights are used, which are placed in the righv-hand pan when the
balance is at rest, and the glazed front, raised for access to the inside of
the case. When flat weights to an amount within -5 mgm. of the weight
of the gold have been placed in the pan the front of the case is lowered
and the final exact reading is made by a -5 mgm. wcight, known as «
rider, which is moved along the right half of the beam until equilibrium
is reached.

The movement of the rider along the beam with the case closed is
effected by means of a sliding rod and a carrier which engages a loop in
the rider, enabling it to be lifted from and placed on any part of the right
side of the beam. In this balance a similar mechanism is installed on the
left side of the beam for the adjusting weight mentioned carlier.

Inside the case and slightly behind the beam pointers, are placed two
ivory scales (so-called verniers). Each scale extends to 40 divisions,
both above and below the central zero mark. The scales are so placed
that when the beam is at rest in its supports the beain pointers both mark
slightly above zero. In front of each scale is placed a lens fixed in a focus-
sing slot which renders the reading of the scale easier und more precise.

The floor of the case is made of thick plate glass, and two spirit levels
are fixed on the brass stand plate at right angles to each other to assist in
adjusting, and to ensure that the beam and it supports are respectively
horizontal and perpendicular. This is perfurmed by three adjusting
screws which form the legs of the balance case. Brass discs with a counter-
sunk shallow cavity in the centre for these adjusting screws to rest in
should form the bases of the supports, and under these discs should be
placed pieces of hard rubber about }” thick.

This balance should never be required to carry more than -5 gram in
cach pan at a time, the slightest overstrain of the beam beiug sufiicient
to destroy its extreme precision.

MixE SAMPLE Assay BALANCE.

A typical mine assay balance is the 12 S.B./A. Oertling.

This balance is similar in construction to the once describedalove,
excepting that it is much stronger in build. The main point of diffcrence
between it and the “Oertling 14 is that the indicator is vertical and
swings like a pendulum across a scale at the buse of the supporting pillars,
the divisions being coarse enough not to require a lens for exact reading,

This balance has a 6" (15-2 em.) beam, & maximum pan capacity of
two grams, and a sensitivity of -01 mgm. Its action is much more rapid
than that of the “14A”.

The beam has a central agate knife edge which rests on two flat agate
planes when the balance is in movement. These planes support the ends of

3
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the central knife edge, the balancing point of the beam. The beam is
divided, on either side, into 50 divisions, counting outwards towards
either end. The pans are carried on loose skiffs. suspended from agate
planes, operating on agate knife edges. These planes are arooved at one
end and centre.pOpped at the other, in order to ventrlize them and atlow
a constant position to be maintained each time the balance is brought to
rest.

The Leam rest is actuated by a milled knob in front of ke Lalance
case, and functions through a double pillar support. This support carries
the graduated scale used for reading the pointer showing the cscillations
of the beam. The pointer extends down {rom the beam centre and moves
across the graduated scale. This scale has 20 divisions on either side of u
central zero. With this type of balance the pessible parallax crror is
minimized as the operator is ceated directly in front of the scale held
in the centre of the balance system. This pointer also curries the yravity
bob near the top. Most balances of this type have adjusting wheels
at the top of the pointer attachment but older models have a vane,
similar to the ‘“Oertling 14A”.

THE SARTORIUS ASSAY PBALANCE.

This is an air-damped balance which automatically shows readings up
to 0-25 mgm. (represenmtive of five assay dwt.). The beam. which 13
approximately 31" in length, is supported in @ manner cimilar to that of
the Oertling 12 S.B./A. and when in motion the balancing point 18 carried
on flat agate planes supporting the central knife edge. The bean is marked
from 0" on the left hand side to 10 on the right hand side with sub-divi-
sions of 0-1. Using 2 half-milligram rider. this gives readings from O to
20 dwt.

The damping device consists of two aluminium pistons which fit inte
brass cups. These pistons hang from the stirrups.

Adjustment is made by means of two side wheels, one of which can be
operated from outside the balance case. Adjustment for sensitivity is
by means of two gravity bobs—a fine and a cowrse.

The pointer is replaced by an arm which carries a transparent graticule.
The graticule is a glass lens about 1" in diameter and has markings from
1 to 5, with sub-divisions of 0-1, on each side of a central zero.

A beam of light is transmitted from behind the balance through the
graticule, thence through a lens and a magnifying glass toa mirror sct at
an angle to the path of light. This mirror reflects the light back to a second
mirror. The second mirror causes the light to (ravel i its original direc
tion. The final reflection is on a ground gluss screctt where the shadow of
the numbers opposite the beam of light is showi. Down the centre of the
screen is a fine vertical line. The screen may be moved in order to place
the vertical line exactly opposite the zero mark when the balance is in
equilibrium.

When the beam i8 supported the figures from - 2.0 t0 —2-0are shown
on the screen, the fine line intersecting the figure 0. \When it is puv into
action with empty pans and with the rider oft 1he beam. it will be not ed
that the right hand side of the beam drops. This is due to the fact that
the right hand side of the beam is heavier than the left by a weight repre-
sentative of 10 assay dwt. The half-milligram rider must, therefore,
always remain in position on the beam during weighing.

When a 2 dwt. bead is placed in the pan the graticule will swing the
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CHECKING OF WEIGHTS AND RIDERS.

For this purpose two sets of weights are required, a standard set of
National Physical Laboratory weights and another sct, in wddition o
the weights to be checked.

Method.—Place a standard weight on the right hand pan and a corre-
sponding weight from the other set on the left hand pan. Find the poin

. of rest. Now substitute the weight to be checked for the N.P.L. weight.

Again determine the point of rest. As the sensitivivy, or in other words
the weight value of each division of the balance is known. the difference,
if any, between the two points of rest gives the amount by which the
weight varies from the N.P.L. weight.

(Note: An N.P.L. weight is one which has been weighed by the National
Physical Laboratories. A Certificate is issued with the weight giving its
exact mass. Thus an N.P.L. weight is not necessarily correct, it is merely
one whose divergence from its marked mass is known. and without the
Certificate, it is useless as a standard.)

RouTINE METHODs OF WEIGHING.

On the Rand it is customary to adjust the balance until the zero point
is at 0 and then to place the bead to be weighed on the left hand pan and
to use a rider on the right hand side of the beam. The rider is moved until

" the rest point is again 0 and the position of the rider is noted. This gives

the weight of the bead. For large beads a weight is used in the pan in
conjunction with the rider.

In some offices the zero point is a quarter of a division wway from the 0,
as the balance is adjusted to read as follows:—

UP DOWN
4 — 4
3 —3
2
-1
Average .. 3 — 31
Point of Rest i-i'——:({j—l‘;—) = —0-25

&

In such a case the rider is moved until the swings arc the same

The disadvantage of this method is that if the balance is checked by
taking the “up’ swing first then all weighings must be done in the same
way and unless a fixed method is adopted this may lead to mistakes.



CHAPTER V.

THE CRUCIBLE ASSAY.

*  THEORY OF THE AssaY FUSION AND ITS APPLICATION TO THE RaND ORE.

An assay fusion consists in heating a mixture of the finely pulverized
ore with about three parts of flux until the product is fluid. One of the
ingredients of the flux is litharge (lead oxide), which becomes reduced to
minute globules of metallic lead by other constituents of the “fusion”.
These globules, as they are generated, adhere to the particies of gold in
the ore, and when the temperature becomes high enough to make the
whole fusion fluid, fall through the mass and coalesce into a button at the
bottom of the crucible, leaving, above, a clear ‘molten glass known as
slag. Thus the whole of the gold is collected in the button by this “rain”
of metallic lead.

The object of the fusion is to convert the gangue of the ore by means of
fluxes into a slag which shall be so fluid while hot that the reduced lead
globules simultaneously formed shall be certain to fall to the bottom of
the mass. The amount of soda used must in practice be at least sufficient
to produce sodium silicate (Na,Si0,) from the silica present and in addition
another low-melting compound should be present (but is not absolutely
essential), which in practice is either sodium metaborate, NaBO, from
fusion of borax and soda, or sodium fluoride, NaF from fusion of fluospar
and soda. The mixture of silicates and metaborates then melts much
more easily than silicate or metaborate taken separately, and so results
in a more fluid slag.

Note.—Silicates are classified according to the ratio of oxygen present
in the base (RO) to the oxygen in the silica (Si0,).

Name. Formulu O.cygen
Ratio.
Sub-silicate .. .. .. .. 4R0O.SI0, 21
Ortho- or mono-silicate .. .. 2RO.SI0, - 1:1
Meta- or bi-silicate .. . .. ROSIO, 1:2
Tri-silicate .. .. .. .. 2RO0O.38i0, L:3
Sesqui-silicate 4R0.38i0, 2:3

The meta-silicate, Na,S0, (i.e. N1,0.810,), is more fluid, when mol-
ten, than either the sub-silicate or the ortho-silicate, hence the
formation of this compound in the assay fusion is to be preferred.

Metallic lead can be reduced from litharge by pyrites alone if this is

present in sufficient quantity; the equation
FeS, + 7PbO + 2Na,CO; = FeO -+ 7Pb + 2Na,S0, + 2CO,

which represents the action when carbon is not used as a reducing agent,
requires litharge equal to 13 times the pyrites. Hence if 30 grams litharge
is to be used and fully reduced, the corresponding amount of pyrites is
281 grams, which on 1 Assay Ton (see Appendix) of ore equals about
8 per cent. Carbon must, therefore, be used if the pyrites in the ore is
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much less than 8 per cent, whilst if the pyrites is much over § per cent,
no carbon should be used, and an oxidant along with metallic iron may
become necessary.

The alumina in the ore appears in the slag as an alumino-silicate of the
type Na,0.A1,0,.28i0, = 2(NaAlSi0,), i.c. a compound in which alumina
functions as a base. Sodium aluminate is probably not formed unless
the quantity of soda used'is excessive. All the other bases of the ore
(ime, magnesia, ferrous oxide, etc.) form (meta) silicates of the type
RSi0;, which have the effect of preventing the mass of the slag (which, as
shown above, is sodium metaborosilicate, or sodium silicate, if borax has
not been used) from crystallizing on cooling. The final slag is thus a com-
plex glass in which all the bases are present hoth as boraies and as silicates.

Application to Rand Ore:— Assume that 1 Al of ore is fused with
52 grams anhydrous sodium carbonate (equal to about 54 grams of the
commercial article, which is usually slightly hydrided) along with 17
grams of borax and 29 grams of litharge, making 100 grams ot flux.

The following is known to be contained in the 1 A.T. of ore. assuming
it to contain 3 per cent pyrites, and to be an average of the whole Reef:

Si0, 25-60 grams

Al,0, 1-48

FeS, 0-88 .,

MgO 0-38

X,0 0-23

FeO .. .. 0-18

Water of constitution .. .. 018 (in sericite)

TiQ, 0-14

Ca0 .. .. .. 0,04,

ZrQ,, Cr,0,, NiO, CoO, ete. .. 0:07 . together.
Total . <. 29418 grams (1 AT, approx.)

These materials then are to be equated to 52 grams sodium carbonate,
with 17 grams borax, 29 grams litharge and the theoretical quantity of
carbon required to reduce all the litharge, allowing for the ofect of the
pyTites.

Theoretical quantity of carbon =

( MW.ofC gumsobeo)__(ALWt7pbo\/gnggsgbsﬁrrqnq
MW. of 2Pb0 ©  in flux M WoFey, 7 Prienm ) are

12-0 1,562 4 ]
= K 29) - [ 088 orams
<446'4 < _Q) ( 1900 <V 55) aram

= 0-47 grams.
To produce NaAlSiO, 4 FeSiO, + MgSiO, + K,Si0, + CaSiO; sodium
silicate must first be formed. The quantity of sodium carbonate may
then be calculated from the silica present in the ore which is taken for

this calculation to be 25-72 grams, i.e. the real silica plus the corrections
for counting titania and zirconia as silica.

Na,CO, + Si0, = Na,Si0, — 0,
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Quantity of sodium carbonate required to combine with the silica

M.W. of Na,CO, x grams Si0,
= M.W. SiO, grafms
_106-0 x 2572
= —-———-—66“1——“—— grams I\a2C03

= 45-36 grams Na,CO,.

The pyrites reacts with sodium carbonate as in formula:—
FeS, + 7PbO -+ 2Na,CO; = FeO + 7Pb + 2Na,30, + 2C0,
. 0-88 grams FeS, react with
M.W. of 2Na,COy X grams IeS,
MW, of FeS, grams Na,CO,
212 x 0-88
o 120
= 1-56 grams Na,CO,.
The borax in the flux will react with sodium carbonate according to
the formula:—
Na,B,0; 4+ Na,CO, = 4NaBO, + CO,

grdms Na,CO,

:. 17 grams Na,B,0, react with
M.W. Na,CO; X grams Na,B,0. o
MW, Na,B,0, grams Na,CO,
= 106:0 X 17-0 '200?1217.0 grams Na,CO;
= 8-96 grams Na,CO,.
The total sodium carbonate required for these reactions is 55-88 grams.

The basic ingredients of the ore are calculated to their equivalents of
sodium carbonate for the purpose of obtaining the total sodium carbonate
in the charge.

The basic ingredients and their equivalents are calculated ws follows:—-

K,0 + Si0, = K,SiO,
Na,CO, - SiO, Na,Si0,; + CO,
*. 1 mol. K,0 1 mol. Na,CO,
94-2 grams K,0 106-0 grams Na,CO,

106 x 0-23
0-23 grams K,0 515

i

i

grams Na,CO,

: = 0-26 grams Na,CO,
0-23 grams K,O = 0-26 grams Na,CO,
0-38 ,, MgO = 100 ,, .
0:04 , CaO = 0-08 g
0:04 , NiOorCoO = 0-06 , )
148 |, AlQ; = 1-5¢ )
0-02 ,, Cr0 = 0-01 "
0-18 ,, FeO = 0-27 "
0-53 ,, FeOfromFeS,= 0-78 ,, .

Total = 400
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The 52 grams of sodium carbonate in the flux is added to this figure
making a total of 56-00 grams sodium carbonate present in the charge,
but it will be noticed that only 55-88 grams sodium carbonate were
required leaving 0-12 grams sodium carbonate which will appear in the
slag as sodium orthosilicate (Na,Si0,). Thus from the above it will be
seen that one assay ton of ore and the 98-47 grams of flux (slightly over
3 parts flux to 1 part of ore) almost exactly match. The total ingredicnts
. of the charge are 12765 grams.

Examination of the fused mass will show:—

(a) Metallic lead.

(b) Ferrous metasilicate {FeSiO,).

(¢) Magnesium metasilicate (MgSiO,).

(d) Sodium alumino-silicate (NaA1Si0,) including the chromie oxide
(CryOy).

{e) The potassium, calcium and nickel metasilicites.

(/) The residual sodium metasilicate (Nu,SiQ,).

(9) Residual sodium metaborate (NaBO,).

(h) Residual sodium sulphate (Na,SO,).

(7) Residual sodium carbonate calculuted as sodium oxide (Na,0) in
sodium orthosilicate (Na,SiO,).

(a) 2PbO 4 C = 2Pb 4 CO,
446-4 grams PbO — 414-2 grams Pb
414-2 x 29-0
29. ¢ zer ey

29-0 grams PbO — FYTIv)
= 26-91 grams Pb.

grams Pb

() FeS, = FeO
0-88 grams FeS, = 718 X 0-88 grams 1°%¢O

120-0
0-53 grams FeQ
0-83 + 0-18 grams.

7
¥

Total FeO

[T

= 0-71 grams.
FeO + SiO, eSi0,

71-8 grams FeO =

il

131-9 grams FesiO,
0-71 grams FeO = }L?”\fgo—-{i grams FeSiO,
= 1-30 grams FeSi0,.

l

(c) MgO + Si0, = MgSiO,
40-3 grams MgO = 100-4 grams MgSiO,
0-38 grams Mg0 = 1—00——1-6%9—32 grains MgSiO,
= 0-95 grams MgSiO,.

(d) -Cr,0; = Al,0,
152-0 grams Cr,0, = 102-0 grams AL0,
102:0 x 0-02
0-02 grams Cr,0, = 150
0-02 grams Al,0,
0-02 + 1-48 grams A1,0,
1-50 grams Al1,0,.

grams Al,O,

Total A1,0, —
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Na,0 + AL O, 4 28i0, = 2NaAlSiO,
102-0 grams Al,0, = 284-2 grams NaAlSiO,
1-50 grams ALO, = .2_8_"‘;1%.5“‘701’—50 grams NaAlSiO.
’ = 4-18 grams NaAlSiO,.

(e) K,0 + Si0, = K,Si0,
942 grams K,0 = 1543 grams K,Si0;
. )
0-23 grams K,0 = 1—5}%0—”—2 grams K,Si0,

= 0-38 grams K,SiO,
Ca0 -+ SiO, = CaSiO,

56-1 grams CaO = 116-2 grams CaSiO,
116-2 x 0-04
56-1

- = 0-08 grams CaSiO,
NiO + Si0, = NiSiO,
74-7 grams NiQ = 134-8 grams NiSiO,
. 134-8 x 0-02
0-02 grams NiQ = —T
= 0-04 grams NiSiO,

0-4 grams CaQ == grams CaSiO,

grams NiSiO,

Total K,SiO,, CaSiO,
' and NiSiQ; = 0-5 grams. .

(f) L-30 grams FeSiO;  contains 059 grams SiO,
0- "

95 *, MgSiO, . 057
4-18 , ' NaAlSio, , 177 ., .
0-38 , KSiO, L 015
008 , CaSiO, . 0-04 ,
0-04 , NiSiO, L0002 L

Total silica = 314 grams.

Therefore 25-72 — 314 grams silica is left to combine with sodium car-

bonate to form sodium metasilicate.

Na,CO, + Si0, = Na,Si0, + CO,
60-1 grams Si0, = 122-1 grams Na,Si0,
. 29.
2258 grams SiQ, = %{1:“__5_8_ grams Na,Si0,
= 45-87 grams Na,SiO,.

(9) Na,B,0, + Na,CO; = 4NaBO, + CO,
201-2 grams Na,B,0; = 2632 grams NaBO,
_263-2 x 17-0
17-0 grams Na,B,0, = i
== 222 grams NaBO,.

grams NaBO,

(k) FeS, + 7PbO + 2Na,CO; = FeO + 7Pb 4+ 2Na,S0, + 2CO,
120-0 grams FeS, = 284-2 grams Na,SO,

0-88 grams FeS, = W grams Na,SO

= 2:08 grams Na,SO,.

Dot wa.;i;‘;:j‘.: . il
;

e RN A
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(1) 2Na,('0, + Si0, = Na,Si0; 4- 2C0O,
212-0 grams Na,CO, = 184-1 grams Na3Si,

- 184-1 0 0-12 .
012 grams Na,C0, = ——————= grums Nu, =0,

21240
= (10 grams Na,;3i0,.

il

Carbon dioxide is evolved from the reactions hetween:—
(1) Litharge and carbon.
(2) Sodium carbonate and silica.
(3) Borax and sodium carbonate.
n 2Pb0 4 C = 2Pb - (O,
12 grams C — 44 grams CO,

44 % 0-47
0-47 grams C— ————1~_,)~——l grams CO,
= 1-72 grams CO,
(2) Nu, (0, + Si0, = Na,8i0; + ('O,
106-0 grams Na,COy — 440 grams CO,
44-0 x 52-0 .
52-0 grams Na,CO; — —»Wg%-— grams G,

= 21-59 grams CO,.
(3)  Na,B,0; + Nu,CO, = 4NaBO, + CO,
106-0 grams Na,CO, — 44-0 grams CO,
44-0 %890
3-96 grams Na,CO. —_—
8:96 grams Na,CO, — 1060

= 3-72 grams CO,.

grams CU,

It will be noted that the sum of the ingredients put in (127-65 grams)
almost exactly matches the sum of the products (131-12 grams).

1t is to be noted that this theoretical fusion will give the same balancing
of the ingredients if the borax is assumed combined with the iron, mag-
nesia and alumina instead of with soda; i.¢., instead of aluminium silicate
and sodium metaborate we can have aluminium horate and sodium sili-
cate. These alternative mixtures are ‘‘borosilicates”.

The above is, of course, purely thecretical. It assumnes a temperature
control which is difficult to obtain in practice. In commercial assuying
on the Rand the composition of the flux is, unfortunately, partly depen-
dent upon the local furnace conditions. Hence it ix important that the
furnace shall be built on a pattern which will ensure that the requisite
temperature is easily obtainable at any time.

FLUXES AND THEIR PRACTICAL APPLICATION.

Every assayer should thoroughly understand the principles governing
the accomplishment of a satisfactory ore fusion.
Fluxes are divided into two classes:

Basic Frux. Acip FLox.
Sodium carbonate (Na,CO,) Borax (Na,B,0-)
Litharge (PbO) Sitica (Si0,)

Red Lead (Pb,0,)
Haematite (Fe,0y)
(Fluorspar) (CaF,)
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A basic ore requires an acid flux_an acid ore requires i basic dux,

Sodium carbonate (anhydrous) fuses 1most Teadly, its chief function
being the formation of sodium meta-silicate during fusion with the quartz.

Na,C0, + Si0, = NaSi0; + CO.

The silicate of soda is readily fusible and makes a viear slag.

1 part of silica requires 1-75 parts of sodiwn carbenate.

Litharge (Pb0) and Red Lead (P0,0,).—These scrve geveral purposes.
for besides forming very readily fusible silicites, both basic and double,
molten lead oxide readily dissolves most metallic oxides, even those not
easily amenable to ordinary treatment. The slags, thus formed, are
strongly basic and attack crucible or scorifier. wnd care should be exercised
when using the oxides of lead for fluxing purposes, that encugh quartz
or silica is present in the charge to counteract this stronzly basic intduence.
As is shown in the theoretical part, this fluxing use of litharge is unneces-
sary unless the furnace is inefficient or unless shale is present in the
sample.

Where, in addition to its use in giving a Jead button, litharge is used
as a solvent or flux, the fusion should be carricd out at a preliminary
moderate temperature; too high an initial temperature will cause the
molten litharge to run through the cliurge without performing its work
on the quartz particles.

Where an oxidizer is required red lead is preferable to litharge owing
to its greater oxygen content. As soon as red lead is melted it splits up
into oxygen and litharge.

2Pb,0, = 6PLO + O,

As stated before, litharge forms with silice a very fusible silivate, and

also forms double silicates.
PbO + Si0, = PLSiO,
From the equation 1 part of silica requires 3-7 parts of litharge.

Ferric Oxide.—Ferric oxide is infusible witil reduced to the ferrous
state by means of carbon; in this condition it readily fuses with silica.
forming ferrous silicate.

2Fe,0, + C = +1¢0 + CO,
2Fe0 + Si0, == Fe,Ni0;

In its ferrous state, oxide or iron is readily taken up by the mixture of
borax and soda.

From the foregoing it will be seen thut with heavily pyritic ores, which
require roasting, the roasted product will require addition of charcoal
and silica to give a satisfactory fusion of the ferric oxide produced.

Boraz.—Borax is an acid flux used to dissolve metallic oxides. It is
also employed on account of its effect in rendering the slag more fluid.

Tt forms borosilicates with silica, in which capacity it is sometinies classed
as a neutral flux.

Silica.—Silica is mainly used in ores where the metallic oxides pre-
dominate, or for strongly basic ores. 1t unites with these forming sili-
cates.

Fluorspar.—Beyond being suitable for refractory phosplutes, silicates
of alumina (e.g., slime), and certain infusible carths, fluorspar does not
appear to be a very active fluxing agent, but to sume extent it increases
the fluidity of the slag; chemically, it is a neuttal flux, and is thus bracketed
in the table on the preceding page.
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For fluxing purposes I part sodium earbonute is the cquiviien of 2
parts litharge, or 2 parts borax, and whcre 1t is desired to replace one
agent by another it should be effected i these proponiions,

TEsTING OF FLUXES FOR PRESENCE OF (JOLD AND SILVER.

Although most of the litharge and red lead sapplicd. is bought wder
a certificate of purity in regard to goll and silver. the assaver should
satisfy himself on this point by making occasional tesis,

For this purpose the following charge will produce a butten of lead
weighing about 30 grams:—

Litharge .. .. .. . .90 grams
Charcoal .. .. .. .. .3
Silica .. . . .. . 1o .
Sodium carbonate .. .. . L20

The resultant lead button must be cupelled, too high @ temperature
being avoided; the bead obtained is weighed, flattened and dissolved in
nitric acid to test for the presence of gold which remains undissolved.

Both lead foil and granulated lead should be examined in w similar
manner by scorifying, say, 3 assay tons down to about 30 grams and
cupelling.

Although other fluxing materials seldom if ever contain gold wud =ilver,
there is always the possibility of contwmination from outside sources,
and it is a wise precaution to run “blank’ fusions periodically 10 obviate
any possible chance of error from this source.

These tests should be made on each freshly made up “*bulk’ of fluxing
material.

Fusiox.

The object of the assay fusion is to concentrate the precious ractals in
a button of lead; and to retain the gangue in the slag.

The chemistry of the process has been dealt with and referenee will
be made only to the mechanical and practical side.

Reverberatory furnaces are generally used on the Rand as tlis is the
only type, so far designed, that can cope with the Luge nuraber of sainples
assayed in the average mine office daily.

The fluxed samples are loaded into the furnace by means of tongs or
forks. The use of the latter is preferable as the whole batci can be loaded
at one time, the complete operation taking less than one minute. The size
of the batch varics in different offices, some assayers preferring to fuse
40 crucibles at a time, while others prefer larger batches of up 1o 80
crucibles.

No special measures to reduce the furnace temperature at the time of
loading need be taken, as the introduction of & whole batch of crucibles
lowers the temperature sufficiently to prevent o too rapid initial heating.

After loading, the furnace is stoked and the flame passes over the
crucibles. This heating from above prevents boiling over and spitting,
provided the crucibles are not too full. The fluxed sammple should aubout

half-fill the crucible.
The crucibles arc allowed to remain in the furnace until they have

attained a temperature of between 900° «wnd 1100° Centigrade. Although
it is possible for the reaction between the sample and the flux to be com-
pleted at about 800° Centigrade, the slag at this stage is not fluid enough
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to allow all the lead to sink to the bottom of the crucible. Consequently,
the temperature must be raised consilerably betore the wssay is poured.
10 ensure that no lead is held up in the slag.

It may be said, therefore, that provided the dneredse i temnperature o
gradual, the higher the final temprature and the wore thaid the slaghe
less chance of any hold-up of lead and the betrer the assay.

The construction of most types of reverberatory furnaces used in Rand
offices, and the method of loading the crucibles. aiims at preventing tou
rapid an increase in initial temperature. which. by causing 1he crucibles
to boil over, may lead to appreciable loss. Morcover the offeet of this
rapid fusion upon the flux reaction must also be considered.

If the temperature is raised suddenly it is possible for the litharee to
be reduced before the remainder of the fAux hus reacted with the sample.
Consequently the “ram’ of Terd mdy take plactTDTICTe T TRE Parficles
of gold have been freed from the gangue or the pyrites Ly Tl acton of
fhe s and ineffective collection of the guld prrticles niny result. The
meshTeal aetion of boiling iused Y 1he revction much more violent
in the case of the rapid fusion. This violent actin U CESThE P cles
~ oTTead to come into contact with one another and coalesee. In @ correct
fusion, therefore, where the temperature is raised gradually, « “rain”
of lead is produced which consists of mnumerable small particles; while
a rapid increase in temperature tends to produce a much smaller number
of large particles.

This effect can sometimes be seen if o single e crucible is placed n
4 white hot furnace and withdrawn afrer a few minutes.  Occisionadly
large globules of molten lead are found on the surface of the partly fused
sample. :

The success of the fusion thus depends largelv upon the fact that the
“pain” of lead must continue until the flux has completely reacted with
the sample, and this is best accomplished by starting the fusion at a low
heat, with a gradual increase in temperavure until the maximum s
reached just before pouring.

Fusion time for a one assay ton charge is usually about 25 minutes
while a five assay ton charge takes about 40 minutes.

The crucible farthest from the fire is withdrawn and examined to
ascertain whether the fusion of the batch is complete. The fusion should
be tranquil and the heat between light orange and light vellow. The
contents of the crucible are swirled and if no particles rise to the surface
the batch is ready to be poured into cast-iron moulds.

The moulds used are conical in shape and must be cleann and lightly
oiled to prevent sticking. Some assayers prefer to blacklead the moulds.

After pouring, the crucible should contain no shots of lead. If the
sample consisted of clean quartzite the slag should be clear with a green
or yellow-green colour. The presence ol pyrites makes the slag Ll
it should still have a vitréous Tustre. A dull shuy wit out Justre generaly
indicates that the sample was incorrccm- that insuficient hux

T 1ron makes the slag brownish-bluck, while 59111‘_01' imparts a

was use )
qatrred colour. This copper colour is frequently seen il UE Slags from
SoTution samples assayed by the cuprous chloride methed,

Care must be taken to prevent excessive cooling of the furnace during
pouring but if the original temperature was 100 12 C. or more, well trained
workers can usually pour the whole Latch before the last crucible has
cooled off too much.
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Crucibles are usually withdrawn and poured one @i« time by meuns
of tongs, but multiple tongs have recently been developed which enable
the operator to pour up to six crucibles at a time. These are more fully
described under “‘Furnace Equipraent™ i Chaprer T

PREPARATION 0F THE LEaD Brrrox ron Corniraios.

After pouring. the sample should be allowed o cocb i the moublantil
the lead has solidified. It is then tipped out and the lead is detached from
the slag by striking the junction of the lead and the =k with @ haoimer,

The cone-shaped lead button is Hattened on e anvil vo detach most ef
the adhering slag. This procedure preduces o shaped button which the
operator can conveniently handle with the cupel rongs. Povedered slag
is removed from the anvil by frequent brushing or i)} aliowing a jet of
compressed air to play on the surface of the anvil.

Occasionally, during hammering, it may be noticed that the button is
brittle. This may be due to several causes but on the Rand is usually
sign of excessive sulphur or a very hivk proportion of gold i the lead
button. In all cascs, except the latter, brivtlencess is ux indication that the
sample has been incorrectly fluxed and thut different treatmient is neces-
sary to prevent interfering elements coming dowre with the lead button.
Although the lead button can be purified by means of scorification. it is
better to eliminate undesirable clements before or during the fusion. These
elements interfere with the cupcllation and may cuusc incorrect assay
results.

As mentioned before, however, the most _conupon cause of
lead button on the Rand is the preserice of excesslye s 3
This brittle lead button Js"( lrwwgt,wgumm tohiy e
matle, which by hok.lnﬁ}m some of the gold will ]u\L_ v
OWitig to the large Tumber of sample% bunrr handled, it 1\ po
matte to escape detection when the lead button is detac BT from
afd™for this reason a brittle button sh«m d be viewed with &ux_lnuun

If the presence of @ matte 1s detocted 5t can be collccted and scorified
along with the lead button, but since any departure 1rom the sct routine
interferes with the flow of work it is better 1o re-assay the sample ateer an
examination has determined the correct treatment and tux.

CUPELLATION.

The object of cupellation is to separate the lead from the gold wnd silver
in the lead-gold-silver alloy.

The principle of the process is the oxidation of the lcad wind the sub-
sequent absorption of this oxide into & small, shallow. porous cup, called
a cupel (hence the term cupellation).

The cupel may be manutactured from any muaterial with @ high melting
point, which is not attacked by litharge, und which is in a gr;mulur form.
The most common materials used in the manuficture of cupels are bone
ash and calcined magnesite, the latter being generally uscd on the Rand.

A cupel should have a smooth surface and rca(h]y sLsorb its own weight
of litharge without cracking. The cavity of the cuper should cpproxinuate
the surface of a sphere, with a radius cqual to haif the dinmeter of the
cupel and a depth of three-fifths of the radius.

The separation of lead from gold and silver Ly cupellation depends
upon the high surface tension of the precious met s and the fact that they
do not oxidize. This prevents the precious metals fron sinking into the
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pores of the cupel, while the molten lead oxide i readily wbsorbed. The
lead oxide carries with it, into the cupel, limited amounts of other metallic
oxides and the process may, t+herefore, be used for the purification of
bullion. Most of the lead is absorbed by the cupel in the form of litharge
but a small proportion is volatilized und carried away as lead fumes

Cupellation is carried out in a muflle 1ype of furnee. The opening in
the back of each mufile, which is congected to the tlue, ensures that an
ample supply of air for the oxidation of the lead s drawir throuzh the
muffle.

The cupels are placed in the muftle which should be heated to between
900°C. and 1,000°C. The cupels are allowed 1o attain this temperature
before being charged in order to drive off any wmoisture. This is very
necessary because cupels are made by mixing the cupel powder with water
and then pressing. They are air-dried and w certain amowis of moisture
invariably remains in the cupel.

When the cupels have attained the temmperature of the mutle they are
charged with the lead buttons. The position of the cupels in the muttle
should correspond to that of the buttons on the tray. The lead may be

D

placed in the cupels by means of tongs or by means of a Monekton trans-
ferrer. The transferrer is to be preferred as iv charges thie whole bateh of
cupels simultaneously. If the chargingis done sinudy by means of tongs the
cupels at the back of the mufile should be churged tivst as this means that
the buttons are being passed over emply cupels and should one be dropped
it does not fall into a cupel that already contains a lead button.

The button melts within a few seconds wnd the surface is at first
covered with a scum of lead oxide. As the temperature riscs this cover
becomes fluid and is absorbed by the cupel; from this stage the bath of
lead presents a bright appearance. Oxidation is now conrinous until all
the lead has been removed. Some of the lead oxide passes ol as a vapour,
but the remainder is absorbed by the cupel. ‘The bath of multen lead
gradually decreases in size. If other base mutuls are present, certain of
these are oxidised and carried THFo THe CHRCL DY 1 TEnTEe . Orhers
Fowever, are left behind and, as the sizc of the lcad b ehedininizlesydorr
aW‘z‘fﬁHﬁﬁd“tﬁ'é;’HéHéiG ‘of the cupel,.. tingds.called.asearid. Some
loid s invariably retaiied by the sqoria and is only absorbed after the
162d bath has receded. Con quently the wold contained | such lead s
left in.the.scoria. As thes particles of gold are HieTose "
e ; _— e (o e
IEJPQEE{{E’}&,EQ,QE?,E}&RWH and ail incorrect ussiy FEsTItsT Tor this
itisTecessary to re-assay any s ple winch Tev s 15c0ila, using « method
which will remove thé offending motad before cupellation. The most
common scoria-forming metal found on the Rand is nickel, which is
associated with the pyrrhotite found in the Main Reef. Nickel forms a
distinctive green scoria and can be clipinaved Ly ssoridcation of the fead
button prior to cupellation.

When all the lead has been removed 1he brad loses its brilliant
appearance and looks somewhat duller. If the bead consists mainly of
gold the cupel may be withdrawn immediately, but if it is predominantly
silver more care must be taken as molten silver dissolves or oceludes
oxygen. This oxygen is given off when the boad solidifies and gives rise
to minor eruptions which may cause loss of silver and gold. This pheno-
menon is known as “yegetation”y Thix can he prevented by withdrawimg
the cupel by degrees or aCing a sceond hot cupelover it wnd then with-
drawing. This prevents rapid cooling.

A small amount of copper added to the lead will prevent “vegetation™.

e e et e AR e T v e e e R P
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Therefore, when dealing with samples known to contain a large pereeusage
of silver, it xa‘cuﬁ_ommrhtg Al wppu”iumhg;lﬁui

“The prc%encc of silica in the lead. wsuidiy due to incenmplere removal
of the slag before cupellation, causes cor 'nmmn of the cupel and resaits in
the surface of the cupel becoming pitted. This may causc the beod o <plit
into two or more pleces. As some of the particles of gold mey be too
minute to be detected this breaking up of tiie bead must be avoided v all
costs. If the amount of slag is lurge it will form « gdebide whicli covers the
bead. In either case a re-assay becomes necessory.

Temperature of Cupellation.—Tlie mutlle temperatare during cupella-
tion plays an important part and should be courctuily studied, especially
when the silver value is required.

ill volatilize if the tempem ure is hwh onoughtl uut '_ ALY, h(;

;pl m,(,., 1,1\‘;.‘,‘: _.{h;,LI

l
T T~ e
on the other

"Thus if a mixture of lead. silver and gold is meleed inw cupel very little
silver or gold will be volatilized while there is still an appreciable winount
of lead present. As the proportion of lead decreascs, however, so the
volatilization of silver will increase.

Therefore if the silver value s r (11 ired, the final temperatir
cupellation s hould he heloW The melt g ponit ¢ uf SIVET DG c e e
110 Téad remains to protect the silver.

f a leadsilyer-gold burron i 1(1‘\; only

Similarly, in the cupellation of
the gold valué 1slkof1 1POI thc muflle temperatire could be ¢ nigher

Pecatse of the\protectxon afforded by IneTead and sIver AT HOu T 7old

will volatilize, the ]oss will be C\tremel}m&m all while wlargey
silVer Temains in the alloy.

“It7¢an Dbe seen, therefore, that the temperature of cupellation depends
on the type of assay being pexformed,

In the assay of by-products and bullion. for exampie, where both the
gold and silver values are required, the cupellation shouid be conpletod at
a temperature of approximately 900°C.

Mine samples are not, as a rule, parted and an allowance is nuvle for the
amount of silver in the bead. Since this allowance. or silver facror, is
determined by assaying a collection of mine sample beads, it follows that
all samples to which this factor is to be applicd must be assayed wnder
similar conditions of cupellation temperature. It is havortant. “herclore,
that this temperature should not only be the correct one for the tepe of
assay being performed, but should wlso be constant from day 10 day.

In the case of reduction works samples, where the excess silver added
for parting purposes allows a certain latitude in cupellation temwperature,
the importance of these assays makes it essential that @ unifermey correct
cupellation temperature be maintained.

For reduction works samples, therefore, as wel ws for mine samples a
muffle temperature slightly below the melting point of coud. or between
950°C. and 1,000°C., should be aimed wt. Automatic heav control by a
thermostat is an advantage.

ParTiNG.

Parting is the name given to the process of remnova, hy mears ol aeid,
the silver from a silver-gold alloy, or silver and pldinun from @ silver-
platinum-gold alloy or gold from a gold-osmirid vin niixture.

Lof
1l
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Silver is readily soluble in hot dilute nitric acid and in concentrated
sulphuric acid.

Platinum and gold are soluble i wqua resia.
dissolves a platinum-silver alloy.

In this process the soluble metal must predeninate in e alloy. The
need for this predominance can be seen when the nature of suclian alloy
is considered.

As an example, let us consider a gold-silver alloy in which the silver
predominates.  This alloy consists of many crvstals of silver completely
enclosing the crystals of gold. Whon this alloy is attazked by nitrie acid,
the acid has access to all the siiver because a3 each crystal is dissolved the
way is opened to the next until all the silver hus been remeved.

If the gold predominates, however, only the silver crystols on, or near,
the surface of the alloy will be dissolved and the acid will be unable to
attack the remainder because they are totally encased by the gold erystals.

It is for this reason that when gold is the predominant metal sufficient
silver must be added to the alloy to reverse this condition. This addition
of silver is termed “inquartation”.

Tt also follows, that if the gold is resent in swficient quantity
crystals of that metal to be in contact with each otrer, il remouin as o
spongy mass when the silver he.%wbgg_a,zsm,qs.‘,ed by the acid; but_if the
sﬂ?ﬁ'ﬁf@ﬁﬁﬁiﬁ&%‘ﬂﬁ"ﬁﬁﬁ?{f extent that 1he crvstals of gold have no
CORTATE WTEHGRe AnOtHEr, the gold will be Teft 18 @ Ane powder atter the
removal of the silver. o '

The ratio of silver to gold is of great importance. and the assayer
endeavours to produce a bead in which the proportion of silver is suflicient
to part the bead completely without causing iv to break up.

The critical mixture for silver and gold is w proportion of 21 silver to

white nitriz acid readily

1of gold. If the proportion of silver is less than this, purting will be in-

complete, while a higher proportion of silver will cause the gold bead to
break without increasing the amount of sitver dissolved.

The breaking of the bead causcs much inconvenience during weighing
and increases the danger of losing small pieces of gold.

The parting of gold from a gold-osmiridium mixture differs from the
above because the one metal is dispersed through the other without being
alloyed, and the ratio of gold to osmiridium is, conscquently, of no
importance.

Method.—The bead is flagtened.on an anvil and dropped into

Parting:
. . A . . 1
acid is(boiledAor o standard period, usually

hot, dilute nitric acid. The
ten minutes.

As with most processes in assaying, the silver content of the parted
beads must be kept constant. Thisis achieved by standurdizing the method
of parting. All beads are hammered to a unitorm thickness, the period of
boiling is the same for all samples and the strenuth of the parting acid is
not varied.

It is impossible to remove all the silver {roni the buad by boiling in
nitvic acid, but this slight “gain’” is palanced by the small lesses which oceur

ing fusion and cupellation.

It is possible to determine the amount of silver remaining in the parted
beads by assaying a collection of these beads in a manner similar to a
bullion assay and the loss oceurring during fusion and cupellation can
also be estimated by assaying synthetic sanples contaming known
amounts of “check” gold.
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For example, if a particular method of parting shows a “gain” oi' 1:5
per cent and the weight of the final bead, which is thus known to contain
1-5 per cent of silver, agrees with the amount of ‘check” gold added tothe
synthetic sample, it can 1 be said that the * s’ exaetly belances the losses.

It has been found that the silver content of what s considerce o well-
parted bead is in the vieinity of 1-7 per cent. but f the “hine of Loiling is
altered the silvor (ontenr ma,v H’\' from 1-0t0 245 5 per sent. ]1 ‘u el

content, mav be as high as 5 per (,wt )

b parted.

For this reason particular attention should be paid to the parted bead
before annealing, because it is easy, at this stage, to judee whether the
bead has completely parted or not.

Ithuu"lx lhe be. \d nmv app(. 58 to

ANNEALING.

After parting, the sponge gold will disintegrate at a touch, unless it is
annealed. Annealing causes the bead to contract and become more
coherent. The bends are annealed by heating to a tompen’(ur(- not in
excess of 1,000°C., i.e., just below the melting p(nm of gold. Auneuding
can be done at temper‘atures much lower than this but the tite wken is
longer. After annealing, the beads should be malleable and have o bight
golden colour. Care should be taken not to melt the beuds.

WEIGHING.

The ability to use the assay balance correctly is acquired with practice,
but it is essential that the theory of weighing should be thorouzhly
understood. The balance and the method of using it. is deseribed i i
section dealing with the balance room. The following observations deal
with the practical aspects not mentioned clsewhcre.

The assay balance is very susceptible to variations in weather conditions
and should be insulated from changes of temperaturc as much as possible
by even heating of the balance room.

The balance must be cleaned and checked before the sturt of each day’s
weighing and should be checked frequently during weighing.

Each bead will have a certain amount of cupel material adhoring to it
Unparted beads should be hammered to remove as much of this wdhering
material as possible. Once again the question of standardization is
important and it is essential that an absolute minimum be left adhering
to each bead as this is the only method by which a constant factor can be
calculated.

It is advisable that the assayer should be taught to use the balince
correctly in his early training. He should be requircd o weigh accurately
from the start and practices such as weighing to the nearest pennyweight
should be allowed only after the correct technique has Leen thoroughly
mastered.



CHAPTER VI

THE SAMPLING, TREATMENT AND ASSAY O SAMPLES
FROM THE REDUCTION WORKS.

INTRODUCTION.

A constant check on the efficiency of Reduction Works practice is
maintained by sampling the ore at different stages of the process, and
carrying out grading analyses and assays on the samples taken.

The determination of the correct assay value of the different products
is of primary importance, since these values show the amount of gold
being sent to the Reduction Works as well as the efficiency of the extrac-
tion methods. In conjunction with the tonnage figures these values are
used to calculate the amount of gold which should be produced, or the
“gold called for” as it is termed. Moreover, these samples indicate, by
means of the grading analyses, the crushing efficiency of the stamp mill,
crushers, tube mills, etc.

It can be seen, therefore, that the taking of accurate and representative
samples is a matter of paramount importance. (Sce ““Gold Mt allurgy on
the Witwatersrand” by A. King.)

METHODS OF SAMPLING.

Pulp or Screen.—To sample a stream of pulp it is necessary that the
stream should overflow from a projecting edge or lip. The sampling vessel,
which is usually triangular in section with a narrow slot at the top, is
passed transversely through the falling streaim, thus removing o repre-
sentative portion. Best results are obtained by taking increments at
regular intervals during the shift. The sampling vessel should be smooth
inside, easy to clean and large enough to ensure that no overflow takes
place from the sampler during the taking of the sample. The width of
the slot on the top of the sampler should be at least four times greater
" than the diameter of the largest grain of pulp. The increments taken
during the shift are collected in a suitable container (e.g. an enamel buclket)
which is kept for that purpose.

Rod or Tube Samples.—To sample slime in a tank a red or tube sampler
is used. This is a pipe, 2" in diameter, long enough to reach the bottom
of the tank, and fitted at its lower end with a rotary foot valve.

The sampler, with the valve open, is pushed down through the slime
until it touches the bottom of the tank. The foot valve is closed by twisting
the rod. The sample is then withdrawn and run into « suitable ccnsainer.
This process is carried out aleng a radius of the tank, sturting at the
centre. Experience and local cenditicns determine the number of incre-
ments to be taken for a representative sample. '

Butters Slime Residue Sample.—The sample of Butters slime residue
is usually taken by scraping off a small secticn of the cake, at various
. points, from leaves selected at random.

The sampler is a scraper, leng enough to reach at least half-way down
the cake and fitted with a narrow blade which can be passed between the
caked leaves.

64
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Sample from Rotary Filters.—In most Reduction Plants the Butters
filter has been superseded by the rotary filter. These rotary filters are
sometimes installed in two parallel rows with @ conveyor bels, runding
between, carrving the residue to a sump for pumping to the slinies dam,

The sample is taken by placing a rectangular cnumel dish on the
conveyor belt. The length of the dish is equal to the width of the conveyor
belt, and it travels down between the filters. As the residue drops oft

-each filter, portions are caught in this travelling disk. These samples
are taken at regular intervals during the shift.

Sample from the Residue Discharge Coluni.—The sampling of whe resi-
due from the residue discharge column is & method which is beconing
increasingly popular.

A 1" pipe, connected to the residue discharge colummn, allows a con-
tinuous stream of residue to by-pass into a return launder. An automatic
sampling device samples this stream at regular intervals. The 1ype of
automatic sampler used at this point can be varied to suit the circum-
stances, but the tilting box type of sampler. intrcduced at the Modder-
fontein B Gold Mine, is one which is found to be very cfficient.

This sampler consists of a V-shaped beam which tilts o1 a horizontal
spindle. The beam carries a shallow scoop-shaped water container at one
end and a counterweight at the other. The beam is attached by means
of a link to the discharge end of a flexible rubber hose whicli in turn is
fitted to the end of the 1”7 pipe. Immediately abuve the scoop end of the
beam is a tap or valve which allows a controlled flow of water inwo the
scoop. When the scoop fills it tilts the beam which in vurn forces the link
backwards and causes the discharge from the attuched rubber hose to
pass over a sample box placed in the return launder. As the scoop cinpties,
the counterweight tilts the beam back and causes the link to return to its
original position and the discharge end of the rubber hiose to pass over the
sample box again. Each time the hose passcs over the bex the discharge
is caught by the sample box instead of falling into the launder and so
two increments are taken with each forward and backward tile of the
beam. It is usual to adjust the flow of water to ensure that the sampler
will tilt at intervals of five minutes.

The sample box has two separate compartments. ench of which has a
half-inch slot on the top. A short pipe is fitted to eawch compartment vo
lead the increments to a suitable container. In this way duplicate samples
are taken.

OTHER MECHANICAL SAMPLING DEVICES.

Mechanical sampling devices or automatic samplers can be divided
into two general types.

(a) Stationary devices which sample part of the streum all the time.
(b) Moving devices which sample all of the stream part of the time.

Stationary samplers are not entirely satisfactory since their use pre-
supposes that there is no variation in the character of the part of the
stream of ore being sampled. This is very seldom true.

Moving sampling devices sample all of the stream part of the time and
this eliminates errors due to variations in the character of the stream across
its section and by making cuts at frequent intervals auy changes in the
character of the ore will be represented in the sample.
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Many different samplers of this type are in usc, and although some
have become standardized, the usual practice is to design and build
samplers to suit local conditions.

PRELIMINARY TREATMENT OF SAMPLES.

Except in a few cases where cyanide 1s present in the milling circait

- the only sample requiring preliminary treatment is the slime residue.

This differs from other Reduction Works samples in that the moisture
it contains is a weak cyanide solution containing gold. To ensure a correct
assay it is essential that none of this solution should be lost and since it

~ would be a long and tedious process to dry off this moisture, without loss.

the gold in solution is usually precipitated by the addition of cuprous
chloride or copper sulphate—sodium sulphite solution.  The noisture is
then expressed, the sample dried, broken up, sieved and mixed before
assay.

The precipitation is carried out by adding 40 to 30 ml. of cuprous
chloride to the sample in an enamelled bucket and thoroughly mixing
before pressing. Another method in use is to add to the sample ofresidue
40 to 50 ml. of five per cent copper sulphate, 20 ml. of 20 per cent sulphuric
acid and a few ml. of sodium sulphite.

To determine the amount of undissolved gold, a duplicate sample of
the residue is taken. This sample is immediately treated with an excess
of alkaline potassium permanganate to destroy the cyanide present and
to prevent any further solution of gold. It is then thoroughly washed

Fig. 41. Hotplates for drying Reduction Works sumples with hood for removing
dust.

(With acknowledgment to Rand Leases (Vogels) 7ML Col)
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through the press, at least six washings being advisable to ensure that
all the gold in solution is removed. Finally the sample is dried, broken up,
sieved and mixed before assay.

Dryin¢ oF SampLES.

When the Reduction Works samples are received at the drying depart -

. ment, each sample is thoroughly mixed and empticd into a clean, fat-

bottomed, enamel or stainless steel tray, care being taken to see that the
whole sample is transferred to the drying dish. The dish is then placed on
the drying furnace or hot plate.

A common drying furnace is the coal-fired one with a cast-iron top.
Electric drying plates with variable heats arc also much used. Thesc are
designed either to heat the sample tray or to dry the sample on the hot

plate itself.

Whatever method is used, it is essential that too great a heat be
avoided. The sample is stirred during drying to prevent “spitting” and
also to ensure that no roasting of the lower layers of the sample takes place.
Should roasting occur the composition of the sample will be altered. The
sample will be lighter and consequently slightly more of it will be taken for
assay. For this reason the drying temperature should not be allowed to
exceed 150°C. The sample should be removed from the heat just before
the last of the moisture is driven off, since there is gencrally, at this stage,
sufficient heat in the sample itself to complete the process of drying.

CRUSHING AND (GRINDING.

Although certain samples from the Reduction Works require no further
crushing or grinding before assay, samples such as the “screen”, the “tube
mill pebbles”, the “conveyor belt”, the “waste rock’ and the ‘‘bin feed”
have to be crushed and pulverized.

Crushing is done in a jaw crusher where the large pieces are reduced in
size by the ‘“‘squeezing” action of the crusher jaws.

Grinding or pulverizing is performed in a disc grinder. in which the ore

is ground between a stationary and a revolving disc, the final product ¥,

being thrown out from between the grinding surfaces us a fine powder.

Although it is generally recognised that the finer the material of the
sample the better will be the agreement between the individual assays,
only samples that are too coarse to be assayed in their original state should
be pulverized.

Contamination can be avoided by having a separate pulverizer which is
used only for Reduction Works samples, by pulverizing low value samples
first and by thoroughly cleaning out the pulverizer between the grinding
of each sample. It is excellent practice to crush a low grade ore, afrer the
crushing of each sample, so that any possible contamination can be ahsorbed
by this material.

DIVIDING AND PACKETING.

Coning and Quartering.—This method, if carefully carried out, gives
very good results.

The crushed material is worked into a cone by shovelling it on to a centre
point in such a way that the particles roll down in all directions from this
centre point. Irregularities in composition are thus distributed as con-
centric layers of the cone. This coning may be repeated several times to

~——
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ensure thorough mixing of the material. The top of the cone is then
flattened by spreading the material equally in all directions. This flattened
cone is now marked into quarters and these quarters are separated. Two
diagonally opposite quarters are rejected, care being taken to remove each
rejected quarter completely. .
The remaining quarters are thoroughly mixed and the process of coning
and quartering is continued until & sample of suitable size is obtained.
Greater accuracy will be obtained if the size of the particle in the material
is reduced to half its previous size between each coning and (uartering.
- Splitting (or Dividing).—Splitting or dividing is the reduction of a mass
by some type of splitter consisting of a series of parallel troughs which
alternately retain and reject a series of equal sections from a stream of
crushed material poured over them.

The Jones Type of Riffle Sampler.—This sampler gives satisfactory
results. It consists of a rectangular hopper supported on a stand. Across
the bottom of the hopper is an even number of equally-spaced, steeply-
angled chutes. Alternate chutes face the same direction. When the sample
is poured into the hopper the material runs down these chutes and is
caught by a container on either side and an accurate split is obtained.
One half is rejected and the process is repeated until the sample is of the
desired size.
 When a sample of suitable size has been obtained, it is thoroughly mixed
and divided into three portions by taking dips with a spatula. These three
portions are placed in separate paper bags, which are marked with the
relative information, viz., name of sample, shift, date taken, etc. One
sample is sent for assay, another for grading, while the third is stored in
case of dispute.

After these samples are assayed they are stored for a pre-determined
period of, say, two weeks. Tt has become customary in many offices to
check the standard of work by selecting samples at random and re-assaying
them. The results are then compared with those originally reported.

Another method of ensuring that the work is up to standard is to make
a composite sample by taking equal portions from, say, all pulps assayed
during the month. This composite sample is very carefully assa yed and its
value compared with the arithmetical average.

SAMPLES.

Screens.—In some plants which have stamp batteries the ‘‘screen
sample” is looked upon as an important sample since it represents the ore
crushed during the previous 24 hours. However, modern practice employs
discharge screens of 3" to " mesh and the reliability of sampling is poor.
Hence most plants rely more on samples taken after final grinding. The
sample is taken as the crushed ore passes through the screen of the mortar
boxes. When the sample is received at the drying room it is allowed to
settle, the excess water is decanted off, care being taken to prevent the
escape of any slime. It is dried at a temperature not exceeding 150°C.
A portion (about 300 grams) is sent to the grading room while the remainder

is carefully quartered down until about 1,200 grams remain. This final

portion is pulverized to pass 100 mesh, thoroughly mixed and is then ready
for assay.

Mill Pulp.—This is the name given to the crushed ore entering the
cyanide works, after having passed through the tube-mill classifiers, whence

e e e
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it flows either to sand and slime separators or direct to slime collectors.
This sample is prepared for assay in the same manner as the screen sample
but requires no further pulverizing.

The preliminary treatment consists merely in drying, breaking up,
mixing and packeting before assay.

Sand Charge.—This sample represents the sand or the coarse portion
from which the slime has been separated.

The sample is dried, broken up, quartered if necessary, a portion set
aside for grading and the remainder, after thorough mixing, is ready for
assay.

Slime Charge.—This is the fine portion of the mill pulp, usually about
70 per cent minus 200 mesh, before cyanide treatment. It is dried, broken
up, thoroughly mixed and is ready for assay.

Sand Residue.—This is the sand charge after the extraction of the gold
amenable to cyanide treatment. It is prepared for assay inthe same manner
as the sand charge. To get concordant results it may be nccessary to
pulverize this sample. ’

Slime Residue.—This is the slime from which the available gold has
been extracted by cyanidation. The moisture in this residue is a weak
cyanide solution containing gold. The gold in this solution is precipitated
by means of cuprous chloride or copper sulphate (sec Preliminary treatment
of samples). The sample is pressed, dried, broken up, thoroughly mixed
and is then ready for assay.

Washed Residues.—The moisture in both the sand and slime residues is
weak cyanide solution and invariably contains gold.

To determine the value of this dissolved gold, the residue sample is
treated with an alkaline solution of potassium permanganate to destroy
the cyanide and to prevent any further solution of gold. It is then.washed
repeatedly with fresh water until all the gold-bearing solution has been
eliminated. The sample thus washed is assayed for gold, the value
representing what is usually called “‘undissolved gold” and the difference
in value between that and the original unwashed residue is called “dis-
solved gold”. The washed samples are prepared for assay in the same
manner as their unwashed originals, except that in the case of washed
slime residue the precipitation must be omitted.

Tube-Mill Pebbles.—By means of this sample an attempt is made to
arrive at the value of the ore being fed into the tube mills to act as grinding
media.

One method of obtaining this sample is by catching the small pebbles
which have been sufficiently ground to pass through the discharge grating.
The pebbles are carefully washed, dried, coarsely crushed, quartered down,
pulverized and the sample is then ready for assay.

On some mines, however, a grab sample of the original pebbles is taken
as it is found that the ground pebbles are not representative of the original
grinding media.

Waste Rock.—This sample gives the approximate value of the rock being
discharged to the waste dump.

Under perfect conditions it should contain no gold, but, since the sorting
has to be done at speed from a travelling belt, a certain proportion of reef
invariably finds its way into the waste rock bin. Other possible sources of
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contamination are the presence of adhering “fines” or pieces of rcef
adhering to the waste.

The sample is treated in exactly the same manner as the tube mill
pebbles, special care being taken to avoid contamination from the crushers.

Bin Feed.—This is the crushed rock fed into the tube mills and repre-
sents approximately 90 per cent of the tonnage. Close agreement among
the individual assays will only be obtained if this sample is carefully
taken and very finely crushed.

The treatment is similar to that for tube-mill pebbles.
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Fruxes.

Generally speaking, ores encountered along the Witwatersrand are
highly acidic in character and the fluxes used to fuse these ores are, there-
fore, strongly basic.

A stock flux, which is generally made up in bulk and which is found
suitable for most ores encountered in a Rand assay office, is one having
the following composition: Sodium carbonate 50 per cent; Litharge 30
per cent; and Borax 20 per cent.

Because of variations in the composition of the ore, (e.g. black reef
or other heavily pyritic ore) some assayers vary the proportions of the
ingredients of this stock flux to suit local conditions. For example, in
the case of a black reef or a heavily pyritic ore, the pereentage of sodium
carbonate may be reduced and that of litharge may be increased. Again,

for reasons of economy, some asgsayers substitute a chcaper ingredient,
Wﬂm@iﬂ&bomx, and some also reduce
the proportion of flux to ore below the standard figure of three to one.

It should be stressed that it is the aim of the assayer to produce a
good assay and the question of economy should, thercfore, be cne of

secondary importance.

v

Fig. 43. A Fluxing Bench and Hood with plate gluss front.

Fruxing.

To minimize the risk of contamination the fluxing of reduction works
samples should, if possible, be carried out in a room reserved for this
purpose.” Many offices have separate rooms for the fluxing of reduction
works and underground samples. If these facilitics do not exist, care must

Ch e
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be taken to prevent contamination by demanding the most scrupulous
attention to the cleanliness of the fluxing Bench and balances at all times.

e balances W8ed-ure the Becker type of pulp balance, either 500 or
1,000 gram, and all work is done under a glass covered cenopy which is
connected to an exhaust fan for the removal of dust.

Before fluxing, the samples are passed through a 30-mesh sieve to
break up any lumps and are then thoroughly mixed by rolling on a
piece of glazed paper or rubber sheet. It is usual to have separate sieves
for residues and pulps and these are blown out with compressed air
after use.

When fluxing, the operator takes the packeted sample and pours it
out on to a piece of glazed paper in front of the balance. By drawing up
each corner of the paper in turn the sample is left as a long mass in the
centre of the paper. This is then spread out cvenly with a spatula und
dip samples are taken from various points until the hulance pan contains
slightly more than the weight required. The excess is removed with the
spatula until the exact weight is obtained. 1t is usual to take triplicates
of 2 assay tons for pulps and duplicate 5 assay ton or quadruplicate
2-5 assay ton charges for the residues.

The weighed portions are intimately mixed with the requisite amount
of stock flux (see Fluxes), 6 assay tons of stock flux being used for each
assay charge of pulp and 15 assay tons for each 5 assay ton charge of
residue; with sufficient reducing agent, in the form of mealie meal or
charcoal, to produce a lead button of 60 grams from the pulp and an
85 gram lead button in the case of the residue.

Silver for parting is added either as a solution of silver nitrate from a
burette or a dropping bottle or as silver wire.

Fusion.

The fusion of a 5 assay ton charge will occupy about +0 minutes, and
should be accomplished by the gradual raising of the temperature of the
furnace. When the fusion is tranquil it is poured into an iron mould;
after cooling, the lead button is detached and hammered ready for cupel-
lation.

CUPELLATION.

The lead buttons are cupelled at a light red heat, about 900° C., which
must be increased to a yellow heat at completion. Yellow heat is about
1000° C., i.e. slightly above the melting point of silver.

ParTING.

After cooling, the beads or prills are detached from the cupels, flattencd
on an anvil and dropped into dilute nitrie acid (1 part nitric acid to 24
parts water) which is at the point of boiling. When the silver has dissolved,
the acid is carefully poured off and the gold discs are thoroughly washed
with distilled water, dried, annealed and finully weighed.

The theory of parting has been dealt with elsewhere, and it is proposcd
to discuss here the methods of parting used in Rand ussay offices.

There are two methods:

(a) Parting in test tubes in a water bath.
(b) Parting in small porcelain crucibles which are heated on a hot
plate.
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Parting in Test Tubes—An electric water buth 187 long. 847 wide wd
4" deep, is ftted with an aluminium cover drilled withn rows of holes
&7 in diameter. Pyrex test tubes 417 x 37 are used for pardrg. Wien
in position these protrude half an inch above the alumnnun cover anad
stand in about three inches of boiling watcr. About 2 1l nitrie weil iz
added to each test tube and they are replaced in the water Lath. Thae
beads or prills are hammered on an anvil and one bead isdroppe-lintoea h
test tube. The test tube Is allowed to stand in the holneweter for at
least ten minutcs, the acid is then draimed off and the test tube tiilad
with warm distilled water. A Batrers wmealing eay is praced over tae
mouth of the test tube, the test tube and cup are np-ended s that tae
bead slowly sinks down the length of the test tube o the anneting
cup. The water is drained out of the annealing cup the poruus neture
of which ensures that the last traces of moisture are absorbed. The
parted beads arc annealed in a muffle at a temperature of about 9007 C.
After cooling, they are ready for weighing.

Parting in Small Porcelain Crucibles or in The Monclter IParting Trag.—
In this method the bead is hammered and dropped into boiling nitrc w id
in small porcelain crucibles which are heated on wl clevtric hot plate.
‘After the silver has been dissolved the crucible is removed from the Lot
plate and the acid drained off. Distilled water is now added and the
crucible replaced on the hot plate until the water boils. The crucible is
again removed, the water thoroughly drained off and after the crucible
has dried, the bead is annealed in & muffle.

A very effective method of removing the ucid and the wuter from the
crucible by means of a glass jet attached by « rubber tube to a filter punmyp
has been evolved.

‘A collection of parted beads should be assayed pericdicully to deter-
mine the percentage of silver left undissolved. This is done in the same
manner as a bullion assay.

WEIGHING.

Surface beads require to be weighed with the greatest aceuracs
balance is described elsewhere; it is highly sensitive but occusicna :
found to be erratic in its action, possibly owing to physical differences
between the state of the air inside the balance case and that of the baluice
room. The opening of the balance case for ten minutes hefore proceed nyg
to adjust the balance will usually remedy this condition.

Before adjusting the balance, the beam. pan hangers, supports. erc.,
are carefully dusted with a fine camel hair brush, while the pans are
cleaned with a piece of soft chamois. The balance is then “swung’. the
oscillations observed and the counter-balancing r.der moved until the
balance is brought into a state of equilibrium. This may invelve anumoer
of swings and the assayer should accept the bulance as being i a state
of equilibrium only after the most exhaustive cheeks have shown it 10
be so. The importance of ensuring proper adjustnent cannot be over-
emphasized, since the accuracy of this adjustment will have a bearing un
all subsequent weighings. Special attention should be paid to the hieizht
of the balance bench and the position of the balce relaive to the
operator, in order to avoid errors due to parallax.

The balance is adjusted and each bead, in turn s ploecd on the et
hand pan and weighed as deseribed in the chapter dealing with tssay
balances.

——




Cuarter VI
THE ASSAY OF ORE SAMPLES FROM UNDERGROUND.

The compilation of ore reserves and, indeed, the minirg policy of a mine
is largely dependent upon data-derived from the systematic sampling and
assaying of the mine ore. It will be appreciated, therefore, that in a Wit
watersrand assay office “mine samples”, as thev are termed. are dealt with
in far greater numbers than samples from any cther source. Many offives
handle from 500 to 1,000 such samples per day and on the larger mines iv is
not unusual for the daily total to be between 1,500 and 2,000. Moreover,
as it is desirable that the assay values of mine samples should be available
to the management with as little delay as possible (they are usually required
within 24 hours of sampling), these samples should be deule with as ex-
peditiously, consistent with accuracy, as possible.

Working conditions, crushing facilities, furnace accommodation
availability of labour and labour saving devices, cte., vary on the different
mines, and it is difficult, if not impossible, to lay down a standard system of
manipulation. Many admirable systems are in operation, cach designed to
suit local conditions and to meet the requirements of the mine manage-
- ment. The essentials of a satisfactory system may, however, be summarized
as follows:—

1. Clear and distinctive marking of samples.

2. Facilities for rapid sorting.

3. A ready flow of work in the process of crushing, dividing and
pulverizing.

. Installation of convenient, hooded work benches for fluxing.

. The provision of strong but light trays to carry w convenient
number of crucibies from bench to furnace room, and such labour
saving devices as sample mixers, multiple crucible forks and tongs,
cupel forks and transferrers.

6. A distinctive system of cupel marking to indicate clearly any

deviation from the routine order of individual assays.

7. A system of check assaying and of filing samples for reference.

8. Assay balances preferably of a rapid weighing type, installed in a

well-lit balance room.

=Y
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PROCEDURE.

As described in the chapter dealing with the crusher house. mine sumples
are received from underground in canvas bags, and are transferred into
metal dishes on arrival at the assay office.

Samples containing moisture should be dried before crushing and as the
percentage moisture is generally low this can be done by placing the
samples, in their dishes, on drying plates.

Another satisfactory method for the routine drying of mine samples is
one designed by C. H. Coxon and C. A. Martin and instelied in the assuy
office of the Blyvooruitzicht Gold Mines.
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This method uses the heat
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By heating from above, “spitting” is eliminared and “Le Leat zeneraved,
while sufficient to dry the samples theroughly, is never sufiicient to cause
roasting nor to char the paper tickets which identify cacn sampic.

A ticket accompanies each sample and on it the sempler’s name
symbol as well as the number of the sumple should be clearly murked. It
is advisable to sort batches into numerical order before they are crushied
and to retain this order throughout.

The canvas bags must be thoroughly cleaned aiter empry bz so thae po
contamination will take place when the b is vsed for furtier saniples

Fig. 47. Sample Sterage Rack,

(With acknowledgmnent to Geduld Prop. Mines Lic.)

On some mines, bags of a distinctive colour are used ror sanpies whicl
are known to contain high values, und this excellent practice hegs
to prevent contamination in subsequent samples.

A sample should weigh about two pounds and the largest piece should
not exceed two inches in diameter, but it is not aways possibie Jor the
sampler to take such samples and samples may vary in weigho from one
pound to ten pounds and individual pieces may measure up 1o four inches
in diameter. Generally, all samples weighing over three pounds are given
a preliminary crushing. Here they are broken down ro sopreximately
half-inch diameter. The sample is then divided and one hof s reje nod
The sumple, at this stage, is too course to be divided Diriler

Only in exceptional circumstances will more than o por cent of the
samples require preliminary crushing.

The samples are now stacked in piles of five or more wd pussed to the
secondary jaw crushers which crush the material to minus 1’

4
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This system of having primary and secondary jaw crushers is only used
in offices which have “Hush jaw crushers to do the man crushing. These
crushers are extremely robust and are comparativ reap nsove el s
they will cope withi 90 per cent of the samples reeeived tacy e extensively
used.

In small offices it ix often the custum 1o dispense with |
crushers and 1o break up large picees with @ nunmer but e Larger othioes
where “Husl crushers are mstalled “Cupelite” or “Sturtevant ™ erushur -
are used as preliminary crushers.  However, the modemn tendency is to
install the larger “Cupelite” crushers exclusively and thus abolish twe-
stage jaw crushing. The larger crushers will. when correctly set, reduce

the largest piece of ore, likely to be found bi o mine sample toominus b

elinna

Fig. 49. Sample Storage Rack.
(With acknowledgment to Rand Leases {Vogels) G.Mo o

At this stage it is the usual practice to reduce the bulk of each sample,
not only to facilitate handling but also to avoid unnesessery wear o1 the
pulverizer discs. This operation, known us dividing or cuutering, is
carried out by means of dividers, mounted o1« solid bereh and covered oy
a hood connected to the exhaust system (See “Crusher House ')

Each sample is passed through the divider ene or more times, aceos ding
to its original bulk, until the ultimate portica is approximately cighe
ounces in weight. To ensure that the final product is as representative of
the original bulk as possible, no sample should be reduced 1o this smull
quantity if it contains fragments exceeding §” mesh.

Finally this representative portion of the original sumple is pulverized
It is generally accepted that the degree of pulverizaticn Ahovld be sucls
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that the sample contains no plus 30 mesh materinl and not wore thun ten
per cent plus 60.
Several points must be taken into consideration in fine erinding
A. The heat generated in the pulverizer whiclh may cause decoin-
position of the pyrite. However, unless the sampleis to be ured for
“extraction tests” this aspect can e disregarded
B. The finer the final product the better the wssay
C. The finer the grinding, the greater will be the dimtion by tine inon
from the pulverizer discs.

The above method is, of course, only used where the crusher, divider
and pulverizer are mounted separately. When the machines are combined
into a unit the whole operation is done at once. The divider in this
unit provides for abnormally large samples and it is possible o allow all
the sample to be pulverized in the case of a sall sanple or Lo reject up
to three-quarters of a large sample (sce Chapter 11

The action of pulverizing, where the sample i= thrown cut from between
the discs, effectively mixes the samples and further mixi.g is usualy
unnecessary although some assayers prefer to mix each saple before it is
“fluxed”’.

Before leaving the crusher house for the fluxing room the numerical
order of each batch is checked.

FLUXING.

On receiving a batch of samples at the fuxing bench. the assuyer recol ds
the numbers and weighs out the required amount froni vach sample.
The sample may be poured on to a cheet of smooth paper. mixed, and dips
taken from different portions to ensurc i representative portion being
taken for assay. In some offices, however, it is customary to take the
amount for assay direct from the sample container.

The weight of mine sample usually tuken for assay is 1 oassey ton
(29-166 grams). This amount is weighed vur and tip) sed into o morar or
sample mixer into which an assistant has placed approximutely three
times this weight of stock flux. After thoroughly mix.ny the ore and thix,
the assistant charges them into a crucible, while the assayer prepares the
next sample for weighing. The crucible commionly used isa No. 1 or No. LG
which has a capacity of approximately 300 grams (in terms of stock flux
mixture).

After the assay quantities have been weighed out. the suniples are st ored,
so that they are available for repeat or check assay. The sampies are
stored either on shelves or suitably designed racks Jepending upon the
type of sample container in use. 'The numerical order i3 maintamed for
easy reference.

The stock flux varies, on different mines, in the proportions of its con-
stituents, but a reliable flux mixture for ordinary Main 2eef has the
following composition:—

Sodium carbonate 5 pierts.
Litharge .. .. .. O
Fused borax 2

Sufficient reducing agent is added to furnish « lead button weighing 25—-69
grams per sample. On the Witwatersrand maize meul is commonly used as
a reducing agent, and it has been found both practicable and convenient
1o add the meal to the stock flux when it is made up i bulk.
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1t will be appreciated that the flux recommended whove i not neces-
sarily suitable for all samples taken underground. v will suttice for the
greater number, however, and ocrasional sanples ol e ebser ved b the
experienced assayer as being of i refractory nature. #re S approprate
treatment.

The chief cause of refractoriness is ivon pyrite which, if present in
excess of ten per cent, renders the lead button britile, The assay of sich
ores is dealt with under “Complex Gold Ores™.

The crucibles are generally contained i stropg metal trays. The
capacity of these trays varies from 16 to 33 crucbles The nunber of
crucibles constituting a normal charge also varies, Tow assvers, o ser
place less than 43 crueibles in the turnace at one tme wlite o fea s
haces have a capacity of more than 72 crucibles.

Each tray is numbered and the identity of any sample is estublished
by its position in a tray. It {ollows, therefure, that at each stage ol the
process, where a transfer of samples takes place (c.¢g. charging suinplex
into the furnace, pouring fused samples, charging Jead buttons into their
cupels, etc.) the same order must be maintained wnd cach sample must
continue to occupy its original position in the tray.

Ag a check against inadvertent «ispl '“1{4‘*}&,‘?{.?_‘&‘1‘,1}*.iﬂ“
the fact that if a small amount, of cor added to a mum
&lour_is imparted to the cupel. Belore the tray of charg :
Teaves the fluxing bench, therefore, the assayer introduves a small
amount of copper, in the form of copper wire or us & solution of copper
sulphate, to the appropriate charges. After cupellation cach tray should
contain & number of stained cupels conforming in design 1o the particular
method used. An examination of the stained cupels not only identines
the number of the tray but also indicatos whether any displacenient of
samples has taken place.

Some assayers ‘‘copper’ to a definite pattern but uvthers prefer an
irregular system of “coppering” which is not casily remembered; the
numbers of the “coppered”’ crucibles being entercd into a book. The
second method is more cumbersome but prevents any attempt at replacing
samples which may have become disarranged. A _tray which his any,

. . . e e
dxsglacegdgp&}glml eated. ;

CHARGING THE FURNACE.

The crucibles of the batch are removed from the tray in conseentive
order and charged into the furnace. Long iron tongs are used for this
operation and in some Cases these are designed to carry morce than one
crucible at a time. A “fork” capable of conveying & large number of
crucibles is also in use, whereby it is possible to place the whole bateh of
crucibles on the furnace hearth in one operation.

Tue Fusiox.

The period of fusion for this type of assuy is approximately 30 minutes.
At the end of this period the crucibles are cxamined, and if the fusion is
complete the crucibles are withdrawn consecutively and poured into
conical iron moulds, standing on an iron table or flat-topped iron tre ley.
After pouring each crucible is placed upside down on a specialiy designed
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When cool, each mould is inverted and tapped to remove the ussay
The lead button is detached from the slag and placed in its correct com-
partment on a cupel tray or button transferrer. The butions are then
hammered into cubes to remove adhering slay before cupelluion and to
facilitate handling. The anvils upon which the buttens are Limmercd
are sometimes ftted with a small compressed awir ev from which ar
impinges on the face of the anvil and blows wway the powdered slhig
In the ubsence of this fitting the anvil shoud be brushed slear of sl
after each button has been hammered. (See “Pheory of the Sssay Fa
sion’’).

Fig. 53. Flux Mixing
The barrel on the left is also used a< a storage b

(With acknowledgment to (fedidd rop. Mines Jidd.

CUPELLATION.

The muffles in general use on the Witwatersrand are desivned 1o holl
cupels for a complete tray of mine sample assays. These cupels are placed
in the mufile by means of a fork.

When the cupels have attained the heat of the mufile, the lead buttons
are introduced. The cupellation temperature should not exceed 1LODOTC,

The introduction of the buttous is greatly fucilitated by the use of the
Monckton transferrer. This device makes it possible to ¢harze @ complete
tray of buttons into their respective cupels in vne operation

The use of the fork and the transferrer aceelerates procecdings whon a
large number of assays are handled, and relicves the ussayer of much of
the strain of strenuous furnace work.
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The period required for the cupellation of mine <ample batrons is
approximately 30 minutes. When cupellation is coniplete, tie o el
are withdrawn. Flat trays without sepdrate conparinnts are often Gee |
to carry cupels after cupellation.  Thiz type fucilitares the wse o the
cupel fork.

WEIGHING.

After the copper stain design on cach tray bus been cheehed 1o crsur -
that no displacement of cupels has oceurred. the cooled « Upeas
to the balance room for the weighing of the sold Lacs

Each bead is removed from its cupel by means of wpeir of stec, foreeys.
placed on a small anvil and tapped with « licht hammer t renionce adhering
cupel material, and weighed.

The balances most commonly used for this tape of work are the Oertling
12 S.B./A and the Sartorious MK 11, as these combine the neCessary
accuracy with reasonable speed of operation.

When sampling an ore body a compurativelv large nuber ot saaples
Is taken, and consequently each sample represents . smal: projorticn.
of the whole.  Thus it is usually unnecessary to repert nivls valucs
decimals of a permyweight but in cases of low vidues it is somet.nies the
practice to weigh 1o the nearest 0-35 or cven 0-2 dwt. per ton,

While a five milligram rider is sufficient for all beads representing
values ranging from 5 to 100 dwt. per ton, it is more etliciclit 1o use &
half-milligram rider for beads representing an assay uluc Jower tha
5 dwt. per ton. In fact, owing to the construction of the Gertl e Y
S.B./A. balance it is difficult to weigh beads of a lower value than 3 s
per ton with a five milligram rider.

The advantages of using these two riders are expluined in the articlc
on the assay ton contained in the Appendix.

On the Witwatersrand it is not usual to part beads derived from routine
mine ore samples, and it is necessary, thercfore, to make an aliowance
for the silver which the ore is known to contain.

Research has shown that the percentage ol silver remaine constant
within reasonable limits in the ore of cach particulu niine. and this
knowledge provides u figure which may be used with reasonable o curacy,
when making adjustments.

The assayer, thercfore, deducts the avcepted silver percentage from
the weight of the mine sample bullion bead and thus retums a value
closely approximating the fine gold content per ton.

[n many assay offices the adjustment is made when the weight of ore
sample is taken for assay, i.e. in a mine where the averig: pereentuge of

ae pissed

silver in the ore is ten per cent, 0-9 assay ton is weighed out per charge,
the resultant bead of gold bullion being regard-«l us fine gold.

The values, expressed in dwt. fine gold per ton, are entercd o1 g corif-
cate and returned to the sampling department.




Cuaarter VILL
THE ASSAY OF GOLD.BEARING CYANIDI SOLUTIONS.

The assay of gold-bearing cyanide solutions is an important part of the
work of the assayer, and, with the improvements in metallurgical practice
on the Witwatersrand, this branch of assaying has assumed an even greater
importance in recent years.

Accurate assays of these solutions are nceessary, «n.d for the efficient
control of the cyanide process, the results of these assays should be made
available to the Reduction Works as soon as possible.

Many solution samples have a very low gold content and, as these are
often reported to an accuracy of 0-005 dwt. per ton, it is necessary to use a
method by which a large volume of the sclution can be rapidly and
efficiently assayed, in order to give a weighable bead. 1t is equally true
that in the case of solutions having a high gold content, greater accuracy
is obtained by using a larger volume of the solution for ussay. It is for this
reason that the practice of evaporating the solution to dryness in a leaden
dish, of comparatively small capacity, with subsequent cupellation of the
lead, has been largely superseded by other methods.

The methods in general use are:—

. Evaporation in porcelain dishes.
. The copper sulphate method.

. The cuprous chloride method.

. The zinc-lead acetate method.

. Deposition on lead.

. Electrolytic Deposition.

S O b

1. EVAPORATION IN PORCELAIN DISHES.

One disadvantage of this method is the time necessary for evaporation
which towards the end must be carried out at a low tempcrature to avoid
loss by spirting. This is a serious drawback when a large number of rapidly
conducted assays are called for daily.

Procedure.—Glazed porcelain dishes of a capacity of at least one litre
are smeared with petroleum jelly, and about 30 grams of a stock mixture
of litharge and carbon calculated to give a 20-gram button are dusted in.
10 to 20 A.T. of the sample are then introduced into the dish and the
evaporation commenced, due precautions being taken to_avoid over-

heating, otherwise the residue and litharge will adhere 10 the dish, causing
trouble in cleaning out and possible loss. A watcr bath s the most
satisfactory_method of heating the sample.

When dry, the residue is wiped out into u crucible with a piece of clean
filter paper, a small quantity of the flux being already in the crucible;
the remainder of the flux is placed on top of the assuy residue together
with the piece of paper used for cleaning. The flux, of which one A.T.
is taken, is the same as that used in the copper sulphate method with &
Little silica added to compensate for the extra litharge. The assay is
- now ready for fusion, and is completed in the usual way.

86




THE ASSAY OF GOLD-BEARING CYANIDE SOLUTIONS 7

The use of petroleum jelly is advantageous as it vbviates the tedious
scraping which is necessary and often causes incorreet resulus when the
dishes are not greased. The final trices may be removed by seouring the
dish with about 19 grams of the stock thux.

2. Tue CopPPER NULPHATE METHOL.

The use of five reagents for the precipitation in this pcethod appuears
make it a cumbersome and lengthy process. \With w well-desivne dsvsienm
however, it is possible to carry out the precipitation of 50 solutions in les
than 30 minutes. The filtering and wddition o fuxes should nct voive
more than another half-hour, and the tusing. cupellation and parting 1
longer than is necessary for an ordinary surface sampls wssay

Reagents Used.

Solution of sodium cyanide saturared)

t

copper sulphate .. . . 15 per cem

.. sodium sulphite .. . . | EC.

. .. sulphuric acid . . o200,
. ., potassium ferro-cyvanide .. . 2 o

Procedure.—The solution for assay <hould be alkaline. Te o coniea
glass beaker or other convenient receptacle @ fow deans of the sodiun,
cyanide solution are added.

20 AT, of the =olution for assay are measured wul trinstorred 1o e
beaker. To this are added 20 ml. of cach of the other reagent solutions
in the order given wbove, the beaker being shuken between encli addition:
the precipitated solution is allowed to stand for Lalf a niinute wntil sulplhur
diozide is being evolved freely. It is then filtered througl o medium texture
folded filter paper.

When the precipitate is thoroughly drained.  litthe (023 A1) of the
stock “'solution-flux’ is added to the crucible. the filicr paper with tie
precipitate is placed in the crucible, and 3-5 AT of the thux is dusted 10
the paper, which is folded in upon itself and covered with the remuinder
of the flux, of which u measure containing about 6 A'fL is taken in wll,
Some assayers prefer to drain the precipitate still further by squeezing
the filter paper gently until most of the moisture has been expelled: after
this the paper is opened and the flux is dusted over the previpitate.
Another method is to add litharge or red lead to the filter paper before
filtering, thus ensuring a better mixing of lead oxide wd precipitite than
can be obtained otherwise. This lengthens the time of filtering consideratiby
but is said to give slightly more accurate results.

The requisite silver is added as silver nitrate solution irons 4 burette,
and the assay is then ready for fusion and treatment in the ordinary way.
The silver nitrate solution should be of a known value. @ useful strength
being one which will impart a value of 05 dwt. silver per ton (20 AT,
having been taken) by the use of I ml. of silver nitrate sclution,

The following is an efficient stock “solution thux’":- -

Sodium carbonate . . . . BOoper vend.
Litharge .. .. .. .. . . 25

Silica . .. .. .. .. . 25 ,
Fused borax .. . . 14, ,

’ Sufficient reducing agent should be added to the stock 1ux to produce o
30-40 gram button from the six assay tons.
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By the exercize of a little thought and ienuity. the assaver shoud
devise a plant which will emable himn to carry out adarge number of ussuvs
by this method with a minimum of trouble while retadning complete
accuracy. '

Stock sodium sulphite solution may be stored inde fmitely weler athn
layer of paraffin in glass or stone-warc jars. The sulphite solution is
siphoned off as required.

Fig. 54, Typical heneh used for assayving soluton <anploes.

3. Tue CuproUs CHLORIDE METHOD.

An advantage in the use of this method i that only three reagent
solutions, including the saturated sodium cvanide solution, arc used.
Further it is possible, by its means. readily 1o previpitute the pold from a
large volume of solution of very low value, and thus obtain beads which
may be weighed accurately.

Preparation of Cuprous Chloride Solution.—+00 grums ol crushed com-
mercial copper sulphate are placed in a Winchester quart bottle which is
then three parts filled with commercial hydrochloric wcid, space being left
for as much clean 16-gauge copper wire, previously flattened. as can be
inserted. A minimum of 1,000 grams of copper shoull be used The com-
mercial hydrochloric acid is obtained in carbioys, at low price, and it is
advisable to prepire 10 to 20 of these Winchesters at a time for steck.

After standing, with oceasional shaking. for a fow days, the copper
reduces the mixture to the cuprous state, which is imdicated by its
becoming nearly colourless and clear: it however rapidly oxidizes to brown
on exposure to air.
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An alternative method of making cuprous chlorile is to dissolve 25
grams of commercial copper sulphate, 400 arians sodiun chibori be and
ml. commercial hvdrochloric aeid in 2 000 v of top v Whe
solved add 150 grams sodium sulphaes Bovde o Sinenesser
and add two or three picces of clean ¢opper rod toostaobize
This solution is ready for use very shoriiyv ofter prep oation ol shoula
swell strongly of salphur divxide.

it

Procidure —Similar flasks to those uscd otle coppes sulphaae methoa
are emploved. The sample bottle hovine heen wels shdiens thee wmoan
required for the assay is carefully mewsured carn Iroos vsua
assay tons of a solution expected to contin 1aore then 0
and from 20 to H0 assav tons of those of iower vadues coeiul
of solutions is of great importance, and it is good practice 1o us
narrow necked flask, in which the required cuentity runs hicl ine the
neck, for this purpose. A few drops of suturated sodivyn evansle solution
are first added to the sample and the flask is shaken, The cuprous chloride
is now added, 10 ml. being sufficient for the 10 AT chhoges risinyg pro
portionately, according to the amount of selation. 1o 3u no. for the 5o
A.T. charces. A _copious white pr The
shaken, allowed to stund Jor @ {ew r A shaken s

The potassium ferrocyanide is now wdded. A exut aanonns cannog
be stipulated, as this amount is entircly dependent upon the amount of
cuprous chloride used. The aim is to render the precpitate coarse and
floceulent and to leave a perfectly clear sapernatont liguor. Even o

~ el

Fig. 55. Bonch for assaving solution swmples with Leander veacarl tie fanels for
removing filtrate.

(With acknowledgment to Geduld Prog, Jines il
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slight pink or brownish colouration of the precipitate indivates an excess
of potassium ferrocyanide and such excess will lead to erroncously low
results.

The sample should be well shaken and wllowed 1o st pd for a fow
minutes.

The solution is now filtered through a piediuns texture, folded thea
paper and allowed to drain thoroughlv., When drainng i~ complete, the
tilter paper containing the precipitate is treated in exactly the samie way
as in the copper sulphate method.

Note:—It is imperative that colourless cuprous chloride suiution be used.
otherwise an excess of copper in the Jewd button will result and wve
trouble in cupellation. It Wwill be observed that the precipitute twns
a brownish colour after filtration. Thix is due to oxidetion and las
1o deleterious effect on the assay.

This method is very popular and gives excellent results if the few
simple precautions are observed.

L
: i h
4. THE Z1NC AND LEAD ACETATE MyrHow. (\"\m/ W *%V bl

In this method advantage is caken of the fact that zine being ligher
in the clectro-chemical series than lcad, displaces it from an elecirolyte.
Lead in turn, will displace gold and silver from solution. In this method,
zine shavings or dust and a lead salt are used to preduce o lead sponge
upon which the gold and silver is precipitated and subsequintly scp;um&l
by cupellation. The lead sponge serves i dual purpose by providing an
excellent medium for holding the minute particles of gold and silver for
subsequent handling. This chemical use of zinc and lead is technically
known as ‘‘zinc-lead couple”. )

In routine work, when a large number of assays are called for in u
limited time, the operation of boiling is one which Las it disadvantiges
and can only be conducted conveniently by means of casily regulited
electric heaters. The method given below has this objection, but the
accurate results readily obtained amply compensate for it. No fusion
is required and a saving in time and labour is thus effected.

Procedure.—The measured quantity of solution is pourcd into a beaker
of suitable capacity, a few drops of saturated sodium or potassium ey nide
solution and the necessary gilver for inquartation are added, and the
whole is brought to the boil on @ hot plate. It is advisuble 10 cover the
beaker with a clock glass both to secelerate boiling and 1o avaid loss by
gpirting.

To the boiling solution add 4 to 5 grams of pure zine dust or & loose
ball of spun zinc of the same weight. Add 30 ml. of u suturated solution
of lead acetate (1-20 specific gravity) and simmer until the solution
clears. This should not require more than ten minutes.

When clear add 25 ml. of commercial hvdrochloriu acid and continue
boiling until the excess zinc is completely dissolved.

Transfer the contents of the beuaker 1o a porechiin dish wnd pour ot
the clear solution, wash several times i order to cool end to remove zing
chloride formed, and again docant. Manipulate the lead sponge so a8 to
take up any detached pleces and squecze between the tngers to form a
comp1ct cube. Dry carefully, cupel. part, anneal and weigh, Provided
the lead button has not been too firmly squeczed iU i unneeessiay o
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dry it thoroughly, as it is sufficiently porous ta wllow moizture to escape

without causing the lead to spirt. Prolonged drying may cause oxidation

of the lead and this must at all costs be avoided, as It has been found
in practice, to cause loss of gold.

NoTe:—A saturated solution of lead acctate is vssentind and it is advisable
to test the specific gravity before use. The sciution mst He o boding
point when the zinc and lead accrate are atreducods it vgore.e
boiling is no: necessary and in fact tends to break 1 te et snonae
Should the solution fuil to clear readily w shortage o7 zine s indi
A little more may be added. but while 1his accelorares the elearing
it appears to render the button brittle. The process is rapid and little
delay is caused by discarding a sample and repeating with more zinc.

The lead sponge should be coherent and soft. Exvessive boiling, the
presence of iron in the reagents used, and excess of lead wectute will ull
render it brittle. To ensure contact, when spun zine is u=d, the ball
should not be too compact.

The method calls for a little practice, but with atrention ¢ the few
precautions enumerated above, accurate results will be obiained from
high and from low value solutions.

5. DeposiTION ON LEAD.

The following reagents and materials are cmployed in thi- method:-
Potassium permanganate solution : 6 grans per litre.
Hydrochloric acid.
Pure lead foil.

Commercial quality potassium permanganate and hLydrochloric ucid
have been found to give satisfactory results.

Two pieces of lead foil are required per assay. The larger. approximately
6” by 24", and weighing about 11 grams, should be folded in corruzations.
A simple hand press, made of light metal has been devised whereby these
corrugated sheets may be shaped rapidly, and the use of this iniplarent
greatly facilitates their preparation when a number of assiys Is carrvied
out. The corrugations are about half an inch in depth. The sccond lead
sheet, say 3" by 24", is used us a wrapping when prepuring the assuy for
cupellation.

Procedure.—The measured quantity for assay is placed in a beaker and
brought to the boil on a hot plate. At boiling point the corruguted sheet
of lead foil, 5 ml. of the permanganate solution, und 20 ml. Lydrochloric
acid are added, and the boiling continued for 30-55 minutes.

At the expiry of this period the solution is decanted, and the ful given
two washes with cold tap water. By flipping the beaker with a wrist
movement, the corrugated foil will close into « convenient shape for
handling. Withdraw the foil from the beaker, using the thumb and fore.
finger at the ends to avoid disturbing the deposit, and dry carefully. A
piece of metal screening, suitably shaped to hold the foil well cloar of the
hot plate is convenient for this purpose. When dry, fold into a compac
shape, wrap in the second picee of lead foil, cupel, part. wncal anl weigh

Silver for inquartation should be added in the form of wire when
wrapping, and not as silver nitrate to the solution. San.ples of low gola
content may be silvered by dropping the requisite small number of drops
of silver nitrate on to the lead foil during drying.
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NorteE—Rapid circulation and agitation is essenti1l and the solution
should therefure be kept boiling vigoror <Ly, At no time sheuld the
fuil become uncovered and it is advisable to have vagply of o
water available to maintain depth of solution during boiling The
deposit is a tenacious one, but i the mterest of ey anetac
handling should be avoided.

With these simple precautions this clean and rapid method pives
accurate results.

Fig. 56. A Holder used in the Depositicn on Lo Method
This holder heats the sidos of the beakers us well ws tho netiem.

(With acknowledgment to Ruand Leuse~ {Vogels) G.A Co.)

6. Tee ErLecTkO Assay oF GOLD-BEARING CyANIDE SOLUTIONS,

Although the assay of gold-bearing evanide solutions by eleetralysis s
exceedingly simple and requires only a minimum of tirne, attention and
technique on the part of the operator, considerntion of the elementary
theoretical principles underlying the operation may be of assistunec to
those contemplating the use of this method for the routine assay of
Reduction Plant solutions.

According to modern electrolytic theory, an electrolyvte, when dissolved
in water, is dissociated to a greater or lesser exten: into fte constituent
ions; these ions being positively or negatively charged atoms or groups of
atoms. The number of unit charges carried hy the lons i determmec by
the valence of the elementary or compound groups in the given electrolyte.
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©g: HCl = H+ - Cl-
H,S0, = 2H- + SO,=

KAu(CN), = K+ == AuCN),~

The degree of dissociation depends principally upon the electrchoe
itself and the degree of dilution. Al clectrolvtes tend to coraplere ais
sociation as dilution approaches intinity.

If electrodes are connected to the poles of w xource of direet cavrent and
immersed in an clectrolyte, the positively charged caticns will migrate
towards the cathode, whilst the negatively charzed aniors will move in the
direction of the anode. If the voltage 1s above a cortabn eriticel velue
which varies for different electrolytes, a current of cleeiriciny witl ow
through the solution. This current consists ot 1 stream of clectrons warch
enters the solution through the cathode and berves by wiy of theannde
The passage of direct current through an electiolyte causes an electro-
chemical change which is always one of oxidation ar the wnode and
reduction at the cathode. From the electro-chiemical point of view, oxida-
tion involves the loss of electrons on the part of the anion, whilst reduction
of the cation is associated with the gain of electrons. Taking as an example
the electrolysis of un aqueous solution of hyvdrogen chioride we have,

HCl = H+ — CI-
2C1- — 2e — (1,
2H+ + 2¢— H,

The hydrogen and chlorine are evolved as gases av tie cathode and
anode respectively.

From the above discussion it will be evident that we are dealing only
with the flow of negative units of electricity (i.c.. of clectronsi. Atems o1
atomic groups, which become positively charged ions, are thuse which have
given up electrons to other atoms or groups of atoms i order that hoth
may assume more stable electronic configurations. The positive units of
electricity, in so far as chemical reactions are concerncd, remain frly
bound within the atomic nucleus. The chemicul change which takes place
does so0 only at the electrodes themsclves; passage of the current through
the solution involves merely the physical migration of ions; further, the
oxidation or reduction which takes place is that which is most easily
effected under the prevailing conditions.

In the case of Reduction Plant solutions the cold is present in the form
of an auro-cyanide, e.g., K Au(CN),, this compound is dissociated in the
first instance into K+ and Au(CN),~, the gold Leing a constituent of the
complex anion. This complex anion (which itself slowly dissociates into
Aut and 2CN~) is not however discharged at the anode, since the most
easily effected oxidation is that of hydroxyl ion, supplicd, to a certain
extent, by the dissociation of water, and to a very much greater extent
by the lime normally present in the solution.

40H- — 4¢ — 2H,0 — O,

An equivalent quantity of hydrogen ions from the water is then lis-

charged at the cathode in order to supply OH- ions th maintaun equi-
“librium with the calcium cations.

The gold cations, which are gradually formed as a result of the dis-
sociation of the complex anion, migrate towards the cathode where, on
reduction under suitable conditions, they remain firinly united to the
cathode material. Owing to the slow dissociation of the Au(CON),~ ion,
and also to the comparatively low rate of ionic migration. low, that is in
comparison to the speed with which the cathode can be made ro discharge

t
i
)
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the ions, the process is a lengthy one, if complete depusition of the gold is
required, and must be expedited considerably in order 1o be of value as
a meuns of practical quantitative analysis.

Accelerated rate of deposition may be cfiveted to a certain extent by
heating the solution, but much more satisfactorily by agivaion. either by
rotating one of the electrodes or by an i cpendent stiiring cevice,

If we consider Faraday's first law of cleetrolyss which =tares “tae
quantities of all substances deposited by an electric current inoa L of
time are directly proportional to the strength of the current”’, we wotld
suppose that the greater the current density, i.e., the strength per unit
area of cathode surface, the more rapidly would the metal be deposited.
However, in unstirred electrolytes, the solution in the immediate vieiity
of the cathode rapidly becomes denuded of metal jons and the current is
used up in the discharge of hydrogen ions. Increasing the curent strength
merely increases the quantity of hydrogen evolved and wihat metad ons
are reduced will be deposited in a spongy non-adherant forin, a type of
deposit quite useless for accurate analytical work.

By thorough agitation of the solution the impoverished layer is ven-
tinually being removed, and the cathode is then kept supplied with a far
greater number of metal ions. For this reason, therefore, the current density
may be greatly increased and the time of deposition shortened considerably.
In the assay of gold cyanide solutions the rate of depusition is further
accelerated by agitation owing to the fact that the comiplex anion which
normally migrates towards the anode is brought into contact with the
cathode where it accepts an electron and is reduced:

Au(CN),” + e — Au + 2CN-,
the gold being deposited on the cathode and the cyanide anode estublishing
equilibrium with the alkali or alkaline earth caticns. The cyanide is thus
regenerated and oxygen evolved at the anode.

Before considering the design of apparatus and the technique of opera-
tion it is necessary to know something of the measurable fuctors of the
current with which we are concerned. These are-—Current strensth,
resistance and electromotive force. Thesc fuctors are related to one
another as expressed by Ohms Law;

Electromotive force (Vols)
Resistance (Ohms)

Current strength (Amperes) =
E
T
In the case of electrolytes a modification of Ohms Liw 13 nvcessary in
order to take account of the phenomena of polurizetion or vack ecctro-
motive force which acts against the applicd potentiai. This polarization
potential is equivalent to the sum of the potentials required at the clec-
trodes for the discharge of the ions. The modified law muy be expressed
as:i—

or, 1

_E - (Ea 4+ Iic)

! R

where E is the applied electromotive force. Fa is the voluge necessiry
for the discharge of the anion and lic the required voltage for the dis-
charge of the cation. The modified formula has been given here so thav &
clearer picture of what happens during the clectrolysis of wsolution may be
presented. From the practical point of view however, the lnw as originally
expressed will be sufficient.
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Since we are concerned only with the deposition of gold an-inor with tle
separation of one metal from another, the applicd voltige is annnportant,
provided it is high cnough to decompose theauroryanibe, nubi e eonlio e
with Ohms Law to overcome the resistance of the ereuit to o m extaa
sufficient to permit a current of the reyuired anperipe t flow . Froathe
assayer’s point of view the current density ix the important teaor el o
accordance with Ohms Law, this factor may he inereased by i NN
the voltage or by decreasing the resistance. Ior this purpose itls recots
mended that the source of direct current be supplivid through variable
resistance in order that control of the current density may he eaerese L
It is of course possible to make use uf @ sonroe o SApPPly. s | doveh
battery giving a constant voltage and to control tne cirren censivy by
increasing the conductivity, i.e., decreasing the resistance ot e selaton,
This may be accomplished by the addition of suitable elecuralyte, ¢
sodium hydroxide or sodium sulphate. The former procedure s however,
to be preferred since it is obviously quicker and less ironblesome.

Tt should be noted that the conductivity of an clectrolye varies con-
siderably with change in temperature. icreasing with the temperature
by about 2 per cent per “C. For a given cirrent density hngher voite
will therefore be required in winter than in summer and this shondd o
allowed for when designing electrolytic apparatus, Suwitable sources of
direct current are (1) full wave rectifiers, (2) motor-generators and (D serics-
connected 6-volt auto type batteries. The best choice would probably be
full wave rectification, since this on the whole would b less expuensive
the installation of a motor-generator, and has the advantage over batte
in that the bother of periodical charging is avoided. [Vthe 1.C. generator
is capable of supplying the required amperage at a maxinmun, potential
of about 15 volts this should be sufficient vo mect all normal reqairene

Whatever source of current is decided upon it should be cormerted
through a variable resistance and in paralldl with the electrade terminals
The circuit must also incorporate a volt meter andu voord uality ammerer
capable of indicating Nz amperes where N s the maximum number of
assays which will be carried out at any onc time, and x is the reqguired
amperage per assay; the ammeter should wlso be capable of accurately
indicating a change of 0-05 ampere.

The agitating mechanism may consist of w series of Elwards npe
laboratory stirrers which can be supplied with glass st brinz rods and moror
speed control. These units are, however, expensive to instadi ona Lboge
scale and in this case it would be more economical to set up an clectrolyic
table ftted with a central support carrying two banks of ball-bearing
stirrers. These stirrers are commercially obtuinable and are supplied com-
plete with }” chuck and three specd pulleys. The two Lanis of stirrers may
be driven by a 3 h.p. vertical spindle motor, the power being transmitted by
1” leather belting. If this method is adopterl. the motor puliey sheullbe
of such a diamcter as will impart a speed of approximately 550 .y
to the stirrers. An adjustable idler pulley shouid also be pron ided i order
to take up slack in the leather belting. Copper bus bars {or carrying the

23

current may conveniently be attached to the central strrer support, the
bar running along the top of the support being comeeted to the positive
pole of the D.C. supply while that attached to the bottom of the support
is connected to the negative pole. Flexible wire leails wre <oldered 1o the
negative bus bar and fitted with alligator type clips for attachment to the
cathodes.

Anodes should preferably be of platinum urd of the form shovm in ~he
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illustration. The diameter of the wire and of the loop encireling the stirving
rod may be varied to suit the conduetivity of the solution and of the voltage

output of the generator, since the resistance oflered to the pas fohe
clectric current decreases by lessening the distanee beswen the cloctro es
and also by increasing the electrode surfuce wea Toe e de SLoombd he
constructed of wire sufficient]ly strons to resist ti Cornoversent Wik he
swirling motion Df the liguid tends 1o impare. Plairun, wire o fabow

123 W.G. i ideal for the purpose. but is rahier ¢ \I”“ f v larpe numne
(xf units is required. and, in this case, an electrode support may oe con-
structed from 1" glass rod: it is then possible to make use of thin platimum
wire by winding it spiral-wise around the giu=s.  Althoush not recon-
mended, anodes may also be constructed from heav v leand fuse wive, These
are attacked by the eyvanide solution but miay be male more pramoean
by coating the wire with lead peroxide  This v be *uxupaim(w:i b
dipping the anodes in a solution of alkali plumbare or by the cleerrelvss
of a lead salt. The latter method is to be preferred and iy be caaried ot
by the electrolysis of a solution containing one yram of lead nitrate and
10 ml. concentrated nitric acid per J00 ml. Pletinum or lead 1cil is used
for the cathode and the current density should bhe abour 005 anpore
per 100 sq. cm.

Wide mouth one-pint Ball jurs have proved to be exccllont contaimers
for 10 AT, of solution and cathodes suitable for this "ape of ot
may be made up from strips of lead foil 127 by 207 A convendens ticthod
of construeting the cathodes is to wrap the fuil around o eylindricad bleck
of wood which has a circumference of 1147, a strip of the toil is then ahnost
severed from one end and bent upwards, the ends of the foil beig united
by cutting short slits, top and bottom. along the lines of overlup and
twisting the two sections of foil together. Small Vanotcies should be cut
from the bottom edye of the foil to allow free civculation of liguid whicn
may otherwisc become entrapped between the cashode and the walls of
the container. After inserting the euthode the steg of 9. is bent <ver the
side of the jar and is ready for connection to the nesative pole of the D (L
current supply.

With regard to the time required for complete deposition, this will vary
with the current density, the efficiency of which is lrwely dependent
upon the amount of agitation imparted to the solution. 1t hivh carrent
densities are to be emplm ed, the stirring rods at 5530 r.pan, will ive to be
larger and more efficiently designed than would be nevessary when 1]\1.L}_’
stirvers of the Edwards type w ith which speeds of up 1o 5,000 r. p are
possible and simple L-shaped glass rods can be made to give amlrl\'
agitation. The recommmended current density is, however, LM ween U0 4H
and 0-30 amperes per 30 sq. in. of cathode surface, und between these
limits the easily constructed L-shaped stirrers wvive swtisfuctory results
with either type of stirring mechanism. At 0-15 amperes deposivion is
completed in 14 hours while at 0-30 ampere one hour is e ;m ol tor comn
plete deposition. If. however, it is desired to complete the deposition
half-an-hour the current density must be in, um\u‘ to 1D amperes po
30 sq. in. Thus, it will be seen that, although an inerease in current Snsity

decreases the time required for complete deposition, this decrease is 1ot
proportional to the current consumed. and, in fuct, the higher t)xc current
density, the lower the efficiency of the machine. l“la lm\ of efliciency is
of course, of little, if any importance from the assayer’s point of view, but
high current densities of the order of 1-5 amperes }mw two distinct dis-
advantages worth consideration; firstly, the passage of this compararively
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large quantity of electricity through the circuit heats the solution to newr
boiling point and, unless a current reguluitor is available, constana
attendance on the part of the operator is necessury in order to convrol the
current fiow which increases with rise in temperature; sccondly, the clec-
trical equipment required to supply 1-0 wmperes per solution will
necessarily be much more expensive than that required to supply 03
ampere.

The deposition of the gold is not uniforn: 1hroughont the operation of
electrolysis but takes place much more slowly as the solution Lecones
poorer in metal ions. Thus the first 0-01 mgm. is depesited almost
instantaneously, whilst deposition of the last U-0l mngm. ocenpies & con
siderable proportion of the total time taken fur complete deposition.

The actual assay is carried out as follows:i—Ten Assuy tuns of heac
solutions or 20 A.T. of press tails or othier low vaiue solutions are measured
into Ball jars or beakers into which the lead cuthodes have previcusly buen
inserted. The containers are then placed in position on the machine, the
stands for the containers’ support being adjusted 50 as 10 leave the stirrig
rods and anodes in the centre of the solutions, the rod ends to cicar ke
bottom of the containers by about 1". The cathodes xre now conneeted 1o
the negative bus bar by means of the alligator clips and the stirring
mechanism is started. The D.C. is switched on and the voliage adjusted o,
give a reading of Nz amperes on the ammeter. Here aguin N is the number
of assays and z the desired current strength per assay.

The machine is now allowed to run for the required time and duriny
this period should require little attention frons the operator. When deposi-
tion is complete the stirring mechanism is st opped, und with the curren
still flowing, the cathodes are removed onc by onc and immediately
washed in running water. If the gold plated cathodes are left in the
solution with the current turned off, the regenerated cyanide will tend o
redissolve some of the gold, and for this reason it is important to leave
the current on and to wash the cathode immecdiately it is removed from
the solution.

The deposited gold should present a clear Lright appearance and int
case of high value solutions should resemble good guality pold pla
The cathodes may be rapidly dried by shaking oft the excess watcr.
rinsing in methylated spirits and leaving for a fuw minutes on a low
temperature hot plate. Silver for inquartation may be added to the
solution before electrolysis in the form of silver cyanide, but is most
conveniently added in the form of wire to the cathode, which, after
drying is wrapped up and is ready for cupellation.

he

PurpLE oF Cassius TEsT.

A rough test for the presence of gold in “uils” solutions may be usetul
at times and is carried out as follows:—

Place one litre of the solution to be tested in a bottle together with
10 ml. saturated sodium cyanide, three drops saturated Jead nitrate or
acetate solution and two grams zinc dust. Shake the stoppered botile
until the precipitate settles rapidly, decant the liquid and transfer the
precipitate to a porcelain dish. Evaporate nearly to dryness with 10 ml,
aqua regia, and take up with two ml. concentrated hydrochloric acid.
Cool thoroughly and add a few drops of stunnous chloride solution. A
tint varying from slight yellow to purple is produced by solutions assaying
from 0-02 dwt. per ton to 0-2 dwt. per ton respectively.
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Cure should be taken to ensure that the starmous chloride solution Las
not deteriorated otherwise poor results will be ehtained. A few granues
of metallic tin at the bottom of the bottle will prolong the eflectiveness
of the solution.

GoLp FroM GoLp CHLORIDE SOLUTIONS.

The gold may be precipitated by means of sulphur dioxide bt tae

. e . . ' . LEvidad

precipitation is not always «'()mpletc and therefore the eve poratiol n.ethod A

is safer. 5Ty .
B cEe T
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Cuarrrr IX.
GRADING TESTS.

INTRODUCTION,

The extraction of gold from the Rand ore has become such a Lighly
specialized process that much detailed information is required to show the
physical condition of the ore during the vurivus stages of its reduction.

The most suitable product from all crushing, screening and grinding
equipment must be ascertained. Where the product is too fine, the out-
put of the machinery is reduced and the cost unnecessarily raised. Where
insufficient grinding is the fault, subsequent stages of handling may be
interfered with, or extraction affected.

Feed materials sent to crusher plants usually contain a proportion of
fine material which does not need to be further crushed and which, ir it
enters the crushers, provides a cushioning effect for the coarse particles—
thus interfering with the crushing action. Good reduction practice de-
mands a removal of this fine material before it enters the mill.

In order to obviate faults of this nature a regularly supplicd and
permanent record must be made available. This record is possible only
through the medium of frequent sieve tests. The feed materinls and the
final products must be constantly assessed by this means.

The assayer, with his sieving equipment. can provide data that lewds
to certain conclusions. Amongst these can be enunmcrated:—

1. In the case of stamp mills, the tonnage of muterial crushed per
stamp per 24 hours. The effect of varying screens and the speed
and drop of stamps can be ascertained.

2. The duty performed by tube mills, showing the degree of grinding
achieved at different speeds, rates of flow, feed and grinding media.

3. The efficiency of the classifiers under varying conditions of rate
of flow, speed and height of overflow. etc.

4. Evidence confirming the reason for abnormal gold assay results.

5. In the case of coarse materials, the performance of crushurs,
vibratory screens, trommels, etc.

6. In the case of Newhouse or Symons Crushers, the stage at which
cones and linings should be renewed.

All these can be assessed by the use of figures, supplied by the grading
operator, and disclosing the percentage of coarse. medinm and fine
material produced by the different processes.

THEORY OF GRADING.

Theoretically, sieving consists of agitating a weighed quuntity of
material in a sieve until no more material pusses through. This procedure
can give absolutely correct results only when the particles being sieved
are all solid spheres and when the sieve upertures arc all exactly the
same size.

In practice these conditions do not apply and & grading test becomes,
to some extent, an approximation. Standardization of procedure, how-
ever, makes possible results capable of reproduction within « narrow
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margin of ervor and thus provides the guide needed inassessing the
fuctors outlined in the introduction.

Examination of the particles of finely ground ore by meens of « micro.
scope, shows that while the majority tend 1)aards o pheried shage,
from the point of view of their major axes<. they are generadiv for remove |
from perfect spheres and certainly cannot he extected to bebac o sl
Some again show a flat cleavage and appear undor 1he micres Ope s smeadl
elongated or rectancular plunes. This means 1t many particles we,
for u particular sieve aperture, both oversize and undersize, depending
upon which side is presented to the aperture. Diserepancies in results
are accounted for by the presence of these particles.

An ideal method mivht be defined ws one that would retaan as oversize
all particles having a volume greater than that o a sphere whose diameter
is equal to the width of the sieve aperture.

As this is manifestly impossible, a compromise must he sonvhi wherel y
the total weight of particles retained cquals the total weight o the par-
ticles having a volume greater than the sphere deseribed above, This can
only be achieved by adopting a method which lias been {0 undand proved
by experiment. Sueh a method will still be prone to error, bhut, it adopted
as standard practice. will reduce the varintion of error and thus vive
comparative figures from day to day.

Coarse Gravizas

For coarse material (such as from B of Mine ore, Nevhonse Crusher
and Symons Crusher, ete) It ds necessary to hive woset of <ieves with
depth of about 4" and 18" in diameter. cquipped with steel wire sereens
with mesh ranging down 27, 11" 1", 13 and Fto 17 These sieves
must be so made as to rest firmly one over the other in a 1al! “nest’
The set-up is best operated in a deep trough-like conercte caclosire to

prevent water spillage and yet to allow of all ties being washed wweae

from the coarse products. A “rocker” arrangcime i must e placed helo
all these sieves so thut the operator may shake or “rock™ the scr-up 1o
induce the orc to pass through the openings until cach sicve curries o top
its respective “‘plus” product only.

For this type of grading a large sample is necdel. ie. from 200t 4 000
ounces. This is weighed directly in its container on « platform seale
(remembering to deduct later the weight of the container) The simnple
is then placed on the 1op sereen in manageable lots, washed with o jet o
spray of water and shaken until no more passes the sereen bemy hondied.
If the sample is being hundled in one bateh, the procedurs is sin g le and
each plus fraction is merely weighed (in ounces) and the percenave of
each calculated. For practical purposes. it is wuiceessary to ry civher the
original samyple, unless there is much wet slime present, or the fractions,
as the degree of accuracy needed is well inside 1he error that may arise
from this source. In the case of u very large sarmple, the relative frac:
tions obtained from each portion must, of course. Le added tozctlier until
the whole sample has Leen put through the sicves.

A specimen of 4 “bench record” for a normal siomple s -

Newhouse Product No. 2

Giross  Cow- Nyt
oz, luiner. oz,
Mesh. +2"  +1} - o I L D L R
% 255 11-0 25-3 8-2 104 196
93 10 92 30 38 oz. por fraction weighed.
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GRADING OF FINER MATERIALS.

REQUIREMENTS.—A set of sieves with accurate square niesh wire cloth
with the desired mesh variations. For the daily analysis o recuction w orks
products, such as Residues, Pulps, Screens. Classificr Overtlow or Returns,
ete., 48, 100 and 200 mesh are usunl. (Some mines use the variation, 60
90 and 200.)

A Washing (or Bucket) Sieve.—This is a 200 mesh siove witin X-inch =i lex
to prevent material being washed or splarhed over the edie of the seve.

For reasons of economy some assayers make their own 9 ashing sieves
by soldering an extension on to an ordinary 200 megh sieve, buv this
practice does not meet with universal approval vwing to the faut that
faulty soldering may leave crevices in which a porticn of the sample can
lodge.

A CGrading Machine.—There arc several types of mechanical shakers
but the one most commonly used on the Reef is the “To-Tap Testing Sieve
Shaker”.

A Balance and a Set of Gram Weights.—A pulp balance with a “ehadno-
matic” attachment for weighing the fractions is suitable.

A set of gram weights from 0-1 gram is usually sufficient for ordinary
routine work.

Drying Plates.—RBlectric drying plates with varying heats are the most
suitable.

Other requircments are:—Several large buckets, 107 dishes. 6 dishes.
brushes and spatulas.

QUANTITY OF SAMPLE.

This is governed by the proportion of oversize particles in the sample.

The number of oversize particles remaining at the cnd of the test should
be large enough to give an average and yet should not be so large as to
prevent each particle from having free access to the apertures.

For complete standardization the w eight of swnple taken should be
such that the residual oversize is in each case the same weight. This is,
of course, not practicable but, as the composition of each type of sample
from a modern crushing plant varies but little from day to day, it may be
said that, by taking a fixed weight for all samples, standardization for
each type of sample is successfully achieved in this respect.

For normal reduction works products 100 grams is a suituble quantity,
but for comparatively coarse material a larger quantity should be taken.

MeTHODS 0F GRADING.

There are two methods of grading, wet and dry. Each mcthod has its
advantages and it has been found that by combining the two, the advan-
tages of each are retained without introducing any disadvantages.

PROCEDURE.

W asHING —There are two methods of wushing away the fine product.
There is little to choose between them but, whatever the method adopted,
one only should be used.
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Fig. 58. Ro-Tap Sieve Shaker usod i

Fig. 59. Chainomatic attachment fittod to pulp bulineo for weirhag nrading samp ex
(With acknowledgment to Rund Lenases ( Vogels)y G Cooy
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Washing in Buckets.—Two large buckets filled with wuter in the waste-
water sink are used as ‘“washing pools”. ‘The 10U grams of sample is
placed in a 6" dish and wetted with about 200 ml of water to avoid dust
It is afterwards washed into the wushing sicve This is then held with its
sieve-base about one inch below the water surtace i the first bucket vnd
is then rotated sharply to and fro—in the maner of a balunce-wheel of &
watch—lifting it just above the water surface every few tuns wntil i s
seen that all lumps have disintegrated and most of the stime washied
through. A few turns in a similar manner are pul formed in the second
bucket of clean water.

The plus 200 is then washed into a 107 dish with o gentle jet of warer.
The water is decanted from the dish and the plus 200 ried at steam
temperature.

This may be done by floating the dish on Lot water bath or by picmy
it on a hot plate the temperature of which ix maintaied at that of beilng
water.

The Jet Method.—A weighed quantity of the ore is placed in a bucket
sieve. The undersize is then washed through the sieve by means of a jet
of water. A rose type garden spray provides i@ suitable jet. The time of
spraving should be fixed within limits, as should the pressure of the warer.
(This last point is not over important, but aids sumdardization ) The
sieve is then inverted over a dish, the diamcte! of wheh zhoald Le zreiter
than the diameter of the sieve. The sample is washud nto the d.sh and
dried as above.

In practice a number of such washings are done insequence, cach liaving
& numbered “bakelite” ticket in it for identification. "Three such samples
are then brushed respectively on to the 48 mesh or upper sieve of threce
interlocking nests of sieves that are put on the machine together. ach
“nest” consists of 48, 100 and 200 mesh sicves with & pun to cateh any
minus 200 that comes through. (The washing sieve: fails o ramove all
the minus 200 and the remaining minus 200 wainly of @ sandy nature has
to be removed in this way when dry.)

The grading machine should be fitted with an automatic timing deviee
and all samples given a set time to ensure that no ereoy arises as a result
of varying lengths of time in the shaker.

The time usually given is seven minutes.

If the sieving is done by hand. a nest of sieves should be shaken in
standardized manner for a given time. A wood procedure is to pliws the
nest on a smooth surface, move it left to right, one move of 8 ¢ach halt
second, with a bumping action by the right hand o the lefuward move
this to proceed for seven minutes for each sut.

The fractions plus 48, plus 100 and plus 200 are now removed from each
sieve by inverting over a piece of glazea paper, tapping the sieve peri-
meter gently with the handle of the brush, then brushing hottom and 1op

This brushing must be gentle in order to prevent damige to the wire
cloth. The fractions are then weighed on the pulp Lalance (to U I gramy
and recorded {in case of the 100 gram sampivs), direct by as pereentiuyes

CARE OF SIEVES.

Tt is essential that the operator should examine his sicves very carciully
after each day’s work, holding them up to the light in order to enuble
him to detect any small rupture of the wire cloth. Such ruptures occur
when the sieves get old, especially in the 200 mesh. (A carefully applied
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solder patch can cure such a breach, und is justifiable i standardization
shows the sieve to be otherwise efficient )

Another point to be checked is the clogzing of the sieve apertures. This
takes place as a result of particles of ore becoming jummed into the
aperture. Repeated brushing, top and bottom, with a Lard lrush will
usually remove most of this trouble, The washing sieve, particularl s,
needs this attention. Care must, however, be exercised 10 sec 1 hat tl.e
brush hairs do not enter the apertures and pull them out of saupe duariny
brushing.

Sieves should always be stacked in correct order after use and closed
with the cover to prevent casual damage from uny falling object,

STANDARDIZATIO,\' OF SIEVES.

The standard grading sieves used on the Rand to-day e the Tyler.

SIEVE APERTURES.

These are, as a rule, fairly constant in any particulur sieve, but two
sieves will vary one from the other. Thus it is possible to find, 10 a certain
degree, the difference between the two by sieving u number of portions of
the same sample through each sieve. The difference between the average
of the results from each sieve will show the variation In aperture sizes.

Therefore, if one sieve be accepted as a standard. all other sieves may be
standurdized against this one, and the relation between the apcrvare sizes
may be ascertained and a correction factor cadeulated for cach sicve.

It must be borne in mind, however, that different tyvpes of crushers and
grinding units will produce particles of different shapes wnd also that
different materials will break down according to variable size ranges of
particles.

Thus it comes about that the correction factor applicable to cement muy
have to be modified when sieving crushed quartzite, Also, the some tion
factor for a tube mill product may not apply to a stamp il prodact

If a sieve is to be used on one particular mine it is safer 10 use the
product of the grinding plant on that mine for standardizing the sieve.

Certificated standard sieves can be purchased, but, as these may have
been standardized by using some material other than crushed quartzite—
the factor given on the certificates cannot always be aceepted s tully
applicable to Witwatersrand ores. However, it is advisable for vhe Lssayer
to procure a set of certificated sieves for standardization pa poses.

Alternatively, a sieve of each mesh is found whicli gives satisiacrory
results, and these are accepted as “master” sieves,

As an example, ten or more portions of 100 grams are taken from a well-
mixed slime residue sample. These are “wet”’ graded througl « stundard
200 mesh screen. After drying they are “dry” graded through the two
sieves, i.e., the “master’ sieve and the sieve to be standardized, aliernatoe
samples being graded by each sieve. The average of these two scus of
fisures show the percentage by which the sieve under tess 5.0

results, from the “master” sieve. This percentage difference, i udod to
or subtracted from all results obtained from this sicve, will bring 1hese
slime residue results very close to the results obtained from Ui niaster”
sieve. The same procedure should be adopted for coarse sumples and for
those of medium fineness.
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On some mines a synthetic sample is used in place of the slime residue.
By intensive wet and dry grading, four large portions are assembled,
which are, respectivelgs all plus 48 mesh, plus 100 mesh. plus 200 mesh and
minus 200 mesh. By combining various weights of these samples a syn-
thetic mixture is obtained which is used as the standard test sample.

STANDARD AVERAGE ExaMrPLE (medium grade):—

Set being Correction
Mesh Standard | Tested | Error |————mm e
Av. (Av.) (gm.) Grams | 9, of w'd
material

48.. .. . .. 24-04 23-91 —0-13 +0-13 +-0-54
100. . . .. .. 26:03 25-52 —0-51 - 0-51 + 200
200.. .. .. .. 22-66 25-88 +3-22 —3-22 |12 44

The correction should then always be made as calculated from the per-
centage. As in the above, this would be 12-44 per cent of 25-88 = 3.22.
This deducted from 25-88 = 2266, which is the corrcet figure.

The following extract from “‘Profitable Use of Testing Sieves” Catalogue
53 of W. 8. Tyler Company is of interest.

“The ratio between the different sizes of the screen scale has been
taken as 1-414, or the square root of two, as recommended by
Rittinger in his work on ore dressing. The niceness of this will be
apparent from the following: taking 0-0029 inch or 0-074 millimetre,
the opening in the 200 mesh sieve, as the base or starting point, the
width of each successive opening is exactly 1-414 times the opening
in the previous sieve. It also makes the area or surface of each suc-
cessive opening in the scale just double that of the next finer or half
that of the next coarser sieve. In other words the widths of the
successive openings have a constant ratio of 1-414, while the areas of
the successive openings have a constant ratio of 2.”

“Another advantage in this selection of ratio is that, by skipping
every other screen, you have a ratio of width of 2 to 1, by skipping two
sizes you have a ratio of 3 to 1 and by skipping three sizes you get a
ratio of 4 to 1, so that in selecting a screen scale for concentrating work,
for instance, you can pick out from the table without any calculation
a 1-414, 2, 3, or 4 to 1 ratio of opening.”

GRADING ANALYSES

The economics of crushing and treatment in the reduction works can be
brought nearest to perfection if a knowledge of the distribution of the gold
is used as a guide.

In some ores the gold is so “free” that a fairly good extruction is obtain-
able from a coarsely ground ore. In others the gold consists mainly of sub-
microscopic particles locked up in the quartzitc and the pyrites. A know-
ledge of the ore’s characteristivs from this point of view is essential to
efficient reduction works practice.
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It is necessary, therefore, for the assayer to be able to carry out this
form of analysis.

The analysis consists of preparing a sufficiently large portion of the sieve
products to make it possible to assay each one accurately. The Reduction
Officer would, of course, select a large sample of his treated product, or
residue, for such a test. For example, if a residue of the following com-
minution were to be analysed in this way, the smallest percentage would
guide the assayer in his decision as to how much sample s to be graded:—
+48 = 5:0%, 4100 =10-5%, -+200=26-5%, —200 = 58-09,.
An accurate assay would demand at least two 1 A.T. charges, i.e., 60 grams,
or 12 times 5 for the plus 48 in this case. So that 1,200 grams will have to
Le put through the sieve for the test. The best way of achieving this
is to wash 1,200 grams (200 grams at a time) through the 200 sieve into
two or three litres of water in a bucket; and re-washing each batch of 200
grams into another such quantity. The minus 200 is recovered on a
Buchner Funnel, dried, sifted to break up the lumps, and assayed along

with the other products, i.e., plus 48, plus 100, plus 200, prepared from
the dried plus 200.

The assayer would then have values, e.g.,
1-62 dwt. per ton of 4 48
0-91 dwt. per ton of 4100
0-30 dwt. per ton of +200
0-12 dwt. per ton of —200

(It is here obvious that the plus 48 and the plus 100 should be more
finely ground.)

Calculation would then follow:
TaBLE 1:
Comminution.
+ 48 5-09, 5:0 Tons would contain 5-0 X 1:62 = 8-100 dwt,
+100 10:59, 10-5 ,, . ' 10:5 X 0:91 = 9-555 dwt.

+200 26-5% 26-5 " »  26-5x0:30= 7-950 dwt.
—-200 58-09% 58-0 ,, ” » 58:0x 0-12= 6-960 dwt.
100-0 Total = 32-565

32-565
100

The significance of these figures is brought out in a different way if the
“distribution” of the gold is then calculated to a percentage.

5:09%, of each ton has 0-08100 dwt. or 24879, of 0-32

The calculated value per ton would thus be = 0-32 dwt.

10:5% ., , . 5 0-09555 ,, ,, 29-339% , 0-32
26-5% ,, . ., 0-07950 ,, ,, 24-41% . 0-32
58-0% ., , . , 0-06960 , , 21-499, 0-32

Thus nearly 25 per cent of the residue gold is found to be in 5 per cent of
the residue.
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REPORTS ARE USUALLY SUBMITTED:—

TapLE 2.
rd
Comminution Gold
Mesh % Dwt./Ton. Content: %
by weight. dwt. Distribution.
+ 48 50 1.82 -08100 24-87
+ 100 10-5 0-91 - 00555 29-33
-+200 265 0-30 -07950 24-41
- 200 58:0 0-12 06960 2139
Calculated original residue o .. 0-32565 100-00

Value in residue (by assay) 0-34 (or whatever the direct assay may have
shown.) ‘

Method for Quick Determination in Plant—When speed is important,
a quick method of grading analysis with a reasonable degree of accuracy
can be done in the Reduction Plant as follows:—A litre flask is filled with
the wet pulp and weighed on a Stadler sp. gr. balance. The contents are
tipped on to the appropriate screen and the fines washed through the
sereen which is then carefully dried on a moderately heated plate and the
plus material weighed. As the quantity of solids in the flask is established
from tables, the percentage plus material can be calculated. This method
saves the drying of the whole sample before grading.



N ) ~ CHarrer X,

THE SAMPLING AND ASSAY OF GOLD BULLION AND THE
ANALYSIS OF BULLION AND GOLD SLIME.

: THE ASSAY OF GOLD BULLION.

-

Samprivg.

Three methods of sampling gold bullion are practised on the Witwaters-
rand. These comprise the withdrawing of a portion of the molten metal
from the crucible before casting, the drilling of the bar after casting, or
the removal of portions termed “clips” from the bar by means of a special
machine. The samples thus obtained are described as “dip”, “drill”’, or
“clip” samples respectively.,

It is generally acceptéd that more accurate and representative samples
are obtained by dip sampling particularly when the bullion contains an
appreciable percentage of impurities. Base metals tend to float to the top
of the molten bullion, and segregate in this position in the bar after castin g.

. Drillings and clips are likely to contain an undue proportion of either
impurities or the gold itself and may not be representative of the whole
mass, By thoroughly stirring the bullion in the molten state, a homo-
geneous mixture is obtained from which it is & simple matter to withdraw
& small portion or dip sample truly representative of the whole.

- While this method overcomes most difficulties of sampling, the presence
of osmiridium, which is occasionally found in bullion, presents a problem
more difficult to surmount. Osmiridium is not fused at the temperature

- of the ordinary mine smelting furnace and consequently remains distributed
unevenly throughout the mass of the bullion. Close agreement between
individual assays is difficult to obtain, hence it is usual to carry out a
large number of assays (say 6-10) and to accept the average of these results
as the fineness of the bullion.

. The Dip Sample.—The molten metal is thoroughly stirred, the practice
of the “Royal Mint” being to stir 100 times; a plumbago sampler, which
has been previously heated to redness, is then inserted into the metal
with a stirring motion; the sampler should reach at least half-way to the
bottom of the charge.

The sampler is then withdrawn and without delay the metal is poured
‘from the sampler through water into an evaporating basin which lies at
the bottom of a bucket of clean water; the basin is removed, and as much
of the slag as possible is panned off. ‘The sample is then dried.

Plumbago bullion samplers may be purchased or they may be cut from
old “‘salamander” crucibles.

"The Drill Sample.—The bar to be sampled is first wiped dry, and a sharp
% inch drill is sent into it to a depth of § inch; the resulting drillings are
put aside with other scrap gold, and the same hole drilled into again to a
depth of } inch; this gold is emptied on to a clean piece of glazed paper; the
same, drilling operation is carried out on the reverse side of the bur, and
at the opposite end to that first sampled. The resulting picces of gold are
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mixed with those from the first sample. A powerful magnet may then be
}sed to remove any steel which may have come from the drill.

The Clip Sample.—In some cases clip samples are taken in addition to
dip samples.

Two bars are melted together in a coke furnace and the dip samples
are taken. The bullion is then cast into small moulds, each lot being cast
into five bars.

The first and last bar of each lot is clip sampled. Thisis done in a machine
similar to a metal planing machine. The toolis approximately § inch wide
and the clips are taken across tfle bar.

Four or five cuts yield sufficient gold for a sample.

The drill sample and the clip sample usually give u slightly lower value
than the dip sample, the difference becoming more marked as the fineness
of the bar decreases.

Burriox AsSAY.

The purity of gold bullion is expressed as “fineness” in parts per
thousand, and the result of a bullion assay is reported in this way. A set
of weights is used in the assay of gold bullion which are marked in
thousandths of a half-gram. They are sometimes referred to as milliéme
weights (1 milliéme being equal to 0-5 milligram). The usual quantity
taken is 0-5 gram (1,000 parts) and the weight of fine gold resulting from
the assay, when weighed with the same weights, will represent the fineness
of the bullion in parts per thousand.

In practice, however, a small correction is usually required. There is
sometimes an appreciable loss of gold during cupellation, while on the other
hand, it is impossible to extract the last traces of silver from the cornets
during the acid treatment.

To correct such errors a check assay is conducted: this is made up of an
exactly weighed amount of proof gold, with copper and silver in as nearly
as possible the same proportions as are contained in the bullion under
examination.

This check is treated with the assays, and subjected to the same con-
ditions throughout; any gain in the result of the check must therefore be
subtracted from the result of the assay proper. This gain is called o 'sur-
charge’”. A gain in the check is usual; losses are not frequent, and should
be viewed with suspicion. It isalmost impossible for losses to oceur except
as a result of one or more of the six causes given below.

1. Careless handling.
2. Cupel absorption; which becomes more marked in its inportance
as the proportion of lead to the precious metuls increuscs.
The use of impure gold for check purposes.
A faulty cupel.
. Excessive cupellation temperature.
The use of impure acid.

Whatever the cause of the loss, the assay should be repeated.

o op e

METHOD OF ASSAY.

As it is somewhat tedious to weigh out exactly 0+ 5 gram (i.c., 1,000 parts)
for assay, the weight taken is generally brought to within 0-25 of u mgm.,
or 0-5 of one thousandth, which may be either in excess of or less than
1,000; the exact weight is then noted.
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)ieces of lead foil are cut and placed on a cupel tray. The amount of
lead to be used should be governed by the fineness of the bullion, e.g.—

Bullion Fineness Lead Reqired
950—1,000 . 2 grams
900— 950 + grams
800— 900 0 grams

The last is a ratio of 12 to 1 when 0-5 yram of the sample is taken.

For bullion under 800, 4 grams of lead should be added for cach 100
below 800. -

To the conical lead cups, prepared for the ussavs, is added about 25
mgm. of electrolytic copper, and to that of the check about 40 mem.

If the same gauge of copper wire or foil is always used the metal need
not be weighed, as the required weight can be cut off by use of a template.
The reason for the addition of this copper is to prevent the phenomenon
technically known as “‘vegetation” when the cupels are removed from a
hot muffle; extra copper is added to the check, there being no copper in the
proof gold, the aim being to render the check as nearly representative
of the assays as practicable. The weight of proof gold taken is usually the
amount of the expected fineness of the bars. That is to say, i’ bars of
900 fineness are expected, the amount of proof gold taken is 900 half-milli-
grams or milliémes.

The silver for parting is usually added in the form of silver discs. Discs
of various weights are obtainable from the Rand Refinery. A disc welghing
1-125 grams is usually added to bullion samples which have w fineness of
over 850.

The amount of silver added should be such that the resulting alloy
does not contain less than 2-2 parts of silver to one of gold, or more than
2-5 of silver to one of gold.

Method of Weighing the Gold.—The sample of bullion is first hammered,
then rolled through the flattening mill (bullion rolls) und cut into small
pieces with scissors in order that a representative small portion muy be
taken for assay. This is specially necessary for dip samples.

From the sample of bullion, pieces arc placed in the left-hand pan till
the amount is slightly heavier than the 1,000 weight already placed in the
right-hand pan. The pan containing the sumple is taken off, a large piece
of the gold removed, held firmly in a strong pair of plicrs. and cut with a
pair of shears till the weight is, say, 1,001. In order to bring the weight to
within 0-5 very small pieces are cut off until the weight is 1,000 - 0-5.
The exact weight is noted.

When the desired weight is obtained, the contents of the pan are placed
in the lead cone, and the pan carefully brushed to ensure that all is trans-
ferred to the cone.

The cone is now securely wrapped up and replaced in the cupel tray

Duplicate portions of ‘all bullion samples are taken and the weight
entered in the bullion book.

The assays are placed in the cupels, which have already been put in the
muffle and attained the muffle temperature, which should be between
1,000° and 1,050°C., the heat being kept constant during cupellation.
An extra row of unused cupels will assist in maintaining a constant
temperature. After 15 minutes the cupels may be carcfully removed and
allowed to cool on the plate in front of the muffle till the butions have
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solidified, when they are replaced in the cupel tray and taken to the anvil.
Each button is gripped with the pliers, placed on its edge and struck lightiy
with a hammer to release any adhering cupel material, the last traces of
which are brushed off with a hog’s-hair or brass-wire brush.

The button is then flattened by a few sharp blows with a hammer, and
when each has been treated in this way the batch is placed in a suitable
receptacle and annealed in the muffle at a temperature of about 700°C.
Alternatively they may be heated over a bunsen or a primus stove. If
possible, bullion wcrk should be done in the day-time, as muffle tempera-
tures are sure to be over-estimated when working at night, unless the
assayer is very experienced in light contrasts. After annealing, each button
isrolled in the “flattening’ mill to a ribbon of about three inches in length;
these ribbons are again annealed (700°C.), rolled into a cornet with the
fingers, and placed in the parting apparatus, which consists of a nest of
small cups made of either platinum or silica supported in a frame of
usually the same material; the first cup is identified by means of & handle
or other distinguishing mark.

Fig. 60. Fume Cupboard for parting gold bullion assays.
Note power-driven rolling mill on left.
(With acknowledgment to Geduld Frop. Mincs Lid.)

Parting—In this operation two acids are used, the first heing 30 per
cent nitric acid (1 vol. acid : 2 vol. distilled water). vhe sccond 70 por cent
(2 vol. acid : 1 vol. distilled water). The parting apparatus is gently
lowered into a glass beaker containing suflicient hoiling weak (or first)
acid by means of a hook-shaped glass rod or platirum wire. Ten minutes
after the evolution of brown fumes has ceased, or 20 minutes afrer the
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apparatus was placed in the acid, it is removed and placed in the boiling
strong acid (70 per cent), where it remains for 20 minutes.

The apparatus is then removed and the cornets are drained, thoroughly
washed in boiling distilled water, followed by several cold distilled water
washes, drained, dried and annealed in the muffle at a dull red heat.

If a platinum apparatus is used, and the fina) annealing carried out at
too high a temperature, there is a tendency for the cornets to stick to
the cups; but this does not occur when the silica apparatus is employed,
and is one of the reasons for the use of the latter.

After cooling, the cornets which have the colour of ripe corn and a
characteristic silky appearance may be tipped out by inverting the cup
and lightly tapping it. They are now weighed and the weights entered
in the “Bullion” Book, e.g.:—

Weight | Weight | Adjus- | Aver- Cor- Fine
Description taken Ob- ted age. | Check. | rected | Gold

1000= | tained. | Weight. Fine- le-

4 gram, ness. |ported.

1000-1 | 9185 918-4
| 9183 -4 917-9 | 918-0

Mill 8 and Mill 9. . 1000-2 | 918-4 918-2
1000-2 | 918-4 918-2
Check .. .. 900-2 | 900-6

As shown above, it is usual to report to the nearest half part per thou-
sand.

Estimation of Silver—In order to estimate the silver in bullion, an
extra assay is carried out precisely as in the casc of the gold estimation,
but omitting the inquartation and the addition of copper. The weight of
the resulting button of bullion (gold and silver) is deducted from the weight
taken, ie. 1,000; the difference represents the base metal. The gold
fineness plus the base metal deducted from the original weight taken
equals the silver fineness. In work of any importance, a check of similar
composition to the assay should be put through the process, in order to
ascertain the error due to volatility of silver or cupel absorption,

All bullion samples should be kept until such time as it is known that
they will not be required for checking purposes.

Leap BuLriox.

The samples of this product are usually received at the assay office
in the granulated form.” If the bath of molten lead has been well stirred
before taking the dip, the sample will be thoroughly representative. So
perfect is the mixture of metals in the alloy that in disposing of lead
bullion a difference of 0+ 2 per cent between the buyer’s and seller’s assays
is the greatest variation allowed, without proceeding to arbitration.

Since the result of this assay is the earliest reliable information the
reduction officer can obtain as to the quantity of gold he may expect
from the cyanide clean-up, it is usually required as soon as possible.
The method of assay, being merely that of cupellation and parting, is a
very simple matter, requiring, however, certain important precautions.

(a) The sample must be thoroughly dry. The drying must never
be forced, i.e. the temperature must alwavs be well helow the
melting-point of lead.

.
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(b) The granules must be freed from all slag (litharge) which may
have formed during the act of sampling. This is done by rolling
them on a hard surface, and blowing away the separatued slag.

Of the lead thus cleaned and dried 5 grams, or such weight as is the
agsayer’s custom, is carefully weighed on the chemical balanee, wrapped
in lead foil, put into a hot cupel and watched until completely molten
in order to ensure that spirting has not taken place. The assay of lead
bullion is usually done in duplicate or triplicate, and the tirst report
is made at once in terms of bullion. the fine gold result being reported
after parting.

-k

K] ~
I\ CcouPLING (REDUCTION GEAR

—5»—-%—— 951!

o}

—

BULLION ROUS™T)

CONCRETE BLOCK

20”
{ 2 H.R MOTOR

| 1420 REVS.

4" PER MINUTE

SCALE ™= 1"T

Fig. 61. Electrically-Driven Rolling Mill.
A 2 H.P. motor drives the rolls at 25 r.p.m.

Purchases of lead containing gold are sometimes made from smelting
works, 50 that an estimation of gold content is called for. The lead will
be in the form of pigs of about 1,000 oz. cach.

Cuttings of lead are taken from a corner of each pig, or, if a large quan-
tity is being handled, from every fifth or tenth pig. When these arc
received at the assay office they are hammered flat, each picce cut in
half by shears, one half being retained for check purposes in case of dis-
agreement, and from the other halves are cut small picces as nearly as
possible of equal weight for assay, which is conducted as in the case of the
granulated lead described above.
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It may sometimes happen that the lead bullion contains an appreciable
amount of copper, in which case it may be found necessary to remove this
by scorification prior to cupellation.

Base MerarL Brrniox Bagrs.

The most satisfactory method of dealing with swmples from bars
containing a high percentage of base metals is to remove the base metals
by scorification. Weigh out one to five grams of the bullion, depending
on the value, wrap up in assay lead foil and plice in a scorifying dish.
Add lead to bring the total lead to about 40 griuns. Scorify and pour.
If the percentage base metals is very hLigh, re-scorification may be neces-
sary. The lead button is then cupelled and treated as an ordinary gold
bullion sample.

Silver losses are generally high when using the scorification method
and the slag should be re-assayed by the fusion method. Most of the
silver can be recovered by this method. Silver for inquartation should be
added after scorification and prior to cupellation.

GOLD SLIME ANALYSIS.

This analysis is usually called for when difficulty is encountered in the
precipitation of the gold, in the separution of the gold slime from the
barren solution, or in the smelting of the gold slime.

The necessity for this analysis cannot be forscen and therefore when
the need arises, a speedy analysis is required if the information is to be
of any value.

The following rapid method will be found useful in such cases.

METHOD OF ANALYSIS.

The sample is dried at a low temperature to prevent any roasting or
caleining effect.

One gram of the dry material is weighed out and decomposed with the
minimum of aqua regia. When decomposition is complete sulphuric acid
is added and the assay is heated to fumes, cooled, diluted, filtered and
washed.

The residue consists of the silver, lead and silica, while the filtrate will
contain gold, copper, zinc, iron, nickel and calcium.

To extract silver, the residue is washed in the filter with hot dilute
ammonia until all the silver chloride has been washed out. This soluvion
of silver is caught in a beaker, and treated with nitric acid, i which
silver chloride is insoluble. The silver chloride is filtered off and the
silver determined by the method described under Gravimetric Assay for
Silver.

Lead.—The lead and silica remain in the origzinal Hlter and the lead
may be removed by washing with hot ten per cent anmimonium acctate.
The lead in the filtrate is estimated by titrating with asinmonium molyb-
date using tannin indicator as described under the assay of lead. (Sce
“Assay of Base Metals”.)

Silica.—The remainder of the residuc consists of silica, provided the
decomposition of the sample with aqua regia wus complete. This can
now be dried, ignited and weighed as silica. 1t may happen that the
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solution, before precipitation, contained some slime. This will be counted
as silica and while not actually silica, may he counted us such for all
practical purposes.

Gold.—The original filtrate is now warmed and treated with 0-5 gram
of sodium sulphite. This generates sulphur diexide which precipitates the
gold. After standing for a fow hours it is filtered off, dried, ignited and
weighed.

Copper.—To the filtrate from the gold filtration a cryst al of sodium
sulphide is added and the mixture is warmed. The generated hydrogen
sulphide will precipitate the copper as copper sulphide. This is filtered off
and the copper is determined as described in the copper assay.

Calcium.—The filtrate from the copper is made ammoniacal, warmed
and treated with yellow ammonium sulphide or a 5 per cent solution of
sodium sulphide. Zinc, iron, and nickel are precipitated. The solution is
brought to the boil and the coagulated precipitate filtered off and set aside.
The filtrate is gently boiled with a slight excess of nitric acid or bromine
and, if necessary, filtered to remove any sulphur. Warm 15 per cent
ammonium oxalate is now added to the boiling solution and the beaker
set aside for the fine precipitate of calcium oxalate to settle. The preci-
pitate is filtered off and the calcium is determined as described in analysis
of limestone.

Nickel—The residue from the first calciumn filtration which contains
the zinc, iron and nickel is washed with cold hydrochloric acid. This
removes the zinc and iron, leaving the nickel on the filter paper. This is
dissolved in aqua regia and taken almost to dryness. Dilute acid is
employed to dissolve the residue, the solution if necessary being heated.
The solution is neutralized with ammonia and then two more drops of
ammonia are added. About 10 ml, 1 per cent dimethylglyoxime is now
added, and the solution heated to 60°C. After standing for ten minutes
the nickel glyoxime is filtered off through a weighed Gooch crucible, dried
at 110°C., cooled and weighed. Alternatively it may be ignited vo nickel
oxide, cooled and weighed as such.

Iron.—The filtrate containing the iron and zinc is oxidised as before,
and the iron precipitated as iron hydroxide by the addition of animonia.
The iron is filtered off and the quantity determined as described under the
estimation of iron.

Zinc.—The filtrate from the iron hydroxide is acidified with hydrochlorie
acid and the zinc is determined by titration with pot assium ferrocyanide,
using uranium acetate as external indicator.

Sulphur.—One gram of the gold slime is taken and boiled with sodium
carbonate solution. The insoluble sulphatcs are converted to soluble
sodium sulphates which can be filtered off. The filter is washed well and
the filtrate is acidified with hydrochloric acid. "The sulphates are preci-
pitated by the addition of hot barium chloride. The precipitate is filtered,
ignited and weighed. It is then reported as sulphute sulphur.

The residue, after filtering off the sodium sulphate, is washed into a
beaker and oxidized by boiling and adding nitric acid wud potassium
chlorate. The nitric acid is removed by evaporating to dryness. The now
soluble sulphates are taken up in hot sodium carbonate, filtered and pre-
cipitated as above. They are reported as sulphide sulphur.
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ANALYSIS OF GOLD BULLION.

In analysing gold bullion for base metals the percennages t be deter-
*mined are usually very small.

The chief impurities are lead and copper; traces of nickel, arsenic, and
bismuth are often found.

Manganese and zinc have also been detected, the former having its
source in the manganese dioxide used {or tluxing the gold slime.

Considering the high temperature at which the metal is melted it ight
be expected that zinc and arsenic would be absent in w bullion bar, but
these impurities have definitely been proved to Le present. Zine can be
an annoying and extremely difficult base metal to remove, if it once gets
into “smelt’’ as zinc oxide.

The gold and silver are estimated by cupellation ussay as given in another
part of this chapter; for the other metals @ large quantity has to be taken:
about 10 grams being suitable.

The sample is dissolved in aqua regia, and the solution evaporuted down
to a syrupy consistency, then diluted considera bly, and the silver chloride
settled and removed by filtration. Sulphur dioxide is then passed into
the filtrate till a considerable excess is present and the mixture allowed to
stand for three or four days in a warm place.

The gold is precipitated, possibly accompanied by some of the lead (as
lead sulphate). The solution is filtered off and the filter well washed. The
precipitated gold is warmed with ammonium acetate solution and the dis-
solved lead filtered off.

This filtrate (a) is put aside and the remainder of the lead afterwards
added to it. '

To the original filtrate from the precipitation of the gold by sulphur
dioxide a little sulphuric acid is added and the solution evaporated until
dense white fumes are given off. The solution is allowed 1o cool and is then
diluted and an equal volume of methyluted spirits added for coniplete
precipitation of lead sulphate. It is allowed to stand for a few hours,
(overnight if convenient) and, if any lead sulphate is seen, it is filtered and
washed. The precipitate is dissolved in ammonium acctate solution aud
added to filtrate (a).

Lead is determined either by volumetric or colorimetric method as
described in the chapter on base metals.

The sulphuric acid filtrate is neutralized with ammonia, made slightly
acid with hydrochloric acid and hydrogen sulphide passed into the solu-
tion. This precipitates arsenic, copper and bismuth. The precipitated
sulphides, after filtration, are digested with caustic soda solution, which
dissolves the arsenic and leaves the copper and bismuth sulphides
unaltered.

The alkaline filtrate is acidified and hydrogen sulphide is again passed
to precipitate the arsenic as sulphide. Arsenic sulphide precipitate is
treated in the same manner as that described in the determination of
arsenic.

The copper and bismuth sulphides are dissolved in hydrochloric acid,
made up to a known volume, which is then divided into two portions. The
copper is determined in the one portion, employing the sodium thio-
sulphate-iodide method, the bismuth being determined in the other portion
by adding ammonium carbonate, filtering, washing and igniting the
precipitate which is weighed as bismuth trioxide.
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Another method is to add ammonium carbonate after the titrution.
This precipitates the bismuth. The precipitate is filtered, washed, dried
and ignited. It is weighed as bismuth oxide.

Bi,0, x 0-897 = Bi.

The filtrate from the original hydrogen sulphide treatinent—contaliing
the iron, manganese, nickel and zine—is boiled to expel the excess of
hydrogen sulphide, nitric acid is added to oxidize the iron and it is hoiled
again.

Excess ammonium chloride is added. and then some ammonia, The
precipitated ferric hydrate is filtered off, the precipitate is dizsolverl in
dilute sulphuric acid and the solution is reduced in a ““Jones Reductor”.
The iron is determined by titrating with standard potassium permanganate.

Bromine, in excess, is added to the filtrate from the iron precipitation.
It is then rendered ammoniacal and allowed to stand at just below boiling
point for some time. The manganese is precipitated and filtered off. The
precipitate is redissolved and the mangancse is derermined by the sodium
bismuthate method.

The filtrate from the manganese precipitation is treated with dimethyl-
glyoxime which precipitates the nickel. The precipitate is filkercd off
through a weighed Gooch crucible, air-dried at 110 ‘(.. cooled, weighed and
calculated to nickel. Zinc, if present, can be determined in the filtrate by
titration with potassium ferro-cyanide. By using ferri-ferro-cyanide
solution. an indicator. such as diphenylbenzidine, can be used internally.



THE ASSAY OF BY-PRODUCTS, COMPLEX GOLD ORES,
AND OTHER MATERIALS CONTAINING GOLD.

INTRODUCTION.

The assay of these complex materiuls may involve the use of processes
which are not used when assaying a normal Reef ore. This is due to the
presence of certain elements which interfere with the normal assay in one
OTr more ways.

Gold is often found associated with copper, arsenic, antimony, manga-of 7/
nese, zinc and i in nature and with calcium, osmiridium, iron,
mercury, ashes, carborundum and fire-clay in the case of by-products;
consequently it is advisable, when dealing witli an unknown material,
to make a qualitative analysis in order to guide the assayer in the selecrion <
of suitable fluxes.

ExamprLEs oF TyPricaL INTERFERENCE.

1. Sulphur, which renders the lead button brittle, ditficult to clean und
causes trouble during cupellation. When. present in larger guantities
it forms s MATTE. This is a mixture of metallic sulphides which retvains
some of the gold and a larger proportion of the silver, and cannot be
cupelled.

2. Metals which pass into the lead without affecting its malleability
unless present in very large quantities, but which are not removed with
the lead during cupellation and remain behind in the cupel in the form
of a ring of metallic oxides. This ring invariably holds up some of the
gold. The ring is called a scoria. Metals which exhibit this property ure,
amongst others, nickel and zinc.

3. Metals which break down the surface tension of the gold prill and
cause it to be absorbed by the cupel. Tellurium and copper have this etfect.

It thus becomes necessary to remove or neutralize the interfering
substances. This can be done by using one or more of the fullowing
methods:—

(a) Acid Treatment.
(b) Roasting.
(¢) The use of special fluxes.
(d) Scorification.
(e) Fritting. -

" Acip TREATMENT.

The necessary weight of ore is taken and placed v suitable beaker.
Sufficient of the required acid is added and the interfering substance is
dissolved either by allowing to stand for the necessary period of time,
agitating the mixture, or by heating.

Heating is the most common method used. The mixture is then filtered
and washed and the insoluble residue is dried. fluxed and assayed.

119
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Hydrochlarie acid is used to remove antimony.

vyt . . T i

Nitric acid r tacks mmoral_sulphides and most base metals
and 15 used to remove these substances. Owing to the Tact Tt 1t may
liberate nascent chlorine from chlorides, it should not be used when
chlorides are prese “as.solution of the gold maylesult.
—Sulphuric acid is used to removc metals such s copper and iron.

JOASTING.

Roasting is a process whereby volatile impurities are removed by
means of heat, from material to be assayed. The heat is applied gradually
and is not carried above a blood red colour (about 350° C.) until the
reaction is almost completed. The heat may then be raised gradually
until a full red heat (about 750° C.) is attained.

Too high a temperature at the commencement may cause fusion of the
assay, while Ta i§ evolution of the fumes of arsenic, antiniony_of Ziic
may cause mec%amcai Ioss. The operation is complete when no [umes
o hoceen or smelt—when the roast is said to be “sweet”.

Roasting should be resorted to only when absolutely necessary, and
the assayer should know what impurities are present, as certain materials

__cause volatilization of gold. The action of chlorides is particularly notice-

able. A sample mixed with 10 per cent, by weight, sodium chloride will

lose most of its gold if roasted at 750° C. for half an hour.

When roasting a sample the following procedure has proved cffective.

Method.—The roasting dish should be large enough to enable the assayer
to spread the sample very thinly over the dish and thus render stirring
unnecessary. Sufficient gold-free silica is placed in the dish to cover the -
surface of the dish completely. The silica is flattened with « large rounded
glass stopper or other suitable instrument until a smooth, packed, surfacc
is obtained. Another method is to “pepper” the dish with silica from a
sieve.

The necessary amount of ore is now weighed out and mixed with some
silica. The amount of silica depends entirely on the nature of the ore.
Ores containing only a small amount of casily fusible material may re-
quire no silica, but the higher the percentage of low melting point ingre-
dients, the higher the percentage of silica required.  Thus, for samples
containing over 70 per cent pyrites, equal weights of ore and silica are
necessary to prevent partial fusion and caking.

The mixture is sprinkled evenly over the prepared roasting dish. The
dish is placed in the entrance of an open, red hot mufile and allowett to
remain there for about ten minutes. Then the dish is moved gradually
farther into the muffle until a dull red heat is attained. This temperature
is maintained until no more fumes can be scen coming from the roast.
The muffle is now closed and the temperaturc raised to about 750° C.
Then the muffle is opened and allowed to cool somewhat. The dish is
withdrawn and allowed to cool completely.

If copper sulphate is present, the sample must be cooled after roasting
and ammonium carbonate mixed with the ore and the mixture again
heated until the fumes have ccased. 'The sulphates are converted to
ammonium sulphate which is volatile and passes off.

The presence of arsenic and antimony necessitates the addition of fine
charcoal after the roast is apparently complete.  This extra reducing
agent is necessary to counteract the iron oxide. The charge is then re-
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roasted in order to reduce and then re-oxidize «nd vclatibize the oxides
formed. Care must be taken to burn of t Wl thie chiareond,

For such work the use of an electrical thermocounle to register terpera-
ture is advantageous.

Srecial FLUXES.

By “‘special fluxes” is meant those fluxes not menticned in e vheory
of the assay fusion as being necessary for the tformweim of woslag. The
most comon are:—

Sodium nitrate.
Metallic iron.
Caustic soda.
Sulphur.

Sodium nitrate (NaNOQ;,) is a powerful oxidizing auent and is used to
oxidize metallic sulphides, causing the sulphur to Duss oft’ as sulphur
dioxide, while the balance is converted to sodium sulphate.

4FeS, + 10NaNO; = 4Fe0O + 5Na,S0,; - 380, +

Metallic iron is used as a desulphurizer. The iron combines with the
sulphur to form iron sulphide which is readily dissolved in the slag pro-
vided excess sodium carbonate is used.

« Caustic soda is used as a flux for antimonial and arscnical ores.

Sulphur is used for samples containing large wnounts of mewullic iron.
The action is the same as when adding metallic iron to sulplide ores.
Excess sulphur should, at all costs, be avoided.

SCORIFICATION,

Scorification is an oxidizing fusion; the ore is mixed with granulat
lead together with a little borax and placed in « scorifier in the muffle.
The scorifier is a shallow dish made of fireclay: shallow so as 10 offer a
large area for oxidation. Borax is used to lessen corrosion of the scorifier
and to render the slag more fluid. The lead and borax melt. the ore
floating on the bath of lead. Sulphur, arsenic, ctc., are oxidized and
volatilized; the lead then gradually oxidizes. The molten lead oxide,
which is a solvent of metallic oxides, dissolves the non-volatile metals
present and reacts with the gangue of the ore and the silica of the scorifier
to form a slag. The precious metals remain in the molten lead. and scorifi-
cation is usually complete when the slag entirely covers the lead. The
scorifier is then removed from the muffle und the contents poured invo a
scorifier mould. On cooling, the slag is detached, and the button, unless
found to be hard or brittle (when rescorification with addition:dl lead is
necessary), is hammered free from slag, and is ready for cupcllation.

Method —Amounts of ore varying from 0-05 AT. to 0-25 AT,
depending on the value and from eight to twelve times this weight of
lead are taken.

The ore and half of the lead are mixed and placed in the bottom of the
scorifier; the remainder of the lead, together with 2 grams of horux, is
used as a cover for the mixture.

Four distinct periods may be noted during the process viz, mieliing
of the lead and borax, roasting, fusion. and finally scorificatiorn:.

The scorifier is first placed at the mouth of the mutile and gradually
brought to the desired temperature by moving iv farther in. The slag,
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as it forms, flows to the periphery of the bath of lead. where it accumulates
in the form of a gradually closing ring wntil the whole of the bathis covered;
this final stage is known as “the closing of the eve”.

With rich samples a little charcoal wrappad i tissue paper should
be dropped on the surface. The charge is poured when allact 01 has ceased.
This “cleans’’ the slag, but a safer method is to re-nssay the slag and add
the result to the original.

Except in the case of rich ores, especially silver, the scorification assay
has been largely superseded by the crucible mcfﬁgd.’]'ﬂ?mﬁ?i'i‘"‘ff\-"j’fﬂ’“rﬁm-
larly useful with Jow-grade ores. as w much larger (uantity is taken for
assay. Sc'(’);jﬁmti@nwismuefj‘——useﬂul, however, in purticular cases 48 ah
auxiliary to the crucible method for the purpose of purifying or reducing
the size of lead buttons obtained Troma TUSIons Prior 10 cupellation,

AT 5

FRITTING.

Fritting is defined in T'he Condenscd Chemical Dictionary as fullows:—

Frit. A term used in the ceramic industry and upplied to a semi-fused
mass, the constituents of which were originally soluble or insoluble,
fusible or infusible. By “fritting” (i.c., preliminary fusing) the original
properties of the constituents are changed; thus, the soluble materials
become insoluble and the infusible materials fusible.

As applied to assaying it is a process wherchy an Q¢ is‘mif_ﬁ.}:wg_d with the
required flux and is then heate&lﬂto;}}h%ll red heat and maintained at that
tfz,rgﬁeaawgl.‘s;r},gv9:19931} to enabl 0T {0 take place.

1S process becomes necessary Wi Aling With midterials which are
not oxidized or reduced rapidly or which unite more readily with other
materials at a higher temperature.

Thus in the case of the assay of a telluriug ore for gold, frivting is
resortedwmﬂ’c‘?"W’iﬂdﬁ"c“é"fﬁ“é?”ﬁ?]mm o combine with the fluxes
and so enter the slag tather AR enter the lead which s what would
happen if the tempeératire were SIS ERETRIEIO point at the start.

Method.—The sample and flux are ell mixed and placed in u suitable
crucible. This is then placed in the furnace il allowed to attain a heat
of approximately 500°C. The temperature should L gonsiderably lower
thanMQQQf"Q,hut,_ the time. of rgj,@ and it should be raised slowly in order
5 heat the whole charge as evenly as possible.

Keep the temperature at about 500°C., until the whole mass has attained

this temperature. Maintain these conditions for about ten minutes and

then slowly raise the temperature until the sample is completely fused.
Now allow the furnace to attain its maximum temperature (with the
average Rand assay furnace this is about 1,100°C.) and pour the sample
into an iron mould as described elsewhere. Again, as 1t is difficult to
judge temperatures in the 500°C. range, a pyrometer should be used.

MareRIAL CONTAINING METALLICS.

It may happen that a sample contains both fine matcrial, and coarse
metallics which cannot be crushed. Since it is almost impossible to take
arepresentative portion for assay, it is advisable that the fines be separated
from the coarse metallics and the two assayed independently.

The method is as follows:—

The dry sample is passed through w 30 mesh linear screen. Should the

metallics contain picces of quartzite or o1 her material which can be crushed,
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these should be picked out by hand, pulverized and wdded to the fines.
The two portions are then weighed.

The fines are well mixed and portions removed for assay. The number
of assay tons taken and the flux used depends nnturelive on the 1vpe of
muterial.

The whole of the metallies must be asseved, because s adrea y stated,
it is impossible to take a representative portion. Siwould the weight ot
metallics make it inconvenient to do the assay i one pot they may be
divided into two or more portions.

Should the metallics contain large picees such as bolts and nurs, the
assay will present difficulties. With such material an exact gold valuation
should not be called for and an approximution is all that can be provided
It may be assumed that such material will only have ‘ts surface hapreg-
nated with gold from other sources and thercfore it the samples are mixed
with a flux which will, when fused, remove a skin say one-eighth of an inch
deep it may be assumed that the major portion of the gold will be
recovered. Before pouring, the unattacked portions of iron are stirred in
the slag to remove any adhering lead und removed. The charge is then
poured in the usual way.

Should a more accurate assay be required or should the metallics con-
sist of large pieces of material in which the gold may be evenly distributed,
some method of comminution, such as by filing, must be attempted.
Another method is to dissolve them, take the solution to dryness, and assay
the residue.

The gold valuc of the original sample is then valeulated Ly using the
following formula:—

(A X B) + (C x 29-166 < 20)
A4 D

DWT. VALUE =

Where A is the weight of fines in grams.
B is the value of the fines in dwt./ton
C is the weight of gold recoverced expressed in milligrams
D is the weight of metallics in grams,

PANNING.

A quick, but very approximate, idea of the value of a sumple may be
obtained by the method known as panning.

This is applicable with some degree of wecuracy where the gold is “free”
but can be very misleading where the gold is encased.

500 grams of the finely crushed ore arc placed in a dish shaped like a
large, deep frying pan (some prospectors have actually used a frying pan).
Water is added and the contents of the pan are stirred by shaking with a
circular motion. Simultaneously with the shaking the water is poured off.
It naturally carrics the lighter particles of the ore with it. This process
1s repeated until only a few grams remwin. Then by washing all the
material into the angle of the pan formed by the junction of the bottomn
and the sides and cautiously washing it along this angle a tail of gold is

left behind. The length of the tail gives an indication of the value of the
sample.
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Crucibles are set in the firc and brouglit to o high temperature hefore
charging the samples. Cupellation is curried out at as low w temperature
as possible to ensure accuracy in the silver assay. The niinimam number
of simultaneous assays on any sample is four. In the case of “Fine fron”
six simultancous assays are made.

The nature of the material to be assayed is taken into consideration,
and sufficient litharge and reducer is added to produce uniform buttons
weighing from 50 vo 60 grams. The weight of cacl lead button isrecor ied,
If buttons are over or underweight or 1ot uniform fo1 any purtcular
group of assuys the assays are repeated.

For metallurgical purposes samples are wnalysed by the Works’ Chomist
and thus the Assayer has the advantage of knowing in advance the main
constituents of the material to be assayed. All assavs are “washed”
with a mixture of maize meal and litharge, litharge alone or, in certain
cases, red lead. Silica is added to fluxes in exceptional cuses. As crucibles
are used once only, the silica required by the charge is obtained from the
crucible in which it is fused.

The fluxes shown in the following section will serve us « guide ror work
carried out in the reverberatory type of assay furnace although they
were developed essentially for assay fusion in “Cornish tires”.

The basic flux used by By-Products, Limited. consists of sodium
carbonate, litharge and borax in the proportions:—

Sodium carbonate .. .. 2 parts by weight.
Litharge .. .. R "
Borax .. .. .. B ’

This flux is referred to throughout the remainder of the chupter as
By-P.B. Flux (By-Products Basic Flux). It may be modificd to suit the
material being assayed.

CrUCIBLE REVERBERATORY FURNACE Siags (Borax SLags).

This type of slag contains from 26 to 36 per cent silica and from 5 to
25 per cent lead, the balance consisting of borax, sodu, zine, iron, manganese
and copper.

Sample .. 00 AT -/ %7‘50}
By-P.B. Flux ce LB 5AT -Fo AT -RI0F
" Maize Meal .. . .. 45 grams. -5, 0 2

Reverberatory Pan Furnace Slags and impure Litharge from lead
bullion cupellation may be fluxed as above.

SiLicEoUs CONCENTRATES, ASHES AND SWEEPINGS,

These are fluxed as follows:—

Sample . .. .. 05 AT
By-P.B. Flux .. 35 AT

Maize meal 4-5 grams in the case of siliccous concentrates, varying
the amount with the quantity of carbon present in the ashes und sw eep-
ings. These materials contain up to 80 per cent silica. The ashes and
sweepings may contain as much as 10 per cent carbon.
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DETAILS OF PROCEDURE.

Assay or By-PropucTs.

Under this heading is classed materials collected in thie reduction works
and smelt house. They comprise:—Cuncentrates, black sands, borax
slags from bullion smelting, bricks, pots and liners, coarse and fine iron
chips from the stamps and tube mills, line scalings from Jaunders, ashes
from burnt launders, corduroy blankets, ete.

Most mines on the Witwatersrand send these materials to a central
co-operative smelting works where the gold is recovered by smelting.

Comparatively few by-product samples are reccived by the average
Witwatersrand assay office and many assayers merely flux these samples
with an excess of standard flux. The usual proportions are:—

Sample .. .. . . 0-5 AT, =/ CHT36F
Soda .. .. s . 3.0 AT.-6.0AT-SEC
Litharge .. .. e 200 A.T.—f,oﬂf-/@; e
Borax .. . . .. 1-0 AT.~2,0 AT~ "Oa‘z }(\,

With sufficient reducing agent to give a 50-gram button.

New No. 3 crucibles are used and, to avoid the possibility of con-
taminating other samples, are destroyed on completion of the assay.
Samples of graphite and carborundum pots and ‘‘sweepings” may
require roasting but in nearly every case the excess flux causes all un-
desirable material to enter the slag.

This method gives excellent results but is rather expensive when large
numbers of samples have to be assayed.

Should the sample not be amenable to this treatment its composition
must be ascertained and a suitable flux employed.

All by-products and complex gold ores should be giyen a “wash'’
before pouring. This means that a mixture ol Titharge and mealie meal,
or other reducing agent, is added £o the sample after usion is complete.

The crucible is then replaced n the furnace unbil the reaction is complete
and tRe fusion is again tranquil. '

This ‘“wash’ provides a second ‘‘rain” of Jead which, coming after com-
plete fusion of the sample, picks up any cold which may have escaped the
first “rain’”’ and has remained suspended in the slag.

THE ASSAY OF GOLD-BEARING MATERIAL AT
BY.PRODUCTS, LIMITED, JOHANNESBURG.

By-Products, Limited, is a private company which was formed and
still operates as a subsidiary of the Transvaal Chamber of Mines. It was
created primarily to treat any gold-bearing Dby-products produced on
those mines which are members of the Chamber but which do not possess
suitable equipment for treating the material themselves.

The gold- and silver-bearing material tendered to the Company for

_purchase and treatment consists mainly of the following:—

Crucible reverberatory slags (borax slags), reverberatory pan furnace
slags, pyritic concentrates, furnace bricks, graphite and carborundum
pots, fireclay liners, ashes, fine iron, sweepings, flue dust, matte, miscel-
laneous concentrates, -litharge, lead bars, copper scalings, charcoal,
hydrates and base metal bars.
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Bricks, Pors axp LINERS.

These mixtures average 65 per cent silica, 25 per cent alumina with
the quantity of carbon depending upon the winount of graplhite pot
material present.

Sample .. .. o .. 0-5> A'l.
By-P.B. Flux .. . . 35 A'T.

o

Maize Meal —4 5 gramns.

GRAPHITE AND CARBORUNDUM PorTs.

The samples usually contain from 30 to 35 per cent carbon.

Sample .. .. . . 0-25 AT
Sodium carbonate .. .. 0-5 A'T.
Borax .. .. . . 1-0 AT.
Red Lead .. .. . 4to0 5 AT.

The following flux is used for samples contuining approximately 20
per cent carbon.

Sample .. .. .. . 0-5 AT
Sodium carbonate 0-5 AT,
Borax 1-0 AT.
Red Lead 2-5 AT.

A sample consisting of practically pure carbon, e.g., charcoal used as a
gold precipitant, is roasted prior to fusing with the following flux:—

Sample .. .. .. .. 0-5 AT.
By.-P.B. Flux .. .. . 3-5 AT.
Maize Meal .. o . 4-5 grams.

SCALINGS.

Composed mainly of silica and calcium carbonate.

Sample .. .. .. . 0-5 AT.
By-P.B. Flux .. .. e 3-5 AT.
Maize Meal .. .. . 4-5 grams.

Zinc-GoLp SLIME.

Low Grade. This sample has an average gold content 3-5 per cent and is
usually uncalcined.

Sample .. .. .. . 0-25 AT,
By-P.B. Flux .. - . 35 AT.
Maize Meal 4.5 grams.

CoPPER MATTE.

The following is the analysis of two typical mattes produced at these
Works and the assay fluxes used:—

(a) Low Grade Copper Mattes.—Copper 10 to 20 per cent; nickel 23
per cent; lead 147 per cent; iron 50 to 40 per cent; total sulphur 21-9
per cent; arsenic 0-7 per cent.



THE ASSAY OF BY-PRODUCTS, COMPLEX GOLD ORES, ETC. 127

Sample .. .. .. .. 0-5 AT
Sodium carbonate .. .. 1-0 AT.
Borax .. e .. 05 AT.
Litharge .. .. .. .. 3-25 AT,
Nitre .. .. .. .. 3—35 grams.
Silica .. .. .. .. 0-2 AT,

(b) Concentrated Copper Matte.—Copper 35 to 45 per cent; nickel 8-4
per cent; lead 15-1 per cent; iron 30 to 20 per cent; total sulphur 20 per
cent; arsenic 0-7 per cent.

Sample 0-25 AT.
Sodium carbonate 1-0 AT,
Borax 0-5 A'T.
Litharge .. 325 AT,
Maize meal - .. 1-5 grams.
Silica .. .. . 0-2 AT.

In both instances it is necessary to add silica to protect the crucible.
In the case of () it may be necessary to scorify the lead button.

CorpErR SwEEP (“CeEMENT COPPER’).

This is composed mainly of copper oxide. It usually assays from 1 to

2 oz. gold per ton and from 400 to 500 oz. silver per ton. 0-25 A.T. of this

material is treated either with dilute sulphuric or nitric acid to remove the

copper. If nitric acid is used the silver present is dissolved. In that

case ammonium chloride is added to the cold solution to precipitate the

silver. The residue containing the gold and silver is filtered off and fused
with the following flux:—

By.-P.B. Flux .. .. .. 3-5 AT.

4-5

Maize Meal grams.

Carcrves (RoASTED PYRITIC CONCENTRATE).

Average composition:—Silica 20 per cent; total sulphur 1 to 3 per cent;
balance mainly oxides of iron.

Sample . 1-0 AT
Sodium carbonate 1-5 AT,
Borax . .. .. 1-0 AT
Litharge .. .. .. .. 2-0 AT,
Maize Meal .. .. . 6-0 grams.

It may be necessary to add silica if corrosion of the crucible is excessive,
but as crucibles are used once only, the silica requirements of the charge
are supplied with safety by the material of the crucible.

BLack Sanps.

Composition: Total sulphur 20 to 40 per cent as iron sulphide; silica
10 to 30 per cent.

Sample .. .. .. .. 0-

By-P.B. Flux .. .. . 3-

AT.
AT.

Ot O
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To this flux, add an iron nail and 0-5 AT, extra scda.

When these samples contain osmiridium. the parteld prills witer weizhing
are treated with WARM dilute aqua regia, iltered throusi wn ashless
filter, washed with hot water, dried, incincrated under hydrogen and
weighed. The weight of osmiridium is then deducted from the previous
weighing.

Fixe Irox.

This material may contain as much ax 35 per cent of netallic iron, the
balance being made up of oxides of iron, silica from 10 tu 20 per cent,
and sulphur from 1 to 10 per cent in the forn of iron pyrites.

A representative sample of the material is crushed until the iron is {ree
from oxide. The percentage of iron metallics in the whole sanple is then
determined. The samples are assayed scparately as “iron wmetallies” and
“fines” (see methods described below). and the results caleulated over the
whole sample.

FinE Irox “FiNgs”.

Approximate composition:—Silica 15 per cent; sulphur 1 to 10 per cent;
the balance mainly oxides of iron.

Sample .. .. o . 0-5 AT,
By-P.B. Flux .. . . 3.5 AT
Maize Meal .. . . 3 to U grams.

An iron nail may be necessary, depending upon the amount of sulphur
present. If there is any doubt, iron is used (maize meal is not required if
iron is used).

FinE IroN “IroN MEeTALLICS’.

This sample is divided into 30 gram portions and the iron digested with
1 : 1 sulphuric acid. After digestion, the residue is filtered off, washed,
dried and fluxed as follows:

By.P.B. Flux .. .. . 3-5 AT
Maize Meal .. .. . 4.5 grams.

This flux may need amending if the residue contains u fair wumount of
sulphur.

ARSENICAL MATERIAL.

Material containing arsenical pyrite (FeAsS), iron sulphide and silica.

General Analysis: Arsenic 18 per cent; total sulphur 31 per cent; silica
5 to 10 per cent. .

To prevent the formation of speiss, red lead is used.

Sample .. .. .. . 0-25 A.T.
Red Lead .. . . 3:5 AT.
Sodium carbonate .. . 1-0 AT.
Borax .. .. .. . 05 AT
Silica .. .. .. .. 1-0 AT,
Maize Meal . . .. 4.5 grams
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Base MeraL INgoTs, mainly copper.

0-5 gram is taken for assay.

The sample is wrapped up in 10 to 12 grams of leawd foil ioud cupellad
a high temperature. When cupellation is almost complete wsmedl poece of
lead foil is placed in the cupel. This operation is repeated to ensure the
removal of the lust traces of base metal froni the beud.

If the gold content of the ingot is low, say under ten parts per thousand
more than 0-5 gram of the sample is taken and the scoritication assay i
used.

ANTIMONIAL SLAGS.

Composition:—Lead 30 to 45 per cent; antimony 5 tu 23 per cent.
copper 3 to 4 per cent; total sulphur 3 to 10 per cent; balance mainly

silica.
Sample .. .. . . U5 AT o0 AT - 35};‘ ‘
: Litharge .. .. . . 9.5 ;X.'J‘,-f-l)ﬂz*/baﬁ
Sodium earbonate . . 1.0 AT ~2:047=¢C0F
Borax .. . . . 0-3 AT -l OFT =397
Maize meal .. .. . 4+5 grams. - goL

As in the case of copper ores, a high percentage of litharge is used in
order to oxidize the antimony and carry it into the slag.

SPEISS.

The assay of Speiss for both gold and platinuin group metils is deseribed
in the chapter dealing with the platinum group metals.

OTHER BY-PRODUCT MATERIALS.

BaTEsA AMALGAM RESIDUE.

This sample is very complex and may contain luge lumps of amal-
gamated material weighing as much as two ownces cach, together with fine
amalgam, concentrates and other gold-bearing material. 1t is, therefore,
impossible to obtain a representative small portion for assay, and for this
reason the whole sample is treated. The sample is weighed wid placed in o
sufficiently large tared glazed crucible and the mereury is driven off.
preferably in the smelting works. The loss in weight of the sample s
reported as mercury per cent. The crucible is then placed mside o graphite
crucible for safety in case it should break, and a fiux consisting of soda
carbonate, borax and sand is placed on top and the contents fused.
~ When fusion is complete the sample is thoroughly stirred and a dip sample

taken. The metal is then poured into a mould, cleancd and weighed. the

,fineness being estimated by making a bullion detcrmination on the dip
sample. The percentage of the gold and silver in the original is then
calculated.

HyDRATES.

This sample consists for the most part of the white precipitate from zine
boxes mixed with a small quantity of extractor house swecpings. Of the
dried sample 0- 5 assay ton is taken and mixed with the following flux:—
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Sodium carbonate 1-0 AT
Litharge .. 1-5 AT.
Fluorspar 05 AT.
Silica 0-5 AT,

Reducing agent to give a 30-gram button.
The assay is then completed in the usual way.

COMPLEX GOLD ORES.

(C'UPRIFEROUS ORES.

An ore containing more than one per cent of copper should be treated
as complex, and becomes more difficult to assay as the percentage of
copper increases.

When the ore contains less than 5 per cent of copper, and is sufficiently
rich in gold to permit of half an assay ton being tuken, it may be fused with
60 grams of standard mine flux plus 4) yrams of litharge and sufficient
reducing agent to bring down all the lead. The lead is scorificd and the
copper is removed as oxide; the resulting bution should weigh about
20 grams, and may safely be cupelled in the ordinary way. One purt ol
copper requires about 16 parts of lead for cupellation. -

The slags from all fusions and scorifications of rich samples should be
broken up and re-assayed with a suitable flux, as they are liable 10 contain
gold and silver; the resultant button is cupelled, and the prill added to the,
original one for inquarting and parting. T

When the copper content of the ore exceeds 10 per cent, or when the
gold value is very Jow, so that a large amount must be taken for assay.
it is necessary to dissolve out the copper by treating with either nitric or
sulphuric acid, the latter being recommended where extreme accuracy is
required.

Nitric Acid Method.—One assay ton of the ore is placed in a beaker with
sufficient 10 per cent nitric acid; it is covered with a clock glass and boiled
for about one hour. It is then cooled (gold will be dissolved by the mixture
of chloride and nitric acid unless quite cold), and about 1 ml. of hydro-
chloric acid or sodium chloride solution is added to precipitate the silver.
The mixture is stirred and about 10 ml. (i.e., excess of) lead nitrate added,
which forms a white precipitate of lead chloride with the excess of hydro-
chloric acid, and serves to collect the silver chloride precipitate.

The copper nitrate is fltered off and washed once with cold water. The
filter paper with the undissolved ore is then placed ina crucible and assayed
as a mine sample.

Sulphuric Acid M ethod.—One assay ton of the ore isplaced ina porceluin
dish, 25 ml. of strong sulphuric acid is added, an inverted glass funnel
being used as a cOVer. The mixture is heated strongly for two hours in a
fume chamber.

The mixture is cooled and diluted carctully with cold water and stirred
thoroughly with a glass rod to dissolve the copper sulphate; allowed to
cool, and hydrochloric acid and lead nitrate are added as before; it is then
filtered, washed once with water and the sample is fluxed as above.
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ARSENICAL AND ANTIMONIAL ORES.

These are among the most refractory of the gold-bearing ores. and present
great difficulty in the determination of the correct gold content.

Arsenical Ores.—A method for arsenical ores consists of a direct fusion
with excess red lead; if a speiss forms, the assay must be repeated using
A more red lead.

The direct scorification method may be carried cut ws follows:— Mix
half assay ton of the ore with 3 assay tons of granulved lesd, plee in
scorifier with not more than one gram of fused borax on top. The scorifier
is placed at the entrance of the muffle, and the temperature gently raised
by moving it farther in until the correct temperature has been attained.
Scorificaticn is continued until a malleable button of not less than 15
grams is obtained. The slag is crushed in a mortar and fused with sodiun
arbenate, fluorspar and a reducing agent. The resultant button is cupclled
with the original one, and the assay completed in the usual way.

Method used at “Que Que Roasting Plant Assay Office’” for arsenical
concentrates:

Litharge .. . .. . 91 parts

Silica . 9

Sodium carbonate 21

Borax .. .. .. .. 21
Fluorspar . .. . 8,

Carbon .. - .. .. . As necessary
Sample 0-5 A.T. .. . Flux 125 grams.

For a high percentage of arsenic up to 28 grums of extra soda mav be
added. The flux given above is suitable for arsenical concentrates con-
taining up to 70 per cent arsenic.

Antimonial Ores.—In contrast to arscnical ores. these arc usually, and
probably best, assayed by direct fusion with nitre and un excess of sodium
carbonate,

Although a preliminary roast will give good results. it is not recom-
mended owing to the fusible nature of stibnite and the consequent linbility
towards caking.

If the button from the fusion is brittle it should be scorified and nmore
lead should be added before cupellation. High temperatures should be
avoided during the fusion of the ore.

The following is a suitable charge for both arsenical and antimonial
ores:—

Ore .. .. .. .. -0 AT
Caustic Soda .. .. .. 2.0 AT
Red Lead . .. 2.0 AT
Borax .. .. .. .. 0-7 AT
Silica .. .. .. . 0-35 AT,

In order to prevent undue corrosion of the crucible the silica should be
placed at the bottom; 1 A.T. of the caustic soda is then placed on top of
the silica, followed by the mixture of ore and red lead. The remainler
of the caustic soda comes next, and finally the fused borax is added as
a cover. When fusion is complete the assay is pourcd, the lead bution
detached and the slag retained. If the resultant button is voo large or if
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it is brittle, it is scorified. The slag from the scorification is adiled to the
original slag which is then crushed and fused withi a further portion of the
above flux. The button from this fusion is cupelled wizh the original one.

Acid Treatment. A preliminary treatment with concentrated Lydro-
chloric acid and dilution of the solution with « weak solution of tartaric
acid (to prevent reprecipitation of the antimony) and final filtering. drying
and scorification of the residue will give good results.

TELLURIDE ORES.

Tellurium may be identified by heating o small picce of the telluride
ore, or_lts,concentrate, with Goncenirated sulphwic acid, untll white
fimes appear. On adding a small piece of tin foil to the solution. 4 carmine
colour mdicates the presence of telluriim, The clour disuppears ¢
bt presents itself again on heating, and may appear before tl
added. The presence of much iron will obscure the colour.

A more certain test, described by G. T. Holloway, consists in con-
centrating the telluride and conducting a fusion assay on the concentrate;
a portion of the resultant lead button is dissolved in nitric acid, the solution
diluted and brought into contact with lead foil. Any tellurium present is
precipitated, and may be dried and tested with sulphuric acid as above.
Also boiling the concentrate with very strong caustic potash and zinc
shavings gives a violet colour.

The essential features governing the ussay process for tchuride ores

e

are:—
~ (1) The charge should be fritted before fusion. ~ "}
(2) The fusion should be conducted slowly and at a low heat until
just before the end.
(3) The charge should contain a large excess of litharge for the two-

fold purpose of inducing the telluriuin 1o enter the slag and of
producing a large-sized button.

(4) Excess of silver for parting purposes must be added to the fusion
to prevent loss both during fusion and cupellation.

(5) The large lead button helps to remove tellurium during the early
stages of cupellation. Too great a concentration of tellurium
during the final stages of cupellation will produce heavy Josses of
gold and silver and telluriumn_should be removed BETORE
cupellation by “double Seoriication’, ie., it Is hccessary (o
SEOTHy t0 about two-thirds or one-hulf size and pour, most of the

2 tellurium being now in the slag. More lead is added and the

storifieation repeated, the pouring beimzdome belore the button

is—reduced—totmif §iz6, Since il sqorification 1 taken too far,
tetortearwitteome Back Trom the slaz into the lead. The reason

(T TS TS tRrt U T8 0X1discd by 1he molten ltharge formed

during scorification and dissolves to w red glass in the slag. When

the action of litharge to form silicates is completed, there is no
longer any oxidising effect on the tellurium and it will combine
with the lead instead of passing into the slag. Also molten metallic
lead is a reducing agent and reduces some of the tellurium which

AN has passed into the slag.

P

R

The following flux may be used for telluride ores:—
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Ore .. .. .. o33 0:5 AT — 7
Litharge .. .. .. ..g;r 2.7 AT, - )
Sodium carbonate coan G T AT Lz
Borax .. .. .. o2 00T AT .

with sufficient reducing agent to give about a 40-gram button. The charge
is fused at as low a temperature as possible. When fusion is complete the

- temperature is raised and the assay is completed at a high temperature

Zixc.

(1,100—1,200°C.).
The slag is crushed, mixed with more flux and fused. The button is
cupelled with that of the original assay.

MANGANESE.

When this metal is present as an oxide, an excess of reducing agent is

.added; probably about twice Ihe amount required for the ordinary

siliceous ore will be necessary. | - ’lf" o
w4 e ER A
} -

Interference due to the presence of zinc may be overcome by increasing
the proportion of sedium carbonate and by decreasing the amount of
reducing agent.

Trx~.
Tin may also be fluxed off with soda, less reducing agent being used.

Auriferous Tinstone.

Ore .. .. .. . 1 AT
PbO .. .. .. .. 2-5 AT.
Soda .. .. .. .. 1-5 AT.
Borax .. .. .. . 0-5 AT,
Carbon .. . .. 1-5 grams.

As only half the lead is reduced the reduction of the tin is prevented.

‘When assaying ores containing over 1 oz. gold per ton the slag should be

retained and re-assayed.

Pyritic GoLp OREs.

The presence of pyrite (FeS,) in a sample of gold ore complicates the
assay. The sulphur from the pyrite combines with the lead button forming

lead sulphide (PbS); makes the lead button very brittle and may cause

appreciable loss of gold and silver during cupellution.
Samples containing more than 8 per cent of pyrite should, therefore,
be treated by one of the following methods:—

1. Assay by roasting.
2. Direct fusion with excess litharge and little, or no reducing agent.

3. Direct fusion with metallic iron as a desulphurizer. - Side -] rON

4. Preliminary treatment with nitric acid.

Assay by Roasting.—One assay ton of the ore is roasted at a low
temperature as described earlier in this chapter.
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The roasted product is fused with six assay vons of stock mine sample
fluy, The amount of reducing agent added must be sufficient, not only
to réduce the ferric oxide formed by the oxidation of the pyvite to ferrous
oxide, but also to produce a lead button of at least 30 grams. The terrous
oxide is readily fusible as ferrous silicate.

If the roast is carried out properly this method will wive results at leas
as good as those obtained by any direct fusici: medhicd. But beeause of
the time occupied in roasting, often an hour or more. and the risk of loss
by “dusting”, many assayers prefer the direct fusion.

i
1
!

Direct Fusion with Excess Litharge and little, or no Reducing Ayent.—
Metallic lead can be reduced from litharge by pyrites alone if this is present
in sufficient quantity: the equation

FeS, + 7Pb0 + 2Na,C0, = FeO - 7Pb — 2N 80, + 200,

represents the action when carbon is not used ws nreducer. Litharge equal
to 13 times the pyrites is required. Hence if 30 grams of litharge 1is to be
used and fully reduced, the corresponding amount of pyrites is 2-31 grams,
" which on 1 A.T. of ore equals 8 per cent. Carbon must. therefore. be used
if the pyrites in the ore is much less than 8 per cent, whilst if the pyTites
is much over 8 per cent, no carbon should be used, and an oxidunt becomes
necessary. Another reaction can take place when pyrites exerts its greatest
reducing effect. This can occur if the soda and litharge of the flux are
increased. The following equation will express this effect.

9FeS, + 15PbO + 4Na,C0, — Fe,0y -+ 15Pb 4 +Na,80; + 4CO,

It will be seen that the sulphur and the iron have been fully oxidized
during the reduction of the lead. The oxidation of these two elements
during this reaction can be shown as follows:—

1. 2FeS, + 15Pb0 — Fe,0; + 15Pb + 450,
2. 480, + 4Na,CO, — 4Na,S0, 4 4CO,.

The ore is fluxed as usual with stock mine sample flux and up to 30
grams of litharge is added in excess. The amount of reducing agent added
is decreased as the percentage of pyrite increases and in some cases may
even be omitted.

This method should not be used for very highly pyritic ores because the
amount of litharge required to form an excess, yields very large lead buttons,
which may have to be reduced in size by subsequent scorification.

Direct Fusion with Metallic Iron.—The object of this method is to
convert the pyrite into ferrous sulphide according to the equation:

FeS, + Fe = 2FeS

The ferrous sulphide formed is dissolved in the cxcess sodium carbonate
of the flux and passes into the slag, leaving the lead soft, malleable and
free from the interfering substance.

To bring about the above reaction iron nails or pieces of hoop iron, bent
in the form of a U, are pushed down into the charge before fusion. When
fusion is complete and the slag is quite fluid the iron is grasped with a
pair of tongs, tapped or shaken once or twice to detach any adhering
lead or slag, and removed from the crucible. The fusion is then continued
for a further five minutes before pouring.

This process requires considerable care and the nail or hoop iron is
carefully examined to see that it carrics no small shots of lead.
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IFo _t’h_l‘b__r,e_gggn.lmn.mﬂ;wfwm_m,_ugn filings, wissobierr-nsed-a3 o de-
sulphu and gives excellent results, pamuular}s where the j)eanm?(
of pyrite is high.

Iron filings can be more intimately mixed throughout the sample and
consequently have greater opportunity of reacting with all the pyrite
Furthermore, an excess of iron in this form ~wvill, within lin:its, be absorbed
by the slag. 1t has been found that up to twice the thec nti(-aj amount of

- iron may be added, in the form of filings. withous any s rious eidects on

the cupellation.

The use of iron nails has certain disadvantages when compured with
the use of iron filings. If large nails are used thev bLecome coated with
a film which prevents further reaction and this may huppen betore all the
pyrite is decomposed. Moreover the nail must be washed in the slig, and
removed, before pouring as already described; and where a large number of
samples is being assayed this process takes up consideruble time.

On the other hand, if small nails are used they must be added in approxi-
mately the correct numbers. If too few are added only @ portion of the
pyrite will be decomposed; while if too many are added the extra nails
become embedded in the lead button from which thev are removed with
difficulty. If they are allowed to remain in the lead. the iron causes trouble
during cupellation, because it is not readily absorbed by the cupel.

From the equation:

FeS, + Fe = 2Fes

We find that 120 gm. FeS, require 56 gm. Fe and thus where one assay
ton of ore is taken for assay, 1-4 gm. of iron must be added for each 10
per cent of pyrite present. :

Tor most pyritic samples a suitable flux consists of stock mine sample
flux, with the addition of the required amount of iron. thus:

Ore .. .. TAT

Soda Ash .. 15 AT.

Litharge .. .. 0-9 AT

Borax .. .. 06 AT.

Iron filings .. .. 1-4 gm. for each 10 per cent FeS,.
Maize meal . . .. Sufficient to produce a 50 gin. hutton.

With a little experience the assaver is able to judge the approximate
percentage of pyrite by the colour of the pulverized sample. The presence
of pyrite imparts a black colour to the sample and in most cases the
darker the colour of the sample, the higher the percentage of pyrite.
The presence of much pyrite is also indicated by the “mineralization”
of the sample.

This rule is not infallible, however but in routine assaving « chemical
determination is unnecessary and the pyritic content of the s uple can
be estimated by “panning” or by determining the specific gravity of the
sample.

1t should be remembered that the pyritic content of the ore need only
be known to within about ten per cent because the stock mine flux can
cope with up to ten per cent pyrite; and excess iron filings can be safely
added for anything above that figure.

In practice, therefore, three measures holding respestively, 3 gm..
6 gm., and 12 gm. of iron filings are used. For samples contuining ten
per cent or less of pyrite, no iron is used. Yor samples containing bevween
10 and 25 per cent 3 gm.is added. Ior those contiaining between 25

: )
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and 50 per cent 6 gm. is added, while 12 gm. of the filings is added to
samples containing over 50 per cent. These divisions are only approximate
but will be found sufficiently accurate for routine work.

Preliminary Treatment with Nitric Acid.—In this method the requisite
amount of ore is weighed out and placed in a beaker. IMifty per cent nitric
acid is added and the beaker is gently warmed. When action has ceased
a little more nitric acid is added. This is continued until the addition of
more nitric acid produces no further reaction. The sample is then filtered
through a fine filter paper and thoroughly washed with hot water.

Note.—Some of the gold particles may be extremely small and may pass
through a medium or coarse filter paper.
The residue is then dried and assayed. The filter paper should be burned
and the ashes added to the sample.
This method is not suitable for routine work.



CHAPTER XII.
AIR AND GAS ANALYSIS,
" THE ESTIMATION OF UNDESIRABLE GASES IN MINE AlIR.

INTRODUCTION.

Chemical methods are available for the detection and estimation of
most of the harmful gases encountered in mine air, and the assaver is
frequently called upon to determine the exact nature and percentage of
these. Standard methods of qualitative and quantitative analysis have
been evolved, which yield reliable and accurate results.

There is an unavoidable lapse of time before the results of these analyses
are available, however, and instruments, which indicate the presenceand
measure the amount of harmful gases, are now being uscd to supplement
the work of the assayer in this direction.

These instruments are usually small and easily portable and they
can be used by unskilled persons, on the spot, to indicate whether the
air is harmful or not,

It is essential that the accuracy and reliability of these instruments
should be checked from time to time by comparison against proved
chemical methods. For instance, although an instrument may appear
to be functioning perfectly it may not be in exact adjustment and may,
therefore, give inaccurate results. Again, certain instruments which are
supposed to indicate the presence of one particular gas, have been proved
to give positive results with other gases.

It can be seen, therefore, that in conjunction with chemical analyses
these instruments have a very definite value. Since they indicate the
presence of noxious gases almost immediately they can be used to give
warning of the presence of these gases, and thus prevent unnecessary
exposure to them. They can also be used to trace a gus to its source and,
in this way, help in its elimination,

In this chapter the detection and estimation of the harmful gases, by
chemical methods and by the use of instruments, will be covered,

SAMPLING OF MINE AIR.

Samples for the routine analysis of mine air should he taken in clean,
dry bottles. Sampling by displacement of water is not advisable.
- The use of a bellows is common practice on the Recf. The nozzle of
a domestic bellows is fitted with a rubber tube long enough to reach the
bottom of the sample bottle. Ten puffs of the bellows are generally
sufficient to displace the original air of the sample bottle. If the sample

_is being taken for carbon dioxide determination, the sampler should

turn his face aside when sampling to prevent any carbon dioxide from
his breath entering the bellows. The bottle is then closed with a rubber
stopper, which must be firmly tied down, since on taking the sample to
the surface a considerable internal pressure often comes to bear on the
stopper.
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Another method of sampling is by the use of evacuated bottles. A
bottle is fitted with a stopper through which pusses one end of i precision
ground glass stopcock. The bottle is evacuated in the assay ofiice by
means of a vacuum pump. The stopcock is then closed. the boutle is
taken to the place of sampling, where the cock is opuned, the sample of
air is drawn in and and the cock is closed. It is, of course, essentiul that
all joints be air-tight and the vacuum in the bottle should be checked with
a vacuum gauge before sampling so that any loss of vacuum during transit
from the assay office to the place of sampling may be detected.

The size of the sample depends on the accuracy required.

For carbon dioxide determinations one litre gives sufficient accuracy
and quart bottles are suitable. For other gases a minimum sample of
2500 ml. is preferred and a “Winchester” quart bottle is often used.

CARBON DIOXIDE.
INTRODUCTION.

The Government regulation which fixes the maximum permissible
amount of carbon dioxide in mine air at 0-2 per cent was introduced
mainly because of the possibility that carbon monoxide might accompany
high concentrations of carbon dioxide. By keeping the percentage of
carbon dioxide at this figure, which is considerably lower than the figurc
allowed in most other countries, an adequate supply of tresh uir is ensured.

The presence of a high concentration of carbon dioxide is not always
an indication that carbon monoxide is present, nor can a low concen-
tration of carbon dioxide be taken as proof that other gases are absent.
It is obvious that under certain conditions abnormal amounts of other
gases may be produced, which bear no relationship to the amount of
carbon dioxide in the air.

The results obtained from the determination of carbon dioxide are
used to supply information on the circulation of air in the mine, and are
of importance for ventilation control.

The following is a formula which shows the connection between the
percentage of carbon dioxide and the ventilation. It is based on the
assumption that the carbon dioxide is produced mainly from the cxhala-
tion of men:

K

A= C0,% — 0-03

X 100

where A is air in cubic feet per man per minute required to maintain a
given concentration of carbon dioxide, and K is a factor representing the
volume of carbon dioxide exhaled per man in cubic feet per minute, and
may be taken as 0-025 when doing average work.

OCCURRENCE.

The normal concentration of carbon dioxide in fresh air is 0-03 per
cent. Additional amounts may be produced underground from the fol-
lowing sources:— Human exhalation, blasting operations. lamps. fires
or burning of any description, the action of acid waters cn carbonates
and the decomposition of timber.
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126068 gm. oxalic = 22-4 litres carbon dioxide at N.T.P.

. 126068 - .
1.ml. carbon dioxide = 53400 0-005628 gm. oxalic.

- 1 ml of the standard oxalic acid solution = 1 ml. CO, (at N.T.P.)

A correction is required for temperature and pressure and this may be
done by one of two methods.

. In the first method the volume of the bottle is reduced to N.1T.P. and
the percentage calculated on this figure, while in the second method the
carbon dicxide value of the acid is calculated to laboratory conditions of
temperature and pressure.

The first method is commonly used on the Reef and is described below.
A description of the second method will be found under the section headed
Carbon Monoxide.

The volume is always calculated from the conditions of temperature
and predsure prevailing in the assay office and not at the place of sampling.
This is because the bottle is opened for analysis in the assay office, and the
volume of the gas will be governed by the conditions prevailing in the
office. Since the atmospheric pressure in the assay office is always less
than that underground an internal pressure of several pounds may be set
up in the bottle. Consequently, when the bottle is opened, air is expelled
until the pressure inside the bottle is the same as that outside. The
internal pressure makes it impossible for air to be drawn into the bottle
and there is, therefore, no possibility of any dilution of the sample. Dilution
of the sample could only take place in exceptional circumstances. For
example, if the sample was taken in very shallow workings, under very
hot conditions, then if the temperature in the assay office was low enough
a partial vacuum inside the bottle could result.

The volume of the sample is reduced to N.T.P.—viz., the volume that
the gas would occupy at a temperature of 0°C. and a pressure of 760 mm.
of mercury, using the formula:

273 P

Vo= Vi X 77573) % 760

1)
=0-359 X ———== X V
_ Xaromyy ot
Where V, is the volume required at standard conditions; V; the observed
volume; P the barometric pressure at the time of analysis; t the temperature
in degrees Centigrade at the time of analysis.

/' EXAMPLE.—The volume of the mine air bottle was 1,100 ml.
Atmospheric pressure was 623-5 mm. and the temperature 19-4°C.

25 ml. of the standard barium hydvoxide required 25 ml. of the standard
oxalic acid. 25 ml. barium hydroxide, after shaking with the mine air,
required 23-7 ml. oxalic acid. Required the percentage by volume of
carbon dioxide in the mine air.

7 ¥V, = 1,100 x 0-36 6235
o= L100 X 030 X Gy =107

= 844-4 ml.

In very accurate work the vapour pressurc of water at the given
temperature should be subtracted from the baromecter reading, which
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in mine air. This amount corresponds to a blood saturation of 10-35 per
cent, and it is considered that the human orga) ism can recover completely
even after daily exposure to such d concentration

QCCURRENCE.

Carbon monoxide is the product of incomplete combustion. It is pro-
duced underground during blasting, or through timber or refuse becoming
ignited and burning in any place where there is no free circulation of air.
Tt is also a constituent of the exhaust of Diesel engines. Fires oceurring
underground are the greatest source of carbon monoxide in mine air.

DETECTION.

1. Canaries are used to detect the preseuce of wurbon monoxide 1
mine air. These warm blooded birds, with their rapid rate of respiration,
quickly show symptoms of carbon monoxide poisoning and wiil succumb
in concentrations of the gas which are still safe for liuman beings for o
limited time.

On a number of the larger mines canarics arc bred solely for this purpose.

The use of canaries is not a positive means of identifying carbon
monoxide since other poisonous gases may also prove fatal to them.

9. Carbon monoxide can be detected in the aiv Ly means of properly
prepared palladium chloride paper, which will detect 0-02 per cent.
This method is now seldom used.

Filter paper is dipped in a five per cent solution of palladium chloride
made by boiling the solid with water and filvering.  The paper is then
quickly dried in an atmosphere free from carbon monoxide. When dry,
the paper is cut into strips about 1” long by 3" wide and immediately
bottled in a dark bottle with a greased stopper. Paper dipped in unboiled
palladium chloride solution is insensitive, and will probably nov detect
anything much less than 0-10 per cent.

For use, a strip of the prepared paper is moistened either in the centre
with a drop of water, or at one end with an extremely small quantity
of water, so as to leave three-quarters of the paper dry*} and hung up in
the suspected air for ten minutes. Traces of carbon monoxide cause a
grey mark at the margin of the wet and dry portions; larger quantities
give a black stain. This is metallic palladium, produced according to
the equation:—

PACl, + CO + H,0 = Pd + CO, = 2HCL.

DETERMINATION OF SMALL QUANTITIES OF Cansox MonoxIpE 1N Mixe
A1r.

The reagent used for this determination is iodine pentoxide, LOs.
This reagent reacts with carbon monoxide at 1357 C. liberating iodine
according to the equation:—

1,05 + 5C0 = I, + 5CO,.

The liberated iodine, which is evolved as a gas, is passed directly into
a small quantity of ten per cent potassium iodide solution which absorbs
it completely. The iodine solution is then washed ont of the absorption
tube and titrated with N/500 sodium thiosulphate. (NoTz: Some nssayers
prefer a stronger solution of thiosulphate.) Starch is used asan indicator.
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The interfering gases most likely to be present in the air are hydrogen
sulphide and unsaturated hydrocarbons. Thesc must be removed before
the air is passed through the iodine penvoxide.

All traces of moisture must also be removed from the wir,

Hydrogen sulphide is removed by passing the wiv sawple thr uzh
pumice stone saturated with copper sulphate. or through @ sclutien or
lead acetate or other lead salt.

Fig. 62. xarbon Monoxide Train.
(With acknowledgment to Last Geduld M ives Ltd.) -

Unsaturated hydrocarbons may be removed or suturated and rendered

harmless by passing the air sample through any onc of the tollowing:—

1. A mixture of concentrated sulphuric acid and chromic acid at
room temperature.

2. Fuming sulphuric acid heated to a temperature of 1657 C.

3. A ten per cent solution of bromine in porassium bromide. 'This
reagent must be followed by an absorption tube filled with «
saturated solution of potassium hydroxide in order tc¢ absorb
the bromine vapour which is invariably siven off.

Moisture is removed by passing the air sample throngh a concentruted
sulphuric acid tube followed by a calcium chloride tubc.

Other interfering gases that may be present arce nitrous fuines ind
acetylene but these are also removed by one or other of the above re-
agents.

All these reagents may be placed in ordinary absorption tubes in the
case of solutions or in U tubes in the casc of solids.
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The reagents are placed in their respective containers and are set up
in the form of a train.

The sample is forced through the train by means of aspirator bottles
connected to each end of the train. The first aspirator, which should be
raised to a height of at least two feet above the remainder of the train,
supplies water which displaces the air in the sumple bottle and forees it
through the train. The water in the end aspirator is allowed to runout,
thus causing a suction and helping to draw the air through the train.
The outlet from the second aspirator should dip into a water container
below the surface of the water in order to prevent air bubbles entering
the aspirator and so breaking its vacuum.

CARBON MONOXIDE APPARATUS

A SPIRATOR THERMOMETERS _ _ |
— -

| /

FUMING CALCIUM i / POTASSIUM
SUL PHURIC CHLORIDE

IODINE PENTOX!DE

LEAD
ACETATE

7

/ ASPIRATOR —

CONTROLLED HOT PLATES
SAMPLE TO SINK —__ /)

Fig. 63.

: N

The tubes containing the reagents which require heating, are immersed
in a beaker containing ordinary cylinder oil. The oil is heated either by
means of a controlled bunsen burner or by mcans of a thermostatically
controlled electric element.

The whole train should be hermetically sealed to ensure iv does not
leak.

The U tube containing the iodine pentoxide should have a plug of
glags wool at the outlet end to prevent any of the reagent being carried
over into the potassium iodide where it would liberate iodine according

to the equation:—
31,0, + 5KI = 31, 4- 5KI0;.

The iodine pentoxide should have been previously heated at 1857 C.
for one hour to ensure that any iodic acid that may be present in the re-
agent is converted to the pentoxide. Bevre introducing the pentoxide
into the tube it should be sieved and the finest dusty portion rejected,
otherwise resistance to the passage of the air sample may be caused.

The tubes for removing the interfering gases arc, of course, only neces-
sary if these gases are present.

Hydrogen sulphide should always be grarded against but unsaturated
hydrocarbons are not always present in gold mines, although they are
generally found in coal mines. The hydrocarbons arce absorbed in small

~

\
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quantitics by the sulphuric acid tower, and the extra control only becomes
necessary if they are present in appreciable quantities.

Efficient drying towers are essential as the s must be perfeetly dry
before entering the pentoxide tube.

The iodine pentoxide will last for a considerable time.

The sample can be run through the train at the rate of about one litre
per hour.

Before the appuratus is used for the first time it must be run on redays
of fresh air, until a nil result is obtained.

When all the air in the sample bottle has been displaced the determi-
nation is not yet finished as the train is still full of mine air. The connec-
tion from the bottle should be severed and a tube leading to fresh. carbon-
monoxide-free air attached. The apparatus is run for ten minutes more
to draw the mine air through the tubes.

The above method is extremely accurate for small guantities of carbon
monoxide. When dealing with air containing more than 0-1 per cent
carbon monoxide small samples of air should he used. and the air must
be passed through the apparatus at a slower rate, othierwise the amount
of iodine liberated will be so great as to cause condensation of iodine in
the pentoxide tube. Should this happen the lodine so condensed may be
volatilized by heating the pentoxide tubc with a spirit lamp.  This is
not, entirely satisfactory, however, and the assayer should endeawvour to
ascertain the source of the sample before passing iv through the train.
The exhaust gases of internal combustion engines. for example, may
contain high percentages of carbon monoxide, and such a sample, if run
through normally. may liberate sufficient iodine to block the wube per-
manently.

Since N/500 thiosulphate is unstable. this solution must be freshly
prepared and is made by diluting 10 ml ot N/10 sodium thiosulphate to
500 ml. just before use. If little water is used in wushing out the bulb-
tube and the potassium iodide is too concentrated, the end-pomt with

Ustarch is brown purple, not blue. As the titration is done from blue to
colourless an absolute minimum of very thin starch should be used.
otherwise the end-point will be overshot.

Since 25384 grams of iodine are liberated by 14003 grains of carbon
monoxide, and 25384 grams of iodine require 1.000.000 ml. of N, 3500
thiosulphate, each ml. of N/500 thiosulphate equals ¢-00014 uram of
carbon monoxide, measuring ¢-112 ml. as gas at N.TVP. At 630 mm.
pressure and 25° C. (the average conditions in o Rand assay office) I ml.
N/500 thiosulphate equals 0-747 ml. carbon monoxide.

(JALCULATION.

This is done either by reducing the measured volume of the Winchester
sample bottle to N.T.P. and using the factor:—1 ml. thiosulphate equals
0-112 ml. carbon monoxide, or by using the direct method given below,
To avoid errors in reducing to N.T.P. note that both fractions are less than
1, since the temperature is always above zero and the barometric pressure
below 760 mm.; e.g.:

Let V = volume of bottle and V= the N.T.P. value
273 b

(2732 1) 7 760

Vo=V
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Thus, if the bottle measures 2,950 ml. and the temperature was 28°C.
and the barometer reading 630 mm. the volume at N.T.P. is:—
273 _ 630
2 20 % = 2213 ml
,950 x 301 X 750 213 m

As previously explained, it is the temperature and barometer readings
of the laboratory, not of the place of sampling, that are used in the
calculation.

The other method of calculation is to use the factor:—1 ml. N;500 thio-
sulphate equals 0-147 ml. carbon monoxide at 23°C. and 630 mm. baro-
meter, together with the actual volume of the sample bottle. A correction
can be made if the laboratory conditions differ greatly from those
mentioned. The following is the calculation of the same analysis by the
two methods:—

Volume of sample bottle 2,950 ml.; laboratory temperature 28°C.:
barometric pressure 25-20 inches, equals 640 mm.. equals 630 mm. when
corrected for mercury and moisture. (See carbon dioxide.)

Suppose 1-55 ml. N/500 thiosulphate to have been used in the titration

Method (i).—Using N.T.P. values, the carbon monoxide found is
1-55 x 0-112 ml. (as gas at NT.P.) = 0-174¢ ml. Now the N.T.P.
volume of the bottle is, as shown above,

: 273 _ 630
2,950 X 7o X 75~ = 2,2 L.
,950 X 301 X =50 , 218 m
Hence the percentage of carbon monoxide is !i—()——lll—; = (-U073

Method (ii).—Using standard, but not N.T.P. conditions, the carbon
monoxide found is 1-55 x 0-147 = 0-228 ml. (as gas atr 25°C. and
630 mm.). The volume of the bottle (measured without correction) is

0n,.99Q
= . . U-22s -
2,950 ml. hence the percentage of carbon monoxide is — = 0-0078

9:5
If necessary, since the bottle was at 28°C. instead of 25°C., a correctionof
273 4 28 '
273 + 25
this refinement is not necessary.

to the sample volume may be made, but for practical purposes

OreER METHODS ¥OR THE DETECTION AND DETERMINATION OF CARBONXN
MONOXIDE.

Several other methods of detecting and determining carbon monoxide
in mine air have been developed by the various companies specializing
in this work. Some of these have becn used on mines of the Witwaters-
rand to give approximate determinations on the spot but none of them
have, as yet, been officially adopted. The iodine pentoxide method remains
the standard method of determination.

The M.S.4. Carbon Monoxide Detector.—The M.S.A. detector is a small
portable instrument which enables a sample of the air to be drawn through
o detector tube. The tube contains a layer of silica gel impregnated with a
silica-molybdate compound containing palladium sulphate as catalyst.
The reagent changes from yellow to a green colour varying in shade
according to the amount of carbon monoxide present. The colour is com-
pared with a rotating colour scale mounted beside the tube, and graduated
to read concentrations from 0-001 per cent to 0-10 per cent.
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The instrument is operated by inserting a detector tube, after breaking
off the tip, and squeezing the bulb according to the instructions on the
instrument.

The P.S. Carbon Monoxide Detector.—This is an aspirator bulb to which
is attached a glass tube containing silica-gel impregnated with « complex
palladium salt (trade name pallado-sulphite-P.S.) in the centre and having
pure silica-gel at each end.

The purpose of the silica-gel is to absorb water vapour, gasoline gas and
other interfering substances. The carbon monoxide in the air causes the
P.S. salt to turn brown and the length of the brown stain is an indicution
of the amount of carbon monoxide present.

As it is not the colour shade but the length of stain which is read, it
can be used in any light or by persons who are colour blind. For exumple,
a stain 2-5 millimetres long indicates 0005 per cent carbon monoxide.

The M.S8.A. Carbon Monoxide Indicator.—This instrument first removes
moisture and then passes the air through a container filled with “hopculite”
(i.e., a mixture of metallic oxides). The ““hopculite” oxidizes the carbon
monoxide to carbon dioxide with the evolution of Lieat. The heat evolved
is a direct measure of the carbon monoxide present and is determined by
differential thermocouples in series with u galvanometer which is calibrated
to read percentage carbon monoxide.

The sensitivity of this instrument is about 10 parts per million—i.e.,

0O.001 nar pcont
Viulra per cent.

NITROUS FUMES.

The term ‘‘nitrous fumes” refers to the mixture of oxides of nitrogen
which are produced during blasting. These oxides consist generally of
nitric oxide NO, nitrogen dioxide NG, and nitrogen tetroxide N,Q,,

! . ST
and possibly nitrogen trioxide N,0,.

()CCURRENCE.

Nitrous fumes are produced by the detonation of explosives. The amount
produced is greatly increased if the detonation is incomplete, ie., by a
“soft shot”. Large quantities of nitrous fumes are produced when an
explosive burns without exploding and fatal ““gassing” often results. In
this case the presence of the gas is so obvious to the smell that testing is
unnecessary.

Both NO and NO, are produced in blasting, and although the NO is
finally oxidised to NO,, the oxidation is by no mcans iinmediate.

The Government regulation requires that there should be no practically
detectable trace of the oxides of nitrogen in the air.

KFFECTS.

Nitrous fumes attack the mucous membranes of the eyes, nose and
throat, causing irritation in the nose, smarting of the eyes, puins in the
chest and coughing.

The action of the gas is insidious and dangerous amounts may be inhaled
before warning symptoms are obvious to the breather. Again, the initial
effects of the ‘“‘gassing” may pass off und the patient considers he has
recovered, but acute symptoms develop several hours later, because of the
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irritant action of the gas on the lungs. The lungs may becomne water-
logged and this condition invariably proves fatal.

A concentration of nitrous fumes of 0+ 1 per cent us NO, is dangerous to
life if inhaled only for a few minutes, and 0-01 per cent may be {fatal in
half-an-hour to an hour.

In the mines of the Witwatersrand complete elimination is aimed at
because of the possibility that smaller concentrations than those usually
regarded as immediately dangerous may affect the bronchial system and.
in association with dust. may accelerate the development of silicosis.

DETECTION.

Nearly all the methods for detecting nitrous fumes depend upon the
detection of the NO, in the mixture since there is no easy method of
detecting NO.

1. Detection by Starch-lodide Paper.

Test papers are prepared as follows:—

A dipping solution containing 6 grams of soluble starch and 2 grams
of potassium iodide per litre of boiling water is mude. When cool, cireles of
filter paper (Whatman No. 1) are dipped in the solution, drained and hung
up to dry in an atmosphere free from oxides of nitrogen. When dryv, the
paper is cut into strips about 14 inches long by § inch wide, and stored in a
well-stoppered bottle.

For use, the lower end of the test paper is moistened with pure water to
a length of 2 to 3 mm., and suspended or waved in the air to be tested.
The presence of NO, is detected by the appearance of a brown line at the
margin of the wet and dry parts. Somec persons prefer to use a sm:dl drop
of distilled water from a glass rod to make a wet spot about § inch diamecter
in the centre of the paper, and watch for a brown line to appear round the
circumference of this spot.

If the proportion of NO, in the air approximates 0-01 per cent, the
brown line will appear within about three seconds; if the proportion is
about 0-005 per cent the brown line will appear in about 20 seconds; at
0-0025 per cent the line appears in about one iinutc. Air may be con-
sidered sufficiently free of nitrous fumes if no brown line appears after
two or three minutes exposure of the test paper.

It should be borne in mind that the starch-iodide test paper is sensitive
only to NO,, and that invariably NO is present as well as NO,, but will
not affect starch-iodide paper.

Tt should also be remembered that oxidizing agents such as ozone will
give a positive reaction with potassium iodide paper. Therefore in the
neighbourhood of electrical gear, particularly clectrostatic precipitators,
this point should be borne in mind.

DETERMINATION OF NITROUS FUMES.

For the quantitative determinations of nitrous fumnes the most satis-
factory method appears to be the phenoldisulphonic acid method for
total nitrogen oxides (except N,O) which is used extensively by the Cham-
ber of Mines. In this method the gases are sampled by mcuns of evacu-
ated bottles which contain a dilute acid solution as absorbing medium
with hydrogen peroxide to oxidise all the absorbed fumes to the nitrate.
By treatment with phenoldisulphonic acid a yellow colour is produced



AIR AND GAS ANALYSIS 149

which is compared with a standard solution of nitrate similarly vreated.
The method is specific for nitrates.

PHENOLDISULPHONIC ACID METHOD FOR THE ESTIMATION
OF TOTAL NITROGEN OXIDES IN MINE AIR.

SoruTioNs REQUIRED.

Phenoldisulphonic Acid Reagent.—25 yrams ol pure phenol (carbolic
acid) erystals dissolved in 150 ml. concentrated su phum, acid. Add the
phenol slowly to the acid to prevent charring. Add 75 ml. {fuming sul-
phuric acid (15%, excess SO;). Heat at 100°C. for four hours.

Hydrogen Peroxide.—Six per cent solution. XKeep in a dark glass
stoppered bottle.

Sodium Carbonate.—N/2 (approx.). 26-5 grams anhydrous Na,CO,. or
equivalent, per litre of distilled water.

Standard Nitrate Solution.—0-4510 gram potassium nitrate per litre
of distilled water.

For use, dilute 10 ml. to 100 ml. then—
1 ml. = 0-0451 mgm. KNO, = 0-02052 mgm. NO,
= 0-0100 ml. NO, at N.I".P.

= 0-0133 ml. at average Ruand conditions
(630 min. and 25° C.).

PROCEDURE.

Sampling for nitrogen oxides is best accomplished by the use of evacu-
ated quart bottles.

Introduce into the sampling bottle 25 ml. of distilled wuter containing

2-5 ml. N/2 sulphuric acid (or 25 ml. of N/20 H,S0,) and add 0-5 ml. of
six per cent hydrogen peroxide.

Evacuate the bottle as far as possible using a water jet pump or other
vacuum pump.

The sample is obtained underground by opening the stop cock and
allowing the air to be drawn in. The vacuwn should be checked by means
of a gauge before sampling. In the laboratory the bottle and contents
are allowed to stand overnight to ensure oxidation of all NO wo NO,
and thus complete the absorption of the fumes and the oxidation of
nitrite to nitrate.

Transfer the solution from the bottle to a 100 ml. evaporating basin
rinsing two or three times with small quantitics of water. Neutralize
by adding N/2 sodium carbonate solution carefully from a burctte and
testing externally with litmus paper and then add 0-5 ml in excess.
A titre of about 3-0 ml. is required.

Evaporate to dryness on the steam bath.

Allow the basin to cool thoroughly, then measure out 2-0 ml. of phenol-
disulphonic acid reagent into the basin, rotate the basin and stir with a
glass rod to ensure complete contact with the residue. Allow to stand
for ten minutes with intermittent stirring. Then dilute the acid with
about 50 ml. distilled water and mix well. Now render the solution alka-
line by adding 10 ml. of concentrated ammonium hydroxide (12N)—
this should be ‘added slowly with gentle stirring so us not to overheat the
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liquid. When the yellow colour has developed, the solution is made up
to 100 ml. in a flask, well mixed and filtered if necessary.

Prepare a standard by taking 10 ml. of the diluted 1:10 standard
potassium nitrate solution, add 2-5 ml. of N.2 sulpliuric acid (or 25 ml.
of N/20 H,SO,) render alkaline in excess with N/2 sodium carbonate as
described, and evaporate to dryness. Cool, add 2-0 ml. phenoldisulphonic
acid reagent, stand ten minutes, dilute with 50 nl. distilled water, add
10 ml. concentrated ammonium hydroxide. Dilute to 100 ml.

10 X 00100 _

1 ml. 190

0-001 ml. NO, at N.TP

After not less than 20 minutes compare the colour of the testsolution
with the standard. Using a colorimeter is the most convenient method
of obtaining a comparison. Allowance should also be made for a blank,
particularly at low concentrations. Alternatively o set of standards may
be made by diluting 1, 2, 4, 6, 8 ml. of the coloured standard to 10 ml.
in 10 ml. comparison tubes. For more accurate work it is necessary to add
sufficient ammonium hydroxide to each tube to maintain the same concen-
tration of alkali as in the test solution.

Since the colour is stable the standard coloured solution may be re-
tained for subsequent tests. .

For accurate determinations a photo-electric phovometer should be
used.

Photo-electric photometer.—Calibration curves are prepared by treating
a series of standards in exactly the same way as the test and measuring
the transmittancy of the final coloured solutions at an appropriate
wavelength and with the most suitable cell thickness.

For the range 0- 0001 to 0-001 ml. NO, at N.T.1. per ml. final solution:—

Make standards with the following amounts of the diluted T : 10 stan-
dard nitrate solution:—

Mls. 0 1

w
S

6 8 © 10

Final
Conc... (Blank) 0-0001 0-0002 0-0004 0-0006 0-0003 0-0010

Wavelength: 425 mu
Cell: 30 or 50 nun.

For the range 0-001 to 0-01 ml. NO, at N.T.P. per ml. final solution:—

Make standards with the following amounts of wndiluted standard
nitrate solution:—

4 6 8 10

Mls. 0 1

(8

Final
Conc... (Blank) 0-001 = 0-002 0-004 0-006 0-008 ©-010

Wavelength: 480 mpu
Cell: 10 mum.
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The transmittancy of the final solutions is measured in comparison
with distilled water and plotted against the concentration on semi-
logarithmic paper. These curves are then used to enable the concentration
of the test solution to be read off from the transmittancy measurement.

It is necessary to check the calibration curves when v new supply of

phenol-disulphonic acid is started. Since the curves wre straight lines.
a blank and two concentrations (say 0-0005 or 0-005 and 0-001 cr 0-01)
should be sufficient to indicate any change.

ExamMpLE.

Conditions at sampling point: 30" mercury and 27° (.

Vacuum tested at sampling point: 27" mercury.
Bottle: 1150 ml.

Therefore sample = i)% X (1,150 — 25)
= 1,012 ml.
Test solution (100 ml.) is found to equal standard.
Therefore, test = 0-001 ml. NO, per ml. final solution.
Therefore fumes (as NO,) in sample = 100 x 0-0010
= (-100 ml. at N.'I".P.

=0-110 at underground condi-
tions.

NoTte.—This standard method measures the total concentration of toxic
nitrogen oxides (except N,O) and is considered the most satisfactory
method to use. Most other methods, c.g. the sulphanilic-naphthyla-
mine or Greiss-Ilosvay methods measure the nitrite-fixed portion
only of the absorbed fumes and it has been shown that the ratio of
nitrite to nitrate is by no means constant.

An acid absorbent and oxidizing solution is used since it has Leen
found that in an alkaline solution the oxidation of nitrite to nitrate
by hydrogen peroxide is not complete.

PRECAUTIONS.

The phenoldisulphonic acid must be prepared as directed to ensure
correct composition, and departure may lead to production of mono-
sulphonic acid which would increase any green or murky tints produced
in the final solution. If a pure fuming sulphuric is not available replace
with pure sulphuric acid. This results in a slight decrease in colour, but
gives a more satisfactory blank. The volume of reagent added nwst be
accurately measured, as different volumes affect the final colour.

The residue, after evaporation, must be thoroughly cooled before
adding the phenoldisulphonic acid reagent, for « variable heating effect
may produce green tints—this tendency is reduced if the reagent is
wholly disulphonic acid.

The reagent and residue must remain in contact nou less than the
stated ten minutes.

The ammonium hydroxide added for neutralizing should be approxi-
mately measured to give similar final concentrations, as the colour in-
creases somewhat with increasing concentrations of excess anunonium
hydroxide. An excess of 5 ml. of 12N ammonium hydrexide is allowed
for in the directions given. (12N potassium hydroxide gives a somewhat
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deeper colour than ammonium hydroxide, and the colour varies less with
different alkali concentrations.)

The solution should be well diluted before introducing the ammmonium
hydroxide, which should be added slowly to prevent heating and thus a
possible loss of ammonia, upsetting the concentration and also tending
to produce green or murky tints.

Any organic matter present results in a brown coloration on the addition
of sulphuric acid. and therefore should be removed. ¢.g. by alumina
cream or activated charcoal.

The use of sodium carbonate for neutralization has been found prefer-
able to caustic soda or potash as previously used. A slight excess as
described is important as loss of nitrates may occur on evaporating an
insufficiently alkaline solution.

Chlorides also interfere, e.g. 1 mgm. chlorine produces a ten per vent
reduction in colour. For accurate results halogens. if present. should he
removed by silver sulphate.

DETERMINATION OF NITROUS FUMES
BY MODIFIED GRIESS-ILOSVAY METHOD.

1. INTRODUCTION.

Although the phenol-disulphonic acid method deseribed above is the
most precise method it is time consuming and requires strict attention

to detail.

On mines using nitrous fume absorption plants, it is desirable that the
operation of the plants be checked by periodical analysis of the air for
nitrous fumes. While the method given below, namely, a modification
of the Griess-Ilosvay method, is less exact than the phenol-disulphonic
acid method it is suitable for purposes of control of nitrous fume absorp-
tion plants as it is reasonably accurate, relatively guick and simpler to
use than the disulphonic acid method.

A colorimeter or spectrophotometer cun be used but a fair degree of
accuracy can be obtained by simple colour comparison in Nessler tubes.

The procedurc cmbodies sampling of the air into evacuated bottles
containing an alkaline absorbing medium, allowing the sanple suiticient
time for nitrogen dioxide and trioxide to be absorbed in the solution and
for the nitric oxide to be oxidized and also absorbed.

The nitrate content of this solution is then estimated by the Griess-
Tlosvay method. '

The standard method recommended by the Transvaal and Orange
Free State Chamber of Mines is as follows:—

2. SAMPLING.

The same type of sampling bottle as used in the Phenol-disulphonic
acid method is used, i.e. a quart sized bottle of oval cross-section pro-
vided with a rubber stopper through which fits a precision-ground glass
stopcock. All bottles should be tested for strength under vacuum. Taps
and stoppers should be tested for leakage under vacuum.

2.01 Preparation of Sample Bottles.
The absorbing solution consisting of 25 mls. of 0-59, sodium carbonate
solution is introduced into the bottle by pipette before evacunation.
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The stopper with stopcock is placed firmly ine position and the bottle
is evacuated to as high a degree of vacuum as can be obuained either with
mechanical pump or a good water jet pump.

Sample bottles should be prepared us near as pructical to the time
of test and should not be kept longer than 24 hours before sampling.

2.02 Sampling.

The sample is taken by opening the stoprock when the air will be
drawn into the bottle to fill the vacuum.

Before sampling, the state of the vacuum in the bottle is cliccked
with a small vacuum gauge of the dial type to ensure that there has been
no leakage during transit to the sampling point. The reading of the
gauge should be noted for correction of the volume sampled. It is neces-
sary also to know the barometric pressure and the temperature at the
sampling point.

The position at which samples are taken depends on the purpose in
mind. General samples of the atmosphere shonld be taken near head
height. Samples of air in a pipe may be taken by connecting the upper
limb of the stopcock with a short rubber tube to a narrow-bore ylass
tube projecting into the pipe.

3. METHOD OF ANALYSIS.

PR

3.01 Solutions Required.
(a) Sodium Carbonate.

Dissolve 5 gms. of A.R. anhydrous sodium carbonate or an equivalem
weight of hydrated salt in a litre of distilled water.

(b) Sulphuric Acid N/10 (approx.).

1

Add 2-7 ml. pure C.P. concentrated (93¢;) H,80, to « litre of distilled
water.

(¢) Griess-Ilosvay Reagent.

(1) Sulphanilic Actd Solution.—Add 50 ml. of C.P. glacial acetic acid
to 50 ml. of distilled water. Add 1-0 gm. of C.’. sulphanilic acid in small
portions to the mixture which may be warmed slightly to facilitate
solution (not over 70° C. otherwise charring may oceur forming a brown
discoloured solution). When solution is complete dilute with distilled
water to a final volume of 300 ml.

(2)a-Naphthylamine Solution.—Dissolve 0-2 gram of a-naphthylamine
in 50 ml. of C.P. glacial acetic acid and dilute with distilled water vo a
final volume of 300 ml.

The a-naphthylamine crystals used should not be more than slightly
discoloured. It is recommended that small 25 or 50 gm. packings of this
material should be used and the crystals should at all times be stored in
an air-tight amber glass bottle.

For use: Mix equal quantities of (1) and (2).

(20 ml. of mixed Griess-Ilosvay reagent are to be added to every 80 mls.
of solution under test.)

Note.—The sulphanilic acid solution keeps well for a period of thirty
days or more and may be prepared in bulk, but the a-naphthylamine
solution must be prepared fresh just beforc use.
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(d) Standard Nitrite Solution.

Stock Solution: Dissolve 0-380 gm. of pure potassiun: nitrite crystals
(KNOQ,) per litre of distilled water. Standurdize the solution by permang-
nate titration.

0-380 gm. KNO, per litre = 0-2054 mg. NO, per ml.
= 0-1 ml NO, per ml solution (at N.T.P.)
For use: Dilute 10 ml. of stock solution to 100 ml in a standard flask.

Then 1 ml. working soln. = 0-02054 mg. NO,

= 0-010 mml. NO, @ N.T..
= 0-0133 ml. NO, @ average Rand labora-
tory conditions (257 ¢, and 650 mm.

Hg.).
3.02 Analysis.

After sampling allow the bottle and contents to stand overnight or at
least 12 hours to ensure complete oxidation and absorption of the fumes.

Transfer the absorbing solution quantitatively from the bottle into a
100 ml. standard flask, rinsing the walls of the bottle three or four times
with small amounts of distilled water.

Make up to the mark.

Make up a blank solution by diluting 25 wml. of (-5 per cent sodium
carbonate to 100 ml. in a similar fashion
(@) Visual Comparison.

Pipette out 10 mls. aliquot of the miade-up sample sclution into a
Nessler tube.

(10 mls. is usually a suitable aliquot but 5 or 25 mls. 102y be taken for
very high or very low concentrations.)

Place suitable aliquots of the working standard solution into a row
of 100 ml. Nessler tubes to give final concentrations covering the expected
sample range. A suitable scale is suggested below i—

Mls. working

solution .. 0 0-2 0-5 -0 20 5 750 10
Final conec. as

mls. NO, per

ml. final solu-

tion (at

N.T.P.) .. Blank -00002 -00005 -0001 -0002 -0005 -00075 -001

To each comparison tube:—

(1) Add one drop of a 0-1 per cent phenclphthalein in aleohol indi-
cator solution.

(2) Add deci-normal sulphuric acid drop-wise from a burette until
solution just becomes colourless (approximately 2:5 ml. of
acid will be required per 10 ml. aliquot of sample and one drop
for the standards).

(3) Dilute to a volume of 60 to 70 mls. approximately.

(4) Add 20 mls. of mixed Griess-llosvay reaugent and mix.

(5) Make up to 100 ml. mark with distilled water

(6) Allow to stand for ten minutes.

(7) Match colour of samplz with standards.

The above procedure is applicable for Nessler tube comparison and for
simple visual comparators. For colorimeters of the variable depth type
only two standards (-0001 and .001) nced be made up.
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(b) Photo-electric Spectrophotometer.

The usual method is applied of preparing calibration curves from u series
of standards treated in the same way as the test sample, the transmittance
of the final coloured solutions being mcusured wt suitable wavelongth
in a cell with suitable optical path. The analytical procedare is identical
to that deseribed in the previous scction but the coloured soiutions are
developed in 100 ml. stoppered standard flasks nstead of Nessler tubes.
As the colour complex formed is not very stuble, iv is essential that the
transmittance of the solutions should be measured after 10 and before
30 minutes of developing the colour.

It is advantagceous to make two calibration curves, onc for low concen-
trations and the second for higher ones. from suituble aliquots ot the
standard nitrite solution. The following two ranges arc suggesied:--

(1) Diluted.
Mls. working solution .. 0 01 02 0-5 -0

Final Conc. as mls. NO, per
ml. final solution (at

N.T.P.) . oo Blank  -00001  -00002  -00905 00010
Wavelength 560 m p. Optical path of cell 50 mm.
(2) Concentrated.
Mls. working solution .. 0 1-0 2-0 5-0 10

Final cone. as mls. NO, per
ml. final solution (at
N.T.P) . .. Blank 0001 -0002 0903 0010
Wavelength 560 m . Optical patli of cell 10 nu.

Above concentrations of 0-001 mls, NO, per ml. of final solution, the
colour formation does not follow Beer’s law and it is advisable to take
a smaller aliquot.

The transmittance of the final solutions is measured in comparison
with distilled water, which is taken as having 100 per cent transmittance,
and plotted against concentration values on semi-logarithoic paper.
These curves are then used to estimate from the transmittance value
the concentration in the unknown solution.

Calibration curves should be checked whenever a new Dbottle of
a-naphthylamine is put into use or if the instrument adjustments are in
any way altered (e.g. when a new lamp is fitted) wid are preferably
checked as a routine say once every three months.

4. CALCULATION OF RESULTS.

The oxides of nitrogen dissolve in alkaline solution in the following
manner.

NO,/N,0, dissolves to form equal quantities of nitrite and nitrate:

2NO, + Na,CO; — NuNO, + NaNo, +- C0O, .. .. o (D
N,O; dissolves to form wholly nitrite:
N,0; 4 Na,CO; — 2NaNOQ, + CO0,.. .. .. .. (@)

NO oxidizes mainly to N,0, but also to NO, in proportions depending
on the circumstances, and these then dissolve as above.



 S—

o

156 ASSAY PRACTICE ON THE WITWATERSRAND

Hence to convert the nitrite measured in the solution to the equivalent
oxides of nitrogen in the air (calculated us NO,) it is necessary to multiply
the nitrite by 2 if it is derived from NO,/N,0, (equation 1) or by 1 if it is
derived from N,O, (equation 2) or by a figure nearer I than 2 if it is
derived from NO (equations 1 and 2). Since a mixture of the oxides may
be present in the air after blasting, the factor to be used will lic between
1 and 2 and may vary from sample to saumple.

In actual experiments on samples taken underground, it was estiblished
that the factor to be used in the method us deseribed can fairly consis-
tently be taken as 1. In other words, in samples taken underground
after blasting, in the manner described, the amount of nitrite in solution
can be taken as equivalent to the oxides of nitrogen in the air calculated
as NO,. It must be emphasized that this fuctor is correct only if the
sampling is carried out as described in a bottle containing the alkaline
absorbent and does not apply for sampling in « bottle with acid or neutral
absorbent or in a dry bottle with absorbent added subsequently.

5. ExamMPLE.

Capacity of bottle = 1150 ml.

Vacuum = 685 mm. Hg.
Barometer = 735 mm. Hy.
Temp. = 27°C.
) 685 - .
.. Sample volume = 735 X (1,150 — 25)
= 1,047 ml.

After sampling, etc., the absorbing solution 1s transferred and diluted
to 100 ml., of which an aliquot of 10 1als. 1s treated with G.1. reagent and
made up to 100 mls.

The colour intensity of the final solution (100 mls.) is found to equal
that of the standard solution (100 mls.) contuining (-00010 ml. NO, per
ml. of final solution.

*, Nitrite iﬁ final solution (as NO,)
= 100 x 0-00010 ml. (at N.T.1".)
- Nitrite in total absorbing solution

= 1—1%(—) % 100 x 0-00010

= 0-10 ml. at N.T.P.
290 760

= 010 X 557 X =97 at 27°C. and 735 mm. Hg.
273 135 °
= 0-1135 ml.

Nitrous fumes in air corresponding to this nitrite value
= 0-1135 ml. (as NO,)
- Nitrous fumes (as NO,) in air (using factor 1 established in practice)

0-1135
—*—"1’0471— x 100

= 0-01089, (or 108 ppm)
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6. REMARKS AND PRECAUTIONS.

As stated, a method measuring total nitrite and nitrate o solution,
as by the phenoldisulphonic acid method, is superior 1o one which measures
either the nitrite or the nitrate, since the ratio of niwrite to nitrate in
solution may not be constant. The factor of 1 has been estublished by
practical sampling underground but caution is requived in using it,
particularly in circumstances where conditions may not be usual. It
must therefore be realized that the results obtained by this method are
an indication of the order of the concentrations of nitrous fumes rather
than the exact concentrations. If precisc information is required then
samples should be analysed by the phenoldisulphonic acid method.

It is advisable to use the purest A.R. grade chemicals obtainable.

For reproducible results it is advisable to carry out the procedure
meticulously as described. The quantities of reagents given should be
adhered to as the {ull stable colour will only be developed if the amounts
specified are present. This applies particularly to the amount of mixed
Griess-Ilosvay reagent added to develop the colour. Ii no case should
this be less than 20 per cent v/v of the final solution and the solutio should
be neutralized to the acid side of phenolphthalcin before adding the
reagent.

When a photo-electric spectrophotometer is used, it is desirable that
the same salts as are in the sample should also be present in the standard
solutions used for deriving the calibration curves. as salts atlect the
transmittance to a certain extent.

DETERMINATION OF NITROUS FUMES BY POTASSIUM
IODIDE METHOD.

If the phenoldisulphonic acid method cannot be applied due to luck
of reagent, or other cause, assay offices may find the potassium iodide
method sufficiently satisfactory if great accuracy is not required, and
the presence of comparatively large quantities of nitrous fumes is sus-
pected, and where oxidizing agents such as ozone are knowu to be absent.

The sample may be taken in an evacuated hottle containing 10 ml
of ten per cent potassium iodide solution. Alternatively, the samyle
may be taken in a dry bottle using bellows, anil the solution added
immediately after sampling. A Winchester quart is advisable.  The
addition of reagent is best done before evacuation or otherwise im.
mediately after sampling because of possible disintegration of fumes
during transport to the laboratory.

In the laboratory, the bottle should be agitated intermittently for
several hours, and preferably left overnight. The liquid becomes brownish
due to the liberation of iodine. The liquid is washed into a beaker, and
the iodine titrated with freshly diluted, N/500 sodiuin thiosulphate.
I ml. N/500 thiosulphate equals 0-000092 grams NO, or 0-059 ml. NO,
at average Rand laboratory conditions of pressure and temperature.

If the quantity of liberated iodinc is too small to be satisfactorily
titrated, the amount may be determined colorimetrically by adlding a
measured quantity of starch solution, and comparing the bluc colour
with standards prepared by adding starch to kncwn solutions of iodine
in potassium iodide.
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CALCULATIONS.

The reaction of nitrous fumes on potassium iodide solution may he
summarised as follows:
9KI + 2NO, + 0, — I, + 2KNO,
(2 X 46-008)
2Na,S,0, + I, — 9Nal + Nua,S,04
(2 X 248-206)
Hence: (2 x 46-008)NO, = (2 ¥ 248-200)Nu,8,0,
Now:
1 litre of N/10 thiosulphate contains 24-8200 grams Na,3,0,.5H,0

1, ,, N0 " = 406008 grams nitrous fuines us NO,
-1, ,, N/500 . = 0-9202 grams nitrous fumes as NO,
or 1 ml. ,, N/60OO - , = (-000092 grams nitrous fumes as NO,

(0-000092 grams NO, at average Rand conditions, ie., 25°C. and 630 mm.
Hg = 0-059 ml.)

AxaLvsis oF Fumes rroM CHEEsa Sticks (Fuse Iexitrens).

Since the exact composition of these sticks is usually u trade secret,
it may be necessary to apply tests to ensure that they comply with the
Government regulation. This states that, in burning, a cheesa stick shall
not give off more than 4 of 1 per cent of its weight of nitrous fumes.

A sample of the fumes is obtained by burning 1 gram of the cheesa
stick in a dry bottle of about 10 litres capacity. In order to duplicute
working conditions, the burning stick is inserted into the inverted bottle
for the number of seconds previously ascertained to be required to burn
1 gram (usually about 11 seconds). The ash should be shaken on to the cork
and rejected.

The gases in the bottle are then analysed for nitrous fumes by one of the
methods previously described. See also “Polarographic Analysis”.

HYDROGEN SULPHIDE.
INTRODUCTION.

Hydrogen sulphide (H,S), is intensely poisonous and acts as an acute
lung irritant. It acts also on the ncerve centre controlling the sense of
smell so that after breathing air contaminated with high percentages of
hydrogen sulphide for a short time, the strong odour of the gas apparently
disappears, thus misleading the miner. Sense of smell may be affected
when there is 0-01 per cent or more of the gas present. An important
warning symptom is the irritation of the cyes, which can be regarded
as distinctly dangerous; 0-02 per cent can be sufficient to give warning
within 5 minutes. 0-05 per cent will kill a canary in 30 seconds while
0-2 per cent is fatal to human beings in a few minutes.

OCCURRENCE.

The main source is when old workings, containing stagnant water are
opened up.

It may be liberated under pressure if such water is encountered during
drilling operations.
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Underground fires and the heating of coal are turther sources of this
dangerous gas, and it is often found associated with methane in mine uir.

DeTECTION.

Test Puper—A test paper for detection of hydrogen sulphide may be
made by dipping paper in a solution of lead wcetare and thoen dryving.
Quantities of hydrogen sulphide as small us 0-005 per vent by volune may
be detected by wetting and exposing this paper to the avmosphore. The
brown colour of lead sulphide becomes apparent on the paper at this con.
centration, deepening to black at higher percentages.

D.S.1.E. Method —A refinement of the above method developed by the
Department of Scientific and Industrial Rescarch in Great Britain draws
the air to be tested through test papers by mueins of a suction punp.
The inlet of the pump has a test paper holder attached. The test paper is
clamped in this holder and the air is drawn tlirougl the paper.

A chart is used which carries stains of definite concentrations of
hydrogen sulphide.

A measured amount of the air, determined by the number of strokes of
the pump, is drawn through the paper.

The concentration is measured in one of two wayvs; eitner by matehing
the colour produced by a fixed quantity of air or Ly measuring the
amount of air required to produce a certain intensity of colour,

The test papers are made by dipping Whatman’s No. 1 filter pupers
in the following solution:

Lead acetate .. . . 10 grams.
Glacial Acetic Acid . . 5 ml.
Distilled water .. .. . 100 ml.

The paper is said to be sufficiently sensitive to detect I part ot hydrogen
sulphide in 20,000 parts of air (-0039).

M.S.A. Hydrogen Sulphide Detector—This is a portable apparatus con-
sisting of an aspirator bulb by means of which the air is drawn through a
detector tube. The tube contains a layer of a specially prepared chemieal,
consisting of silver cyanide on activated alumina. The granules react with
hydrogen sulphide and turn grey in colour, and the length of travel of the
discoloration through the layer is proportional to the percentage of the
gas in the atmosphere tested. A graduated scale is provided, which is
calibrated to show concentration with ten squeezes of the bulb. The instru-
ment indicates a range from 0-0025 per cent to 0-04 per cent. A special
supersensitive detector is also available indicating concentrations from
0 to 0-0050 per cent.

DETERMINATION.

Hydrogen sulphide in mine air or mine water may be accuratcly deter-
mined by adding a known volume of iodine and titrating the excess with
sodium thiosulphate.

Since the hydrogen sulphide is likely to oxidize to sulphave during transit
it is necessary to add the excess iodine at the place of sumpling. The botile
may then be taken to the assay office for determination.

The determination of hydrogen sulphide in mine wir is carried out by
adding 100 ml. of water and a known excess of N/10 iodine to the
Winchester quart bottle. (Thisis done at the place of stamypling, immediately
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the sample is taken.) On reccipt at the assay oflice. the bottle is well
shaken and, to ensure complete absorption of all hydrogen sulphide
present, the residual air is tested with lead acerate paper. 1f no colora-
tion is shown, the excess iodine is estimated by titration with N/10
sodium thiosulphate using starch as indicator.

In mine water the hydrogen sulphide is determined inoasimilar manner.
100 ml. of the water, or such quantity that, on dilution to 100 ml., will
yield less than 0-04 per cent H,S, is placed in a Winchester quart bottle
and agitated with a known volume of N/10 iodinc.  After reaction, the
excess iodine is estimated by titration with N 10 sodium thicsulphate.

The amount of iodine which reacts with the Lydrogen sulphide ix
obtained by difference and the percentage hydrogen sulphide js calculated
as shown below.

CALCULATION.

Since 1 ml. N/10 thiosulphate equals 1 ml. N 10 iudine, thie amount ol
thiosulphate used subtracted from the number of ml. N/10 icdine added,
will give the number of ml. N/10 iodine which has reacted with the
hydrogen sulphide.

From the equation:
HS + L, =2HI + 3
34-082 grams H,S == 2 x 126:92 gm. I,
Since an N/10 solution of iodine contains 12-642 yrams 1,
1 litre N/10 iodine = 1-704] grams H,S

Since 34-082 grams H,S occupy 22,400 ml. at N.T.P.

1 litre N/10 iodine = 1-12 litres IL,S at NT.P.
1 ml. N/10 iodine = 112 nl. H,S at N.T.F.

. ] .. No. of ml. 1, x1-12 |
. per cent hydrogen sulphide = Vol of bl A NTD. = 100

When converting the volume of the bottle to N.T.I”. it must be remern-
bered that, since the charging of the rcagent has been done underground,
the conditions of temperature and pressure at the plice of chargin
be used in the calculation. '

METHANE.
INTRODUCTION.

Methane (or Marsh Gas, CH,) is not a poisonous gus, but, like carbon
dioxide, large quantities may cause & deficiency of oxygen in the air
with resultant dulling of the senses, headuche, ete. The dunger of methane
lies in its explosive properties when mixed in cervabi proportions W ith air.
The presence of 5 to 15 per cent of methane in air produces a mixture
which is explosive either by compression or imition. Methane is the main
constituent of the so-called “Fire Damp”, usually associated with coal
mining but also to a lesser extent in gold mincs.

OCCURRENCE.

Methane is produced when vegetable matter decomposes in the absence
of oxygen. It is often encountered in coal mines and is also found in layers
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uf shale or dolomite, and not infrequently occurs in gold mines. Mining
legulations require that no person shall be allowed to work inany part of a
mine where there is sufficient inflammable gas vo show « distaet cap
on the reduced flame of the safety lamnps ordinarily in vsc 11 the nine.

DEeTECTION.

Although methane is usually the only explosive gus which is likely to be
‘encountered in dangerous quantities it is always accomnpanicd by hydrogen
and other hydrocarbons. In the routine testing of niine uir for explosive
gases methods are used which will generally cause all explosive gases
present to react.

Thus the first two methods given, merely indicate the percentuge of
combustible gas. The analyst may report such gases as methane but it is
unlikely that the result is all due to methane.

Method 1. —Safety Lamps.—The standard method of testing the air in
mines is by using an oil burning safety lamp. The presence of methane is
shown by a blue cap burning on top of the flume. The heizht of the cap
will depend on the percentage of methane. Colza oil is generally used in
test lamps as illuminant.

The table below shows how the height of the cap with a lowered flame
indicates the percentage methane, with the safety lamps used on the
Witwatersrand.

Height of Cap. Percentage Methane.
1 inch A
1 pxey
o 3 (2o}
3 ‘;] 0/
4 ” 20
3 3 p /
1} inches 4”,5
10/
1% I 47.' /0

Method 2.—The M.S.A. Methane Detector—This is an electrically
operated instrument used in conjunction with an Idison Caplamp cell
and will give direct readings from nil to 5 per cent methune. The scule is
graduated to read to 0- 1 per cent, thus enabling the user to obtain accurate
results.

The principle is to draw the air to be tested through two cells, in vach
of which there is a heated platinum wire filament, the cnvrent Leing supplie |
by the Edison battery.

In the first cell the detector filament is catalytically activated to cause
combustion of any methane present. The sccond cell is a compensating
cell, so designed that external influences, which would affect the aceuracy
of the reading are eliminated. The air then passes out through a flash-
back arrestor and exhaust valve to the aspirator bull.

The electrical circuit is a Wheatstone bridge. The buming of nicthane
on the activated filament increases its temperature and thus alters its
resistance.  This unbalances the circuit to a degrec proportional to the
amount of methane. This is measured on a gulvanometer graduated to
show percentages of methane.

KsTiMATION.

Method 1.—T'he Orsat Apparatus —DMethane may be estimated by means
of an Orsat apparatus. The procedure is fully described in the section
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dealing with fuel gases. This method gives very good results. beiny
especially useful when other gases are present. The application of the
Orsat apparatus is limited to concentrations of met hane not lower than
about 0-5 per cent; since it is aceurate to about 0.2 per cent.

Method 2.—Two samples of about 21 litves wre required.

The sample in the first hottle is displaced by witer and caught s
conical flask over a beehive shell. also by the displacement of water. From
10 to 20 ml. of water should be left in the flask. The flask is then sealed
with a rubber bung which has been fitted with two clectrodes connected
to a heating element. The flask is removed and placed in a water bath.
The electrodes are connected to a battery and the amperage revulated to
7 or 8 wnps.

The methane present in the su mple will ignite and torm carbon dioxide.

CH, + 20, = CO, = 2H,0

The reason for placing the flask in a water Lath is that the mixture
may be within the explosive range.

When combustion is complete, the carbon dioxide present in the bottle
is estimated, using Pettenkofer’s method.

Also by means of Pettenkofer's method the carbon Jdioxide in the second
bottle is estimated. This figure is subtracted from that obtained from the
first bottle and the result gives the amount of carbon dioxide resulting
from the combustion of the methanc.

Since one volume of methane produces one volume of carbon dioxide.
the percentage by volume of carbon dioxide is @ direct measure of the
percentage methane.

This method gives very accurate results even when small quantities
are present.

It must be remembered that each volume of methanc requires two
volumes of oxygen for complete combustion. Thus when the air contains
9 per cent methanc there is just suflicient oxygen present for complete
combustion, and at higher percentages of methane extra air must be added.

HYDROCYANIC ACID GAS.
INTRODUCTION. ‘

The presence of this gas underground is very rure and nowadays
poisoning cases are seldom encountered. It is a highly poisonous gas, and
0-01 per cent or more present in the air is considered to be highly
dangerous.

The gas has a peculiar smell of bitter almend oil.

It is also encountered in the Reduction Works where lurge quant itiex
of cyanide are dissolved in water.

OCCURRENCE.

The source of this gas is the sand tailings used for sand filling under-
ground. Fresh dump sand usually contains small proportion of residual
cyanide and when this comes in contact with sulphuric or other acids
which are present underground the reaction is as follows:--

9KCON + H,S0, = K,80, + 2HCN

The Mining Regulation states that when tailings are used for filliny
worked-out areas underground the moisture contained in such tailings
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and the liquid draining from such areas shall not Lave a higher cyanide
content than 0-005 per cent expressed as cyvanide of potassiun,

DEeTECTION.

A sensitive test paper may be made by dipping filter paper in a solution
made by boiling 2 grams of commercial tolidine and 3 grams of copper
acetate in 200 ml. of 0-5 per cent acctic acid, tle solution being finully

- cooled and filtered. A strip of filter paper is dipped at one end in a 1ew

drops of this reagent and exposed in the suspected wir. A light blue colour
develops within a minute if one part of hydrocyanic acid gas per million
parts of air is present (0-0001 per cent). The higher the proportion of
hydrocyanic acid the more rapid and intense the colour. At high con-
centrations the stain has a copper-like lustre.

DETERMINATION.

The determination of hydrocyanic acid in niine air may be carried out
in the following manner. The sample of air is taken in a Winchester quart
which is then sealed with a rubber bung. To the Lottle 25 ml. of strong
potassium hydroxide is added, and the whole shaken to convers all hydro-
cyanic acid to potassium cyanide, according to the equation:

HCN + KOH = KCN + H,0
The contents are washed into a beaker (for clurity of end-point). A

few drops of potassium iodide solution are added to sharpen the end-point,
and the potassium cyanide titrated with N/100 silver nitrate. Asthe drops
fall into the liquid, a turbidity is produced (AgCN) which almost
immediately redissolves.

The overall reaction is as follows:—

AgNO, 4+ 2KCN = KAg(CN), - KNO,
169-888  130-228
When all the cyanogen has been converted to potassium silver cyanide,
the next drop produces a permanent turbidity of AgCN, intensified by the

presence of silver iodide and a few ml. ammonium hydroxide.
Since N/100 silver nitrate contains 1-69888 grams/litre,

1 litre N/100 silver nitrate = 1-30228 grams potassium cyanide.
1 ml. N/IOO . 0y = 0'0013 'R s )
= 0-448 ml. hydrogen cyanide at N.'T.P.

DETERMINATION IN WATER.

The determination of potassium cyanide in the water contained in
tailings used for sand filling cannot be done by dircct titration us the
amount present is so small. Thus it is necessary to concentrate the sohu-
tion. This is best done by taking a large sample of the water to be tested,
adding sulphuric acid and distilling over until about a tenth of the volume
has evaporated. The cyanide is converted to hydrocyanic acid gas and this
passes over with the water vapour. The distillate is caught in 20 ml.
of 5 per cent potassium hydroxide solution so that the hydrocyanic acid
is converted to potassium cyanide.

HCN + KOH = KCN + H,0
This may then be titrated directly with N/100 silver nitrate.
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Method.—To a conical flask add 1,000 ml. of the water to be tested.
Connect the flask to a Liebig condenser, the end of which dips into « solu-
tion of 5 per cent potassium hydroxide. By mieans ol'a separating funnel,
the stem of which also passes through the stopper of the dask. add 10 ml. of
sulphuric acid. Distil over about 100 ml. of the water. Titrate the disullate
with N/100 silver nitrate and calculate the potassium cyanide present.
This is, of course, the amount present in 1,000 ml. of water sample.

The percentage is calculated as follows:—

Amount of KCN

1,000 % 100 == percentage KCN.

SULPHUR DIOXIDL.

In mine air this gas is not likely to be found in dangerous quantities.
A dangerous local concentration may., however, Le built up by leakage
from underground refrigeration plants which use sulphur dioxide as
refrigerant, although Freon is almost invariably used nowadays. lvmay
possibly be produced to a very small extent from the fumes of fires or
after an explosion. It is casily recognisable by its peculiar pungent
odour of burning sulphur. Like hydrogen sulphide it is a powerful irritant,
respiratory poison.

DETECTIOXN.

Its detection may be made chemically Ly soaking filter paper in
potassium iodate solution and a little stareh solution, and then hanging
the paper in the suspected air for a few minutes. Any sulphur dioxide
present will liberate iodine and cause a blue colour to appear. On further
exposure this colour may disappear. The sulphur dioxide first liberates
the iodine and then in turn reduces it so that the colour disuppears, the
equation being:—

580, + 2KI10, + 4H,0 = I, + 2KHS0, -— 3H,S0,

DETERMINATION.

Todine Method.—The method given below is the same as that used for
the determination of hydrogen sulphide, but these two guses cannot both
be present except in absolutely dry air which is impossible under normal
conditions. Hydrogen sulphide reacts with sulphur dioxide in nwist air
according to the equation:—

9H,S + SO, = 2H,0 — 38

Lead acetate paper gives no reaction with sulphur dioxide and iv may,
therefore, be used to distinguish between the two gases.

To the samples, received in Winchester quarts. a known volume of
N/10 iodine solution is added. The bottle is then well shaken and the excess
jodine is titrated with standard sodium thiosulphate using starch
indicator.

The reaction is as follows:—
S0, + 2H,0 + I, = H,S0, + 2HI
64-066 grams (22,400 ml.) SO, = 9w 126-92 grims I,
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Since N/10 iodinc contains 12-692 grams;litre.
1 litre N/10 iodine = 3-2083 grams (1,120 ml.) sulphur dioxide.
1 ml. N/10iodine = 0-003203 grams (1-12 1al.) sulphur dioxide.
= 1-12 ml sulphur dioxide at N.T"P.

I

ExamrLE:

The observed volume of the mine air sample was 2.830 ml. when the
temperature was 19-4°C. and the atmospheric pressure was 623-5 mm.
10 ml. of N/10 iodine was added to the bottle and after agitation the
amount of N/10 sodium thiosulphate required for titration was 9-6 ml
The volume of the air sample at N.T.P. is 2,206 ml. (for calculation sve
the example given under carbon dioxide).
Now since 1 ml. N/10 thiosulphate = 1 ml. N/I10 iodine it follows that
the excess iodine = 9-6 ml.
Therefore the amount of iodine reacted on by the sulphur dioxide = -4
ml.
1 ml. N/10 iodine = 1-12 ml. sulphur dioxide.
0-4 ml. N/10 iodine == 0-448 ml. sulphur dioxide.

s o 0448 _
This is =—=—= X 100 = 00202 per cent sulphur dioxide.
2,206
D.S.I.R. METHODS FOR THE DETECTION OF TOXIC GASES IN

The Department of Scientific and Industrial Rescarch, of Great
Britain, has devised methods for the detection of toxic gases by meuns of
simple apparatus, which can be used by non-technical operators.

A known volume of the air or gas under examination is drawn through
filter paper impregnated with a suitable reagent and the depth of colour
change is used as a measure of the concentration of the toxic gas. Insomc
cases a solution is used. The apparatus employecd for the purpose is cither
a hand operated exhaust pump, fitted with a special test paper holder, or
an aspirator fitted with a similar holder. The concentration of the toxic
gas is determined by comparison of the colour of the stain on the filter
paper or solution either with standard colour charts issued with the
explanatory booklets, or with standard coloured solutions.

The gases colorimetrically dealt with are:—Aniline. Arxine. Benzene.
Carbon Bisulphide, Chlorine, Hydrogen Cyanide. Hydrogen Sulphide.
Nitrous fumes, Phosgene and Sulphur Dioxide.

The complete outfit consisting of an exhaust pump, test paper holder.
All Purposes Lovibond Comparator and colour standards is available in
one case, weighing approximately 11 pounds.

The use of colour glasses has been approved as a mcthod of comparison
alternative to the colour standard charts, the former having the advantage
of greater permanence with age and continued handling. In cases where the
official standards consist of coloured solutions permanence of colour is also
claimed.

The D.S.I.R. outfit simplifies conditions for the opcrator, and makes tor
compactness and ease of storage, and where tests have to be carried out ut
different points, the portability of the complete set is i great advantage.
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ANALYSIS OF FLUE AND FUEL GASES.
(*ENERAL.
The examination of flue gases is of great importance in connection with

the most economical use of fuels in engines, boilers and {urnaces. In the
correct use of solid, liquid or gaseous fuels for industrial purposes, the

_object is to supply an amount of air which will give as nearly complete

combustion of the fuel as possible.

This means that the carbon of the fuel should be found in the exhaust
or flue gases only as carbon dioxide. In practice it is usually found neces-
sary to admit from one and a half to twice the theoretical amount of air
in order to secure good combustion, but the greater the excess of air used,
the larger will be the amount of heat carried away by tle flue gases.

It is generally required to estimate only the carbon dioxide and the
oxygen in such gaseous mixtures. Occasionally, the carbon monoxide may
be required; in the waste gases from blast furnaces, for instance, a con-
siderable amount of carbon monoxide is present. Strictly speaking,
however, blast furnace gases should be considered to be fuel gases rather
than flue gases, since they are used again to heat the incoming air blast.
The complete analysis of gases used for fuel, such as coal gas, producer gas,
etc., requires considerable manipulative skill and expcrience, and for
details of the method and apparatus used, works devoted to gas analysis
should be consulted. Inthe present article only the simple Orsat apparatus,
which is widely used in technical work, will be described.

The Orsat can also be used for the examination of fucl gas, in this case
being used in conjunction with the Hempel explosion pipette.

In this way the following constituents may be estimated:—carbon
dioxide, carbon monoxide, oxygen, heavy hvdrocarbons, methane,
hydrogen and nitrogen.

The first four are determined by the Orsat alonc and the last three by
means of the Hempel explosion pipette used in conjunction with the
Orsat.

SAMPLING THE (AS.

The usual method is to make a connection from the fluc or pipe, con-
veying the gases, to u bottle filled with brine which wcts as an aspirator:
the brine is allowed to drip out at a suitable rate. and its place is taken
by the gas sample.

The connecting tubes should be swept free of air by running the aspirator
for a few minutes and re-filling it before actually connecting up with the
sample.

Again, carbon dioxide is appreciably soluble in water, and the brine
should, therefore, be acidified with hydrochloric acid. A little methy!
orange added serves as a reminder and also aids in the readings.

For accurate work it is necessary to use mercury instead of water as the
confining liquid. In this case smaller sample tubes may be used; a con-
venient form of these is fitted with a three-way ground-glass stopcock at
each end so that an outlet to the air is provided as well as to the tube. 1n
this way the connecting tubes from the flue can be filled with gas before
connection with the sample tube is made.
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ANALYSIS.

The method used to estimate most of the constituents of a gaseous
mixture is to absorb the constituents successively by means of suitable
reagents and, after each gas has been absorbed, to measure the volume of
gas remaining. In the case of the gases carbon dioxide. carbon monoxide
and oxygen, the absorption method is available.  For certain gases
(e.g., methane) suitable absorbents are not known, and other methods
are used, depending on the combustion of the gas with oxygen.

The Orsat apparatus designed for this purposc consists of a gus burette
of capacity 100 ml., with its lower end, of small diwmeter, accurately
graduated.

-The lower end of the burette is connected by means of “pressure”
tubing to the levelling bottle filled with acidulated brine solution. The
top end of the gas burette is connected by capillary tubing to absorption
pipettes through stopeocks.

The absorption pipettes contain short glass tubes to provide a larger
absorbing surface, and each pipette is connected by a U-tube at the bottom
to a glass reservoir at the back, into which the absorbing reagent is forced
when gas enters the pipette. A three-way stopcock controls the entrance
of the gas sample into the burette and also a lower tube, which can be
connected to a filter pump for freeing the capillary tubes of air.

MAXNIPULATION.

The burette is filled with acidulated brine solution up to the capillury
by opening the stopcock and raising the levelling bottle. Then it is con-
nected to the sample bottle through the capillary, and the sample of gas
drawn in by lowering the levelling bottle. By manipulating the levelling
bottle and the stopcock exactly 100 ml. of gas at atmospheric pressure
can be obtained in the burette.

The analysis is now carried out by passing the gus successively into the
three pipettes. Sufficient time must he given for each absorption. and it is
essential to pass the gas backwards and forwards between the burette
and the pipette being used at the moment until constant readings of the
remaining volume of gas are obtained. At the end of each absorption the
remaining volume is noted, after the pressure has been adjusted to the
original value (atmospheric). The volume of gas absorbed is given by the
decrease in volume.

The details of the different absorbing solutions are given below.

Errors in analysis with the Orsat apparatus arise froin the fact thav it
does not permit of sufficiently intimate contact of the oxygen and the
carbon monoxide with their respective reagents, so that complete
absorption is not always obtained. Changes in temperature during the
analysis also affect the accuracy. Modifications of the original Orsat
apparatus have been designed, with a view to providing better contact of
gas and reagent and elimination of temperature errors.

Reagents Required:—The following reagents are required for the
absorption of the four gases:—
Carbon dioxide.—A solution of 50 grams potassium hydroxide in 100
ml. water.
Heavy hydrocarbons.—Saturated broniine water.
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Ozygen.—To a solution of potassium hydroxide containing 25
grams of the solid to 25 ml. of water a solution of 5 grams of pyro-
gallol in 5 ml. of water is added.

Carbon monoxide.—Either an acid or an ammoniacal solution of
cuprous chloride is used.

For the ammoniacal solution 1,200 ml. of the acid solution should
be taken and poured into 4 litres of water. The resulting precipitate
is transferred to a graduated stoppered cylinder of 250 ml. capucity.
After two hours the supernatant liquid is siphoned off and 7-5 per cent
ammonia is added to the 250 ml. mark.

Copper wire or foil should be placed in the pipette containing the
reagent in order to preserve it in the reduced or cuprous condition.

Methane and hydrogen are determined by explosion vwith oxvgen.
Nitrogen is obtained finally by difference.

It is important to absorb the gases in the order given above as some of
the reagents absorb more than one gas. Thus the oxygen aubsorbent will
also absorb carbon dioxide and the cuprous chloride absorbs oxXygen as
well as carbon monoxide.

ExamrLE.

100 ml. of coal gas were taken for analysis. The volume after absorption
in potassium hydroxide was 97-8 ml., after the bromine water 93-0 ml.,
after the pyrogallol solution 92-2 ml., and after the cuprous chloride
75-0 ml.

The percentages were therefore:—

Carbon dioxide .. .. . . 100 —97-8§ = 2.20/
Heavy hydrocarbons .. . .. 97-3—93-0 = 4-39]
Oxygen .. .. .. .. .. 93:-0—92-2= 039
Carbon monoxide .. . .. 92-2—75-0 = 17-29

Thus we have a residue of 75-0 ml.

For the determination of methane and hydrogen by explosion a certain
volume, say 12-8 ml. of the residual gas is measured off from the burette
and mixed with 83 ml. of air, so that the volume for explosion is brought
up to 95-8 ml.

This is passed over into an explosion pipette and an electric spark passed
between the terminals.

The reactions occurring are an oxidation of methane to carbon dioxide
and water and of hydrogen to water.

CH, + 20, = CO, -+ 2H,0

1 vol. 2vol. 1 vol Nil.
2H, + O, =2H,0
2 vol. 1 vol Nil.

In both equations the water is condensed to liquid.

From the equation one volume methane equals one volume carbon
dioxide. Thus the carbon dioxide present is a direct measure of the
methane present. In this equation the actual volumes reacting are: 1
volume methane reacts with two volumes oxygen to produce 1 vohnme
carbon dioxide. That is, three volumes of the reacting gases are contracted
to one volume of carbon dioxide.

Likewise with the hydrogen two volumes hydrogen and one volune
oxygen are completely contracted to liquid.
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idual gas to the Orsut and measure the

After the explosion, return the res
Jioxide by absorption in

contraction, and then measure the carbon
potassium hydroxide.

The gas measured 78 ml. after explosion; a
in the potassium hydroxide.

Let z be the volume of methane present.

Then 2z is the volume of oxygen require
methane.

Let y be the volume of hydrogen present.

e 742 b afrer absorption

| for the combustion of the

Then%is the volume of oxygen required sor the combustion of the

hyd:ogegl.
Therefore the total oxygen required for the

1 . . .
%. In the actual determmation the contraction

combustion of the methane

and the hydrogen is 22 +

is measured and then the carbon dioxide is measured. These two represent

the total contraction.
Thus, including the a
to methane is:—One volume of methane plus two v
reduced to zero. As we have x volumes of methane an<
oxygen this contraction is 3z.
Likewise in oxidation of hydrogen wc hav
Therefore the contraction due to

bsorption of carbon dioxide, the contraction duc
olumes of oxygen is
1 2¢ volumes of

e y volumes of hydrogen and

2

volumes of oxygen reduced to zero.

hydrogen is ¥ + %

N

We have established: oxygen 0, == 2v + 15«

We have to evaluate: 22 ?i)

Total contraction C =3z -+ —’g (2)
Solve by multiplying (1) by 3 and (2) by 2.

30, = 62 + = (3)

2C = Bx + 3y (4)
Subtract (3) from (4) .

50 = 30, + By — 5

3y B

4

i.e., hydrogen equals % total contraction minus oxyzen.
To solve for the value of 2, substitute this value for y in (2).
. 34 .
C = 3z -+ 2C — 30,

3z = 30, — C
o
il:=:()2—“—§'

i.e., volume of mathane = total oxygen minus one-third total contraction.
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From this last equation we have the amount of oxvgen used in the com-
bustion as the methane is known from the amount of carhon dioxide found.
Applying these values to our example:—
Contraction before absorption in potassiuin hydroxide.
95:8 — 78-0=17-8§
After absorption in potassium hydroxide:
780 — 74-2 =33
Therefore the methane is 3-8 ml. and the total contraction is:
17-8 4+ 3:8§=21:6 m!.

l
In the equation methane = O, — gc

Substitute for methane and total contraction:
3-8= 0, — G y :1-<5>
Le., O, = 11 ml.

From the equation H = %C — 20, and substituting the values for
oxygen and total contraction:
H = <§ % 21-6)- (@ x 11)
= 6-8 ml.
Or, to put it another way:—
Let C be the contraction after the explosion.

Let M be the contraction due to the absorption of the CO, formed.
Let X be the volume of hydrogen present.

We have seen that M = Volume of methane present . o)

Now M volumes methane have combined with 2M volumes of oxygen,

therefore 2M volumes of the contraction is due to the combination of
methane and oxygen.

The remainder of C, i.e. C — 2M, is due to the combination of hydrogen
and oxygen.

Since 2 volumes of hydrogen combine with 1 volume of oxygen to
form water, then:—

X=§(C——2M) .. . (2
In the example, then:—

From (1) M = 78 — 742 = 3.8 ml. methane.

From (2) X = g [(95-8 —78) — 2 x 3:8] = -8 ml. hydrogen.
As these volumes were obtained from 12-8 ml., the—

percentage methane is: —3'8—]?%51—9 = 22:39,

and hydrogen is: 6:8 X 750 = 39-8Y%,
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(a) Composition of the Dust.

Several constituents occur in air-borne mine dust:-
(i) Carbon—from acetylene lamps.
) Oil—from lubrication of drills.
) Steel—from the wearing of drill steels.
(iv) Rust—from rusty compressed air pipos
) Soluble salts—from atomisation of mine w.arer containing caleium
sulphate and other salts.
(vi) Rock particles—from pulverization of rock.

Since it is the concentration of the particles derived from the rock that
is generally required in dust estimation, the sample must be treated by
suitable methods for removal of the extrancous nuwtter. viz.. ignition to
remove the carbonaceous matter and oil, and acid treatient to remove the
soluble salts and other acid-soluble matter.

The composition of the particles derived from the rock is of interest.
For simplicity from the silicosis point of view the rock material may be
regarded as consisting of three constituents: Quartz or free silica, silicates
and pyrites.

On the Witwatersrand the parent rocks from which the dust is derived
are the gold-bearing reefs which generally contain over SO per cent of
quartz; the strata under and over them, also very high in quartz, except
in certain regions where shale is encountered which contains some 30
per cent of quartz. In general, the composition of the rocks may be given
roughly as:

Quartz .. .. .. . 80 per cent.
Silicates .. . .. .. 20 per cent
Pyrites .. . . . 1-—3 per cent.

In the dust produced from these rocks, it is found that the proportions
of the constituents have changed considerably, the quartz contents being
generally much lower than in the rock, a fact ascribed to the greater ease
of breaking the silicates into fine particles.

A typical composition for the rock matter in an air-borne dust may be
as follows:—

Quartz .. .. .. .. 50 per cent.
Silicates .. . .. . 45 per cent.
Iron oxide .. .. .. .. 5 per cent (oxidised pyTites).

(b) Size of Particles.

The size of particles is measured in microns:

1 micron (i) = y¢'vo millimetre.

Samples of air-borne mine dust show that particles up to 50 microns
may be present, but the greater proportion of dust is under 5 microns in
size. The lower limit of the particles is not known, but it is found that
particles down to the finest visible under the highest power microscope,
i.e, about 1% micron, are always present and the possibility is, therefore,
that still finer particles may occur.

Dust particles as small as these are seldom found in nature, the mineral
dust present in the air of towns or deserts being gencrally much coarser
than the above sizes.

7
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For comparison with these fine sizes it may be stated that the finest
sieve used on the Witwatersrand, viz., 325 mesh. has an average aperturc
of 44 microns.

(¢) Quantity of Dust in Mine Aur.

The concentration of dust in air may be measured by weight or by
number.

In Witwatersrand mines the dust concentrations generally occurring
are low. By weight the average amount of rock dust in the air is of
the order of } milligram per cubic metre. What this means from & sampling
point of view may be realised from the fact that to collect a sample of
only 1 milligram with an instrument sampling at the rate of 1 cubic foot
per minute would take over one hour.

In determinations of the dust by number, the usual method is to report
the dust concentration in terms of the number of particles per cubic
centimetre (p.p.c.c.). Typical concentrations are between 100 and 200
particles per cubic centimetre as measured by the Konimeter (ignition
first technique) corresponding to about 300 particles per cubic centimetre
measured by the Thermal Precipitator (this refers to rock particles as
measured after acid treatment).

It is generally considered that gravimetric results of over 1 mg. per cubic
metre or konimeter counts of over 300 particles per c.c. indicate that some
improvement in conditions is required.

Nore.—Owing to the fact that the term “‘cubic centimetre’” is generally
used by Ventilation Officers it has been used throughout this section
instead of the more usual “millilitres”.

DusT SAMPLING INSTRUMENTS.

Dust sampling instruments may be of two main types:

(a) Gravimetric.
(b) Number determination.

In South Africa the standard method at present is number deter-
mination, the Konimeter being used for routine sampling and the Thermal
Precipitator for special investigations.

Gravimetric samples are to-day taken only for special purposes, the
sugar tube being sometimes used for weight concentrations, and the filter
paper or electrostatic method for collecting bulk sanples for chemical
analysis.

The following is a tabulation of the most common instruments in actual
use for dust sampling in various parts of the world.

(a) Gravimetric Instruments.

1. Sugar tube.

2. Filter paper and Soxhlet thimble.

3. Solubie and volatile filters (salicylic, anthracene).
4. Electrostatic sampler.



AlR AND GAS ANALYSIS 175

(b) Number Determination.
1. Konimeter.
2. Thermal precipitator.
3. Midget Impinger.
Recently other instruments have come into usc such as the PRU.
handpump, usually assessed by a densitometric method and the
" Tyndallometer, using photo-electric means of estimation.

DrscrrprioN OF THE MORE COMMON INSTRUMENTS.

Sugar Tube.—The sugar tube method was one of the first to be used
for sampling mine dust. By this method the weight of dust in the air is
determined. Owing to the very small amount of dust by weight in mines
at present, it is no longer used as a routine method on the Witwatersrand,
but is sometimes used for special tests.

The sugar tube consists of a thick-walled glass tube 5" long and 13" in
diameter. At the lower end a rubber stopper is provided through which
passes a piece of 4" glass tubing. A wad of cotton wool is placed ut the
bottom of the tube to cover the opening in the tubing, and on this is
placed 40 grams of sugar. The sugar used is Tates’ Mincral Water C or
Coffee Crystals, sieved to pass ten mesh and remain on 20 mesh. The top
of the tube is closed with a solid rubber stopper, which is removed for
sampling.

The tube is connected by rubber tubing to a double-acting suction
pump, and air drawn through the sugar ut the rate of upproximately
one cubic foot per minute. The volume of air usually sampled is § cubic
metre, which requires 100 double strokes of the pump. This takes about
ten minutes. During sampling the tube is held at head height. After
sampling, the tube is closed with the stopper, and transferred to the
surface for analysis.

The tubes are wiped with a damp cloth, and the sugar shaken out into
o metal screen which consists of an inverted truncated cone, the narrow
end of which is covered with 350 mesh gauze. The screen rests in w glass
funnel fitted with a close-textured filter paper. ‘The sugur is wushed
through the screen with hot water, and the washing continued until all
the sugar has dissolved and passed through the filter paper. The dust is
caught on the filter paper. The paper is then burnt in a silica crucible
over a Bunsen burner, the crucible is allowed to cool. and thien weighed.
The dust is brushed out and the crucible weighed again. The difference
in weight is the weight of dust plus filter ash and contamination in the
sugar. The sum of the latter is determined periodically from blank
samples and is usually of the order of 0-5 milligram. This is subtracted
from the gross weight of dust found, to give the weight of dust in § cubic
metre. This is multiplied by three to give milligrams per cubic metre.

The Konimeter.—The Konimeter is an instrument uscd to collect a
sample of the dust in the air by causing a mecasured volume to impinge
through a jet on to a glass slide coated with o thin film of adhesive. The
dust particles are deposited on the slide in the form of a spot suitable for
subsequent counting under a microscope.

Two types of Konimeters have been in general use en the Witwaters
rand. The Kotze Konimeter was used by the Government Mines” Dopari-
ment, and the Circular Konimeter by the Chamber of Mines and Ly the
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officials on the mines. The main difference between the two types was
that the Kotze uses a 17 by 13" rectangular slide on which nine to twelve
spots may be taken, whereas the Circulur collects the samples on a cireu-
lar slide 21" in diameter which can be rotated after cach spot has been
taken, enabling up to 58 spots to be takenin i cirele round the slide.
The instruments differ, too, in coertain comstructional details.

A new type of Konimeter known us the “Witwatersrand Nonimeter”
has recently been designed and is now replacing the above mentioned
types (see later).

Hard Rubber Ring
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THE CIRCULAR KONIMETER.

Fig. 65. Sketch of Circular I{onimetor.

Circular Konimeter—The Konimeter is essentially a small suction
pump with a capacity of 5 c.c. It consists of a barrel 51" long and 13"
in diameter, which is attached to a circular head, in which the slide is
placed. In the barrel at the top end is a cylinder }” inside diameter.
A leather plunger acts as a piston in the cylinder, and is attached by a
piston rod to a guide which slides along inside the barrel at its lower
end. The operator pushes the piston up into the eylinder by pressing his
finger on the guide and forcing it up against the pressure of a coiled
brass spring. The piston is kept in position by the engagement of a
locking-pin in the trigger. When the trigyer is depressed, the coiled spring
forces the piston to the end of its stroke, therchby causing a vacuum in
the cylinder and drawing in 5 c.c. of air.
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The circular glass slide in the head rests on o rubber ring against which
it is pressed by a spring on the cover closing the head. An air-tight
chamber is thus formed under the slide, and this space is in communi-
cation with the top of the cylinder. When the piston is displaced, the
vacuum in the cylinder is communicated to the spuce under the slide,
and § c.c. of air is drawn in from the outside air av a rapid rate through
a nozzie or jet. The air impinges at high velocity o the glass shide, whick
hus been treated by applying to it a thin film of vaseline, wnd the dust
particles adhere firmly to the slide in the form of 4 spot.

The jet is 0-6 mm. in internal diameter and is placed at w distance of
0-5to 0-6 mm. from the slide.

The strength of the spring is sufficient to allow the stroke to be com-
pleted in about } second, and produce a calculated average velocity of
impingement at the jet of about 70 to 100 meures per sceond.

The glass slide is held in a toothed brass ring which cngages with a
pinion in the head of the Konimeter, by meuns of which the slide can be
advanced in a circle after taking each spot. Three half-turns of the
winding-handle are generally given between spots. and this enables up
to 58 spots to be taken on a slide.

Recently a new method of applying the adhesive has been adopted.
A solution is used consisting of yellow petroleum jelly (vaseline is very
suitable) in xylol with a concentration of one gram per 10U c.c. The slide
is removed from its metal ring, cleaned in the usual way and then held
fuce upwards while about } c.c. of the solution is squeczed on to the surface
by means of a dropper similar to a fountain pen filler. By rocking the
slide gently, the solution is made to flow over the whole surface, after
which the excess solution is tipped off. The slide is then drained by leaning
it face downwards against a perpendicular surfauce at an angle of about
30° from the vertical, and with the bottom edge resting on a few thick-
nesses of blotting or filter paper. A small box is used for the purpose.
The xylol quickly dries off and the slide is then ready for use.

By this technique a jelly film of uniform thickness is obtained, giving
good even dust spots.

As soon as prepared, the slide should be placed in the Xonimeter to
prevent contamination. It is not advisable to keep prepared slides
unused for more than a few days.

Treatment of Slide.—Before counting the spots the slides are treated
by ignition and acid-immersion to remove carbon and water-borne salts
respectively. The procedure now followed by the Government Mines
Department and the Chamber of Mines is ignition of the slide, then acid
treatment followed by a final ignition.

After sampling, therefore, the slide is removed from the brass ring and
heated on a hot plate or in a muffle to a low red heat (about 550° C. or
1050° F.) in order to burn off the carbon. It is then placed in a specially
designed immersion cell for the acid treatment.

The immersion cell measures 4" by 33" by 14" externally and is made
of three vulcanite blocks screwed together, the middle block heing cur
away to form a cell 1" wide, 13" long and 21" deep. The ends of the cell
are slotted to take the Konimeter slide. A funncl is provided at onc
end of the cell through which the cell is filled with boiling 30 per cent
hydrochloric acid. When the cell is full, excess acid overflows into an
overflow launder. The acid is then displuced through the overtlow by
pouring two or three times its volume of hoiling distilled water through
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AIR AND GAS ANALYSIS 179

the funnel, after which the liquid in the cell is slowly run out by opening
a draining tube connected to the bottum of the cell.

After immersion the slide is removed from the coll and again Leated
on the hot plate or in the muffle. The purpose ol the final ignition is to
remove water residue marks which sometimes occur on the slide afrer
the acid treatment.

When cool, the slide is replaced in its brass ring and is then ready for
counting.

Microscope Technigue—The slide is transferred to the stage of o
microscope and the spots examined at & magnitication of 150 using
16 mm. objective and a x 15 eyepicce. Durk-ficld illumination is used
to increase the visibility of the fine particles. This is obtained by placiny
an opaque disc or “stop” below the condenser in the path of the light,
and results in the particles showing up as bright specks on a dark back-
ground.

It is estimated that particles down to nearly 0-2 micron may he visible
with this illumination.

/

1 | L4t
Tt | L1171
Ee=s s aull]
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i
USED IN KONIMETER WORK
Fig. 67.

(By conrlesy of the Transvaal Cluniber of M-nes.)
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The particles are counted by means of a sector graticule placed in the
eyepiece of the microscope. The spot is centred and the graticule vurned
to cover an average position. All the particles appearing within the inter-
secting lines of the graticule, which cut cach other at 187, are then counted.
To obtain particles per c.c. the count in the two 18° sectors is multiplied
by 10 (360° for full circle divided by 36 for two 1&° sectors) and divided by
5 (number of c.c. sampled).

i.e., Particles per c.c. = (count in 18° scetors) 2.

Efliciency of the Konimeter —It hus been found that the count obtained
with the Konimeter is about two-thirds or 60 t 70 per cent of that obtained
with the Thermal Precipitator: using the imit jon-immersion-ignition
method in each case.

Fig. 68. Rand Konimetor

Witwatersrand Konimeter.

This is an improved type of Konimeter, operating on the same prin-
ciples as the previously mentioned types. The body is made of a light
aluminium alloy, and is partially streamlined. Special features of the
instrument include ease of handling and the fact that it uses a square slide
11" x 13" on which a circle of up to 58 dust spots can be taken.

A tapered jet is used, and the exhaust is around the jet. The piston is
made of steel.

The square glass slide is held in position in a recess cut in a toothed brass
ring, into which it fits without the need of screws. The ring is rototed by a
winding handle provided with a notch to give accurate spacing.
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Thermal Precipiator,

The Thermal Precipitator is chumied to be ot o f the nost Lovtnate st
sampling instruments. With this instramcm parti-bes frone D morons cown
1o the finest visible with the best available yrcroseope teddnng e wre
collected on wslide. Tv enables the partioes to b sizes swolie s votated
1t is, however, cumbersome to ase underaroun | crd e onb be haadled
by trained personnel. At the mostoonly threcorfoar pees e be =i acpled
in o morning.  The counting is thne-consunery g agaives skl ad
continual practice.

The sampling action of the instrament depemnds o the fiet taat i hot
body appears to be surrounded by i dust-trec spoees aadin ey ix
drawn past such a body, in this case a hor wive tae st vhe sie o i be
detlected and preeipitated on cold surfaees i the viciniee

The Thermal Precipitator head consists of tweooneic b plated brass BEeis,
"These are screwed together to forna cube ofapprosinately 117 Between
the brass blocks, thin bakelite spacers are chunped to form onaero s vertical
channel, 10 mm. wide and 0-51 . acrcss. througl wineh the sianple ot
air is drawn, A wire 022540 nun. thick is stretehed B ontadiy ceress the
width of the channel. The wire is clectreally Bevel to o teper ture
of about 100°C., by passing o current of 0 wnoeres s hroneh U e
2.volt battery, carrvied in w separate cise Wit @ taneter an boresis anee.
In the sides of the Thermal Precinivator nead, directle oppesine the wire
evlindrieal holes are provided. through ahich vre inserred ciraular over
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(By courtesy of the Transvaal Cluunber of Mines.)
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glasses " in diameter and about 01t mm. thick. These are kept In
place by cylindrical plugs inserted in the holes. wnd are kept at o distance
of 0-127 mm. from the hot wire on cach side ot it by the bukelite spacers.
A gauze cover made of 60-mesh brass screening wius orighally used to
cover the inlet channel but as this reduced the etliciancy it is no longer
used. A hood may be used over the instrument to protect it from shidge.
ctoe.

CYLINDRICAL EXTENSION
CYLINDRICAL EXTENOK

QALZE CAP
/ BRASS BLOCK

BAKELITE SPACERS CYLINDRICAL HOLES
N /
i RESISTANCE WIRE
INSULATED TERMINAL /// RESISTANCE €
> A % CHANNEL
! B TONGUE SPRIN
//‘T‘ON UE SPRING
4
V4 H
Twi CABLE \
| ~ THREADED CY¥LINDRICAL
EXTENSION

SECTION THROUGH
—THERMAL PRECIPITATOR HEAD —

Fig. 70.

(By courtesy of the Transvaal Chamber of Mines.)

The cover glasses are boiled in hydrochloric acid, washed in aldohol,
wiped clean and examined under the microscope before use. No adhesive
is used. :

The Thermal Precipitator head is mounted on an aspirator of about 1
litre capacity filled with water or it may be connected to it by meuns of
rubber tubing. The aspirator is supported on a tripod. Water is run out
of the aspirator through a tap into a measuring cylinder at a rate not
exceeding 7 ml. per minute (about 2 drops per second). Air is thus drawn
through the channel in the Thermal Precipitator head past the hot wire,
and the dust particles are deflected and deposited on the cover-glasses
in the form of two strips, one on cach glass, about I em. in length opposite
the wire and parallel to it.

At the end of the sampling period the aspirator tap is closed and the
current switched off. The cover-glasses are removed and placed in a special
container. The volume of the water run out, which is equal to the volume of
air aspirated, is noted. .

Samples are generally about 200 ml. (half-hour sampling) but may vary
from 100 ml. or less to 600 ml. or more, depending on dust conditions.
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The cover-glasses are ignited on a hot-plate at 550°C. (dull red heat) to
remove carbon, cooled and then acid-treated with hot 50 per cent hydro-
chloric acid in a special immersion cell to remove water-borne calts, After
acid treatment they are again ignited to ensure absence of water residue
marks, and allowed to cool.

The two cover-glasses representing the one sample are mounted face
downwards on paper rings gummed to & 37 v 1”7 microscope slide, the
glasses being pegged down with a suitable cellulose adhesive. A special
metal holder may also be used, which is provided with light clips to hold
the cover-glasses down.

L papsr RING
O/~ TrICK

\§ L,
3/ pMIcROSCOPE SLIDE

ME THOD OF MOUNTING ON Gl ASS SLIDE USING PAPER

RINGS.
Yig. 72

{(By courtesy of the Transvaul Chanber of M des

The slide is placed under the microscope and the records examined at a
magnification of 1,000 with light-field illumination. A 2 mm. oil immersion
objective is used with a x 11 eyepiecc. Great care is needcd to adjust the
‘llumination, centre the condenser and to make all the necessary adjust-
ments of the microscope. .

The particles are counted by means of a rectangular graticule placed
in the eyepiece. The slide is moved across the field so that a traverse is
made across the width of the dust strip, and all the particles passing
through a section of the graticule are counted. By comparison witha series
of numbered dots and circles of increasing size on the graticule, vhe sizes
of the particles are estimated. The smallest dot on the graticule corre-
sponds to a size of 0- 9 micron and sizing is made to a size «maller than this.
The finest particles visible have been estimuted to be about 013 micron
in size.

Two or three traverses across the strip are generally made on each
cover-glass, and the average for the two zlasses added together. The
number of particles per c.c. in the sample is vhen caleulated as follows:—

The length of the dust strip for cach instrament is krown by previous
measurement of*a strip with the stage verniers of thie microscope, and
is usually 9-5 mm. The width of a traverse across it with the graticule is
calibrated with a stage micrometer and is usually 0-0085 mm. Suppose
the average of three counts across the one glass was 60 and the average of
three counts across the other was 50 particles, the suni over 0-0085 mm.,
of the record is therefore 60 -+ 50 == 110 particles.
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Fig. 73.
(By courtesy of the Transvaal Chaniber of Mines.;

Therefore the number of particles sampled over the whole record, i.e.,
9-5 .
. o
9-5 mm. is 110 X 70055 particles.

Suppose volume sampled 200 c.c.
Tt ticles per c.c —EQV AL 615
en par Per C.C. = 5n X —pras =

It is customary to make a count of the record before acid treatment,
i.e., immediately after the first ignition. This gives the total nunmber of
particles including water-borne salts and is carried out because these salts
include some soluble silica. When this count is completed the cover-
glasses are removed from the paper rings, acid-treated, ignited and counted
for rock particles. Counts before acid treatment are of course much higher
than after acid treatment owing to the large aumount of sulv particles
chiefly calcium sulphate from atomisation of mine water, and may be of
the order of 1,000 to 5,000 particles per c.c. during drilling.

In order to facilitate the taking of samples with the Thermal Pre-

cipitator under mining conditions, carriers have been devised in which all

the component parts of the instrument are compactly assembled in one
box.

Modified Thermal Precipitator.

Several modifications of the standard form of the thermnal precipitator
described above have been developed. In these forms the principle of
thermal precipitation has been retained, but the instrument has been
altered in design to make it more convenient to use or to enable it to
collect samples for special purposes, such as for the electron microscope.

The Chamber of Mines Research Laboratories have designed an instru-
ment known as the “Modified Thermal Precipitator’” which is more con-
venient than the standard instrument for taking samples underground.
The samples are taken on a 3" X 1" slide, only one record being taken
for each sample, and twelve samples may be taken on a slide. The water
asp.rator is replaced by a mechanical bellows operated by a small clectric
motor which is run off the same battery uscd to supply the heating current
for the wire. Samples may be counted with a 4 mni. objective or assessed
in a photo-electric counter designed for the purpese at the Chamber
of Mines Research Laboratories. A photo-clectric assessment gives a
measure hased on the surface area of the particles in the samples.

po——
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Midget Impinger.

The impinger is a dust-sampling instrument largely used inthe U.S.A.
It is an apparatus in which the dust is collected by bubbling the dust-
laden air through a flask containing water.

In its original form, known as the Greenburg-Smith Tmpinger, the flask
consisted of a 500 c.c. bottle containing 200 c.c. of distilled water. The air
was drawn through the flask at the rate of 1 cubic foot per minute by incans
of an ejector or a rotary hand pump. The air entered the bottle through a
glass jet below the level of the water, and the stream was broken up into
bubbles by a metal plate placed just below the jet.

In its most recent form, the Midget Impinger consists of a flask or tube
of about 50 c.c. capacity about 5 inches high and 1 inch in diameter, con-
taining from 10 to 30 c.c. water. The jet fits through a rubber or ground-in
glass stopper and reaches to just above the bottom of the flask. Air is
drawn from the flask through another tube in the stopper, by means of a
small hand pump, at the rate of ¥ cubic foot per minute, and entering
through the jet, impinges on the botton of the tlisk and bubbles through
the water.

The dust is collected in the water, and after sampling. a portion of the
water is run into a Deep Cell (see under “Deep Cell Method for Mine
Water”) and the particles counted under the microscope. In the U.S.A.
the practice is to count the particles with light-ficld ilhouination. whereby
fewer particles are visible than by the dark-field technigue nsed on the
Witwatersrand. Knowing the dust content of the water wid the volume of
air sampled from which it was obtained, the voncentration of the dust
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in the air can be m]culated In the U.5.A. the dust concentravions are
generally expressed as “million particles per cubic foot™, and the counting
is often done by “microprojection”, i.c., the teld in Lo microsecpe s
projected on to a sereen, greatly enlarged. and the paticies counned o the
screen.

The dust collected in the water in the tlask may also be filtered through |
a filter paper, ignited and weighed. In this way « gravimetric result can
be obtained.

DUST IN MINE WATER.
Deepr CeLL MeTiou oF CousTINGg Pantrcnes 18 Warnn,

Water is extensively used underground to prevent the formation of
dust. It is important to ensure that the water ivself is clean and does not
contain excessive quantities of siliceous matter in suspension, which
might contaminate the air when the water is atoinised. The method used
for estimating the amount of dust in mine water is to examine w sample
of the water under the microscope in a so-called “Deep Cell 7, i.c., a gluss
cell measuring 50 mmm. by 20 mm. in arca. and 1 nun. deep.

The sample of water is shaken up in the sam]ue hottle, and 85 c.c. is
transferred to a 100 c.c. measuring cylinder, 5 ¢.c. of concentrated hvdro-
chloric acid is added, the contents shaken up, and allowed to stand for
about quarter-of-an-hour to enable acid-soluble matter to dissolve. The
solution is again shaken up to mix the dust. and o quantity just sufficient
to fill the cell is poured into the De(p Cell. A glass cover slide is piuced

+ha anll A3
over the e, \ubl.u

g any excess ull The cell is \\}p((l, and xet aside
for half-an-hour to allow as many particles as possible 1o settle on the
floor of the cell.

The cell is placed on the stage of the microscope wnd the dust particles
counted. The same type of microscope is used as for Konimeter work,
magnification 150 and dark-field illumination. The same cye-piece grati-
cule is used, but the count is made in the square rulings jum above the
sector lines. These squares are 40 microns in size. The microscope is
focused on the particles on the floor of the cell, and all the particles visible
in 4 squares are counted. Then the microscope is racked up, and the
particles in suspension in the same arca are added as they come into focus,
until the bottom of the cover slide is reached.

1g. 75, Modined 1nermal Precipitator. Front und rear view.



CrarreErR XIII.
pH AND ELECTROMETRIC TITRATIONS.

HyprogeN Tox CONCENTRATION AND DETERMINATION OF pH
VALUEs.

For many purposes, in both applied and pure chemistry, reliable and
useful information regarding the acidity or alkalinity of & solution, can
only be obtained by measuring the intensity, or strength, as well as the
amount of acid or base present.

According to the electrolytic theory of ionic dissociation, acidic pro-
perties are imparted to a solution by the presence of the H+ ion, e.g.
H,SO, = 2H+* 4- SO,~~. Likewise the property of alkalinity is due to
the presence of the OH- ion; NaOH = Na+ 4 OH-.

The intensity factor of the solutionis thus dependent upon the degree
of dissociation of the acid or base present, i.e. upon the concentration
of free hydrogen or hydroxyl ions present in the solution. Strong acids
and bases such as hydrochloric acid and sodium hydroxide are dissociated
to an extent of over 90 per cent in normal solutions, in fact the evidence
is in favour of complete dissociation, the association effect being considered
due to attraction between the charged ions. Weak acids and bases, on
the other hand, are comparatively slightly dissociated, and consequently
supply relatively few ions to their solutions. Thus it will be readily
appreciated, that although two different acids or bases may have the
same strength in terms of quantitative normality their chemical and
physical properties may vary greatly owing to different degrees of dis-
sociation.

Pure distilled water is dissociated to a very slight extent into H+
and OH- ions; H,0 = H+ + OH-.

From the equation it is evident that the acidity is equal to the alka-
linity, and consequently pure water is adopted as the standard of ncutra-
lity.

The concentration of H* ion formed as the result of the dissociation
of water has been found by electrical conductivity measurement to be
very nedrly one ten millionth of a gram ion per litre; i.c.

1
+] = -1 = — 10-7
[H*] = [0H"] = 10,000,000 1077,
(square brackets about a symbol indicate concentration expressed in
gram moles or gram ions per litre). '

If we consider an aqueous solution of a compound which undergoes
partial dissociation into its constituent ijons, and further if we imagine
the system to be in equilibrium, i.e. the reaction in one direction proceeds
no faster than that in the other, we may write the cquation; AC=
At 4 C- where A represents the anion, C the cation, and the arrows
indicate the reversibility of the reaction.

Assuming an ideally simple system and a constant environment, the
velocity with which the concentration of AC is decreasing at any instant
is propcrtional to the concentration of [AC] at that instant, thus we
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The cell is moved to another position, and the count repeated similarly
in 4 squares on the floor and in suspension. Thisis repeated until 5 positions
over the area of the cell have been examinced. The sum of the counts over
the 5 positions is divided by 32 and this gives the dust content in “millions
of particles per c.c.”. The figure thus obtained nusv be corrected for the
addition of the acid by multiplying by 100

The factor 32 is derived from the dimensions of the graticule area
counted, and the depth of the cell (see below).

EXAMPLE.
Counts obtained: 20, 26, 22, 18, 19. Total 105
|4
Deep Cell Count = %)2'—) X —1%)5(—) = 3.5 million particles per c.c.

If the sample of water is very dirty, it is necessary to dilute the sample
with a measured volume of distilled water before introducing it into the
cell, otherwise the layer of particles settled on the tloor of the cell will be
too thick for satisfactory counting under vhe microscope. For example,
20 c.c. of sample may be taken, 5 c.c. of acid added and diluted to 100 c.c.
with distilled water. The dilution is then 20 it 100 or 1 in 5 and the count
obtained must be multiplied by 5 to give the final result.

Typical Counts.—A count of 2 million particles per c.c. or less is regarded
as very good. Most waters are between 2 and 5 million particles per c.c.
Counts over 10 million are unsatisfactory and indicate that treatment of
the water is necessary.

Rand Water Board water averages 2 to 3 nuliion particles per v

Derivation of Factor 32:

Area counted per position = 4 squares each 40 microns
4 % 40 x 40
= 16,000 % 10,000 0
(1 cm. = 10,000 microns.)
5% 4 x 40 > 40

For & positions = —l—o—o—om sq. enl.

Depth of cell = 1 mm. or % em.

. bx4x40x40
= 10,000 » 10,000 > 10
Suppose sum of counts in § positions = C

. Volume counted

C\
”"( 5 X 4 % 40 % 40 )
10,000 x 10.000 x 10
1,000,000
=C X —35
To report results in “Millions”, divide by 1,000,000,
1,000,000 1 .
32 * 1,000,000

Then particles per c.c.

i.e., Million particles per c.c. =

I

X
L
32
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have V, = k, [AC], where V, represents the velocity and k, is a velocity
coefficient constant. The velocity of the reverse ruuction is dependent
upon the concentrations of [A+] and [C7] and is proportional to the

product of these concentrations; i.e. V, = kyJA7][C~]. But sice V, 13
equal to V,, we have k;[AC] = k,[A*] 1C]

Dk [ATICT g

‘I = A0 = K¢

The constant Kc is known as the dissociation constant of the compound,

If we apply this law of mass action to the dissociation of water we have
(H*] [OH7]

[HOH]
Since no serious error will be introduced by assuming [HOH] to be equal
to the total quantity of water present we may write the equation;
(H+][OH-] = Kw. The constant Kw is known as the ionic product
and is constant over a limited range of dilute solutions.

= a constant.

We have already seen that—
[H+] = [OH"] =107
[H+][OH-] =101
ie. Kw = 10~
Taking the case of an N/10 acid solution and assuming complete dis-
sociation we have—
1 [H¥] = 0-1 =107
[OH-] = 10-%
Likewise if we consider the case of an N/100 alkali solution we have—
[OH-] = -01 = 10-?
s [H+] = 10-%*

From the above it will be seen that it is only nccessary 1o determine
the [H*] concentration of a solution the [OH-] concentration being
readily determined from the simple formula—

[OH-] = 107
where the concentration of [H*] is expressed as 10

For many purposes, expression of the H+ concentration as a fraction or
decimal is both cumbersome and inconvenicnt, and it was proposed by
Sorenson that a logarithmic function of H* related to the potential of
the hydrogen electrode be used in place of the former methods. This
function, known as the hydrogen ion exponent. and denoted by the
symbol pH is equivalent to the negative logarithm of the H— concen-
tration, l.e.—

pH = —log, [H*] = logyo H;_:] or [H-] = 1070,

Thus referring again to the above examples, an N/10 acid solution hLas an
H-+ concentration of 10-1, therefore pH = 1 and pOH = 13. In the casc of
the N/100 alkali, pH=12 and pOH=2, and in general pH+pOH=14.

DETERMINATION OF pH BY CoLorimrtrrIc METHODS.

It is a well known fact that certain substances, generally weuk organic
acids or bases act as indicators of hydrogen ion conceatration.  Each
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indicator, either by tautomeric change, or hy the formation of coloured
ions, exhibits colour change within a characteristic zone of pH. The zone
covered by each indicator has been determined by clectrometric nethods
and the following table summarizes the pH ranze and colour cluaue of
a number of the better known indicators.

Colour Change.

Indicator. Acid. Alkaiine. pH Runce. AL
Brilliant cresyl blue .. Red-orange Blae 02 1-0 —
Meta cresol purple .. Red Yellow -2 2.8 2602
Bromophenol blue . Yellow Blue 30 16 149
Methyl Orange .. .. Red Yellow 301 1.4 —
Bromo-cresol green . Yellow Blue 3-8 54 14-3
Methyl red .. .. Red Yellow 4-2 63 —
Bromo-cresol purple .. Yellow Purple 502 68 184
Bromothymol blue .. Yellow Blue G0 76 16-0
Phenol red . .. Yellow Red 5.8 S-4 280
Crasol red .. .. Yellow 2ed 72 88 26-2
Thymol blue .. . Yellow Blue 30 9-6 2140
Phenolphthalein .. Colourless Red 5.3 10-0 —
Thymol phthalein .. Colourless Blue 43 10-5 —
Eosin B.N. .. .. Purple Yellow 10-5 140 —

Column A gives the number of ml. of N/100 sodium hydroxide required
per 0-1 gram indicator to make an aqueous solution of the mono-sodium
salt. This solution when diluted with water to 250 ml. gives a 0-04 per
cent solution, five drops of which will be found suitable for 10 ml. of
sample. Solutions of the mono-sodium salt should be employed when the
use of aleohol is inadmissible or when the greatest possible accuracy is
desired. For most ordinary purposes, however, a 0-04 per cent aleoholic
solution will give sufficiently accurate results.

It will be seen by referring to the table, that given w sclection of appro-
priate indicators, a rough estimation of the pH value of colc urless solutions
may be easily made. Normally, however, a more exact determuiiation of
the pH value will be required and colorimetric methods can, under
suitable conditions, be used for the estimation of pI correct to the
nearest 0-1 of a unit.

For this purpose it will be necessary to make up a ranze of solutions of
known pH, covering the zone in which the indicator shows the ptl of the
unknown to lie.

Estimation of the pH of the sample is then simply carried out by treating
equal vclumes of the standard solutions and sample with equal quantities
of the indicator and matching the colours.

Solutions which offer resistance to change in hydrogen ion concen-
tration upon the addition of small quantitics of acid or alkali are known
as Buffer solutions, and it is solutions of this type which must be employved
as standards in the colorimetric determination of pH. DBuffer solutions
consist generally of a mixture of an acid and its alkali salt. The fol'owing
tables summarize the composition of mixtures suitable for the production
of buffer solutions in steps of 0-2 units covering the pl{ runze between
2-2 and 11-0.
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McILVAINES STANDARDS.
1

8°C.
0-1M Citric 0- 1M Citric
pH |0-2M Na,HPO, Acid pH 0-2M Na,HPO, Acid.
ml ml. inl ml
2.2 0-40 1960 5:2 10-72 9-23
2-4 1-24 18-76 5-4 11-15 835
2-6 2-18 17-82 5:6 11:60 8-40
2.8 3:17 16-83 5-8 12-09 7-91
3:0 4-11 15-89 6:0 12-63 7-37
3:2 4:94 15-06 6-2 13-22 673
34 5-70 14-30 6-4 13:83 615
3:6 6-44 13:56 6:6 14:535 5-45
3-8 7-10 12-90 6-8 15-45 455
4:0 7-71 12:29 7-0 16-47 3:53
4-2 8-28 11:72 72 1739 261
4-4 882 11-18 7-4 18-17 1-83
4-6 9-35 10-65 7-6 18-73 1-27
4-8 9-86 -10-14 7-8 19-15 0-85
5:0 10-30 9-70 8:0 19-45 0-55

KOLTHOFF AND VLESSCHHOUWIR.
18°C.

¢ -
ml. A. ml. B. pH
0 100 9.2
35-1 64-3 9-4
55+5 445 96
66-7 33-3 9-8
754 24-6 10-0
82-15 1785 10-2
86-9 131 10-4
91:5 85 10-6
94-75 5-25 10-8
97-3 2.9 L 11-0 |

Solution A: 530 grams Na,COj per litre.
Solution B: 19-10 grams Na,B,0,.10H,0 per litre.

CLARK AND LUBS'"

e and

20°C.

M/5 HyBO,, M/5 KCl| M/5 NaOH pH

ml. ml.
50 4-00 80
| 50 5-90 8.2
| 50 855 84
i 50 1200 80
50 16-40 83
50 2140 9.0

In each case dilute to 200 ml.
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If the determination of pH is to be a routine procedure and if the type
of solution to be operated upon is suited to colorimetric methods i.c. is
free from any pronounced inherent colour or turbidity, the assayer would
be well advised to consider the acquisition of onc of the several excellent
colour comparators commercially available. These instruinents can be
supplied with sealed tubes of standard bufler solutions 10 cover any
desired range, and are so designed and operated that wry slicht decree
of colour or turbidity in the sample is conipensated for.

ELECTROMETRIC METHODS.

If a metal is placed in a solution containing its ions, « difference of
potential will exist between the metal and the solution and this difference
of potential will vary with the concentration of the nictal ions.

The electrode potential E can be expressed as—-

RT p
E = Io =

nk Ee 7 .
R = gas constant expressed in electrical units.
T = absolute temperature.

n = valency of the ion.

F = one Faraday (Electrical charge curried Ly one gran cquivalent),
P = the osmotic pressure.

o Y EEARRA S s>
Z = the electrolytic solution pressurc (The tendency of the metal
to dissolve ionically).

The single electrode potential (E) cannot be measured directly, but if
connected by means of a suitable liquid junction to another clectrode of
known potential (E,), the two electrodes form a cornplete cell fron: which
current can be drawn. The voltage of the complete cell (1) will then be
the algebraic sum of the known and unknown electrode potentials.

RT P RT low D

We then have E = E, — E, = —= log 0
: LT AF %z ToF %7
RT )
= — log P
nF ¢ p,
and since the osmotic pressure is proportional to the concentration:
RT C,

~

=2

0 —_—
nk % T,
Assuming a temperature of 18° C. and changing to common logarithins

the expression reduces to—

w038, C,
L— n log 'é;

If platinum metal coated with platinum black be inmersed in a solution
saturated with hydrogen gas, the platinum black will absorb hydrogen,
and the unit will behave as if it consisted of pure hydrogen only. If now
this -hydrogen electrode is placed in u solution, molar with respect to
hydrogen ions, i.e. of unit concentration, and the halt ccll so formed b
connected by means of a liquid junction to another similar half cell
containing a solution of unknown hydrion concentration, the electro-
motive force developed between the two electrodes will be given bv:
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E = -058log [I—i'*] and since loy 1—1%:] = pH
E = 038 pH.

The value of E is of course determined by suitable potentiometyic equip-
ment, the standard reference half cell, known as the molar hydrogen
electrode, being considered as having zero potential.

Hydrogen electrodes are not, however, used to any great extent in the
practical application of electrolytic methods for the determination of pH.
The reasons for this are:— (1) the hydrogen electrode is easily “poisoned”
by impurities in the solution, and (2) the technigue of operation is difficult
and requires a fair amount of experience on the part ot the operator. As
reference electrode, the molar hydrogen clectrode is usually replaced by
a calomel half cell, the potential of which, relative to the standard hydro-
gen electrode, is known. The other hydrogen clectrode is usually replaced
by one of the following:— :

(@) Metal—metal oxide systems, e.g. the antimony electrode.
(b) The quinhydrone electrode.
(c) The glass electrode.

A detailed discussion of the above electrode systems is rather beyond
the scope of the present work. It may however, be said that the glass
electrode is superior to the other two and gives results which are com-
parable with those produced by the hydrogen electrode under ideal
conditions. o '

Commercial electrometers fitted with sealed glass electrodes are avail-
able and these instruments are ideally suited to the determination of
pH where rapid and accurate results are required.

Advantages of the electrometric determination of pH by means of
the glass electrode are: '

(1) May be easily carried out by comparatively inexperienced
operators. - ’

(2) Accuracy unaffected by colour or turbidity of solution.

(3) Completely immune to all known poisons.

High concentrations of alkali salts in the solution may introduce errors
when using the glass electrode. These errors, however, may be easily
compensated for by standardizing the instrument on a buffer solution
having similar cation characteristics.

When titrating coloured solutions, or solutions such as highly acid
mine waters which throw down precipitates on addition of the alkali, the
electrometer may be substituted for the indicator, titration to any desired
pH can then be carried out.

KLECTROMETRIC TITRATIONS.

The employment of electrometric meuns for determining the end point
in volumetric estimations offer the advantages of a greater degree of
accuracy than the use of chemical indicators in several instances, and in
replacing many of the more tedious gravimetric methods of analysis.

In the present chapter only a very brief outline of the subject will be
undertaken. Fuller information must be sought in textbooks on Physical
Chemistry and works dealing specifically with this branch of chemical
analysis.
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Electrometric methods are divided into two distinct classes:

(a) Potentiometric, ie. the measurement of electromotive foree
(voltage).

(b) Conductometric, i.e. measurement. of conductivity, or its recipro-
cal, 1.c. resistance.

OxiparioN-REDpUCTION REACTIONS.

Referring to the section on the determination of pH values, it will be
seen that the concentration of the H* ion is directly related to the voliage
developed by the hydrogen half-cell, and in a similar nuaamer, it the Liyvdro-
gen electrode or its equivalent be replaced by a noble metal, e.y. gold or
platinum, and this electrode immersed in a solution conteining a substance
in different states of oxidation, a voltage will be developed aceording to
the equation:

E=P-— O.l(\);s log 10 %l
E Electromotive force developed in volts.
P A constant which is equal to E when ¢ = C,.
N The change in valency.
C,  The concentration of the substance in the lower state ot oxi-

- dation.
C, The concentration of the substance in the higher state of
oxidation.

It should be noted that the equation is not dependent upon the absolute
concentrations but only upon the ratio of these concentrations, The
equation also shows that the value of E decreases very rapidly us a sub-
stance approaches complete oxidation, and the end point is thus obtained
by noting the point at which an abrupt change occurs in the electromotive
force developed by the cell.

As a few examples of the many oxidation-reduction estimations which

may be carried out by potentiometric means the following may bhe
mentioned:—

Iron by dichromate or permanganate.
Zinc by ferrocyanide.
Chromium by ferrous sulphate etc.

The commercial electrometers available for the determination of pH
values are usually supplied with a noble metal electrode for this type of
work.

THE MEASUREMENT OF SoLUTION CONDUCTIVITY.

For this purpose a conductivity cell and some form of Wheatstone bridge
will be required. The conductivity cell consists essentially of a ¢lass vessel,
usually cylindrical in shape with openings at sidles and bottom, and con-
taining two platinum electrodes coated with platinum black. The elec-
trodes are fixed in the vessel in such a manner as will ensure that their
relative positions will remain undisturbed.

For solution conductivity measurement it is essential that the bridge
current output be alternating, since direct current would effect chemical
decomposition of the electrolyte.
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Various forms of the Wheatstone bridge are obtainable commercially,
some of the more modern types incorporate clectronic circuits with visual
indication of bridge balance.

CONDUCTOMETRIC REACTIONS.

Conductometric titrations of acids and aliudis in coloured solutions may
prove useful if potentiometric equipment is not available. Consider the
titration of hydrochloric acid by sodium hydroxide;

[Na+(OH-)] + [H+Cl7) — [Na*Cl-] -+ [H~(OH7))

As the alkali is added the rapidly moving H+ ion is replaced by the less
mobile sodium ion, the conductivity of the solution will, therefore, gradually
decrease until the neutral point is reached; thereafrer, the addition of
sodium hydroxide will cause the conductivity ot the solution to increase
owing to the presence of the highly mobile hydroxyl ion.

In order to obtain a sharp end-point the alkali should be at least 50 times
more concentrated than the acid, since if a dilute solution of alkali is used
the titrated solution will be so diluted as to cause conduetivity changes
apart from the effect of the chemical reaction.

Reactions which result in the formation of precipitaves also cause a
sharp change in the conductivity of the solution in which the reaction is
taking place. The following examples illustrate usetful practicul applica-
tions of conductometric titrations to this type of reaction;

Estimation of Barium by lithium sulphate:
[Bat++(Cl=),] 4+ [(Li+),80,7~] — [Bu=80,77] + 2[Li +Cl-}
!
Y

The lithium ion has one of the lowest and the sulphate ion one of the
highest mobilities, consequently the replacenient of barium ions by lithium
jons, and at the end-point, the addition of sulphate ions results in a shar
change in conductivity. An accurate determination is thus made possible.

Estimation of magnesium sulphate by barium hydroxide:

[Mg++80,~7] + [Ba**(OH"),] — [Mg~ +(Ol H=),] + [Bar50,77]
|

In this case double precipitation takes pluce and the end point is marked
by a sharp rise in conductivity due to the presence of highly mobile
hydroxyl ions. Magnesium sulphate may be determined in the presence
of calcium by this method.
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CuaprTER XIV.
THE ANALYSIS AND TREATMLENT O WATERS.

INTRODUCTION.

With increasing industrial development, this subject is assuming ever
greater importance. It is becoming more and more necessary for adequate
data to be available regarding the quality of the supply and the nature of
the harmful constituents of the waste liquors.

Water for boilers, cooling dams and drinking purposes usually requires
specific routine analyses, but it is advisable to have a full chemical know-
ledge of the nature of the water from the main source of supply. To obtain
this information a full analysis should be carried out at various seasons of
the year.

In modern practice the system of reporting results of analysis in parts
per million (p.p.m.) is generally used. It offers a ready means of inter-
pretation by both analyst and engineer of connective data from the
analysis. -

1 milligram per litre = 1 part per million.
1 p.p.m. = 10 1b. per million gallons.

SAMPLING.

This is preferably done by using clean glass-stoppered bottles. Care
should be taken that the sample is as representative as possible and also
large enough to duplicate any particular determination. Winchester quart.
bottles are ideally suited to this purpose.

THE ANALYSIS OF WATER.

For general technical purposes, the methods given under ““Routine
Analysis for Technological Purposes” given later in this chapter should be
followed. A full detailed analysis is rarely called for but if this is r«,qumd
the following methods are generally employed.

SusPENDED MATTER.

If the water is not quite clear, filter a measured quantity containing
about 0:1 gram of suspended matter through a prepared Gooch crucible.
Rinse container and crucible with distilled water, dry at 105°C., and weigh.

Wexght of suspended matter (grams) X 1,000,600

ml. of sample

= p.p.m. total
suspended matter.
If the quantity of mineral matter in suspension is required, ignite the
crucible at a full red heat for 30 minutes. Cool. Recarbonate by adding a
few drops of ammonium carbonate solution. Heat at a temperature of
about 300°C. in order to expel ammonium salts. Cool and weigh.
Weight of mineral matter (grams) x 1,000,000

ml. of sample

= p.p.n1. mineral
matter.
197
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The difference between total suspended matier and nineral mater is
taken to represent the organic matter.

DI1SSOLVED SOLIDS.

Take 100—1,000 ml. of the filtered water and evaporate to dryness in a
platinum dish on a water bath. Transfer the dish to an oven and dry for
two hours at 105°C. Cool in a desiccator. and weigh as rapidly as possible.
Return the dish to the oven and weigh again after one hour. Repeat until
weight is constant to withirr 1 milligram.

Weight of solids (grams) X 1,000,000
ml. of sample

It must be remembered that CaSO;.2H,0 when dried at 105°C. 1s
converted to (CaS0,),. H,0. A temperature of over 200°C. is required to
expel the remaining water. Also the compound MgSO,7TH,O loses 6
molecules of H,0 at 120°C.—130°C. A temperature of between 200°
and 230°C. is required to expel the remaining molccule.

Tt will, therefore, be evident that the analyst must at all times state on
the certificate the temperature at which the estimation was carried out.

To obtain the volatile and organic matter, heat the sample, dried at
105°C., gradually to redness. Note any changes taking place, such as smell,
darkening or blackening, which indicates the presence of organic matter.
Maintain at a red heat for about 30 minutes, cool i a desiceator and weigh.
Report loss in weight as volatile and organic matter.

Loss in weight x 1,000,000

ml. of sample

= p.p.m. dissolved solids.

= p.p.m. volatile and organic.

ANALYSIS OF DISSOLVED SOLIDS.

Silica.
950 ml. of the filtered sample is acidified with hydrochloric acid and
evaporated to dryness on a water bath in a platinum or porcelain dish,
baked on a hotplate at about 125°C. for 20 minutes to fix any silica. and
digested with hot water and hydrochloric acid. The silica is filtered off.
ignited at a red heat, cooled in a desiccator and weighed.
Weight of silica (grams) X 1,000,000

= = p.p.nt. silica (3i0,).

Iron Ozide and Alumina.

To the filtrate from the silica determination add a few drops of con-
centrated nitric acid and boil in order to oxidize any iron present. Add three
grams of ammonium chloride and when this is dissolved muke alkaline with
ammonia. Boil off nearly the whole of any uvxcess wnmonia and filter.
Wash thoroughly, dry the precipitate, ignite, cool in « desiceator and
weigh. The ignited precipitate consists of ferric oxide and alumina.

Weight of residue (g;'ggls) % 1,000,000 pp.m. ferric oxide and

alumina.

If the respective amounts of these are required, grind the ignited
precipitate carefully in an agate mortar and digest wivh aqua regia till
dissolved. Dilute and re-precipitate with ammonia. Filter und wush the
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Magnesium.

Take the filtrate from the calcium determination to drvness and ignite
gently till all ammonium salts are destroyed. Take up the residue with
hydrochloric acid, filter if necessary, and muoke fuintly alkaline with
ammonia. Add sufficient ammonium phosphate, stir vigorously for some
time, and allow to stand in a cool place overnight. Filter and thoroughly
wash the precipitate with 1 : 10 ammonia. Dry and ignite, first at red
heat, and finally at a high temperature till the precipitate shows perfectly
white. It is weighed as Mg,P,0;.

. 1,000,000  48-64
Weight of Mg,P,0, (grams) X 550 39960

= p.p.m. magnesium
(Mg,

Sodium and Potassium.

Concentrate the filtrate from the magnesium devermination to about 100
ml., transfer to a weighed porcelain or platinum dish, and evaporate to
dryness with a small quantity of sulphuric acid. Ignite to expel ammonium
salts, cool in a desiccator and weigh as the sulphates of sodium and potas-
sium. This method gives high results since some met aphosphoric acid
tends to remain unvolatilized.

Preferably a fresh quantity of 250 ml. of the sample should be tuken and
the alkalis determined as follows:

Concentrate by evaporation to about 50 ml. Add barium chloride tv
precipitate the sulphates and filter. Add a little milk of lime, and boil,
precipitating iron and magnesium, filter. Precipituate calcium and barium
in filtrate with excess ammonia and ammonium carbonute and a little
ammonium oxalate. Filter, take filtrate to dryness aund ignite residue to
drive off all ammonium salts. Take up residue with water, test with one
drop of ammonium oxalate solution and filter if necessary. Acidify with
hydrochloric acid, take to dryness, ignite and weigh alkalis as chlorides.

Separation of Sodium and Potassium.—Dissolve the mixed chlorides in
a small quantity of distilled water acidificd with a few drops of hydro-
chloric acid. Add a sufficient quantity of a solution of platinic chloride
to combine with all the sodium and potassium present. Take to dryness
on a water bath and extract the sodium salt by digesting with alcohol.
Filter through a weighed Gooch crucible, wash with alcohol and dry.
Heat at 140°C. till weight is constant. It is essential to carry out blank
determinations for alkalis in the reagents, using as far as possible the same
quantities as in the analysis of the sample.

Calculation (Sodium and Potassium).

Since Na = 22-997, Cl = 35-457 and NaCl = 58-454
Weight of NaCl % 1,000,000 y 22-997
+KCL in grams 250 58-454

= p.p.m. sodium and potas-
sium expressed in terms
of Na.
Potassium.
Weight of K,PtClg X 0-3067 = weight of KCL

Weight of combined NaCl and KCl minus weight of KOl = Weight of
NaCl.
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Since K = 39-096, Cl=35-457 and KCl = 74-533
1,000,000 _ 39-096

Woeight of KC1 (grams) X 350 =T 5o3 = bpo potassxu(x;i)
, 1,000,000  22:997 NN
Weight of NaCl (grams) X 550~ X Z9asi — Rpm sodium (Na)

Sulphates.

Take 250 or 500 ml. (according to quality of the filtered water), acidify
with hydrochloric acid, and evaporate to about 70 ml. While builing add
10 per cent barium chloride drop by drop until in slight excess. Boil for
ten minutes, remove and allow to cool before filtering. Wash free from
chlorides, testing with silver nitrate. Dry, ignite and weigh.

Calculations: (Sulphates). If 250 ml. were taken:—

. 1,000,000 96-06 (SO,)
Weight of BaSO, x 550 X 933.43 Bas0;)

= p.p.m.
sulphate (SQ,)
Weight of BaSO, X 1,646-1 = p.p.m. sulphate (SO,).

Chlorides (Cl).
To 25 ml. in a porcelain dish add 2 drops of phenolphthalein indicator
and neutralize with approximately N/50 sulphuric acid; add a few drops of
potassium chromate indicator and titrate with N/50 silver nitrate, stirring
well all the time until the precipitated silver chromate is no longer decom-
posed by the chloride and the solution becomes, therefore, tinged with
reddish-brown. The chloride content is calculated as below. A correction
0f 0-2 ml. of N/50 silver nitrate is made for the excess required to produce
a noticeable amount of red precipitate.
Chlorides as NaCl in p.p.m. =
1,000 % No. of ml. N/50 silver nitrate —0-2 ml.

. C
volume of sample in ml. x 1-1691

Equations of reactions:—
NaCl + AgNO, = NaNO, 4 AgClL
2AgNO; + K,CrO, = Ag,CrO, 4 2KNO,.

ROUTINE ANALYSIS FOR TECHNOLOGICAL PURPOSES.

AcipITy.

The acidity of water is due to the presence in solution of carbon dioxide,
mineral or organic acids or hydrolized salts.

Free carbon dioxide in waters may be determined by titration with
standard sodium carbonate using phenolphthalein as indicator. It is
important that this determination be made immediately upon opening the
sample bottle.

100 ml. are titrated with N/10 sodium carbonate in a small stoppered
bottle of about 150 ml. capacity with about 5 drops of phenolphthalein
indicator, stoppering and gently agitating betwcen each addition of
sodium carbonate until the end point is obtaincd.

Na,CO, + CO, + H,0 = 2NaHCO,
1 ml. N/10 sodium carbonate = 22 p.p.m. carbon dioxide.
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Free Mineral Acid.—Free mineral acid is det ermined by titrating with

standard sodium hydroxide using methyl orange us indicator.
1 ml. N/10 sodium hydroxide == 0-0049 graun H,S80,.

Total Acidity.—Total acidity, which includes that imparted by certain
hydrolized salts, is determined by titration with standard sodium hydroxide
using bromothymol-blue, (which is almost fully changed at pH 7-0):as
indicator. Owing to the precipitation of coloured hydroxides it is pre-
ferable to use the indicator externally. v

More accurate results are obtained by electromerric titration. For a
description of this method see Chapter X111

ALKALINITY.

This condition is normally imparted to water by the presence of one or
more of the following:—

(a) Hydroxides (OH)
(b) Normal carbonates (CO;)
(¢c) Bicarbonates (HCOs)
In view of this, there are five alkalinity ¢onditions possible in a sample
of water:—
(1) Hydroxides alone.
(2) Hydroxides and normal carbonate
(3) Normal carbonates alone.
(4) Normal carbonates and bicarbonuates.
(5) Bicarbonates alone.

w2

Hydroxides and bicarbonates cannot exist together in the same solution.
ose Bive conditions may be distinguished, anc the quantitics deter-
mined from the results obtained by titration with standard acids.

A titration is made with a standard acid using two indicators succes-
sively. The indicators used are phenolphthulein and mevhyl orange.
Phenolphthalein gives a pink colour only in the presence of hydroxide or
normal carbonate. The change from pink to colourless occurs at a pH
value of 83 or under. Methyl orange is yellow in the presence of hydroxide,
normal carbonate, and bicarbonate, and red in the presence of acid. The
colour change occurs at a pH of approximately 4-4. The phenolphthalein
is added to the water sample first, and titrated to the ¢nd point with
standard acid. The reading is taken, then methyl orance is added and the
titration continued to the second end point. I'rom these two reacings the
data of alkalinity of the water can be caleulut ed thus:—

Let P = the ml. of standard acid used for the titration with phenol-
phthalein.

Let T = the ml. of acid used for the total titration (phenolphithalein
and methyl orange).

This “T” figure is known as the “total alkalinity” or the “methyl
orange alkalinity”.

If the results of the titration of a 100 ml. sample with N /50 sulphuric
acid are substituted for P and T, and these results multiplied by 10 as
below, the values obtained will be in parts per million of the specifie
alkalinity in terms of CaCO,.
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{Alkalinities are usually expressed in terms of CaC0O;) The factor 10
is used because 1 ml. of N/50 sulphuric acid is cqual to 1 mg. of CaCO,.

HP=T
Hydroxide =P > 10 p.p.o.
(2) P> 14T
Hydroxide = (2P — T) x 10 p.p.am.
Normal carbonate = 2(T — P) x 10 p.p.an.
(3) P=131T
Normal carbonate = T x 10 p.p.u.
(4) P < 1T
Normal carbonate = 2P x 10 p.p.n.
Bicarbonate = (T — 2P) x 10 p.pm.
(5) P =0 (Nil)
Bicarbonate =T x 10 p.p.m.

WATER HARDNESS.

Water acquires its hardness from contact with mineral-bearing niuterials )
in the earth’s surface. Rainfall, after reaching the earth, takes up carbon /
dioxide and organic acids from the soil and loses some or all of its dissolved
oxygen. Limestone is dissolved by water contuining carbon dioxide,
resulting in the formation of calcium bicarbonate, a soluble compound. _J

CaCO,; + H,0 4 CO, = Ca(HCO,),

The sulphates and chlorides of calcium and magnesium are comparitively
soluble; and the sulphates, in particular, are found in appreciable quantitics
In many water supplies. It is therefore seen that the hardness of water is
caused principally by calcium and magnesiuin as bicarbonates, sulphates
and sometimes as chlorides and nitrates, Thesc salts arc deposited us
scale in boilers and water heating systems. Hardness again is classified
into “temporary hardness” and “permancnt hardness”. “Temporary
hardness” is caused by the bicarbonates of caleium and magnesiuin, and
can be removed by boiling the water or by treating it with lime. *Ter-
manent hardness” is mainly due to calcium sulphate, which is precipitated
at temperatures above 300°F. Compounds causing permanent hardness
are often termed ‘‘incrustants’.

Hardness-producing substances react with soaps, forming insoluble
compounds before a lather is produced. They are thus a measure of the
soap-consuming power of a water. Several methods for the determination
of hardness are in use. ,

Clarke’s standard soap method is not very accurate in the presence of a
| large quantity of magnesium salts, but is a uscful test for the routine work

d of water-softening.

For more accurate determinations the palmitate method (Blacher’s)
should be used or alternatively the hardness may be calculated from tle

1 results of a detailed analysis of the water, the calcium and magnesium

salts being determined by gravimetric methods.
Hardness is always expressed in terms of calcium carbonate (CaCOy).

CLARKE’S METIIOD FOR THE DETERMINATION OF HARDNISS.

This method consists of agitating 50 ml. of the water with a standard
, soap solution in a 250 ml. rubber-stoppered bottle till a lather is obtainecd
! which will stand unbroken for 5 minutes when the bottle is laid on its side.

-
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Solutions Required.

Standard Solution of Calcium Chloride:—This is prepared by dissolving
0-2 gram of pure calcium carbonate in dilute hydrochloric acid and evapor-
ating several times with water on a water bath, dissolving the residue in
distilled water and making up to a litre. This solution contains caleium
chloride equivalent to 200 parts calcium carbonate per million.

Alternatively dissolve 0+ 4886 gram of pure barium chloride (BaCl,.2H,0)
in a litre of distilled water. This solution also contains the equivalent of
200 parts calcium carbonate per million.

Standard Soap Solution.—Weigh out about 17 grams of B.P. standard
soft soap (Sapo Mollis) and dissolve in a litre of a mixture of 60 per cent
rectified spirits of wine and 40 per cent distilled water. Neutralize to
bromothymol blue with N/10 sodium hydroxide wud allew the solution to
stand for 24 hours and filter.

Standardize by titrating 50 ml. of the standard calcium or barium
chloride solution and dilute with the mixture of spirits and water till a
permanent lather is produced by 10-5 ml. The lather factor for this
solution is 0+5 ml. and must be deducted from all titrations. The soap
solution should be added in quantities not exceeding 0-5 ml., the sample
being vigorously shaken after each addition until the end point is
reached. Since 50 ml. of the standard calcium chloride solution requires
10 ml. of soap solution,

1 ml. of soap solution = 20 p.p.m. calcium carbonate.

Total Hardness.

Measure out 50 ml. of the water into a stoppered bottle of abour 250 ml.
capacity. Shake well and draw out the air in the upper portion of the bottle
with a pipette in order to remove any carbon dioxide which may have been
given off. Proceed with the titration as for the standardization of the soap

solution.
If magnesium salts are present in large quantities a false end point is

often obtained, a good lather forming and suddenly disappuearing. The
end point, too, is often difficult to ascertain, and it is then better to dilute
the sample so that a smaller quantity of soap solution gives a good lather.
If more than 10 ml. of the soap solution are required, it is advisable to take
a smaller measured quantity and dilute to 50 ml. with freshly boiled, cold
distilled water.

ml. soap solution X 20 = p.p.m. calcium carbonate.

Permanent Hardness.
1. Take about 250 ml. of the water in a flask and weigh flask and

water.
9. Boil for half an hour, adding distilled water from time to time.
3. Cool and make up to original weight with freshly boiled cold distilled
water.
4. Tilter and titrate 50 ml. with standard soap solution as before.
ml. soap solution X 20 = p.p.1n. calcium carbonate.

Temporary Hardness.—The difference between the total and the per-
manent hardness gives the temporary hardness of the water.

SN o SR
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The above method for determining permanent and temyporary hardness
is not favoured by some authoritics and in practice these figures are
usually obtained from the total hardness and the total alkalinity figure
(i.e. the “T" figure obtained in the alkalinity titration) in the following
manner.

Permanent Hardness.—When the total hardness is ureater than the
alkalinity, the difference is a direct measure of the permanent hardness.

When the alkalinity is greater than the total hardness no permanent
hardness is present.

Temporary Hardness—When the alkalinity is either equal to or less
than the total hardness then the alkalinity figure is all temporary hardness.

When the alkalinity is greater than the total hardness then the total
hardness is all temporary hardness and the differcrce between the total
hardness and the alkalinity is due to sodiuni carbonate and sodium
bicarbonate. This difference is termed the “‘soda alkalinity ™,

BracHER’s METHOD FOR ToTAL HARDNESS.

Take 100 ml. of t'he water sample and add a few drops methyl orange
indicator, then neutralize with N/10 nitric acid, and add four drops in
excess. Boil off any carbon dioxide, cool, add phenolphthalein indicator
and then N/10 sodium hydroxide until a pink colour just appears. 1Dis.
charge this colour with a drop of acid and titrate the solution with a
standard solution of potassium palmitate until a faint pink colour re-
appears.

The equation of the reaction is:—

2K (CO,Cy3Hy,) + CaX, = Ca (COCy Hyy) + 2K X,
and/or and/or
(Mg) (Mg)
X, representing either SO,, C1, or (NO,),.

Standardize the potassium palmitate solution against a standard
solution of caleium so that 1 ml. = 0-005 gram calcium carbonate.

By taking 100 ml. water sample, every ml. potussium palmitate solution
used in the titration is therefore equivalent to 50 p.p.n1. calcium carbonate.
(Total Hardness.)

Potassium palmitate solution is made up by dissolving 23-63 grams of
pure palmitic acid in a mixture of 250 grams glycerol and 400 ml. of 90
per cent alcohol, and then titrating to neutrality (phenolphthalein) with
a 3-5 per cent alcoholic potash (KOH) solution. Make up to one litre
with 90 per cent alcohol.

HerNER’s METHOD.

Estimation of Hardness by Standard Acid.—7The following solutions
are required :—
(a) Decinormal sulphuric acid.
(b) Decinormal sodium carbonate.
{¢) Methyl orange indicator.

Temporary Hardness. (Bicarbonate of lime and magnesia.)—100 ml. of
the water is titrated with N/10 acid, using methyl orange as indicator,

1 ml. N/10 acid = 00050 gram calcium carbonate (magnesium carbonate
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and calcium bicarbonate being reported as calcium carbonate).  The
number of ml. acid required multiplicd by 30 wives parts caleium carbonate
per million.

" Permanent Hardness.—To 100 ml. of the water add 20 ml N 10 zodium
carbonate; place in a platinum dish and take to dryness o @ water bath.
Extract the residue with hot distilled water, filter and wash thoroughly
with hot distilled water. Cool and titrate with N.10 acid using methyl
orange indicator. The difference between the numnber of ml. N/10 acid
used and the number of ml. N 10 sodium carbonate adced, in shis vase 20,
gives the number of ml. N/10 sodiwmn carbunate which Las reacted.
This difference multiplied by 50 gives the permanent harduess.

If magnesium salts are present use 10 ml. N/10 sodium hydroxide and
10 mal. N/10 sodium carbonate in place of the 20 ml. sodium carbonate.

Total Hardness.—The total hardness is obtained Ly adding together
the temporary and permanent hardness.

Hehner’s method is a good practical metliod for control work on a
softening plant, both for unsoftened and softencd waters, as it gives
results for soda consumption on a small scale, corresponding exactly
with what should take place in a softening plant, and also shows if any
undue quantity of soda is being used.

The determination of hardness may be complicated by the presence of
the carbonates or bicarbonates of the alkalis. Consider the cuse of a
dolomitic water containing the bicarbonates of calcium. magnesinm,
and the alkalis. Hehner’s method for temporary hardness and Clarke's
method for total hardness would give fictitious results; since the bicar-
bonates of the alkalis, although reacting with the reagents used, are not
scale-forming salts. Hehner’s method for permanent hardness would
give a negative result, since, on boiling the water, the calcium and mag-
nesium bicarbonates would revert to the normal carbonates, and be
precipitated. The alkali carbonates on the other hand would be redis-
solved, and be estimated together with the alkalis alded as reagents.

Clarke’s soap solution method for permuanent hardness would, in a
water of this type, give a zero hardness. It is therefore evident that the
scale-forming salts, i.e. salts of calcium and magnesium, would have vo
be determined by the analytical methods proviously described.

To estimate the alkalis present, boil down a nicasurcd quantity to about
half its volume. Filter if necessary, wash. and muke up to the oviginal
volume with distilled water. Titrate with N'16 sulphuric aci-d using methyl
orange as indicator.

1 ml. N/10 sulphuric acid = 0-0053 gram sodium carbonate.

AcCIDITY OF MINE WATERS AND THE PROBLEM OF THE CORROSION OF
METALS.

Although this is still to some extent a controversial subject, there can
be no doubt nowadays that the only measure of acidivy is hydrion-
concentration (or proportion of hydrogen-ions present). There is only one
source of the acidity, viz., oxidation of pyrites, c.g.:

2FeS, + 70, + 2H,0 = 217eS0, + 2H,30,
and the difficulties of the analysis arise from the fact thav some of the
bases from the rock which have in course of time partly neutralized the
sulphuric acid are “weak bases”; the salts of “weak buses” wre not neutral,
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Lut acid. Magnesia, lime, ferrous oxide and manganous oxide are strong
bases, but alumina and ferric oxide are weak bascs.

Now, for the purpose of preventing corrosion of iron and other mctals
underground, it is not necessary to render the water 1 vediy ddliling
(e.g., alkaline to phenolphthalein). This would veqgire o hvdrion oneen-
tration of pH 9, whereas pH 7 is sufticica, and m pract ce Ui 1oune
that, befure this stage is reached, precipitation of fervie avarote wnd
alumina takes place, and it is quite unnecessary ol leads 1o cansiderable
waste of neutralizing lime) to remove the vther Lases. All that is required
is to destroy the “free acid” and the larger proportion of the alwminium
and ferric sulphates without attacking ferrous and meagnesium sulphates.
Technically speaking, this is the same as saving 1hat the pl of the water
must be reduced from (say) three to seven.

The analytical method, therefore, consists in titrating 1he mine water
with standard sodium hydroxide and an appropriate indicator, used
externally., The indicator must be such «s to be almost fully changed
at pH 7. Thus methyl orange, which changes a1 about pH 4-4 gives
totally incorrect (low) results; similarly pherol) hthalein, which changes
at pH 8-3, gives results which are too high. “Bromothynol-blue” is the
correct indicator for this work. It is used in drops on a spos plate, and
about 4 ml. of the titrated liquid is added, continuing the addition of
alkali until the mixture on the spot plate, which is vellow av firsy, is green
(i.e., blue discoloured by ferric hydroxide). 1f greatcr accuracy is required.
the test should be repeated, adding 90 per cent of the alkali (found as
above) at once, and filtering before going on to e end jpone.

1 ml. N/10 sodium hydroxide used for 100 ml. mine watcr
= 0-28 Ib. calcium oxide per 1,000 gallons.
= 0-351b. of lime containing 80 per cent CaO per 1,000 gallons.

It is worth noting that neutralized ferric sulphate is capable of corroding
iron (Fe,(SO,); + Fe = 3Fe(SO,). If this were not so, it would be sufficient
to neutralize the free acid down to pH 5 only, wher: it would be too weak
to attack metals. It is the presence of ferric sulphare which roders it
necessary to neutralize down to the truc ncutral point, which is pH 7.
Although neutralized aluminium sulphate is not corrosive. it is scareely
possible to titrate so as to distinguish between aluminium and ferric
sulphates. It is not possible even approxim:tely to determme the wanownt
of lime required for neutralization by the old method of determining
total sulphate and deducting the sulphates of the Lases presens.

Ferrous sulphate is not corrosive in itsclt, and even wlhen oxidized
does not give rise to a measurable amount of free weid. The equation . —

2FeS0O, + 3H,0 + O = 2Fc¢(OH),H30, (basic ferric sulphate)

represents the oxidation. Now the product which would ionise into
Fe(OH),* and HSO,~ happens to Le almost insoluble in water; consc-
guently scarcely any ionisation (or formation of SO, icn) ecan oceur.

Though controversial, the subject is most important.  Watsen and
Cooper (J.C.M.M.S., 1921, 32) remark: “In view of the very oreat expense
actually incurred by negleet of correct nentralization, it is an immediute
and pressing necessity that rapid and accurate micthods of testing be
known and used, and that clear records be kept and periodically examined
by those responsible for the upkeep of metal work underaround”. The
process given above is at least theoretically correer,
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DrreEcT DETERMINATION OF LIME-REQUIREMENT.

A sample of the water is first tested qualitatively with methyl red
indicator. If the colour given is pure yellow without trace of orange or
red, the water requires no lime. Otherwise vhe following guantitative

test is carried out:

500 ml. of the water, in a measuriny cylinder, Is treated with I ml of
saturated lime water. After vigorous shaking, a smnadl sample of the
mixture is removed and tested with one drop of methyl red solution.
If the colour is red or orange the water is still acid, and « further addition
of 1 ml. of the lime water to the main bulk of the water is mmade, und the
test continued in this way, 1 ml. at a time, until a small sample gives a
pure vellow with methyl red. 1f a large precipitate is produced by the
lime water, it should be allowed to settle slightly, so that a fairly clear
sample can be obtained for the indicator test.

1 ml. pure saturated lime water contains 0-0012 gram caleium oxide,
but the specimen used should be checked by titration with decinormal
acid in presence of phenolphthalein. 1 ml. lime water used as above
corresponds to 2-4 pounds calcium oxide per million pounds of mine
water, or to 24 1b. calcium oxide per million gullons.

The following rough and ready method for engincers and pumpmen
underground is useful. A small dropping bottle is filled with a stronger
lime solution, such that, say, five drops of lime water from the bottle
on 100 ml. sample corresponds to 1 1h. of lime per 1,000 gallons. Addition
of sugar is necessary to get enough lime into solution.

mug, ten drops of bromothymol-blue added, and lime water drop by drop
from standard bottle till alkalinity is shown. Fromn the number of drops
required the official responsible can tell what chunge in the lime feed is
necessary.

Lime (containing calcium oxide in varying amounts) being cheap, is
almost universally used for neutralizing mine waters; the great objection
to its use being the formation of calcium sulphate in neutralization. The
solubility of calcium sulphate may be taken as 20 lb. per 1,000 gallons,
and it is not advisable to add lime so that more than 18 Ib. caleiun sul-
phate per 1,000 gallons will result from the reaction. lsolated occurrences
of saturation do not matter, but the quality of the water ut the various
sumps or main pumping stations should be studied so as to avoid a too
free deposition of calcium sulphate, thereby closing up pipes and pumping
columns. If it is found impossible to neutralize the water for this reason,
it should be remembered that on neutralizing a iine water containing
free acid, ferric and ferrous sulphates, free acid is the first to be neutralized,
then ferric sulphate, ferrous sulphate being the last to react. Bearing
this in mind, it may be possible to add sufficient lime vo just neutralize
free acid and ferric sulphate. In this way calcium sulphate may usually
be kept at a figure well below saturation.

HyproGEN SULPHIDE IN MINE WATEE.

Reagents:—
(1) Standard sodium thiosulphate (N/40) == 6-205 gram
Nu,S,0,.3H,0 per litre.
(2) Starch indicator.
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(3) Standard iodine solution (N 40) = 3-173 gram perlitre. Dissolve
the iodine in 100 ml. of a 20 per cens soluvion of potassium
iodide and make up to one litre with cistilled water.

Method.

1. Syphon 500 ml. of the sample into w vraduated eylinder.

2. Pipette 10 ml. of N/40 iodine solution inte eacl of two Krlenmeyver
flasks.

. Add about 1 gram of potassiviu iodide crvstds to each.

Add 200 ml. of distilled water to one Husk.

Syphon 200 ml. of the sample from the cylinder into the other tlask.

Titrate both the distilled water flask and the sample with N'40

sodium thiosulphate using starch as an indicator near the end of the

titration. Record the ml. of thiosulphate used mcach case.

S o o

Iquations of reaction:—
H,S + I, == 2HI - N
1, + 2Na,3,0, == Na,8,04 <4 2Nal.
Calculation.
Let S = ml. of sodium thiosulphate used for sample.
and D = ml. of sodium thiosulphatc used for distilied witer,
(8 — D) x 426 .
e~ = p.p.m. hydrogen sulpli e
ml. of sample ’

BoiLeEr WATERS.

As large quantities of water arc evaporaved in steam boilers it will be
evident that the soluble salts in the feed water will gradually he concen-
trated in the boiler and will eventually be deposited out of soluticn as
a sludge, an incrustation or a scale. The principal scade-forming substances
generally found in water arc the bicarbonates. sulpinuates and chlorides
of calcium and magnesium. The bicarbonates, on Leatiyg, give off carbon
dioxide and are precipitated as carbonates of calcium and magnesium,
becoming increasingly insoluble in boiling water. and, precipitated in
the form of heavy crystals, form, with the carbonates of calchum and
magnesium, silica, and oxides of iron and aluminiun:, a cement-like
scale of great hardness. As this seale interferes with efil tient heat trans-
ference, it is desirable that as much of these salts as possible be remaoved
in water softening plants.

FrEp WATER.

In addition to the periodical analysis of the water supply roctine
tests should be carricd out on the feed water, to derermine the temporary
and permanent hardness from which data the cdidieney of the solfteaing
plant can be controlled. Where treatment taiies place mthe boilers.
this data is necessury to determine the nature of such treatment.

In view of the close relationship between dissolved oxvgen in boiler
fced water and corrosion of boilers, it may be necessury to examine the
feed water from time to time for the presence of this s

Estimation of Dissolved Ozygen (Modification of Wi kicr's Metlio i)

The method is based on the absorption of cxygen by w docculem
precipitate of manganous hydroxide, formed Ly the reaction berween
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manganous chloride and alkaline potassium fodide. 'The oxygen converts
the manganous hydroxide to manganiv liydroxilc. Acudification by
hydrochloric acid releases frec iodine i direct proport fon te 1z aount of
oxygen absorbed. The liberated iodine is then titrated, at @ temperature
below 26°C., with standard sodium thiosulphate using starch as indicator.
Reagents required:—

(1) Potassium permanganate—3-45 grams per litre.

(2) Potassium oxalate—20-00 g

(3) Manganous chloride—33-0 grins per litre.

(4) Alkaline potassium iodide—70 zrams KOH . 10 wrams Nl

rams per litre.

per 100 ml.
(5) Sodium thiosulphate (N 40)—G- 205 grams per litre.

Procedure.—A conical flask of abour 300 ml. capacity’is fitted with «
three-hole stopper. To one hole is titted the water inlet which is con-
nected to the water supply by means of pressurc tubing. This tubing can
be closed by means of a screw clip. In the case of a hov water feed. a
cooling device, consisting of a water-cooled copper coil throngh which the
feed water passes, must be fitted between the feed pipe and the tlask.
To another hole is fitted the water outlet from which the water is led to
waste through rubber tubing. This tubing can be closed by means of u
spring clip. To the third hole is fitted a shortened micro-hurerte of about
10 ml. capacity.

The two clips and the burette stop-cock are opened and the inlet tube
is connected to the water supply. A few litres of water ave allowed to run
through the apparatus in order to displace all the air. Care nmust be taken
to see that no air bubbles remain in the flask.

The two clips and the stop-cock are now closed. the apparntus is dix-
connected and the water is shaken out of the burctte.

One ml. of 50 per cent sulphuric acid is piperted into the burette, the
burette stop-cock is opened and the acid is drawn into the fask by careful
manipulation of the outlet clip. Care must be vaken to avold drawing
any air into the sample. Tn a similar manner. sufficient permanganate
solution to give the sample a slight pink colour, after the sample has been
mixed and left standing for ten minutes, is added.  [n this manner all
nitrates, iron and organic matter, which would interfere at a later stage.
are removed. The excess permanganate is now destroyved by the addition
of 1 ml. of the oxalate solution.

If nitrates, iron and organic matter are known to be abseire, these first
three steps may be omitted.

One ml. of the manganous chloride is now added. followed immediately
by the addition of 4 ml. of the alkaline jodide soluvion.  The flask is
now wrapped in a dark cloth in order to exclude light and the contents
mixed by inversion and rotation. Afrer ten minutes the solution is run
into a beaker containing 5 ml. of concentrated hydroclJoric i, The whole
is now titrated with the standard sodium thiosulphate solution using starch
as indicator. :

ml. N/40 Thio. X 200
volume of flask in ml.

= milligrams per litre of dissolved oxygen.

Note.—It is customary to report dissolved oxvien ws milligrams per livre
and not as p.p.m. The figurc in cither cuse is the sume.
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In the titration with sodium thiosulphate the temperature must not
cxceed 26°C. as the sensitivity of the starch indicator deeresses at o higher
temperature.

Browpowx WATER.

In all cases where boiler waters ave chemically treated. routine testing
of the blowdown should be carried out in order to avoid under or over
treatment. Following is a useful routine scheme of analysis for blowdown
water:—

H = Total hardness to Clarke's soap solution.

P = Alkalinity to phenolphtlhlein.

M Total alkalinity (alkalinity to methy! orangc)

0 = Caustic alkalinity. Obtained by titrating 50 1l of the sample
to which 2 ml. of a 10 per cent solution of barium chloride has
been added, using phenolphthalein s indicutor.

I

S = Total soda alkalinity. Indicated as being present when M
exceeds H. Caleulated by subtracting H from M.
N = Free sodium carbonate. Indicated as being present when S

exceeds O and is obtained by subtracting O from 3.
[N} == Free lime Ca(OH),. Present when O exceeds 8. Caleulited
by subtracting S from O.
[S] = Permanent hardness when H exceeds M. (aleulaved by
subtracting M from H.
M may be caleulated as being 2P — 0.
Note.—In the above scheme of analysix all alkalinty determinations wre
carried out on 50 ml. of the sample using N/10 sulphuric acid, Results
are all expressed in terms of calcium carbonate.

I ml. N/10 sulphuric acid = 100 p.p.m. calcium carbonate.

In addition to the foregoing determinations, it is nccessary 1o test
periodically for total dissolved solids, chlorides. sulphates and also for
phosphates if this substance is used in treatinent. Chlorides and sulphites
are both expressed as sodium salts. Phosphates in the blowdown will
not normally exceed about 10 p.p.m., and can therefore He most con-
veniently estimated colorimetrically by the following metliod.

Standard Solutions Required:—

(@) Sulphuric Acid Solution:—7To 200 ml. of distilledl water add 65
ml. of concentrated sulphuric acid and dilute to 500 ml.

(h) Molybdate Solution:—Dissolve (without leat: 173 grams of pure
ammonium molybdate in about 200 ml. of distilled wuter. To
another 200 ml. of distilled water add 10-5 ml. of concentrated
sulphuric acid. Mix the two solutions and make up to 500 mil.
This solution must be stored in the dark.

(¢) Hydroquinone Solution:—Dissolve & grams of pure Lydroquinone
in 500 ml. of distilled watcr, and add 0-3 ml. of concentrated
sulphuric acid. Care must be taken that all the hydroquinone
is in solution before adding the wcid. This solution gradually
durkens in colour but will give satisfuctory results for about three
weeks if stored in the dark.

(d) Carbonate—Sulphite Solution:—In 500 mi. of distilled water
dissolve 100 grams of pure anhydrous sodivnn cubonate and 24
grams of pure anhydrous sodium sulphite.
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(¢) Standard Phosphate Solution:—A solution containing 100 p.p.m.
of phosphate is obtained by dissolving 0-139 gram of dibasic
ammonium phosphate [(NH;),HPO,] in a litre of distilled water.

Procedure.—To 5 ml. of the filtered boiler water in a 50 ml. Nessler tube,
add the reagents, measured by separate pipettes, in the following order.
After each addition swirl the sample to mix thoroushly.

1 ml. sulphuric acid solution.
1 ml. molybdate solution.
1 ml. hydroquinone solution.

Now allow the solution to stand for 5 minutes, and allow the olive green
colour, which will appear when phosphates are present, to develop to its
maximum intensity. During this period of 5 niinutes, nicasure 2 ml. of the
carbonate—sulphite solution into a separate 50 ml. Nessler tube. At the
end of the 5 minutes pour the treated solution rapidly into the tube con-
taining the carbonate-sulphite solution pouring backwards and forwards
a few times to ensure thorough mixing. The blue colour of the phusphate
compound develops rapidly and, as it is not permanent, its intensity should
be measured as soon as possible. This is done by coiparing the colour
with that developed by a suitable series made up by dilutions of the
standard phosphate which have been treated in the sunie manner as the
sample. This determination can be more rapidly and cfficiently carried
out by using a colorimeter of the visual, or preferably of the photo-clectric
type.

DETERMINATION OF EMULSIFIED OIL 1IN WATER.

To about 400 ml. of the water add 0-25 griun chemically purc alum.
Boil and add ammonia to precipitate hydrated alumina; the cloudy
appearance of the water due to the oil at once disappears, the oil being
taken up by the precipitate. Filter and dry in an oven av 105°C. Extract
the oil from the precipitate with ether in a Soxhlet apparatus, and weigh,
or, if a Soxhlet is not available, place the funnel contuining paper and
precipitate over a small, weighed flask, and wash precipitate with a fine
jet of ether from the wash bottle till free from cil. Conncet flask to a con-
denser, distil off the ether, and weigh flask and oil residue. In sonie cases
the oil can be directly extracted from the water (acidificd) by shaking with
ether in a separating funnel.

CONDENSER WATERS.

Condenser waters should be tested regularly, more especially in modern
plants in which the condensed water goes straight to the hot well or hoiler

feed.

It is advisable to make a hardness test and a qualitutive test for
sulphates, as these will show if any tubes are leaking and any unduly large
quantity of the cooling water is contaminating the condensud steam. As a
rule cooling pond waters are high in sulphates, so 4 qualitative test can be
done by acidifying 100 ml. with hydrochloric acid and adding a few drops
of barium chloride solution. With a little expcrience it is possible to assess
from the amount of barium sulphate precipitated the state of the con-
densers and to determine whether tubes are leaking.
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A dionic conductivity test gives better mformation as to condenser
leaks but the necessary apparatvus is seldom available in &« Witwaterstand
assay office.  Where a regular check is kept o eondenser wier this
apparatus will prove a great time saver in addition to giving better
information.

CoorLixg-Day WATERS.

A modern power plant requires very lerge cuantitics of water for
cooling condensers, ete. On the Rand this is generadly stored in large
dams, with elaburate cooling devices for the hot retum witer. Ivaporation
in these dams is very rapid, especially in the dry windy season.

The main source of supply for many of these dams is the water pumped
from the mine, already containing a lurge amount of caleium sulphate,
and in the dry season, if a careful check is not waitiined. iv can casily
happen that the water may become siturated with coleiwn sulplate,
and the condensing plant rendered uscless. A good 2eofing water should
contain :—

{¢) No lime present as such (free calcium hydroxide’.
(b) Very little calcium carbonate.
) No free acid or ferric sulphate.
(d) No ferrous salts (sulphates).
(e) Calecium sulphate as much Lelow satu

ip JLIOW satuaray
<

ton point as can be
economically maintained with good worki

i 1

17 results,

(f ) Dissolved solids in as low a proportion as canl be maintained,
allowing for calcium sulphate.

{(g) No sign of algae.

(h) No chlorides.

lxcess of lime (as Ca(OH),) is seldom met with, but should Le tested
for with phenolphthalein. If an alkuline reaction is shown the lime must
be determined.

Caleium carbonate is very seldom found, hut should Lic tested for with
methyl orange and N/10 acid. Calcium is generally present as bicarbonate.

Ferrous sulphate, which is found occasionally. can be tested for by
acidifying with sulphuric acid and adding o freshly weshed crvstal of
potassium ferri-cyanide, any blue colour developing indicating the
presence of ferrous sulphate. lf neutralized it can be removed Ly Sloration.

If a calcium sulphate content of not more than 16 Ib. per 1.000 gallons
is maintained in conjunction with a dissolved-solids ligure of not more
than 3,600 parts per 1,000,000, practicallv no troable frain deposition of
calcium sulphate is found.

In conjunction with the cooling-dam water, the “make-up’ to it should
be examined regularly, and any tendency towards the cecurrence of the
undesirable substances mentioned in the previous paragraph counterueted
as soon as possible.

WASTE aND PoLLuTED WarTERS.

These effluents are analysed to devermine whether they contain consti-
tuents which may pollute streams.

The type of analysis to be carried out can be decided only by studyving
the history of the water in question, its source and possible addition



214 ASSAY PRACTICE ON THE WITWATEKSRAND

of pollution due to chemicals, organic waste. etc. Careful assessment of
the time that stagnant waters have accumulited in a particular jceality
is important. A study of the terrain over whicl awaste warer is flowing
may give evidence of pollution or concentratinon of hiaaful elements,

PRINKING WATEK.

No matter what the chemical characteristics of . water intenduad for
human consumption may be, it i3 absolutely necessary for the water 1o
be subjected to bacteriological examination. This. ¢f coarse. fulls cutside
the province of the assayer and need 10t be considered heres As regards
the chemical examination of the wuter, in wddition 10 the tests already
described, the following determinations may be required:—

1) Small quantities of poisonous metals such as copper leaud, ete.
2) Free and saline ammonia.

3) Nitrogen as nitrate and nirrite.

4) Organic nitrogen.

5) Free chlorine.

6) Oxygen absorbed from permanganatc.

7) Biochemical oxygen demand.

Todide.

Degree of colour.

Description of odour.

pH value.

(
(
(
(
(
(

(
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9
10
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For a description of methods for the determinution of the above con-
stituents and characteristics, the reader i¢ wlvised to consult n work
dealing specifically with the analysis and control of drinking water.

WATER TREATMENT.

The treatment of water for boiler purposes, evc.. i usually the respousi-
bility of the Engineer on the mines of the Winwatersrand to-day, but «
fundamental knowledge of the subject will be usetul 10 assavers

Water treatment consists of:—

1. Coagulation by coagulants.
2. Water softening.

(COAGULATION AND COAGULANTS.

Coagulation is a preliminary treatient of the water prior Lo the water
softening process. Coagulants are used:—

(1) To remove natural suspended and colloidal material,

(2) To remove materials which do not settle rcadily in chemical
treatment processcs,

(3) To assist in filtration, by forming mats on sund filters,

(4) To assist in the vacuum filtration of sewage sludge.

A coagulant reacts with the natural alkalinity in solution in the liguid
treated, or with other added chemicals, to form an insoluble, flocculent
precipitate. The precipitate clarifies the liquid by coagulating, absorbing
and entraining suspended and colloids] material. 1t may alsu remove
colours and gases in solution. A portion of the precipitate formed in
water filtration plants is carried through the sedimentation hasins to be
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deposited on the filter beds where it further wassists i the cantication of
the water and removal of colour, odour and taste-producing comypounds,
The chemicals most <-mnmonl »used as conculipd s b water treagment

acaical
are wluminium sulpha ron swplate, conper < eohic e and <odinn
aluminate. Their use nsnlt\ in tm)n of the nvdroxi

O dun-
nates which are the effective convulunmzs agans. h 1_one wate
S————— ———— —
taning magnesimm, or iron salts, usce is mad L‘TF”I( Nn el i h\xm iroxidy
formed upon the addition of lime. Alum s the most w idelv used uOu_jlll&llL.

1e amount of alum or other chemicals cannot be exanctly determined
from the reaction equations as there cre many varialles affeeting the
reactions.  Actual plant experience ix necessary wirh each pacticular
water.

WATER SOFIENING.

The general and most economical hottemnu treatment for water consists
of treatment with lime to remove all bl(arbumms and excess of carbon
dioxide together with all magnesium salts. This is followed by treatment
with sodium carbonate in sufficient quuntity to precipivate all renaining
caleium salts. (i.e. When permanent hardness is presens as welly

The following are the reactions:—

(1) Ca(HCO,), + Ca(OH), = 2CaCO; + 21L0
(2) Mg(HCO,), + 2Ca(OH), = Mg(OH), — 2CaCO, -~ 2H,0
(3) MgS0, - Ca(OH), = Mg(OH), -~ ('a80,

From equation (3) it will be scen that the non-carbonate hardness.
due to the presence of magnesium salts. is conversed into non-carbonate
caleium hardness.

(4) CaS0O,; + Nu,CO; = CaCOy — Nup,S0,

The precipitation of magnesium hydroxide. calcium carbenate and
suspended matter (silica, ete.) is aceelerated by the addition of sodinm
aluminate (Na,AL,0,), which acts as a ccagulant

It will be noticed from the cquations that calcium carbonate and
magnesium hydroxide are precipitated. cither alone or together in cvery
reaction. This is of course due to the fact that their solubility in water
is very low.

When softening water by the soda-lime process, the amount of each
chemical required can be calculated when the following information is
available:—

1. Free carbon dioxide (CO,).
Bicarbonate alkalinity (temporary hardness).
. Magnesium,
. Non-carbonate hardness (permanent hardness).

b‘hb;.l\')

Lime Requirement.—It will be evident from the equation thav the total
lime required is equivalent to the sum of the hicarbonate alkalinity,
carbon dioxide and magnesium content.

In taking carbon dioxide as an example for calculation, the following
equation is used:—

CO, + Ca(OH), = ("aC0, — H,0
44-01 74-096

Ve
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As the analysis of lime supplics is reported in termms of percentage
caleium oxide, the reacting quantities are:—

CO, + CaO = CaCO,
44-01  56-08

One part carbon dioxide therefore requires 1-27+4 purts caletum oxide,
and water containing one part per million carbon dioxide (or 10 1. carbon
dioxide per 1,000,000 gallons) will require 0-01274 lb. caleium oxide per
1,000 gallons. If the lime contains 80 per cent calcium oxide,

100 .

30 X 0-01274 = 0-013925 Ib. lime
will be required per 1,000 gallons for every part per million carbon dioxide
present.

The lime required per 1,000 gallons of water for bicarbonate wlkalinity
is 0-0056 1b. calcium oxide (100 per cent) per part per million of such
alkalinity.

p.p.m. magnesium x 0-02306 = 1Ib. calcium oxide required per 1,000
gallons.

Soda Carbonate Requirement.—p.p.an. -non-carbonate hardness (or
permanent hardness) X 0:0106 = lb. sodium carbonate required per
1,000 gallons of water.

Allowance should be made for the percentage purity of the soda ash.
Caustic soda is used in some cases for softening water. The reactions
arc as follows:—
CaH,(CO,), + 2NaOH = CaCOy + Na ,CO; + 2H,0
MgH,(CO,), + 4NaOH Mg(OH), -+ 2Na,C0, + 2H.0
MgSO, + 2NaOH = Mg(OH), -+ Nu,30,

I

WATER SOFTENING (OTHER PROCESSES).

Although it is desirable that as mucl: of the hardness ws pussible be
removed outside the boiler in a soda-lime plunt, there is pracuically no
boiler in existence where the feed water is entirely free from hardness.

Sometimes, due to local conditions, difficulty is experienced with the
deposition of calcium carbonate in a hard crystalline form after the water
has left the softening plant. This phenomenon is known as “after-
precipitation”, and is usually due to the interfering effect of magnesium
salts. Plant overload, the presence of organic matter, eve,, also contribute
to this cause. For this reason the use of the fullowing processes in con-
junction with the soda-lime process will lead to greater efficiency in the
conditioning of boiler water with a view to preventing the formation of
scale, etc. The reagents used are available commercially under well-
known trade names.

Phosphate Process.—The process involves the use of cither sodiuin hexa
metaphosphate, disodium phosphate or trisodium phosphate.  These
phosphates are introduced into the feed water of the boiler so that calcium
phosphates are formed at high temperatures as a sludge inside the boiler.
The sludge is eliminated by a periodic “‘blowdown’ of the boiler.
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Equations:—
3CaS0O, + 2Na,PO, = Cuy(PO,), 4 3Nw.S0,
3MgS0, + 2Na,PO, = Mgy(PO;, — 3Na,30,

3CaH,(COy), 4+ 2Na PO, = Cuy(PO,), + 6N HCO,
3MgH,(CO,), 4+ 2Na PO, = M, (PO,), = 6NatICO,

Phosphate Orgaric Treatment.—In this process use is made of the com-
bined reagents, sodium phosphate and certain tiamins. The action of the
phosphate is as mentioned above. An additional safeguard avainsy
incrustation is provided by the tannins present which are absorbed by, and
coat, any solid particles in suspension in the water, preventing their
adherence to the metal and to one anotlher.

StERILIZATION OF CooLiNG Dam Warnns.

The use of sodium hypochlorite (NaQOCl) is often resorted to under
carefully controlled conditions. The solution obtained commercially carries

about 15 per cent chlori nd may be added so thuat the water to be
treated will receive 1:-04 orine per 1,000,000, This will destroy

organic matter (algae) which is a carrier of iron hvdroxide, silica, ete.,
which become scale in the cooling mechanism.

SwiMming BaTH WATER.

This water is generally circulated by means of a centrifugal pump
through an enclosed sand filter of adequate size. A drip feed of aluminium
sulphate solution is fed into the intake side of the pump to form-a floccu-
lent precipitate of aluminium hydroxide on the surface of the sand. A
separate feed of a solution of ““Alfloc A Briquettes” speeds up precipitation
and helps to prevent haziness in the water duc to the formation of a
delayed “floc’” which otherwise may develop after the water has passed
through the filter bed. These briquettes, which consist mainly of sodium
aluminate, make the use of soda ash unnecessary. This ensures the removal
of fine suspended particles in the bath water, as well as the absorption of
the greater part of the bacteria. As the water emcrges from the filter tank
it is aerated by means of a venturi restriction into which wir is drawn from
the atmosphere. A regular feed of chlorine may be introduced by using a
solution of sodium hypochlorite. The addition of ammonium chloride or
sulphate is advantageous as it combines with the chlorine to form “chlora-
mine” which is far more persistent, causes less irritation to bathers and is
not so readily decomposed by ultra violet light. The sodiuin hypochlorite
and the ammonium salt must be added separately. Chlorine may also be
added as chlorine gas, in which case ammonia gus should be used. The
residual chlorine concentration should be kept between 0-2 and 05 p.p.m.
The water can be tested regularly with complete outfits wvailable for this
purpose. Germicidal lamps for water disinfection are also obtainable and
installation details can be obtained from the manufacturers.

Copper sulphate is added at intervals, the concentration being kept below
1-0 p.p.m. This acts as a suppressant for algae growth. It should not,
however, be added more than once or, at the most, twice a weck as algae
have a habit of acclimatizing themselves to copper sulplute.

The amount of aluminium sulphate used per day depends on the circu-
lating capacity of the pump, the area of the filter and size of the bath.
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Five pounds per day is used in one installation wheve the water circuliies
at the rate of 10,000 gallons per hour and the bath hoids 100090 wadlons

Stainless steel tanks are advisable for Lolding the alin cidon sdpoate
solution as it is corrosive. Vulcanite or giass stepeovhs, rubber stppors,
glass sight feed tubing and rubber tubing wre indispesadile,

The aluminium sulphate rate of feed must he adiusted so that vhe water
entering the bath is still slightly alkaline. Fixcessive feed will acicify the
water to such an extent that complete precipitation o ulummium hvidroxide
will be prevented, allowing it to puss threueh the sl diter to the hath
where it is thrown out of solution by the preater dkalyiny ol the 1dn
bulk of water. The water entering the batl fron tie dtrer shoald show w
greenish blue colour when tested with Lromothymiel Blue indicator.

An additional feed of soda carbonate solution may he necded where
make-up water is acid.

The ideal operating condition is to keep the water hetween the neutral
point of pH 7-0 and about 7-4. Ata higher pH the smell or chlovine ismore
noticeable. The increase in acidity due to constane iy aluminiom sul-
phate feed is counteracted by the alkalinity available inomost make-up
water, which it is advisable to add at a constant yite to replice evapora-
tion losses and scum-channel overflow. Sufiicient draining outlets for the
overflow should be provided to prevent accumulation the scum-channel
and possible re-entry of overflow water into the bath.

Germicidal lamps to keep away mosquitoes, nicths, ete.. are also uscful
around a swimming bath. They cost only a few pence more than crdinary
globes and are also of value in the home.




CHarreEr XV,

THE SAMPLING AND ANALYSIS OF COAL AND COKE AND THE
TESTING OF LUBRICATING AND FUEL OILS.

The following chapter has a deuble value. Apart from the information
on coal, coke and oils the section on the sampling of coul is capuble of
much broader application.

The principles involved and the limits of uccuracy apply 1o any material
having a similar form.

With a few exceptions the methods used for suinpling coal in bulk can
be used, e.g., for sampling gold ore which is being delivered to the crushing
plant. The methods for reducing the gross saumple wso apply to any
material of a similar shape.

These methods of sampling arc extracts from the “S.A. Standard
Specifications for the Sampling of Coal and Coke™ by kind permission of
the S.A. Bureau of Standards.

SAMPLING 0F BROKEN CoaL Durine TRaNsIT.

From Conveyor Belts.—The necessary number of increments ma)y con-
veniently be collected by taking shovelfuls of coul from the belt or from
its discharge end at fixed intervals of time. Care should be taken to
include both the centre and the sides of the stream of coal in the incre-
ments either by taking the increment right across the stream of coal or
by taking the increments in rotation from one side. from the centre, {rom
the other side, from the centre and so on. If the thickness of the coal
stream on the conveyor varies from time to time, then the increments
taken should represent this variation. A convenient mecthod of operation
in such circumstances is to take all the coal from & murked off segment of
the conveyor each time this segment passes the sampling point. If some
of the coal that is being sampled is larger in size than the selccted incre-
ment size, then such large lumps, when included in an increment. should
be broken across the bedding plane of the coal and only a sufficient
quantity of the lump retained as the increment. All the increments
should be placed as they are taken in a suitable bag or Lox labelled with
full particulars of the sample.

From Colliery Tubs.—A sample of run-of-mine coal can be taken from
colliery tubs at any convenient point by taking shovelfuls from each tub
or from each fifth or tenth tub as it passes, and observing some regular
order, e.g., from the front of the first, the middle of the second, the back
of the third and so on for successive tubs.

From Railway Trucks.—Railway trucks may be satistictorily sampled
during either loading or unloading operations:

(a) When a truck is being loaded from a chute the increments may

be taken at equal time intervals from the chute as described

under Conveyor Belts. If the truck is being loaded by hand or
from baskets then the requisite increments can be convenientlt

219
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obtained by setting aside every hundredth or two-hundredth
shovelful or basketful. The intervals between increments <hould
be so regulated that the requisite number of increments are
obtained by the time the truck is fully loaded.

(b) When a truck is being unloaded by Juad a swmple may be ob-
tained in a manner similar to that usod during hand leading.
Alternatively, the top layer of voul is removed to one-sixth of
the depth of the truck and from the surface thus exposed.
increments are taken at regular intervals alony three lines.
one down the centre and the other two one-sixth of the total
width from each side respectively. The coal is then removed
to half the total depth of the truck und the sampling of the
new surface repeated in the same way, and finally the coal is
removed down to five-sixths of the totul depth of the truck and
the fresh surface again sampled as before.  The vuniler of
increments taken from each line and level is dictated by the
accuracy requirements of the sample. In the casc of trucks
discharged through a hopper bottom or by tippling, sampling
is very difficult and should be avoided if possible. The discharge
takes place so rapidly and so much segregution vccurs in the
discharged stream of coal that the taking of randomly-distributed
increments is practically impcssible. It is reconimended that
samples should not be taken under these conditions, but thut
the coal be sampled before the truck is cmptied by one of the
methods described in following sections, or after discharge.

(¢) If the manner of loading a track is known, it is sometimes
possible to obtain a satisfuctory sample of the coal without
unloading the truck. Thus, if the trucik has been lowded from a
chute by commencing at one end and gradually moving the
truck under the chute as it is filled, the coal will Le in the truck
in inclined strata and the upper surface of the truck will represent
the contents with reasonable accuracy. When such a method
of loading has been used increments may be collected from the
surface of the coal at equal intervals along three lines purallel
to the length of the truck and spaced one-sixth of the width
of the truck from each side and alony the centre respectively.
This method of sampling is not reconunended if any appreciable
segregation into sizes has occurred during the loading of the
truck and is not applicable to trucks which have been “‘top
dressed” or in which the surface of the coal has been picked
over or stacked in any way after loading. The method can
generally be applied to small coal, but is not relinbie for large
coal (above cobble size).

SampLiNG LARGE CoaL IN TRUCKS AND STACKS.

Large coal in loaded trucks and in stacks cannot be conveniently
sampled by hand unless it is certain that the surface laycr of coal correctly
represents the whole. When segregation of the coal particles has oceurred
during the loading of a truck or the building of a stack, a sample, however
carefully taken by hand from the surface, will not necessariy represent
the whole bulk of the coal. Large and cobhle coul stored under these
conditions can be conveniently and expeditiously sumpled by means of
a mechanical cuction drill sampler which avoids the necessity for taking
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large increments by hand, reduces the weicht of tie gross sumple, allows
of the accurate sampling of the whole bull of the conl w.thout fisturbing
it and reduces the possibility of personal crror.

Apparatus.—The process of sumpling coal with « mechanical suction
drill sampler consists of drilling a suitable number of holes through the
thickness of the muaterial to be siumpled and extracting and collecting
the coal so drilled vut, the material thus remcoved constituting the sanple.
The mechanical sampler consists of three connecte ! parts Lo first part
consists of a power driven motor operating an auger dril. cod v jpped with
a cutting edge, the drill rod being encased noa eylindrical sheath of slichtly
smaller diameter than that of the cutting edge and greater than that of
the drill rod so that the drill rod can move freclv within the shearh., ‘The
sheath is fixed at one end to the drill motor housing and newr this point
an aperture in the sheath is provided which aperture vives access to the
space between the drill rod and the sheath.

The second part consists of the container in which the snply is col-
lected. This has two apertures, cne of which is connecied in a suitable
manner to the aperture on the drill sheath so that & current of air may
be caused to flow from the cutting edge through the sheath into the con-
tainer and out through the second aperture. A filter is inserted within
the container in such a manner as to collect i the contaimer ay solid
material carried by the air stream.

The third part consists of a suitable device for producing the current

AF aiv raanived o onrrv the Arillad et
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al from the catting edge through
the path described into the container where this materiad is retained by
the filtering medium and forms the sample.

The Drilling Procedure.—Cobble or round coul contained in trucks or
stacks is sampled by drilling a suitable number of holes by means o1 the
coal drill vertically into the coal. The holes should Le equally spaced
over the surface of the coal to be sumpled.

The drill only is operated on the top of the truck, the suction cleaner
remaining at ground level.

The drill is held vertically with the bit resting on the coal, the trailing
cable and rubber hose being supported by hooks at the edge of the truck.

Before commencing to drill the fun motor should be started. The drill
motor is then set in motion and the drill rod «licwed to penetrate the
coal bed. No unnecessary pressure should Le exerted on the drill unless
the weight of the drill is insufficient to force the rod through 1he coal,

On completion of the hole the drill rod is withdrawn. while the drill
continues to rotate in order to clear the sheath completely of cual. This
procedure also facilitates the withdrawal of the drill rod.

It is essential for the success of the sampling operatien that the cutiing
edge of the bit should be sharp.

Collection of the Sainple.—After the necessary nuraler of holes liws Leen
drilled, the coal sample should Le removed from the sample contuner
through the bung hole. The last traces of sample should be removed by
agitating the filter cloth to free adherent dust and by tapping the sample
container.

Notes.—(1) The suction drill sampling machine may be used {or coal of
coblle size and larger. Iiven when the coal & superficially vet the
machine can be used, as the air current drees the coal drillings
sufficiently to prevent choking of the machiiie with wet dust,
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(2) The nature of the sampling process makes it inadvisuble to
accept the sample as representing 1le “as sampled™ moisture conteny
of the coal.

THE ACCURACY OF THE GROSS SAMPLE.

Weight of Increment.—It has been cstublished that the accuracy of a
gross sample of coal taken by increments is a function only of the hetero-
geneity of the coul, the size of the increments and the number of incre-
ments taken.

The heterogeneity of the coal varies with its particle size and with s
origin and is reasonably constant for the graded product of w particular
colliery.

The size of the increment affects the accuracy of the gross sample within
limits. When the increment size is small, an increase in size greatly
increases the accuracy of the samplu but beyonid a limiting size of incre-
ment, the accuracy of the sample is very little aifected. ‘There is 110 object.
therefore, in unduly increasing the inererent size, since this only inereases
the size of the bulk sample with consequent greater liability to error in the
sample reduction process.

In Table 1 the most suitable sizes of increments for sampling South
African coals, having regard to all the fuctors influencing increment size,
are set out.

AT R
L ABLID 1.

WEIGHTS OF STANDARD INCREMENTS.

Size of Coal. Usual Designation. Weight of Increment.
+4” square mesh .. | Round coul (or run-of-mine) 18 1h.
—4” +13” square mesh .. | Cobble coal.. .. . 10 1h.
—134”+3" square mesh .. | Nut coal .. .. . 3 1b.
— 3" +3” square mesh .. | Pea coal .. .. . 1 b,
—4” square mesh .. | Duff coal .. .. . 1 lb.

When mixed sizes of coal are sampled the weight of the increment
should correspond to that of the largest size of coul in the mixture.

The number of increments to be taken from a coal of any particular size
depends on the accuracy desired in the gross sample, the acouracy being
proportional to the number of increments.

It is immaterial whether the coal to be sampled consists of one truck
load or one hundred truck loads, if in each case the same number of incre-
ments of equal weight be taken, the two samples will have the same
accuracy and will represent the whole bulk of the coal equally truly.
This generalization holds in all cases provided that the degree of hetero-
geneity of the coal does not vary through the bulk to be sampled. This
proviso may be considered to be satisfied when the coal originates from
one colliery, in which case the number of mcumcnt,s and conscquentl}
the total weight of the bulk sample required to give a definite degree of
accuracy does not vary with the total weight of the (.oal to be sampled.

In practice this generalization sometimes requires modification. In
sampling a large consignment of coal derived from one colliery the
minimum number of increments required for the desired accuracy may be
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tiken at equally distributed points spread over the consiznment. but when
the consignment consists of coal from different sovrees: and espedally
when the different coals are present in wiequal distr bation. then the
even distribution of the minimum nuber of Bierenents over the wicle
consinment may fail to include ene of the trpes of cod presen s
proper proportion.  Under the Jatter conditions 1t s oo ess iy Lo spres s
the number of increnments so that at Jeast one bs taken frome b vk i
the consignment or to sample separately the coad S1on, cach souree.

The foregoing considerations apply to gros< sampies consisting of mere-
ments colleeted by hand.

It has Deen shown by Bushell (oc. civg) that the poriens o vl
collected from individual holes by the il Semyplae Mackine are coa -
parable to increments taken by hand.

By the application, therefore, of the “Theory of rrors™ and the cor
ception of the “Average Error’ it has been shown thar:

(1) The number of increments to be taken or Loles to be drilled =
independent of the total weight of the eonsimment. provide:d
that the increments or holes arce unifornidy distribured,

{2y The number of increments to be tasen or Loles drilled st be
varied aceording to the average crror of the coal,

LThe average error of a particular coal can be determimed by taking or
drilling a predetermined number of increments or holes i asingle truck.
or, converscly, if the average error is known the nunber of increments to
be taken or holes to be drilled can be caleulated o vive therequired cegree
of accuracy.

The number of increments to be taken 1rom, or hicles to be drilled inw
single truck load or consignment in order to colleet a uross sample con-
forming to a degree of accuracy such that in ninety-nine cases out of «
hundred the ash content of the sample will be within plus-ininus one unit
of the true ash content is determined as follows:—-

Ten samples, cach consisting of ten equal nerements of standard size
or holes, should be taken from one consignumeny (truck load) of the cond an
the ash percentage in cach sample determined. The numerical deviation
ineglecting the algebraic sign) of each ash percentige from the uverage of
all ten ash percentages is then calculated.

From the application of the Law of Errors to the sampling of coal
it has been shown that

0-85a .
R = ——— where a average error per Lacremoent
V1

n number of increments
R probable error of the sample.

If R = 0-26 then in 99 cases out of 100 the sample will be within 1 per
cent of the true ash.

0-85a732
thus n = [
1us n 0-96
. a + —
again A = —— ora = AN,

V10y

where A is the average error of samples each made up of n; increments
or holes of average error a
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0-85 Ay r0-S5A T
J=1

therefore n = [ 096 0-96 U™

0-8572 (sum of the numerical deviationsT”~ Number of i“_Cf}f-

= | ——| x | from the average ash pcreentage | wents or holes in

0-26 = —— cachsumpletaken
(the number of samples taken)

or, if ten samples each of ten holes are taker, the pumber of holes re-
quired for a sample to have the above degree of accuracy for practical
purposes is equal to:

for each sample from the average ash

[The sum of the numerical deviabiunb]?
percentage.

The number of increments or holes «s determined i the above manner
should be used for all samples of this particular type of coul,

By practical test, the number of increments of standard weight required
to give an accuracy such that, in 99 cases out of 100, the ash percentage of
the sample is within one unit of the true ash content, have been deter-
mined for different types of South African coals (sec Bushell, loc. cit.).
As a general rule, the data set out in Table 2 may he accepted.

TaBre 2.
MINIMUM NUMBER OF INCREMENTS REQUIRED IFOR GROSS SAMPLLE
SAMPLING BY INCREMENTS TAKEN BY HAND.
Weight of
Weight of No. of Gross
Type of Coal. Ash Content. | Increment. | Increments. Sample.
Ib. lb.
Round Coal (or run-of-
mine) . .. <13% 18 20 360
Round Coal (or run-of-
mine) .. .. >139% 18 40 720
Cobble Coal .. .. <13%, 10 20 200
Cobble Coal .. L. >189% <169 10 30 500
I%otzbée C}oal .. . > igzo 12 Lt})O 1,03()
ut Coa .. .. <13% 3 Y
Nut Coal .. .. >139% <169% 4 30 120
Nut Coal .. .. >169% 4 60 240

When mixed sizes of coal are sampled, the munber of increments taken
should correspond to that specified for the largest size of coal in the
mixture.

The number of increments required in sampling Pea and Duff coal is
similar to that required for Nut coal.

Practical tests with the drill sampling method have shown that, in
general, a gross sample of the required accuracy is obtained from Round
coal from the Natal Coalfields by collecting 40 drill increnments. Xor
Transvaal coals the number of drill increments necessary for Round
coal (+4" square mesh) is 30 and for Cobble coal (—4" + 13" square mesh)
is 45. For mixtures of Round and Cobble coal an intermediate number of
holes is required.
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The accuracy of a gross sample can be varied Ly varving the number

of increments or holes specified above, thus:

(1) If double the number of increments be taken or holes drilicd.
the accuracy of the sample will be such that. in 99 cases out of
100, the ash percentage in the sample will he within 67 units
of the true ash percentage and the calorin: vatue will be within
0-1 Ib. per lb. units of the true vitlue.

(2) If half the number of increments ne taban or holes drdbedl tie
accuracy of the sumple will Le such thaar, in 99 cases out of
100, the ash percentage in the sunple will be within 1.4 units
of the true ash percentage and the calorinie value will he within
0-2 Ib. per 1b. units of the true valuc.

(3) If one-quarter of the number of increments be taken or holes
drilled, the accuracy of the sample will he such that. in 99 cases
out of 100, the ash percentage in the sample will be within 1wo
units of the true ash percentage and the =uloritic value will be
within 0-3 1b. per 1b. units of the true viuue

Tae REeEpucrioN oF THE GROSS SAMPLE.

The process of reducing the gross sample to a size suitable for laborory
testing consists of alternatively crushing, mixing wul dividing the saniple.
The process of dividing gives rise to errors which muy be considerable but
which can be reduced to a minimum under suitable conditions, The errors
involved in sub-dividing a sample increase with the extent of the sub-
division but are less the smaller the size of the coal purticles.  Thus,
whereas a sample of coal of one inch size cannot be reduced to less tham
160 1b. in weight without introducing a consitlerable crror, & coud of
quarter of an inch size can be reduced to & Ih. in weight without introducing
a greater error.

The minimum weights to which samples may be sub-divided are set
out in Table 3.

TasLe 3.

MINIMUM WEIGHTS FOR SUB-DIVISION OF SAMPLES

Size of largest Particles. Minimum Weight after
Sub-division.

2 ins. 640 b,
1 ins. 160 b,
1 ins. 40 ib.
3 ins. 5 b,
{ ins. 3 lb.
B.S. Sieve No. 8§ 1 1b.
B.S. Sieve No. 16 160 2m.
B.S. Sieve No. 25 30 L0,

British Standard Test Sieve. see British Standard Specitication No.
410-1931.
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ASSAY OF BASE METALS

Method for Low-Grade Ores.—(Applicable also to rich ores.

Required: Platinum dish. Cinchonine (or quinine) solution—235 grams
in 200 ml. of 1 : 1 hydrochloric acid.

Decomposition.—Decomposition may be achieved by fusing with
anhydrous sodium sulphate or by the method alrealy described.

Separation and Determination.—Add an exeess of sainmonium hydroxide
to the beaker. (This will dissolve any tungstic acid. It will also precipitate
any iron or aluminium that may be present. 'This, with any siliceous matter
must be filtered off and well washed with hot ammonia water. Theltrate
will contain the tungsten.)

Boil the filtrate to low bulk, cool and add 20 ml. of strong hydrochloric
acid, 5 ml. of strong nitric acid and 3 ml. of vinchonine solution to precipi-
tate all the tungsten. Filter the cold mixture, retwming the fivst iiltrate
if at all cloudy. If a film appears on the sides of the beaker, wash it with
hot dilute ammonia. Add hydrochloric acid and wash into the filver paper
with dilute cinchonine solution. Then wash the filter paper well with the
dilute cinchonine. The filter paper now contains all the tungsten precipi-
tate with, perhaps, a little silica. Place the filter with the precipitate in
a weighed platinum dish and ignite. Cool and add a little hydrofluoric
acid and heat to dryness. Ignite again and weigh., Weight less weight of

dish is WO;.

VANADIUM.

Occurrence.—The principal ore of vanadium is vinmadinite (3Pb,VO,),.
PbCl,. Vanadinite is found associated with lead deposits in numerous
places in the Transvaal. The most extensive deposit is a1 Zeerust in the
Marico district.

Detection.—Borax bead test—oxidizing flame, colourless to yellow
when hot, greenish yellow when culd; reducing fame, brownish when
hot, emerald green when cold. Microcosmic bead test—oxidizing flame
dark yellow when hot, light yellow when cold; reducing flame, brown
when hot, emerald green when cold.

Method of 4ssay.
Required: Standardized N/10 potassium permanganate solution.

Discussion.—The ore is digested in sulphuric acid und taken to tumecs.
After dilution, the precipitated lead sulphate and silica is filtered off.
Potassium permanganate powder is added to remove any organic matter
from the filter paper and to ensure that the iron is all in the ferric state.
On 1epeated boiling with hydrochloric acid the V,0; is reduced to V,0,.

V,0, + 2HCl = V,0, + H,0 -+ (L.
The reaction is reversible, so the boiling down and wddition of more acid
is necessary to remove the chlorine. A f{inal fuming, with the sulphuric
acid present, removes the hydrochloric acid.

The vanadium is now titrated with N/10 potassium permuanganate to
& permanent pink colour. )

2KMnO, + 3H,S0, 4 5V,0, = K.SO, + 2MnSO, - 5V,0; + 311,0.
From the equation 1 ml. N/10 potassium permanganate == 0005045
gram vanadium = 0-00909 gram V,0;.
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Decomposition.—Weigh out one 1o five grams of the finely around
sample. Treat in a benker with 30 ml 1 :1 sulphric acid and hoil to
fumes. The lead precipitate may mike the assay “hump 1Eis best to
grip the beaker in a holder and agitate continwously over i opuen flame.

Should a portion of the sumple not decompose then fuse a fresh assay
with sodium peroxide in an iron crucible. Leach ont with water and fume
with sulphuric acid as above.

Separation and Determination.—~Maintain at the fuming pont for
ten minutes. Cool, dilute to about 75 ml. and tilter. Wash with water

" and return the filtrate to the beaker. This filiyation is only to renove the

gangue and prevent “bumping”.

Return the beaker to the hot plate. Add sufficient powdered potassiuin
permanganate to produce a pink colour that persists on hoiling.  Add 50
ml. strong hydrochloric acid. Boil nearly to fumes. Cool slightly and add
25 ml. more hydrochloric acid. Boil nearly to fumes again and note the
colour, which should be blue. A grecnish colour bulicates that further
boiling with hydrochloric acid is necessary. However, if « large amount
of iron is present, the pure blue colour will ot be attained. Finally, take
o fumes for one minute. Cool and dilute to 200 b Titrate hot with
potassium permanganate in the usual manner.

1 ml. N/10 potassium permanganate = 0-005005 gram vanadium.

N

INC.

Occurrence.—The most inportant ore is zincblende or sphalerite (Zns).
Zinc is also found in small quantitics as smithsonite (4nC0O,) and calamine
(2Zn0.8i0,.H,0). In South Africa, zinc is found associated with galena
in the Marico district.

Detection.—On charcoal—incrustation yellow when hot, white when
cold. With cobalt nitrate—-incrustation. dirty grass green.
Method of Assay.

Required: Potassium ferrocyanide solution. 22 grams por litre. See
standardization below.

Discussion.—The ore is digested with hydrochloric and nitric acids
and taken to fumes with sulphuric acid.  After dilution, a strip of alu-
minium foil is added and the solution boiled. The aluminium precipitates
most of the copper as metal. This obviates the precipivation of a large
amount of copper sulphide later, and thus prevents a measure of co-
precipitation of zinc which would otherwise take place.

The copper is filtered off. Any remaining copper. cadmiwn or bismuth
is precipitated with hydrogen sulphide and filtered off.

After the removal of hydrogen sulphide and the oxidation with bromine,
the iron is precipitated with ammonium chloride and ainmonium hydroxide
and filtered off. The iron is re-dissolved and re-precipitated to ensure that
no zinc is left in the precipitate.

The solution is titrated with potassium ferrocyanide. using uranium
acetate as an external indicator.

The titration reaction is:

3ZnCl, + 2K,Fe(CN), = Zn, K [Fe(CN)g), — 6KCL

Decomposition.—Weigh out 0-5 gram of the finely powdered sample.
Treat in a beaker with 10 ml. strong hydrochlorie acid and 3 ml. strony
nitric acid. Heat until ore is decomposed. If undecomposed material



THE SAMPLING AND ANALYSIS OF (OAL NI CoKIL, ETC, 207

Grind this sample until the whole passes o No. 25 BN, Sieve (39 mesh
cement sieve) and reduce by mixing and quarterinz or othier mechanical
means until not less than 14 oz. remain.

Cirind this sample until the whole pausses oo Noo bb BN Sieve 590 nesh
cement sieve), mix well and transfer to anaor-tigh v or stopperce e de
labelled with details of the sanmiple.

This sample is now sufficiently fine for anadvtical purposes

NPECIAL MOISTURE NAMPLE.

When it is desired to determine the moisture content of the cow as
sampled the gross sample should be collecte Vin e air-ticha box prove fed
with a well-fitting lid. each increment beinz transferred 1¢ the box us it
is taken.

The gross sample should then be crushed to 1
as speedily as possible until 16 1b. remain.

The sample is then rapidly quartered and one S 1b. samiple transterred
immediately to an air-tight tin.  The second 8 b sample can then he
further reduced to form the laboratory test sample.

The air-tight tin containing the ore sample should be sealed and labelled
“Special Moisture Sample” together with particulars of the sampie.
The tin and contents should then be weighed, the weight recorded on the
Iabel. and despatched to the laboratory without delay.

”

size rapidly und quartered

MOISTURE “SUPERFICIAL”.

The psecial moisture sample contained in the air-tight tin s poured out
into a non-absorbent, non-corrodible tray. Weigl the tray plus the coal.
Spread the coal out to dry in a dust free atmosphere until the change in
weight does not exceed 0-1 per cent per hour. Final weight of conl plus
tray subtracted from weight of coal plus tray belore drying = weight of
moisture. Express the loss of moisture as percentaze of the original
weight of coal.

Moisture or Air-Driep Coal.

Weigh 2 grams of coal or coke from the air-dricd luboratory sample in
a shallow weighing vessel of about 2” diameter, provided with a well-fitting
cover. Heat the uncovered coal to constant weicht in a steam jucketed
oven (1 hr. to 2 hr.). Allow the covered dish to ceol ina desicenvor and
weigh again. Express the percentage loss of weight as moisture.

ToraL MoisSTURE OR MOISTURE ““As RECEIVED .
I{ X = percentage superficial moisture or pereentave loss of weivht
percentage sup 1 .
in air-drying.
Y = percentage moisture after air-drying.

<

Then the total moisture or moisture “as received”

:X+Y(1——%)
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ANALYSIS OF COAL AND COKE AND THE TESTING OF
LUBRICATING AND FUEL OILS.

PROXIMATE ANALYSIS.

Analysis and testing are usually carried out on the air-dried 60 mesh
(B.S.) laboratory sample kept in a well-stoppered Lottle.
1. MOISTURE.

Determine moisture as previously described for the determination of
the moisture of air-dried coal.

2. VOLATILE MATTER.

(a) Apparatus—A cylindrical crucible of transluvent silica having «
lid of the same material shall be employed. The dimensions should be
as follows:—

Crucible.
Total height .. .. .. . .. 33 mm.
External diameter .. . . Lo 25 mn.
Internal diameter .. .. .. L. 22 mn,
Lid.
Internal over-all diameter .. . .. 27 nun.
Diameter of well .. . . .. 21 mm.
Depth of well (ext.) .. .. . .o 4 mm.

The combined weight of a crucible and lid shall 1ot be less than 12 gm.
nor more than 14 gm. The stand on which the crucible is placed in the
muffle consists of the ring refractory material which forms a universal
fireclay gas-mantle support. A gas or electrically heated muffle furnace
in which a zone of constant and uniform temperature can be maintained
is used. The temperature shall be measured with a thermocouple whose
bare junction is midway between the base of the crucible in ivs stund and
the floor of the muffle.

(b) Method. —Weigh an empty silica crucible and lid and place 1 gram
of air-dried coal in the crucible. The crucible is tapped on « hard surface
80 that the coal forms a layer of even thickness on the Lottom of the
crucible. Adjust the temperature to a steady value of 925° C. Insert the
covered crucible containing the coal to be tested and heat for a period of
exactly seven minutes from the time of insertion. Cool the crucible
rapidly to prevent oxidation, at first upon a cold iron slab, finully in a
desiceator, and weigh. Express the loss of weight us a percentage of the
weight of coal taken and deduct from this the percentage moisture present
in the coal, which must be separately determined on the same day.

NoTe.—More than one determination may be carried out in the muffle
at the same time provided the heat capacity of the mufile is such that
with an initial temperature of 925° C. a minimum temperature of
910° C. is regained within three minutes from the time of insertion
of the charged crucibles.

(¢) Modified method for coke, anthracite or low volatile non-coking coals.—
Place two discs of asbestos each 25 mm. diameter and 1 mm. thick on the
inner ring projections of the legs of the gas mantle ring and support the
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Dry and ignite, oxidizing the filter ash in the usual manner with a drop ot
nitric acid and sulphuric acid, and then weigh. Ifa Guooch crucible is used.
dry only at 105° C. The weight of sulphur == the weight of the barium
sulphate x 0-1373. A blank determination is carried out under the same
conditions and the weight of barium sulpliate tound in the blank is dedue-
ted from that obtained in the determination preper.

Nore.—For coals containing more than two per cent of sulphur, take
only 0-5 gm. of coal for the determination.

The foregoing methods for the determination of the proximate analysis
of coal are substantially the same as described in B.S.S Noo 1016—1942
or S.A.8.S. No. 1—1943.

ULTIMATE ANALYSIS.

The ultimate analysis of coal comprises the determination ot the carbon.
hydrogen, nitrogen, oxygen (by difference) content. The ultimate analysis
of coal as well as the determination of minor constituents, such as phos-
phorus, arsenic and chlorine are seldom required, if ever. in the evaluation
of stores on the gold mines.

A full description of the standard methods for the det ermination of the
ultimate analysis and the determination of niunor constituents of coal
and coke is given in B.S.S. No. 1016—1942 or S.AN.S. No. 1-—1943.

PrYs10AL TESTS.

(1.) Cavorrric VALUE.

For the determination of the calorific valuc of coals tor the purpose ot
purchase and sale, the standard method (B.S.S. 1016—1942) is considered
to be too elaborate. The following abridged method which eliminates
corrections for nitric and sulphuric acids und simplitics radiation corvec-
tion is recommended by the South African Bureau of Stanlards (N.AL

Std. 5—1940) and is given by kind permission of the SLABS. for com-
parative routine tests:—

ApparaTUS.—(1) Combustion Bomb.—Use a hizh pressure bomb of
the Berthelot or Scholes types. The inside of the homb is constructed of
or lined with an acid resisting material. The capacity of the bomb is such
that, when filled with oxygen at the working pressure, it contiing at
least two and a half times the amount of oxygen required for the combus-
tion of the charge.

(2) Calorimeter—Use a brightly polished metal calorupeter with
a working capacity of between two to three litres. The water equivalent
of the calorimeter together with the bomb and the working charge of
water is between two and a quarter and three and « half kilogramns.

(3) Stirring the Calorimeter Water.—-Stir the water in the calorimeter
by means of a mechanical stirrer, operating av such o speed that, when
the temperature of the water is rising rapidly. the temperature, plotted
against the time, lies on a smooth curve. Operate the stirrer at a constant
speed. The rate of stirring is such thuy, when the calorimeter and its
jacket are both at room temperature, the operation of the stirrer does
not raise the temperature of the calorimeter waver by more than 0-001° €.
per minute.
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4) Calorimeter Jackel —The calorimeter is swrounded by wn outer
jacket containing at least five times as much water as the total water
equivalent of the bomb and calorimeter charged with water. The water
jacket is provided with an insulating cover to protest the culorimeter
from air draughts. The calorimeter is supported cenvrally withn the
jacket by 1neans of insulating supports. A\ uless plote support s not
recommended, a three point cork or hard rubber sappor <o be pretcred,

(5) Thermometers—The thermomerers used should be certitied Ly an
approved testing authority. They should be graduated to U-0l” € and
used with their certified corrections. The water equivident of the calori-
meter is determined for each thermometer used and, it & thermometer
of the Beckmann type be used, the wuter equivalent of the calorineter
15 determined at various temperatures likelv 10 be experienced, say.
when the zero of the thermometer corresponeds to 157, 200, 257 (.. and
the appropriate value is used when the caloritactric determinations are
made.

(6) Bomb Crucible—The crucible for holding the coal is made of plati-
num or silica and is supported within the bomb and does nov rest in
contact with its walls.

(7) Firing Wire.—lgnite the coal in the nomb by means of cither
platinum, nickel. iron, copper or other suitable wive. If a wire is used
which burns during the firing or combustion of the coal, the weizit of
wire used should be a minimum; 5 em, of No. 40 gauge iron wire is recom-
mended. The current used to heat the firing wirc shoukl be sufticiently
strong to cause the coal to ignite immediately.

(8) Oxygen.—The oxygen used for combusiion muast be free from
hyvdrogen or other combustible material.

(9) Brigquetting Press.—A briquetting press i which solid briguettes
of about one gram in weight can be male may be required. The press
must be freed from grease before use andl thoroughly cleaned wnd greased
immediately after use.

(10) Firing Mechanism.—A source of electric current of from four to ten
volts pressure is required. This may be supplicd from a transformer or o
battery. The current available should be suiticient to cause a piece of
firing wire of the length used in the tests to glow brizhtly and fuse within
one second when suspended freely in air.  Flexible lcads, broken by a
firing key, should be provided to conmect the wource of supply 1o the
terminals of the bomb.

DETERMINATION OF THE WATER EQUIVALENT OF THE APPARATUS, —
Determine the water equivalent of the culorimeter by the combustion of
a known weight of pure benzoic acid or a standard hydrocarbon oil in
the bomb. The conditions us to the amount of wuter, oxyvgen, firing wire,
method of correcting for radiation and method of conducting the test
are the same as for the determination of the Cualorific Value of the coal.

The benzoic acid or hydrocarbon oil to be used should be obtained from
a reliable supplier together with a certificare stating the Leat of combustion
per gram of the specimen.

The benzoic acid should be carefully dried Lefore use by being kep
for at least two days in a desiccator uver concentrated sulphuric aeid.
and must be kept in a desiccator except when being weighed or pressed
into briguettes.
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ture variations as possible. A table or benceh on an inside wall of a room
with a south aspect is recommended.

Keep a ten to twenty gallon tank of wazer in the roo11 so as 1o cLeure
an adequate supply of water approximating in temperature to that of the
room.

Method of Conducting the Test.—(1) Fill the culorimeter jacket with
water, the temperature of which must not differ from the temperature of
the surrounding air by more than 2° C. A temperature oi’ 1° C. above the
air temperature is recommended

(2) Clean and dry the bomb and the calorimeter

(3) Weigh out 1-0 gram of the coal sample in & scoop to the nearest
half-milligram. Transfer this coal to the bomb crucible using a brush to
ensure complete transference. Place the crucible in position in the bomb.
Measure off a definite length of firing wire, preferably about 5 ca., and
attach the two ends securely to the bomb terminals in such & marner
that a loop of wire is embedded in the coal in the erucible. The quantity
of firing wire used must be the same for all tests.

(4) Add 10 to 15 ml. of water to the bomb (according to type used)
and assemble the bomb, which should be tightened until it is gas-tight
Unnecessary force should be avoided.

Fig. 76. Apparatus used for the determination of Calorific Vulue showing calorimeter
fitted with stirring apparatus anil thormomotor. The Scloles Lomb is in tle
foroground.

(With acknowledgment to East Geduld Mires Lid.)
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(5) Charge the bomb slowly with oxygen (in such a way as to avoud
blowing the coal out of the crucible) until the pressure in the bomb is 30
atmospheres. Close the valves.

(6) Fill the calorimeter with a weiglied or messure ] quintiny eiwaner,
which should be sufficient. to cover the homb when i position Caving
only the firing terminals above the water Jevel The woter is weiched or
measured to the nearest gram or millilitre and the sane rantity of water
is used for each test. The temperature of the water should be lower than
that of the water in the calorimeter jacket*, preferably to @ degree equal
to two-thirds of the rise in temperature on combustion. The desired
temperature can generally be obtained by mixing tap water and water from
the tank in the room.

(7) Place the calorimeter in the water jacket, ancl the bomb in the
calorimeter, ascertain that the bomb is gas-tight. conmect the terminals
to the firing mechanism through the open key, adjust the stirrer so that
it does not touch the bgmb or the calorimeter and place the covers and
thermometer in position taking care that the thermometer does not touch
the side of the bomb. The thermometer should always be placed i the
same position relative to the bomb and the wall of the calorimeter.

(8) Start the stirrer and observe the thermometer.  Initially, the
temperature recorded will be erratic. When the change of temperature has
become substantially steady, the actual test may be begun.

(9) Preliminary Period —Read and record the temperature accurately,
estimating the temperature to the nearest 0-00] e, and continue readings
for four minutes at one-minute intervals, tapping the vhermaneter lightly
at the level of the top of the mercury column during ten seconds prior
to each reading to prevent the mercury meniscus from sticking.

The thermometer may be conveniently read through a small manifying
jens held with its axis at right angles to the thermomever stem. By
reading always along the axis of the lens where the graduations on the
thermometer appear straight, errors due to parallax are avoided.

The rate of rise in temperature per minute during this period should be
positive. If the rate of change of temperature be erratic. readings should
be continued at one minute intervals until the rate of change is steady
over a period of four minutes.

(10) Chief Period.—At the end of the fourth minute, complete the electric
circuit by momentarily closing the firing key to ignite the coal in the bomb.
The key should not be closed for more than two seconds in order to avoid
heating the bomb. Watch the rise in temperature of the calorimeter and
note the minute during which the temperature reaches a nuixiniun, and
at the end of that minute read the temperature accurately. Record the
time and temperature (see example).

If the coal does not ignite when the firing key is closed, make two further
temperature readings in the preliminary period, and again clese the firing
key. If the coal does not then ignite the source of the failure should be
sought and the test repeated.

(11) After Period.—Continuc the temperaiure reedings at one minute
intervals after the end of the chicf period, until the full inn temperature per

* Agitation of the water in the outer calorimeter jacket by blowing air into it,

or by stirring before commencing & determination, will secure a uniform tempera-
ture of the water jacket.
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minute, which at first is slow, has assumcd a substanticlly steady raie as
shown by five consecutive readings. If the temperature does not fall. the
test is discarded and the whole procedure repeated.

(12) Remove the bomb from the calorimeter and relerse the pressure
by slowly opening the valve. Open the bomab and inspect the neide. If
any trace of coal or of a sooty deposit is observable the combustion has
not been complete and the test must be ropeatec.

(13) Wash out the bomb, empty the calorimeter and allow hoth 1o drin
in preparation for the next test.

Calculation of Result.—The Calorific Value or Evaporative Power of the
coal, expressed in pounds of water evaporated at hoiling point by one
pound of fuel, is the water equivalent of the calorimeter ut 1lic appropriate
temperature, multiplied by the corrected rise in temperaiure and divided
by the latent heat of steam at 100°C. (i.c.. 539 celories per gram .

The Calorific Value in British Thermal Units per pound is 1he wata
equivalent of the calorimeter multiplied Ly the corrected rise in lempera-
ture and multiplied by 1-8.

The corrected rise in temperature is determined by means of the following
formula:—

T=t+mf —(f+1)
where:—

T is the corrected rise in temperature;

t  is the observed rise in temperature during the chicf period;

m is the duration of the chief period in minutes, that is the dif-
ference between the time of the first reading after the maxinonn
temperature is attained and the wine of rring;

J/ isthe average fall of temperature per minute in he after period;

i isthe average rise of temperature per minute in the reliminary
period.

3

The “preliminary period” is the four-minute interval covered by five
temperature readings immediately prior to the moment of firing.

The “‘after period” is the four minute interval Letween 1he time of the
first temperature reading after which the rate of full of temperature is
substantially constant and the fourth rcading thereadter

The Calorific Value of the fuel then is:—

WT .
ANl / .
T3g- i 1b./1b. units.

or WT x 1:8in B.Th.U. per 1D,

Where W is the water equivalent of the calorimeter,
T is the corrected rise in temperature.

The following example indicates the method of caleulution:—
Water equivalent of Calorimeter = 3,402 gin.

Chunge
Time. Temp. i temy.
0 min. 2734 (005 \{
9.7: .
:.12 éf]ig gggi r])rcliminary Period,
3 2-747 0-003 J



—

236 ASSAY PRACTICE ON THE WITWATERSRAND

Time. Temp. Change
: n temp.
Coal fired.
4 2-750 h
5 3-34
6 4-38
; igg?) &Chief Period.
Maximum
8-40 4-708
’ 9 4-707 —0-001 J
10 4-706 0-002 h
11 4-704 0-002
. 12 4-702 0-001 > After Period.
13 4-701 0-002
14 4-699 )

Average rate of rise in preliminary period =
(0005 -+ 0-004 + 0-004 + 0-003) ~ 4 = +0-004 =4
Average rate of fall in after period =
(0-002 + 0-002 -+ 0-001 4 0:002) =~ 4 = +0-0017 = f
Time of chief period =
9 min. — 4 min. = 5 min. = m
Rise in temperature of chief period =
4707 — 2:750 = 1-957°C. =t
Corrected rise in temperature =
1-957 -+ (5 X 0-0017) — (0:0017 4 0-004) = 1-957 4 0-008 — 0006
1-959
Calorific Value of coal = 3,402 X 1:959 x 18
‘ = 11,996 B.Th.U per lb.
The Calorific Value should be rounded off to the nearest 10 B.Th.U.
units, i.e., 12,000 B.Th.U. per lb.
3402 x 1-959
539

or Calorific Value = = 12-36 1b./lb.

NoTEes.—Certain coals show a tendency to jump from the bomb crucible
on firing with the result that they are incompletely burnt. Such coals
may often be successfully burnt by reducing the oxygen pressure in
the bomb from 30 to 25 atmospheres or by grinding the coal finer.
Alternatively, they may be burnt in the form of briquettes made as
described under the determination of the water equivalent.

Coals of very low volatile content and coke are frequently in-
completely burnt in the combustion. Such coals can be completely
burnt by the addition of a small amount of medicinal paraffin of
known heat of combustion. The following procedure should be
adopted:—Weigh the bomb crucible containing the one gram of coal,
add one small drop of medicinal paraffin and re-weigh. The difference
in weights is the weight of paraffin added. Proceed with the deter-
mination of the Calorific Value as previously described and subtract
from the Calorific Value found, the heat of combustion of the weight
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of paraffin used, e.g., it 0-0215 grams of paratiin were added anld the
heat of combustion of the parattin is 10,990 calories per grumn, suliract
10.990 % 0-0215 = 236 calories or 236 < [-8:= 425 B/ThT o
236 — 539 = 0-44 1b./1b.

(2) SWELLING INDEX OrR  Woobanl DUCKHAM  SWEHLLING NUMBER

(W.D.S.N)).

"The determination from w erucible coke buttor of the swelling power of g
coal is a usual test in evaluating its coking prepensity.

APPARATUS.

(i) Translucent silica crucible, squav shape, and silica hid with ring
handle of the following dimensions isx used:—-
External height 26 mm. -= 0+5 mm.
External diameter at top 41 mm. 4 075 mm.
Internal diameter at base not less than 11 non.
The capacity approximately 17 mlL

(ii) A triangle consisting of 6-6-5 mm. external diwmeter translucent
silica tubing mounted on chrome-nickel wire. the length of the
side being 63-64 mm., the diamecter of the inseribed civele being
approximately 32 mm.

(iii) Teclu burner, ¥ inch diameter.

(iv) Draught shield made of asbestos cement piping approximately
6 inches long with 4 inches internal and 4§ inches external
diameters.

‘The piping has three slots at one end, | inch in depth. newhich the wive
portions of the silica triangle rest. The gas pressure and the gas and air
supplies for the Teclu burner arc adjusted s0 that the tlanic is approxi mately
12 inches long. It is generally found that with the base of the crucible
just above the tip of the blue cone of the gas flane a temperature of whout
820°C. is maintained on the inner surface of the crucible.

T Y Cay a5

YNYAYATAYA

7 7t g 8k g

Fig. 77. Standard Profiles und Corresponding Swelling Numbors.
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MEeTHOD OoF TEST.—Weigh 1:0 gm. of air-dried coal {reshly ground
to pass 72 mesh B.S. test sieve into the crucible and lightly wap crucible
12 times on bench to level surface of the coul. Cover cracible with Lid and
place it upright in the silica triangle supported in the draugnt shield.
Light the gas and heat until the flame of the hurning volatile matter dies
out and, in any case, for not less than 24 minutes. After cooling, remove
button and cpmpare it with the standard numbered cutlines in tigure.

1 denotes a residue of definite coke structure hut no swelling

1¢ denotes a residue easily friuble wrd possessed of no coke struczure.

1, denotes a residue in powder form. A value of 33 or tere iulicates
definite coking possibilities.

(3) SprcrFic GRAVITY.

Introduce 3 to 4 gm. of air-dried 60 mesh coal or coke into a 30 ml
tared S.G. bottle, cover it with a layer of distilled warer and conneet to a
water pump and heat gently to boiling point i a water bath for 4 hour.
Fill the bottle with distilled water, bring to the correct temperature, dry
and weigh. Should any scum collect in the neck of the S.G. borttle, it
should be stirred with a thin glass rod which can be conveniently cleaned
by rinsing down the particles attached to it by water from a wash-bottle.

The difference in this weight and weizht of the S.G. bottle filled with
distilled water at the same temperature is the weight of water displaced
by the coal.

Weight coal taken

Specific gravity = Weight of displaced water’

(4) Fuston TEMPERATURE OF CoaL or Coxp AsIL

Heat the coal (or coke), reduced to pass through § inch B.5. test ~ieve
in a thin layer at a temperature of 775°C., -- 25 C., in a well-ventilated
muffle, and thoroughly mix the resulting ash to an impaipable powder inan
agate mortar. On no account must an iron mortar or pestle be used.

The quantity of coal (or coke) required will vary with its ash content.
As a rule 1-5 gm. of ash is sufficient for each ash pyrainid.

Make the ash into a stiff paste using a 10 per cent solution of dextrin
in water and press into a suitable mould to form a triangular pyramid
1 inch high and 4 inch along each side of the busc, one side of the pyramid
being perpendicular to the base. After removal of the pyramid from the
mould (which has previously been coated with a thin layer of petroleum
jelly) mount it on a “refractory” base, dry and place in gas or cleetric
furnace capable of being heated to high temperatures and provided with
an observation hole.

First maintain the temperature at S00°C. under oxidizing conditions for
a sufficient length of time to burn off the dextrin and jelly. Then alter the
atmosphere of the furnace to mildly-reducing conditions and raise the
temperature to about 1,000°C. Maintain the rate of heating ubove this
point at about 4-5°C. per minute until the pyramid begins to deform.,
Then slow the rate of heating down to about 2-3°C. per minute until the
pyramid fuses to a blob.

Measure the temperature of the pyramid by means of wn optical pyro-
meter, preferably of the disappearing filamment type.
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NoTE.—When a gas-fired furnace is used, the most convenient method of
obtaining a mildly-reducing atmosphere is to introduce partially-
burnt gas or a mixture of fresh and burnt gas into the interior of the
muffle.

When an electric furnace is used introduce regulated strewms o
hydrogen and carbon dioxide supplicd from eylinders,

TESTING LUBRICATING OILS.

Although there is no simple laboratory method fur vesting the important
properties of oiliness or performance of lubricating oils wuler service
conditions, methods have been laid down in “Standard Methods of Testing
Petroleum and its Products” by the chemical standardization of the
Institute of Petroleum for determining such properties as viscosity and
flash-point, etc.

Of greater importance than the testing of new lubricating oils is the
control of impurities in regenerated orreclaimed lubricating oils. Imipuritics
which are known to be harmful when present in excessive quantities in
lubricating oils can be detected by such determinatvions as warer and solid
matter, viscosity index, mineral acidity, saponification value, corrosion,
carbon residue and crankcase dilution, etc.

(1) ViscosITY.

In order to determine the viscosity index and the S AL, number of
lubricating oils, having S.A.E. numbers between 10 and 40, the viscosity
of the oil must be determined at lcast at three temperatures, i.e., 100°F.
and 210°F. for viscosity index and 130°F. for S.A.1X. number. Lubricating
oils having S.A.E. numbers from 50 to 70 necd have their viscosities
determined at 100°F. and 210°F. only.

The Redwood (L.P.T. standard mcthods) or Saybolt viscosimeters
may be used, but preferably the viscosity shiould be determined in
absolute units, e.g., in the Ubbelohde Apparatus. (Zur Viskosimetri
(1936) L. Ubbelohde Jnl. Inst. Petroleum Tech. 22, 52:41 (1936)).

The viscosity is expressed in Saybolt or Redwood seconds, the S ALK,
number can be obtained from the following table:—

AT 130°F. Ar 21070
Crankcase ———— —— -
Qils SAYBOLT ReEpbwooDp SAVYEBOLT REHWOOD
S.A.E. SecoxDs. SECONDS. SECONDS. SECONDS.
No. -— ——— -
Mini- { Maxi- | Mini- | Maxi- | Mini- | Maxi- { Mini- | Maxi-
mum. | mum. | mum. | mum. | mum. | mwun. | nnan, | omum,
10 90 <120 73 <10t - — — —
20 120 < 185 104 < 161 -- —— .- —
30 185 < 255 161 <225 — — - —
40 255 _— 2235 — - << S0 -— E RN
50 — —_ — - S0 <2105 G6u-5 {7 40
60 — — — —_— 105 <7125 Gy < 107-5
70 —_ —_ — — 125 <7150 1O7-5 1212940
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A fairly reliable determination of the S.A.E. number can be obtained
by determining the time required for an air-bubble of standard size to
travel through a given column of oil in a standardized tube and comparing
this with the time of travel when the tube vontains oils of known S AL
number under otherwise identical conditions. Reference oils should
preferably lie on the border between different N.AJ numbers.

The viscosity index (Dean and Davis) is determined by the method out-
lined by Dean and Davis. Viscosity Variations of Oils with Temperature
Chemical and Metallurgical Engineering, Val. 36. No. 10, page 613 (1924).

(2) MINERAL ACIDITY.

Shake 100 grams of the oil vigorously in a tap funncl for onc minute
with an equal weight of warm distilled wuter, which should be neatral.
Allow the water to separate and then run into a clean tlask. cool and titrate
with N/10 potassium hydroxide, using methyl oroge as indicator. The
result should show no free mineral acid.

(3) SAPONIFICATION VALUE.

Mix a quantity of oil weighing about 5-7 grams, but not more than 10
grams, with 25 ml. of N/2 alccholic KXOH (free from curbonates). Boil the
mixture vigorously for three hours under reflux. Thereupon cool rapidly
and run 50 ml. of alcohol and 20 ml. of N'2 hydrochloric acid into the

.
mixture from m 3 d
misture from pipettes. Complete the titration using N;10 hydrochloric

acid and Alkali Blau as indicator. Run a blank similarly and simul-

taneously. From the difference in quantity of acid required for blank and
assay tests calculate the saponification value.

g ») 2 . "

S.V. expressed as (mg. KOH/gram of sample) = y £ 2305

I

N
(y = ml. 5 KQH used.)
(x = weight of sample.)

The saponification value as determined will represent the sum of free
acid and saponifiable matter. Subtract the acidity value from the saponi-
fication value to obtain the saponifiable value.

Determine the acidity value thus:

(4) ToraL AcipIty.

Weigh not less than 10 grams of the oil into a Hask and add 50 ml. of
95 per cent of alcohol (neutral at 40° to 50°C.). Heat the mixture to
boiling point on a water bath, allow to boil for five minutes, and shake well
to ensure solution of the acids in the alcohol.

Add one millilitre of 0-5 per cent solution of phenolphthalein, and cool
the mixture to 40° or 50°C. and titrate as quickly as possible with N/10
potassium hydroxide (free from carbonate).

Express the results as the number of milligrams of potassiumn hydroxide
necessary to neutralize the acidity of one gram of the sample.

Holtzafel and Snyman give the following method for estimating acidity
in highly coloured oils:—

Weigh out 20 grams of the oil and place in a 500 ml. Erlen-Meyer flask
containing 100 ml. neutral carbon tetrachloride. Add 300 ml. pure distilled
water, close the flask with a rubber bung and shake vigorously.
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Titrate directly with N/10 sodium hydroxide using phenolphthalein as
indicator. Shake and allow to settle after cach addition of sodium
hydroxide.

The oil settles in a few seconds.

By using this method the end point is casily scen.

(5) CORRrOSION.

Immerse in the oil a piece of copper foil 1 inchi square polished by means
of a piece of cotton wool and No. 150 carborandum powder and bent
into the form of a cylinder. Heat the oil and its contents on a water
bath at 100°C. (212°F.) for 12 hours. No appreciable discolouration of
the copper should result.

(6) Conrapsox CarBoN RESIDUE.

The apparatus consists of the following . —

(a) Porcelain Crucible.—Porcelain crucible, wide form, glazed through-
out, or a silica crucible; 29 to 31 ml. capacity, 46 to 49 mm. (1-81 to 1-93
in.) in rim diameter.

(0) Iron Crucible.—Skidmore iron crucible, Haneed and ringed, 65 to
82 ml. capacity, 53 to 57 mm. (2-07 to 2-20 in.) inside and 60 to 67 mm.
(2-36 to 2-64 in.) outside diamecter of flange, 37 to 39 mm. (1-46 to
1-54 in.) in height supplied with a cover without delivery tubes and
having the vertical opening closed. The horizontal opening of about.
6-5 mm. (0-26 in.) must be kept clean. The outside diameter of the flat
bottom should be 30 to 32 mm. (1-18 to 1-26 in.).

(¢) Iron Crucible —Spun sheet-iron crucible, with cover; 78 to 82 mun,
(3-07 to 3-23 in.) in outside diameter at the top, 58 to 60 mm. (approxi-
mately 2-3 in.) in height, and approximately 0-8 muna. (0-03 in.) in thick-
ness. Place at the bottom of this crucible, and level before each test, a
layer of about 25 ml. of dry sand, or enough to bring the Skidmore crucible,
with cover on, nearly to the top of the sheet-iron crucible.

(d) Wire Support.—Triangle of bare nichrome wire. of approximately
No. 15 I.W.G. gauge having an opening small enough to support the
bottom of the sheet-iron crucible at the same level as the bottom of the
asbestos block or hollow sheet-metal box, paragraph ().

(¢) Hood.—Circular sheet-iron hood, from 120 to 130 mm. (47 10 54 in)
in diameter, the height of the lower perpendicular side to be from 50 to
53 mm. (2 to 23 in.); provided at the top with a chimney 50 to 60 mmn.
(2 to 2% in.) in height and from 50 to 56 mm. (2 to 2} in.) in inside diameter,
which is attached to the lower part with the perpendicular sides by a cone-
shaped member, bringing the total height of the complete hood from 125
to 130 mm. (5% in.). The hood may be made from a single piece of metal
provided the foregoing dimensions are adhered to. As a guide for the height
of the flame above the chimney, attach a bridge made of approximately
3 mm. (} in.) iron or nichrome wire, at a height of 50 mm. (2 in.) above the
top of the chimney.

(f) Insulator.—Asbestos block, refractory ring. or hollow sheet-inetal
box, 150 to 175 mm. (6 to 7 in.) in diameter if round or on a side if squure,
327to 38 mm., (1} to 14 in.) in thickness, provided with & mectal-lined,
inverted cone-shaped opening through the centre: 83 mm. (33 in.) in
diameter at the bottom, and 89 mm. (3} in.) in diameter at the top.
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In the case of the refractory ring no metal lining is necessary. provided
the ring is of hard, heat-resistant muaterial.

(9) Burner.—Burner, Meker type, 24 mni. (Lin.)in doamerer by 155 mn
(6 in.) in height, suitable for either manufactured or natural gus.

ProcEDURE.—(a) Weigh to the nearest 5 my. w 10 gram sample of the
oil to be tested. free from moisture and other suspended matver. into
tared porcelain or silica crucible containing two glass beads about 0-1 1.
in diameter. Place this crucible in the centre of the Skidmore erucible.
Level the sand in the large sheet-iron crucible «nd set the Skidincore crucible
on it in the exact centre of the iron crucible. Apply covers to both the
Skidmore and the iron crucibles, the one to the latser fitting loosely to
allow free exit to the vapours as formed.

(b) On a suitable stand or ring. place the bare nichrome wire triangle
and on it the insulator. Next centre the sheet-ivon cruciblein the insulator
with its bottom resting on top of the triangle, wul cover the whole with the
sheet-iron hood in order to distribute the heat uniformly during t he process.

(c)Apply heat with a high, strong flame from the Meker-type gas bur-
ner, so thht the pre-ignition period will be 10 + 1-5 min. (a shorter time
may start the distillation so rapidly as to cause foaming or too high a flame).
When smoke appears above the chimney, immediately move or tilt the
burner so that the gas flame plays on the sides of the crucible for the
purpose of igniting the vapours. Then remove the heat temporarily, and
before replacing, adjust by screwing down the pinch-cock on the gas
tubing so that the ignited vapours burn uniformly with the fame above
the chimney but not above the wire bridge. Heat may be increased, if
necessary, when the flame does not show above the chimney. The period
of burning the vapours should be 13 £ | min. 1f it is found impossible to
meet, the requirements for both flame and burning time. the requirement

for burning time is the more important.

(1) When the vapours cease to burn and no further blue smoke can be
observed, readjust the burner and hold the heat as at the beginning so as
to make the bottom and lower part of the sheet-iron crueible a charry red
and maintain for exactly 7 min. The total period of heating should be
30 -~ 2 min. which constitutes an additional limitation on the tolerances
for the pre-ignition and burning periods. There should he no dithculty
in carrying out the test exactly as directed with the ges burner of the type
named, using city gas (about 550 B.T1.U.) with the top of the burner
about 2 inches below the bottom of the crucible. The time periods should
be observed with whatever burner and gas is used.

(¢) Remove the burner and allow the apparatus to cool until no smoke
appears (about 15 minutes), and then remove the cover of the Skidmore
crucible. Remove the porcelain or silica crucible with heated tongs.
place in the desiccator, cool and weigh. Caleulate the percentape of carbon
residue on the original sample.

(7) CrRANK-CASE DILUTION:

APPARATUS.—(a) General.—The apparatus consists of a glass task

* heated by a gas-burner flame or electricity. and provided with a reflux

water condenser discharging into a trap for colleeting the distillate. The
trap serves to collect and measure the diluent. retuwrning condensed water
to the still.
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(b) Trap.—The trap is made of well-unnealed glass, graduated from
0 t0 12-5 ml. in 0-1 ml. divisions. The error of any indicated capacity
must not be greater than 0-05 ml.

(c) Flask.—The glass flask is of the short-neck. round-hottonn type,
with a nominal eapacity of one litre.

(d) Condenser.—The condenscr is of the water-cooled, reflux. glass-tube
type, having a condenser jacket not less than 400 mm. (15§ in.j in length
with an inner tube 9-5 to 12-7 mm. (} to { in.) in outside diameter. The
end of the condenser to be inserted in the trap is cround off ar an angle of
60°.

1 in. in diameter, and the orifice used should be such that a narrow flame
coming to a point about 4 in. above the top of the burner can be obtained.

(¢) Burner.—The gas burner should preferably be of the Meker tvpe.

PRrROCEDURE.—(1) Mix the sample thoroughly and mecasure 25 ml. into

a 25 ml. graduated cylinder and transfer to the flask. By w: 1shing out the
cvhnder with hot water only a negligible amount of oil will be ldt in the
graduated cylinder. Add approxim: 1tely 500 ml. of warer to the ilasic and
assemble the flask, after filling the trap with water. Tlace the tip of the
condenser directly over the indentation in the trap.

(2) Apply heat with the full flame as indicated in paragr aph (a). The
rate should be such that refluxing starts within from 7-10 minutes after

the heat is applied, the water bemg at room temperature initially,

N.B.—Success of the method depends upon heating at such a rate thad
boiling is continuous and vigorous enough to prevent the oil from
forming, even momentarily, a continuous filin on top of the water.

NoTe 1.—As a check on the rate of distillation, mauke w deterinination
on a fresh oil containing 15 per cent of added liluent. The oil
used should have a flash point of $00°)1. or over and the diluent
used should have an initial boiling puint of 300 to 520°F . and
an end point of 400 to 420°F. At Jeast 133 per cent of the diluent
should be obtained by this method on boiling for 60 minutes.

Nore 2.—Bumping with a tendency to froth over is often experienced
with dirty oils and may be prevented in several ways, namely,
by the addition of bits of broken glass, by the addition of stecl
wool, or by the addition of about 5 ml. of concentrated hvidro-
chloric acidl.

(3) Make readings of the amount of diluent at the following times,
taken from the time that refluxing starts; 5, 15. and 30 min., and each
15 min. following, until the test is completc.

Determine the completion of the test on the basis of either or both of
the following criteria:—

No. 1.—Test is complete when the volume of diluent increases by
not more than 0-1 ml. in any 15 min. period during the course
of the test.

No. 2.—Test is complete when the volume of diluent obtained in a
given time indicates completion. as follows:—
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Test is completed 1f
apparent volume of

Time from start diluent collected s
of refluxing. equal to or less than
5 min. -1 mlL*
30 min. 2-0 ml.
60 min. 4+0 ml
90 min. 70 ml.

*Report as “No dilution”.

(4) Generally, criterion No. 1 defines the completion of the test, but
when the test continues to a point at which any of the conditions described
under criterion No. 2 are encountered, the latter defines the completion
of the test.

(5) When the test is complete by either of the criteria in paragraph (3)
the heat is turned off. After standing at least 15 minutes, to allow the
distillate to settle clear and to cool to approximately room temperature,
the volume of diluent is read. The percentage dilution is obtained by
multiplying this final volume by four.

TestixG or Furr Oins.

For buying and storing purposes it is generally sufficient to test the
calorific value and the flash-point of the oil.

CALORIFIC VALUES.

. The calorific value of diesel and heavy fuel oils Is determined the same
way as that of coal. When the calorific value of light volatile oils such as
petrol is being determined certain precautions are necessary. The quantity
of petrol taken should not exceed 0-3 gm. and it should be sealed into a
glass capsule strong enough not to collapse under the oxygen pressure in
the bomb. The sealed capsule containing the petrol is placed in the crucible
together with about 0-1 to 0-2 gm. of medicinal paraffin of known calorific
value, the firing of which breaks the glass capsule. As in the case of the
calorific value determination of coke « correction is made for the heat
generated by the medicinal paraffin.

FrasE-POINT DETERMINATION.

For oils having a flash-point below 120°F. the Abel apparatus is used.
In the case of oils having a flash-point between Y0°F. and 120°F. the
method is slightly modified—the air chamber which surrounds the oil cup
is filled with cold water at a depth of 1-5 in., and the heating vessel or
water bath filled as usual, but also with cold water. The temperature of
the oil is raised at the rate of 2°F. to 2-25°F. per minute and test flame
first applied when the temperature has reached 80°F. For oils having a
flash-point above 120°F. the Pensky-Martens apparatus is used. A full
description of the Abel and Pensky-Martens apparatus and the two
methods of procedure are given in “Standard Methods of testing Petroleum

and its Products”.

Acknowledgement is made to the Institute of Petroleum from whose
publications quotations have been taken. To keep up-to-date readers are
advised to study these publications which are revised periodically.



CHarTER XVI.
THE ANALYSIS OF MINE STORES.
Borax.

"This material is usually supplied to the mines as fused borax, Na,B,0,.
It can also be obtained in two hydrated forms, the one containing 5 mole-
cules, and the other 10 molecules of water of crystallization.

Alkali borates react to methyl orange as if they were solutions of
hydroxides; the free boric acid producing no colour change in methyl
orange. The total soda may be determined by titrating with standard
acid using this indicator.

1 ml. N/10 hydrochloric acid = 00031 gram Na,O
= 0-0101 gram Na,B,0,.
adulteration with an alkali is suspected, the boric acid content must be
al

eterr ined.

Procedure.—Weigh out 2 grams of the finely agated material and dis-
solve in freshly boiled distilled water, heating if necessary (the dehydrated

_salt is not easily dissolved). Cool and make up to 250 ml. Determine the

total alkali in 50 ml. of this solution by titrating with N/10 hvdrmhlorlc
acid using methyl orange as indicator.

‘Exactly neutralize another 50 ml. of the solution by uddmg the same
quantity of hydrochloric acid indicated by the previous titration. This
will produce boric acid corresponding to the amount of borate present
in the solution. Boil for a few minutes in a flask fitted with a reflux con-

" denser to expel carbon dioxide which will be present if the borax contains

carbonates. The condenser will return the slightly volatile boric acid.

<Remove from the source of heat, rinse the condenser into the flask and cool

Add 25 grams of glycerol (Glycerine) and titrate with N/10 sodium
hydroxide using phenolphthalein as indicator. When the pink colour of
the indicator appears add a further 10 grams of glycerol. Should this
addition discharge the pink colour continue the titration and repeat this
procedure until the pink colour is no longer discharged by the addition of
more glycerol.

2B,0,.6H,0 4 4NaOH = 4NaBO, + 8H,0
1 ml. N/10 NaOH = 0-0035 gram B,0,
' = 0-00505 gram Na,B,0,.
«Water is determined by loss on strong ignition. Chlorides, if present.

are determined in the usual manner by titration with standard silver
nitrate using potassium chromate as indicator.

246
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THE SAMPLING AND ANALYSIS oF Cancivy (CCARBIDE.

Carbide is usually delivered in 200 1b. drums with a screw tvpe lish,
The minimum number of drums to be saraple!d depends on the size o7 the
consignment according to the following table:

Weight of Consignment. Minimum No. of Drwms.
601b. — 1 ton I drum
1ton — 2 tons 2 drums
2 tons— 10 tons 3
10 tons— 50 tons 4

50 tons—100 tons
Over 100 tons

SAMPLING.

Precautions.—Owing to the affinity which carbide has for moisture all
sampling and handling must be done as rapidly as possible and the sumple
must not be handled with bare hands. The sampling time should not excecd
5 minutes per drum.

Method of Sampling.—The drum is opened and the contents are spread
out on a level floor covered with waterproof material. Four equal scoops
are taken from different places and put into a sample container which is
carefully sealed to exclude air or moisturc. The sample should weigh
not less than 7 1b. The remaining carbidc is replaced in its original drum.
the floor swept, and the next drum opened und sumpled ina similar manner.
Thus if you have a consignment of 2-10 tons of carbide, you should have
at least 3 separate samples.

Each sample in turn must now be crushed to approximately 7 mm.

approx. 4 in.), but not bigger than 20 mm. (approx. # in.). and re-scaled
(app ) gg Pl 3 !
n 1ts container.

ANaLYsiS. METHOD 1.

The gravimetric method—i.e., weighing the amount of liberated dry
acetylene gas.

Appmdius.——'l‘he apparatus consists of & 1,000 ml. conical flask to which

.is fitted a 3 holed rubber bung. Through the first hole is a straighv stop

cock. In the second hole is a separating funnel. the end of which is drawn
to a point. The glass stopper of the funnel is repliced by a rubber hung
through which passes a piece of glass tubing, also drawn to a point. To
the third hole in the rubber bung in the conical flask is fitted a delivery
tube connected to a drying tube of calecium chloride. This piece of
apparatus while in use is kept in a water bath of flowing water at approxi-
mately 15°C.

Method.—The scparating funnel is filled with saturazed salt solution
and fitted to the conical flask. Any adhering moisvure is wiped off and
nitrogen gas is passed through the apparatus by wuy of tlie straight stop-
cocl for two minutes. The stopcock is then closed and the nitrogen bottle
is disconnected. The apparatus is weighed in grams to within 20 mgm.

The sample container is opened, the contents sieved through a 1 mm.
mesh sieve (approximately 20 mesh Tyler) and «ll the minus product is
discarded. This is regarded as dust and if retained in the samnple will give
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w low result. (Incidentally the makers allow for H per cent dust in cach
drum.) The plus product is then placed on v sheet of paper and given a
quick mixing.

By means of a spatula or scoop. taking dip sonples. approxinmaely
200-250 grams ot carbide is placed i the conicad Hasl, Toe rubber bung,
with funnel, cte.. is replaced and the apparatus isazun swept with touen
and weighed as before. The difference i weight cives tne welgnt ol v
bide.

The whole apparatus is placed i water and the stopeock of the funnel
is opened so that the saturated salt solution drips from the tapered end
of the funnel at the rate of one drop per second.

After the dripping has been allowed to continue for 6 hours, the stop-
cock is turned off and the appuratus is allowed to stand for another two
hours, when all reaction between the carbide and 1he salt solution will be
complete.

The apparatus is removed from the water bath. dricd, and nitrogen is
passed through as hefore until all smell of acetyvlene has disappeared at
the outlet. The nitrogen bottle is disconnected and the apparatus ix
again weighed. The loss in weight will give the veiult of acetylene vis
liherated.

The formula for caleulation is:—-

Wt. of gas in grams 4 4o cubic ft. acetylene b,
Wt. of carbide in grams 2= carbide 1t 60 Fooand 307 mereary.

The average earbide supplied to the mines <ol vield not Teas than
4360 cu. t./1b.

Testing Jor Impuritics.

After allowing the gas liberated by the method just Jdeseribed to pass
through the apparatus until all the nitrogen has been displaced, @ portion
is collected over saturated salt water. 100 ml. of this gas is drawi into an
Orsat apparatus and passed into a tube containing fuming sulphuric aeid
until a constant reading is obtained. After vach passige throuvh the
fuming sulphuric acid, the gas is passed into o potissivm hvdroxide
solution to remove any acid vapours.

The residual gas, insoluble in the fuming sulpheeie, gives the pereentage
impurities.

The harmful impurities found in acetylenc are sulphur compounds
reported as HyS with an allowable maxinium of 0+ 15 per cont. and phos-
phorus compounds reported as PH, with an allowsble maxinum of o-08
per cent.

Testing for Hydrogen Sulphide.

Reagents required are:

Sodium Hypochlorite

Concentrated Nitric Acid (sp. ur. 1-4t)

Hydrochloric Acid (5 per cent solution:

Barium Chloride (10 per cent solution)

Hot distilled water.

The sodium hypochlorite is prepared by passing chlorine into caustic

soda solution, diluting, and then saturating with sodium bicarbonate i
excess. Available chlorine must not be less than 0-3 per cent.
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To the calcium chloride tube of the carbide apparatus previously
described, two 10 bulb absorption tubes are attached in series. These
contain 100 and 50 ml. of sodium hypochlorite respectively. A bluk
sulphur and phosphorus determination must be made on an equivalent
amount of the hypochlorite solution.

A minimum of 70 grams of screened calcivn carbide is added 1o the
apparatus, and the procedure for the generation of the gas previously
described is repeated. After complete decompesition of the carbide the
sodium hypochlorite is transferred to a beaker and boied until free of
acetylene. This solution is now oxidized by adding small successive
quantities of nitric acid, taken to dryness, baked and redissolved in warm
distied water. It is then acidified with hydrochloric acid and filtered.
The filtrate is brought to the boil and 10 ml. of « 10 per cent solution of
barium chloride is added and the whole allowed to stand for some hours
to allow for complete precipitation of barium sulphate. The barium sul-
phate is filtered off, washed till free of chlorides, dried, iunited and weighed.

Calculation:
Wt. of barium sulphate in grams 11.95 = ber vent by volume of
Wt. of gas in grams a =7 hydrogen sulphide.

Testing for Phosphorus.

"The Ammonium Phospho-Molybdate method ix used on the tiltrate
from the sulphur determination.

Reagents required.—Ammonium Molybdate solution. This is prepared
by dissolving 50 grams ammonium molybdate in 100 il water, 100 mb
ammonium hydroxide is added and poured In suceessive quantities into
750 ml. nitric acid. The mixture is kept cool while adding, and then wilowed
fo stand for 3 hours, after which it is filtered.

Ammonium Hydroxide (sp. gr. 0-383)

Nitric Acid . .. (sp. gr. 1-400)
Nitric Acid .. .. .. . (1 per cent solution)
Potassium Nitrate .. (1 per cent solution)
Sodium Hydroxide . . (N, 5 =olution)
Sulphuric Acid (N, 5 solution)

Method.—The filtrate from the sulphur determination is neutralized with
ammonium hydroxide, then made slightly acid with nitric acid, warmed
to 70°C., 30 ml. ammonium molybdate solution added, anl the whole is
placed on a warm plate for one hour to preeipitate the phosplio-molybdate.
The precipitate is transferred to a Gooch crucible and waushed with one
per cent nitric acid and then washed frec of acid wizh one per cent potas-
sium nitrate. The precipitate is transferred to a beaker and dissolved in
50 ml. N/5 sodium hydroxide.

The excess sodium hydroxide is titrated with N;5 sulphuric acid using
phenolphthalein as an internal indicator.

The formula for calculation is:

(b —c¢)N x 0-1139
W x5

W is weight of gas

b is total NaOH used

N is normality factor of stundard acid (HyS0,)

¢ is number of ml. standard },SO,, i.c.. excess NaOH.

= per cent PH, by volume,
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Buying and Selling of Calcium Carbide.

Buyers may claim a rebate in price and sellers w hizher figure it the s
yield is lower or higher respectively than the followmn figures:—
Carbide graded between:

15—120 mm. .. .. .. 4-56 cu. ft. 1b.
T— 15 . .. o 4-32
4— 7, 103
. .. . . 384
1— 2 .. .. .. 3060

The buyers may also refuse to accept delivery of carbide with a gas
vield below the following:

15—120 mm. .. .. .. 432 cu. ft./1h.
7— 15 ,, .. . .. 403

4— 7 3-84 '

2— 4 360

1— 2, 342

ANaLysis. METHOD 2.

The volumetric method—i.e., measuring the volume of the liberated
gas.

This is not a standard method but is useful for doing quick estimationsx
on large consignments.

The apparatus required for this method consists of a cylinder measuring
3 ft. x 8 in. diameter, to which is attachcd o calibrated glags tube
indicating the number of ml. inside the cylinder. The generaving flask is
as previously described but with only a separating funnel and delivery
tube attached. The tube is connected to the vop of the cylinder. On the
side, near the bottom of the cylinder, is an outlev tube witached to «
reservoir open to the air. The reservoir is alsu fivted with u glass tube down
the one side but this is not graduated. The rescrvoir required for the above
size cylinder is equal to a four gallon parafhin tin.

Method.—The reservoir is filled with water saturated with either salt
or acetylene, and the reservoir is then raised until the water fills the
cylinder to the zero mark on the calibrated glass tube.

60 grams of previously sieved aund mixed carbide, crushied ws previously
described, is accurately weighed out and placed in the sencrating flask.
The stopper with funnel, ete., is replaced and the stopeock of the separating
funnel, previously filled with water saturated with either salt or acetylene.
is opened.

Care must be taken to allow only a small quantity of saturated water to
react with the carbide at a time. The reservoir is lowered to allow the
liberated acetylene to pass into the cylinder, the gas dispiacing the water.

When the rcaction in the gencrating flasle is complete, which takes
about 20 minutes, the reservoir is raised or lowered until the water in cach
container is at the same level so that pressure inside the cylinder is the
same as atmospheric pressure. The amount of water displaced is read off.
This is equivalent to the volume of the gas liberated. The results are
calculated as follows:—

Multiply number of ml. gas by 0-0004272. This gives cu. fi. acetylene
at 60°F. and 30" mercury per 1b. carbide.

Four estimations on each sample are sufficient for an accurate average.
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DETERMINATION OF AVAILABLE CHLORINE IXN Br.}:m:ms;u Powbenr
(CHLORIDE OF LIME).

The sample is well but quickly mixed and & granis are weighed out.
This is placed in a mortar and a little water is added. The mixture is
rubbed to a smooth cream. More water is then rubbed in with the pestle,
when the mixture is allowed to settle a short while and then poured oft
int> a litre flask. The sediment is again rubbed with water ang poured off.
This is repeated until the whole of the sample is conveved into the flask
without loss and the mortar washed quite clean. The flusk is then tilled
to the mark with distilled water, well shaken and 20 ml. of the milky
liquid is taken out with a pipette, empticd into o beaker. and an exceess of w
solution of potassium iodide added.

Cl, + 2KTI = 2KCl + 1,

The mixture is diluted somewhat, acidified with acetic aecid, and the
liberated iodine titrated with N/10 thiosulphate and starch.

I, - 2Nag8,0, — 2Nal + Nu,8,0,
1 ml. N/10 thiosulphate solution = 0-003546 gramn chlorine.

FERROSILICON.

Ferrosilicon is used extensively in heavy media separation processes
for the control of gravities. The followiny determinations may be called
for:—

A. Grading.
B. Specific Gravity.
C. Non Magnetic Material.
D. Silicon.
E. Iron.
F. Carbon.

(GRADING.

100 grams of the sample is weighed out and graded through the following
get of Tyler Standard Screens: 48, 100, 200, 325.

SPECIFIC GRAVITY.

Normally the specific gravity may be determined directly against water,
using a 50 ml. specific gravity bottle and 10 grams of the sample. The
sample, however, may contain particles having a high surfuce-tension
making it impossible to wet it completely with waver. When this condition
occurs, numerous particles of ferrosilicon will be secn floating on the sur-
face of the water. In these circumstances the specific gravity is determined

using paraffin in place of water, the resultant specific gravity relative to

paraffin being multiplied by the specific gravity of paraffin to give a correct
result. Specific gravity of ferrosilicon rclative to paraffin multiplied by

~

specific gravity of paraffin equals True Specific Gravity.

NoN-MAGNETIC MATERIAL.

For this determination, 10 grams of the sample is weighed out and spread
on a piece of black glazed paper. A magnet enclosed in a paper bag, or
some other non-magnetic material, is passed over the surface of the ferro-
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silicon. The magnetic material adhering to the wndersurface of the paper
bag is transferred to another sheet of glized paper where it is deporited
by pulling the paper bag away from the magnat  Should the ahbove
procedure not be observed, difliculty will be experienced in releashw the
magnetic particles from the magnet.

The non-magnetic material remaining is collete Lol the operation
deseribed above is repeated until no further separation s obtained. then
the accumulated non-magnetic portions are weished wnd reported as o
pereentage.

NILICON.

Duplicate portions of -5 wram of the sample wre mived intinately with
4 grams of sodiumn peroxide in a 50 ml. nickel crucible and fused over «
flame, commencing at a low heat and rinishing very hot. Should the
reaction be too violent due to the presence of finelv divided uncombined
silicon, use 5 grams of sodium carbonate, or 5 grams of fusion mixture
(4 parts Na,COjy, 1 part KNO,) in place of the sodivan peroxide wnd procecd
as above,

N.B. Ferrosilicon does not digest suvisfactorily with mineral woids,
After fusion, allow the melt to cool wnd leach o @ 250 mil. beaker con-
taining 25 ml. concentrated sulphuric acid in 100 ml. water. Boil and
cvaporate to strong fumes for half an hour. This will dehydrate or “fix”
the silica previously converted to a soluble formy (silicic acid) by the fusion.
The solution is cooled, diluted to 200 ml. with water. boiled and filtered
through a wet, Whatman No. 40 filter paper. The residue is washed
several times with hot water and ix then transferred to w platinun erucible,
dried, ignited, cooled in a desiccator and the crucible plus contents s
weighed. 4 drops of concentrated sulphuric acid and 20 ml. pure hydro-
tluoric acid are now added. The hydrofluoric acid is boiled off and the
remainder is taken to fumes. The crucible is pliced in 4 hot mufile for
several minutes, withdrawn, cooled and again weighed, The loss in weight,
i due to silica and is reported as silicon.

28-006
60-06

N.B. The silica present is volatilized as silicon tetratluoride.

% 810, X =3I,

(Nore.—The HF must be pure or else allowance for impuritios must he
made. See “Working Hints™. Chapter X\11))

IRON.

The filtrate from the silica determination is macde up to 500 ml. and an
aliquot portion, say 100 ml. is used for the iron determination. Any one
of the standard volumetric or gravimetric methods may be used,

('ARBON.

Carbon in ferrosilicon is determined in a munner similar 1o the assay
of carbon in steel. 2 grams of the sample is mixed wish § grams of carhon-
free red lead in an alundum combustion boat. "This is placed in a combus-
tion furnace and the carbon dioxide evolved is collected in the nsual
manner in a 20 per cent solution of potussivin hvdroxice.



[ET——

252 ASSAY PRACTICE ON THE WITWATERSRAND

KAFFIR BEER— PERCENTAGE ALCOHOL.

The principle of the method is to dist il the liqufd until all the aleohol
has passed over with the distillate.

The volume of the distillate must be cxactly equal to the volume of
beer taken because the underlying principle is to obtain a solution of
alcohol in water which contains the sume amount of alcohol per unit
volume as does the beer.

The beer should be analysed as soon as received: if this is not convernlient
a little sulphuric acid or mercuric chloride should be added to arrest
fermentation.

Method.—100 ml. of the beer is taken, placed in a 500 ml. distillation
flask, and a little caustic soda or milk of lime is edded (this removes frec
carbon dioxide, acetic or other volatile acids). The volume is then made
up to 250 ml. with distilled water and the flask attached to a Liebig
condenser. Heat is applied gently until the boiling point is reached.
Gentle boiling is continued until about 80 ml. of distillate is obtained.

(Note.—If the beer is boiled too violently at first there is danger of losing
alcohol due to incomplete condensation. Alcohol boils at 78°C. and
it will all pass over with the first few ml. of distillatve.)

The distillate is made up to exactly 100 ml. and then cooled to 15-5°C.
An empty specific gravity flask is brought to the same temperature, filled
to the mark, wiped dry, and weighed. The weighing is repeated with the
flask full of distilled water also at 15-5°C. The weight of the dry flask
is subtracted and the specific gravity of the distillate is calculated. The
percentage of alcohol is obtained by reference to the alcohol tables (See
Appendix).

Most alcohol tables are calculated for a temperature of 15-5°C., but 1if
the tables used have been calculated for a different temperature the specific
gravity of the distillate must be determined at that particular tem-
perature.

LEAD ACETATE.

5 grams of the lead acetate sample is weighed ous, dissolved in distilled
water, and made up to 500 ml.

This is filtered and aliquot portions of 50 ml. arc taken to which 2 ml.
of acetic acid are added. The solution is diluted slightly, heated to boiling
and titrated with ammonium molybdate, using a solution of tannin, on a
spot plate, as indicator.

The ammonium molybdate is made up by dissolving 9 grams of the
reagent in one litre of water. The solution is standardized against pure
lead.

(NH,),M00, + Pb(C,H;0,), = PbMo0; + 2NH,C,H,0,
1 ml. ammonium molybdate = 0-0095 gram lead.
Pb x 1-831 = Pb(C,H,0,),.3H,0 (Lead acetate)

THE SAMPLING OF LIME AXD THE ESTIMATION OF AvaiLanLe CaO.

METHOD OF SAMPLING.

As lime is not delivered in airtight containers, the operations of
sampling should be carried out as soon as possible after arrival at the
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mine, but in no case later than 24 hours thercafter. Sampling opcrations
should be carried out under cover, preferably in a shed which can be set
aside solely for this purpose. The breuking wid juartering operations
are carried out on a clean surface that will not break or mix up with the
lime or have any action upon it. A good cement or steel surface would
be found to meet these requirements. A wooden toor shoulil not be used.
The place where the sampling is performed must be removed from ull
sources of contamination by carbon dioxide and water. The operations
of sampling must be carried out as quickly as possible 1¢ prevent un lue
exposure to atmospheric influences. In all cases where the dewree of
fineness is specified, this should be taken only ws a guide, and actual
sieving should be avoided.

Inslaked Lump Lime.—When sampling unslaked lump lime, put up in
bags containing approximately 200 lb., one of the sellowing methods muy
be adopted:—

(@) Where crushing machines are not available or when it is not
desired to crush the lime before use:

Two bags are taken from each truck. These are then turned out and
crushed until fine enough to pass through a 14" linear mesh sicve. The
product is then mixed and quartered down three times in the usual manner
until a sample of approximately one-cighth of the original amount has
been obtained. This is crushed until it is fine encugh 10 pass throueh a
sieve of 3" linear mesh and the product again mixed and quartercd down
until a sample of 10 to 20 lb. has been obtained. This product is then
crushed until fine enough to pass through a IO Standard 30 mesh
linear screen (aperture 0-0166 inch) (N.B.—Tyvler 85 linear mesh has an
aperture of 0-0164 inch) and reduced by successive guartering until a
sample of about 3—4 1b. in weight is obtaincd. TLis ix xpread out evenly
on a clean surface. By dipping at regular intervals over the whole surtace
three amounts sufficient to fill three bottles or air-tight tins or containers
of not less than 4 oz. capacity are obtaincd.

(b) Where suitable crushing machinery (e.g., a ball mill) is availuble:

The bags selected as in (a) above should be emptied into the erusher, and,
as the contents discharge, portions should be taken with a shovel or scoop
at regular intervals. The portions thus abstracted must not be less than
5 per cent in weight, with a minimum of 30 lb., of the sinple crushed, a
minimum of 20 portions being taken. These are then thoroughly mixed on
a suitable floor and quartered down until & sample ot about 83— b, is
obtained, which is then treated as in method (a).

(c) When sampling lump unslaked lime in trucks, the following
method of sampling should be adopted:

After the truck has been partially discharged, sunples of line arc taken
from the length of the exposed faces, so that a total swnple of 200 1.
weight is obtained. This sample is crushed to approximately 3" size und
then mixed and quartered down until a sample of 11 to 2 1. is ¢htained.
This product is then crushed until fine cnough to pass through a 30 mesh
linear screen. After spreading out evenly on a clean surfuce this sample is
dipped at regular intervals over the whole surface to give an amount
sufficient to fill three 4-0z. bottles. A disc grinder of the Braun or Hush
type is suitable for the final grinding.

Every endeavour should be made to minimize the exposure of the sanipie
to the atmosphere.
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Ground or' Crushed Lime and Sluked Lime.—A sample of at least 1 1b.
is taken by means of a grain sampler from every twent icth bag in the con-
signment and placed immediately in an air-tight contadner. The quantity
thus obtained is thoroughly mixed and, if necessary, quartered down to
3—4 1b. as in method (a).

Nore.—The final samples of about 4 vz weight should be enclosed in
bottles with tightly fitting dry stoppers or in such other receptacles
as will entirely prevent admission of air. Before transinission for
analysis, the receptacle must be sealed and securely pa cked insuch a
manner that the sample may not be injured inany way during transit.

Testive (CaO).

The sample, which is fine enough to pass through a 30-mesh sicve.
is contained in an air-tight vessel. It is crushed as rapidly as possible until
it is sufficiently fine to pass through an LM AL Standard 60 linear mesh
screen (aperturc 0-0083) or Tyler 65 linear mesh screen (aperture 0-0082).
but actual sieving should be avoided. It is then returned to the reeeptacle
to prevent unnecessary exposure to the air.

Analysis.—The whole sample is spread out in a layer about 1" thick
on glazed paper and rather more than 2 grams dipped out in small
quantities from a number of points. This 2 gram portion is reduced in
an agate mortar to a fine powder frec from grit. 2 grams of this are
carefully weighed out and agitated with 1 litre of a 2 per cent cane sugar
solution free from carbon dioxide or | gram with # litre of 2 per cent
sugar solution.

If a shaking machine is available, two hours continuous agitation should
be given. If not, three hours intermittent agitation—i.e., shaken not less
frequently than once in five minutes, every care being taken to prevent
coagulation of the lime.

After agitation the solution is filtered, the first 100 ml being rejected,
and 50 ml. of the filtrate is titrated with N/10 or N;5 sulphuric acid using
rosolic acid as indicator; or the solution is allowed to stand until clear
and 50 ml. of the clear solution is pipetted off and titrated as above. Undue
exposure to the atmosphere must be avoided during titration.

Caleculation:
CaO + H,80, == CaS80, — H,0
56-08 98-082
1 litre N/10 sulphuric == 2-804 grams CaU
1 ml. N/10 sulphuric = 0-002804 grams CaO

If 50 ml. were taken for titration and this required x ml. N;/10 sulphuric,
then 50 ml. contain x x 0-002804 grams CaO
1,000 ml. contain x X 0-002804 > 20 grams CaOQ
i.c. 2 grams lime contain x X 0-002804 3 20 grams (a0

0002804 x 20
X ——F

Percentage available CaO = x =2 % 100

= x X 2-804%)

Number of ml. N/10 acid taken multiplied by 2-804 pives the pereentage
Ca0 when using the above quantities.
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ESTIMATION OF AVAILABLE OXYGEN 1N COMMERCIAL MANGANESE
DioxIDE.

The method depends on the reaction of manganese dioxide and oxalic
acid in presence of sulphuric acid.
MnO, + H,S80, + H,C,0; == MnR0, = 2H 0 - 200,
'The oxalic acid converts the manzanese dioxide 1o the MnO condition.
MnO, + H,C,0, = MnO — H,0 4 200,
and the sulphuric acid converts the manganese oxide 1o the sulphate.
MnO + H,S0, = MnSO; + H,0

Thus only one atom of oxygen is available for the oxidation of the
oxalic acid.

The crystallized oxalic acid has the formula: H,(,0,.2H,0 with molecu-
lar weight 126-068, so that 86-93 parts of manganese dioxide, containing
16 parts available oxygen, would react theoretically with 126-063 parts
of crystallized oxalic acid. In practice a known excess of oxalic acid is
used, and the residue after reaction is titrated with standard permanganate
solution.

2KMnO, + 5H,C,0, + 3H,S0, = K,80, -+ 2Mn30, + 10C0, + 8H,0

Method.—5 grams of sample and 7-5 grams of oxalic acid are weighed
out and transferred to a conical flusk of about 750 ml. capacity. About
250 ml. of water and about 20 ml. sulphuric acid (pure) are added and the
flask is allowed to stand on a water-bath until the rcaction is complete
and only gangue is left. The solution is filtered into w graduated litre
flask, washed well and when cool is made up to the mark. 100 ml. of this
solution is heated to 80°C., and the excess of oxalic acid is titrared with
N/10 potassium permanganate.

Assume that x ml. of permanganate are required.

1 ml. of N/10 potassium permanganate == (0-0063 griun oxalic acid.
Multiply by 10 for a litre of filtrate.

(10x x 0-0063) grams = total oxalic acid left in the litre flask. to be
deducted from the original 7-5 grams.

86-93 C . :
grams manganese dioxide in 5 grams of

(7'0 - 0'063){) bt m = g
sample, from which the percentage is calculated.
The ‘‘available oxygen” is the percentage of manganese dioxide multi-

plied by gg_%—g — 0-1841.

DETERMINATION OF PoTassiuM CYANIDE 1IN CYANIDE SUPPLIES.

The sample must be taken immediately the casc is opened and kept in
a sealed bottle. 5 grams of the quickly powdered sample is dissolved in
distilled water, previously boiled and cooled, and made up to 500 ml.
25 ml. is titrated in a flask with N/20 silver nitrate, using potassium iodide
as indicator. 1 ml. N/20 silver nitrate indicates 2-6 per cent KCN.

Care must be taken throughout that the sample on which the determi-
nation is to be made is exposed to the air for as short u time us possible
as moisture and carbon dioxide react very quickly with sodium and
potassium cyanide.
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SAMPLING AND VALUATION OF “AEr0” Buraxp CYANIDE

SAMPLING.

Ten drums of each lot of 4,000 1b. must be sampled. The combined
weight of the sample should be one pound.

The sample is taken by inserting a sampling rod the full depth of each
drum.

EstmMaTioNn or ToraL CYANIDE.

Reagents.

Standard N/10 Silver Nitrate.—17 grams of pure silver nitrate is dis-
solved in 200 ml. of distilled water, filtered and made up to one litre.

Soda-Lead Mixture—200 grams of anhydrous sodium carbonate is
dissolved in 700 ml. water and filtered. Then 20 grams of lcad acetate
(Pb(CH4CO,),3H,0) is dissolved in 200 ml. water. The latter is filtered
and the filtrate is added to the sodium carbonate solution. The mixture
should be well shaken before being used.

Alkaline Iodide Indicator—30 grams potassium iodide is dissolved in
a litre of 10 per cent sodium hydroxide solution.

Standardization.

The silver nitrate is standardized against an accurately weighed sample
of pure sodium chloride previously dried for one hour at 105°C.

Determination.

200 ml. water is placed in a 500 ml. volumetric flask and the neck of
the flask is carefully dried.

A 5 gram sample of the flake cyanide is rapidly and accurately weighed
and transferred to the flask by means of glazed paper. The sides of the
flask are washed down and the contents are mixed with a swirling motion.
The flask is agitated at intervals for 15 minutes and then 30 ml. of the
soda-lead solution is added, the latter being well mixed before measuring.
The solution is agitated every five minutes s for half an hour. The volume
is then made up, the solution is thoroughly mixed and it is filtcred through
a dry filter into a dry flask. The first 25 ml. is rejected, the beaker bcmo
rinsed with the rejected portion. The filtration is continued until at least
150 ml. has been collected.

100 ml. of the filtered solution is mecasured out, placed in an 800 ml.
beaker, diluted to 400 ml. and 5 ml. of the indicator solution is added.

This solution is titrated with the standard silver nitrate solution until
a faint blue opalescence shows permanently against o Llack background.

AgNO, + 2NaCN = AgNa(CN), 4+ NuNO,
1 ml. N/10 silver nitrate = 0-0098 grams sodium cyanide.
or = 0-013 grams potassium cyanide.
The action of the soda-lead solution is to precipitate any soluble sul-
phides, which may interfere with the titration end point, as lead su Iphide.
The sodium carbonate reacts with the caleium cyanide to form an equiva-

lent quantity of sodium cyanide, the calcium being precipitated as the
insoluble calcium carbonate.
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THE ANALYSIS OF MINE STORES
SaMPLING AND VarvaTioN of LiQuinp CYsNIDE.
SAMPLING.

Liquid cyanide is usually transported in road tank wagons and punped
into storage tanks on the mine. A sampling cock should be provided on
the transfer line and a continuous sample run into a Winchester quart
bottle throughout the time the cyanide is being transferred.

When transfer is complete, the Winchester bottle is thoroughly shaken
and poured into three sample bottles. One sample is for the Buyer. one
for the Seller and one is kept as a check.

VarvaTion oF ToraL CYANIDE.

Method.

Reagents—(1) Approximately ten per cent solution of potassium iodide.,
(2) Standard N/10 silver nitrate.

Standardization.—The N/10 silver nitrate is standurdized against pure,
dry sodium chloride, using potassium chromate as indicator.
1 ml. N/10 AgNO;. = 0-005846 gram NaCl.

Procedure.—Fill a Lunge-Rey pipette, which has been previously twice
rinsed with the freshly shaken sample, and weigh. Run about 25 grams
of sample into approximately 300 ml. distilled water in a 400 ml. flask.
The tip of the pipette should be kept close to the surfuce of the water.
Add five drops of the potassium iodide indicator and titrate immediately
against the standard silver nitrate solution. Beforc titration wet the
bottom of the beaker and during the titration stand it on a black glazed
tile. Add the silver nitrate, stirring gently until a permanent opalescence
is observed. This is the end point. Read the burette and re-weigh the
Lunge-Rey pipette. Carry out a second determination in exactly the
same way and take the average of the two determinations.

I ml. N/10 silver nitrate = 0:00921 gran calciwm cyanide.

The results of the two determinations should agree within 0-04 per
cent and the Buyer’s and the Seller’s results are expected to agrec within
0-2 per cent.

DETERMINATION OF AVAILABLE SCLPHUKIC ACID 1IN SOLIUM
BisvLrHATE.

5 grams of the crushed sample is dissolved in distilled water and the
solution is made up to one litre.
50 ml. of this solution is titrated with N/10 sodium curbonate using
methyl orange as indicator.
I ml. N/10 sodium carbonate == 0-0049 gram availuble sulphuric
acid. '
Grams H,SO, x 400 = ¥, H,SO,

SopiuM CARBONATE.
Commercial sodium carbonate is usually tested tor sodium carbonate.

sodium bicarbonate, sodium hydroxide, sodiuin chloride and combined
water or loss on ignition.
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5 grams of the material is dissolved in distilled water, previously boiled
and cooled, and diluted to 1 litre. 50 ml. of thiz solution is used for the
following tests:—

(1) The 50 ml. portion is titrated with N 10 sulphuric actd using
phenolphthalein indicator.

In this titration the sulphuric acid neutralizes all the sodium hydroxide
and oonverts the sodium carbonate to sodium bicarbonate.
INaOH + H.SO; = Na,SO4 + 2H,0
2Na,CO; + H.80, = Na,50, + 2NaHCO,

Let the amount of sulphuric acid used be z ml.

(2) Methyl orange indicator is now added and the titration is con-
pleted.

In this titration the sulphuric acid reacts with the sodium bicarbonate
forming sodium sulphate.
INaHCO, + H,80, = Nu, S0, + 2H,0 — 200,

Let the amount of sulphuric acid used be ¥.
Then = + ¥ is the total acid used.

If 2z be greater than z + ¥, sodium hydroxide is present, and w — ¥
gives the acid equivalent of the sodium hydroxide. while 2y = sodium
carbonate.

1f 2z be less than v + ¥, bicarbonate is present, and y — o = hicar-
bonate, while 2z = sodium carbonate.

(Bicarbonates and hydroxides cannot be present simultaneousty in the
same solution as they react to form sodium carbonate.

NaOH + NaHCO, = Na,CO; + H,0)

After titration to the methyl orange end-point one drop of the sodium
carbonate solution is added to remove the trace of excess acid and the

chlorides are determined by titration with N 10 silver nitrate, using
potassium chromate indicator.

Calculations.—The reaction between sodium carbonate and sulphuric
acid is represented as follows:—
- Na,CO5 + H,S80, = Na,S0, + H,0 + €O,
106-004  98-082
1 litre N/10 sulphuric acid = 5-3002 grams Na,C0,
1ml. " ., == 0-0053 . .
The reaction between sodium hydroxide and sulphuric acid s repre-
sented as follows:—
9NaOH + HS80, = Na,S0, + 2H,0
2 % 40-005  98-082
1 litre N/10 sulphuric acid =: 4-0005 grams NaOH
lml. » , = 0-004 "

The reaction between sodium hicarbonate and  sulphuric acid i3
represented as follows:—
2NaHCO; + H,S0, = Na,S0, + 2H,0 + 2C0,
2 x 84-015 98-082
1 litre N/10 sulphuric acid == 84015 grams NaHCO,
1ml. o o 0-0084 . .

W

e
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The reaction between sodium chloride and silver nitrate is represented
as follows:—
AgNO; + NaCl = AgCl 4+ NaNQ,
169-888  58-454
L litre N/10 silver nitrate = 5-8454 grams Na(l
1 ml. . . = 00058

As 50 ml. of the original solution is tested, all caleulations are made
on the basis of the 0-25 gram of the samyple present.

i

THE ANALYSIS OF ZINC SHAVINGS FOR IMPURITIES,
Tix.

20 grams of sample is dissolved in dilute nitric acid, boiled, allowed to
settle, filtered, washed, and the precipitate is dried, ignited and weighed
as stannic oxide.

If tin is absent, or if there is no appreciable amouant of tin in the sample,
as is usually the case, the solution need not be filtered.

LEaAD.

The filtrate is neutralized with ammonia and then re-acidified with
acetic acid; the lead is precipitated by adding potassium dichromute
and boiling for a few minutes.

The lead chromate precipitate is collected on a tured filter paper,
washed well with very dilute acetic acid, dried at 100°C". and weighed.

Lead chromate > 0-64 = lead.

Irox.

5 grams of sample is weighed out and placed in « 150 ml. Hask. 20 ml.
of water and 10 ml. of hydrochloric acid are added and the mixture is
heated. When the action slows down 30 ml. of 30 per cent sulphuric acid
is added. When the zinc is all dissolved the solution is diluted slightly and
filtered quickly. (The residue on the filter consists chiefly of lead.) The
filtrate is well diluted and the iron is titrated with N/10 potassium per-
manganate.

1 ml. N/10 potassium permanganate =: 0- 005t grams Iron.
- Capmrum.

20 grams of the sample is accurately weighed out and treated with just
sufficient hydrochloric acid to dissolve all the zine wish the exception of
about half a gram. This is to ensure that the bulk of the zinc is removed
and will not, therefore, complicate the scparation of the cadmium at a
later stage. The residue, which consists of the balace of the zine, together
with the lead and cadmium, is filtered off and washed twice ; the residue
is dissolved in a little nitric acid. 1 ml. of sulphuric acid is added and the
solution is evaporated to fumes. The assay is cooled and diluted to 20 ml.
with water, heated to dissolve the cadmium sulphate and the lead sulphate
is filtered off.

The filtrate is made alkaline with excess ammonia, boiled and any
bismuth is filtered off; the filtrate is made slightly acid with sulphuric
acid and the cadmium is precipitated from the hot solution with hydrogen

- sulphide.
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?

The residue is filtered off, and after washing a few times with hydrogen
sulphide water, is washed back into the beaker where a little potassium
cyanide is added and it is shaken until any copper sulphide i3 dissolved.

The cadmium sulphide is filtered through u small paper, washel well
with hydrogen sulphide water and then dissolved in hot 50 per cent hydro-
chloric acid; the solution is caught in a weighed poreelain cerucible, a few
drops of sulphuric acid are added and it is evaporated to dryness using as
low a temperature as possible to drive off the final traces of sulpluric
acid.

The residue is weighed.

Cadmium sulphate < 0-539 = Cadmium.
ARSENIC.

20 grams is weighed out, dissolved in dilute nitric acid, evaporated
nearly to dryness, sulphuric acid is added and the ixture is evaporated
to the first appearance of white fumes. (Caution: prolonged fuming must
be avoided as arsenic is volatile.) After dilution the lead sulphate is
filtered off and some sodium sulphite is added to reduce the iron and
arsenic. The excess sulphur dioxide is boiled off and hydrogen sulphide is
passed through the hot solution to precipitate the arsenic which is then
filtered off, digested with ammonium carbonate to redissolve it, re-
acidified with hydrochloric acid and re-precipitated with hydrogen
sulphide.

The residue is again filtered off and re-dissolved in hydrochloric acid
and bromine. The solution is made ammoniacal and the arsenic is now
precipitated with magnesia mixture, allowed to stand overnight, filtered.
washed well with very dilute ammonia water, dried, ignited wnd weighed
as magnesium pyro-arsenate (Mg,As,0;).

Mg,As,0, x 0-483 = Arsenic.

Alternatively, Dr. Franckel’s distillation method may he used.  (Sec
under Arsenic in Chapter XVII.)

Zinc FuME: DETERMINATION OF METALLIC ZINC aND Zixe OXIDE.

METALLIC ZINC.

A 500 ml. graduated flask is thoroughly dried. To this Hask 7 grams of
pure powdered ferric sulphate and 0-50 grams of the zine dust (or fume) is
added. The flask is shaken until they are thoroughly mixed. It is important
that the zinc does not lie in clots on the bottom of the flask, hence the
reason for the flask being perfectly dry. (Caution: C.P. ferric sulphate is
often contaminated with free sulphuric acid which, if present, gives low
results.)

95 ml. cold distilled water is now added, the flask is closed by mneans of u
ground glass stopper and agitated for about 15 minutes, by which time the
zinc dust should be dissolved. 300 ml. of 50 per cent sulphuric acid is
added and the solution made up to the mark with distilled water. 100 ml
of this solution is titrated with N/10 potassium permanganate or with
N/10 potassium dichromate, in the latter case potassium ferricyanide is
used as an oatside indicator. This titration should be done in an utmo-
sphere of carbon dioxide.
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The principle of the method is the reduction of the ferric sulphate 1o

ferrous sulphate by the solution of zinc.

Fe,(SOy)y = Zn == ZnSO, + 2180,
0-10 grams zinc reducing 0-1708 grams of iron from tlw ferric to tie
ferrous condition.

N/10 potassiumn  permanganate contains 31605 grams potassium
permanganate per litre.

I ml. N/10 potassium permanganate -z 0-0056 grams iron
2 0-00327 granis zine,
N/10 potassium dichromate contains 49035 grams potassium dichromate
per litre.
1 ml. N/10 potassiom dichromate = 0-0058 grams iron.
= 0-00327 grams zine.

Each solution is standardized with pure ferrous ammonium sulphate
which contains 14-24 per cent iron.

If iron is present in the zinc fume it will be necessary to dissolve 1
gram of the fume in sulphuric acid and find the number of ml. N/Io
permanganate required. A proportionate amount must be deducted
from the previous titration.

ToraL Zinc.

0-5 grams of zinc fume is treated with a small amount of dilute hydro-
chloric acid and sufficient bromine water to completely oxidize the samyple.
When the zinc is completely dissolved the solution is filtered and the
filter washed. A few grams of ammonium chloride is added to the filtrate
which is then boiled, allowed to cool, made slightly ammoniacal and again
hoiled, filtered and washed. If there is much iron present it will be neces-
sary to redissolve the iron precipitate, re-precipitate with ammonia and
filter. The two filtrates are mixed. The filtrate is slightlv acidified with
hydrochloric acid (about 5 ml. excess) heated to 70°—80 (. and titrated
with potassium ferrocyanide, uranyl nitrate or acctate on a spov plate
being used as outside indicator.

The solution is then filtered, made acid, again using 5 ml. excess, and
the titration completed.

The standard potassium ferrocyanide contains 43-06 grams per litre.

Lml = 00118 gram zime.

It is necessary to standardize the terrocvanide by dissolving pure zinc
in hydrochloric acid and bromine and treating this assay in exuctly the
same way as the assay for the zinc fume.

By determining the amount of metallic zinc and then the total amount.
of zine, the zinc present as zinc oxide can be found by difference.

Zn % 1245 = 7ZnO.

METHOD OF DETERMINING PENETRATION OF ZINC NULPHATE IN
' TREATED WoOD.

1. Preparation of Required Solutions:—
(a) Solution of potassium ferricyanide 1 per cent
(b) Solution of potassium iodide |
(¢} Solution of soluble starch 5,
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In order to obtain satisfuctory results the starch solution must
be boiled until the starch is in solution. This solution will not
keep long and therefore must he reasonably fresh when used.

2. Methods of Application:—

(A) If atomiser available:—-
10 ml. of each of the three stock solutions are mixed and the
mixture is poured into the atomiser. The disc of wood is evenly
sprayed all over. The treated part of the wood will turn deep
blue instantly, while the untreated part does not change in
colour.

(B) If no atomiser is available:—
A few drops of solution (a) are placed on the disc of wood, starting
from the edge, covering the complete sector or wedge. As soon
as solution (a) has penetrated the wood, a mixture of equal
quantities of solutions (b) and (c) are applicd in the same manner.
The treated part of the wood will turn a deep blue.

The disc of wood to be tested should be reasonably dry. and freshly cut.

[ S——



CHAPTER XVI1I.
ASSAY OF BASE METALS,

Although the assaying of base metal ores is fully coverced in niost text
books on assaying and quantitative analysis, it is felt that a chapter
dealing with the commoner base metals found in South Africa should be
included in this book.

This chapter gives the form in which the base metals occur and the
Jocality in which they may be found. The methods of assay, which have
been selected for their proved accuracy, do not nced expensive and
intricate apparatus.

Included in this chapter also, are a number of useful working hints,
methods of detection by dry-way reactions and an abbreviated group
separation table.

WorgING HINTS.

- In this chapter the phrase “pass hydrogen sulphide for 30 minutes”
will sometimes be found. This is merely to stress the fact that the solution
under examination must be saturated with the gas. An experienced
assayer will know that the saturation point has been reached when the
precipitate starts coagulating and the solution becomes clear, or, in
some cases, colourless.

Any operation involving the evolution of acid fumes must be performed
under a ventilated hood or in a fume cupboard.

For weighing hygroscopic substances accurately the use of a weighing
bottle is essential. .

To “filter by decantation’” means that the precipitate is allowed to
settle in the beaker and the supernatant liquor is poured into the filter.
The precipitate is then washed by adding water to the beaker and shaking.
The precipitate is allowed to settle and the wash water again pourcd into
the filter. When the water has drained off, the precipitate is finally
washed into the filter. _

Silica, under certain conditions, is partially soluble. By evaporating
to dryness and baking, or by fuming with sulphurie acid, however, the
silica is dehydrated and rendered insoluble in the acids used to complete
the assay. This process will be alluded to in later instructions merely
as ‘‘dehydrating the silica”.

Hydrofluoric acid is used to volatilize pure silica and thus separate it
from other insolubles. Before the figure for ‘‘silica by difference” is
accepted, however, a blank must be run to ascertain what insolubles are
contained in the hydrofluoric acid itself.

When preparing a dilute solution of any acid, the acid should always
be added to the water. This is particularly true of sulphuric acid.

When an assay has been “taken to fumes’ with sulphurie acid it is
imperative that the assay be thoroughly cooled before being diluted.
The water should be added very cautiously, a little at a time, with con-
stant stirring to avoid spirting.

263
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Ammonium salts may be removed from an assay by first tuking to
dryness and then heating over a naked flane until white fumes are no
longer evolved. During this heating the beaker nusy be moved freely
in the flame so that all parts of the vessel are heated invurn and with as
even a distribution of heat as possible.

Very fine grinding can be achieved by grinding « pulverized ore in an
agate mortar to which some alcohol hus been added. The finely ground
particles float on the surface of the wleohol and may be decanted. This
grinding and decanting is continued until the whole sampie has been
finely pulverized. This procedure must not be used for any clement which
is subject to oxidation (e.g., sulphur in pyrite). ‘

Removal of nitric acid is achieved by repeated additions of hydrochloric
acid followed by heating. Nitric acid is shown to have been completely
removed when, after a further addition of hydrochloric acid and the
application of heat, no more nitrous fumes are evolved.

NOTES ON THE PREPARATION OF A SOLUTION TOI QUALITATIVE ANALYSIS,

Use small quantities of the powdered solid and examine for solubility
in the following order:—

1. In water.

2. In dilute hydrochloric acid.

3. In strong hydrochloric acid.

4. In dilute nitric acid.

5. In strong nitric acid.

6. In aqua regia.

7. Fuse with sodium carbonate and dissolve the melt in water.

Test the solubility, first in the cold and then on heating. If there is a
residue of silica after the hydrochloric acid digestion, remove by baking.
filtering and volatilizing with hydrofluoric acid before examining the
precipitate for metals of Group 1.

If any part of the solid is soluble in any of the solvents, filter off that
portion and treat separately. The residue is then treated with the remaining
reagents.

GROUP SEPARATION.

Group Reagents.

Group One.  Add hydrochloric acid.

Group Two. Add hydrochloric acid and pass hydrogen sulphide gas.

Group Three. Add just sufficient nitric acid to oxidise completely
(5 to 10 drops) and boil. Then add ammoniun: chloride
and ammonium hydroxide in excess.

Group Four. Add ammonium chloride, ammonium hydroxide and
pass hydrogen sulphide gus (or add yellow ammonium
sulphide).

Group Five. Add ammonium chloride, ammonium hydroxide in
excess and ammonium carbonate.

Group Six.  Add ammonium chloride. ammonium hydroxide and
sodium phosphate.

Group Seven. Various.
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Metals precipitated in the various groups and the usual colowr of the precipi-
tates.

Group One.  Silver, lead and mercury (all white).

Group Two. Arsenic (yellow). Antinony (orange).
Tin (-ous dark brown). Mercury (bhlack).
(-ic dirty yellow).
Lead (black). Copper (brownish black).
Bismuth (brownish black). Cadmiwun (vellow),
Group Three. Aluminium (white). Iron (reddish brown.
Chromium (bluish green).  Silica (white).
Group Four. Nickel (black). Cobalt (black).

Manganese (buffor pink). Zinec (white or greenish).
Group Five. Barium, Strontium, Calcium (all white).
Group Six.  Magnesium (white).
Group Seven. Ammonium-—Odour of NH, when boiled with sodium
hydroxide.
Potassium—TFlame test gives violet colour.
Sodium—Flame test gives intense yellow colour.

N.B.—This table is merely designed to indicatc in which groups the various
metals are found. For the proper identification of any metal it is
essential that at least two confirmatory tests be done. These tests will
be found in any standard text book on qualitative analysis.

THE PREPARATION AND STANDARDIZATION OF SOLUTIONS REQUIRED 1N
Base METAL ASsSAYING.

Tovize. N/10 12-692 grams per litre.

Iodine is sparingly soluble in water, but readily dissolves in a strong
solution of potassium iodide. Therefore, dissolve 24 grams of potassiuin
iodide in a minimum of water. Add 12-692 grams pure re-sublimed
iodine. When dissolved make up to 1,000 ml.

Standardization.—Weigh -out 0-3957 gram pure arsenious oxide. Dis-
solve by warming with a dilute solution of sodium hydroxide. Make
up to 200 ml. in a measuring flask. Take 50 ml. portions (containing
0-098925 gram arsenious oxide) and using phLenolphthalein as indicator,
add hydrochloric acid from a burette until just acid. Cool to room
temperature. Add 3 grams of sodium bicarbonate (see assay for arsenic
and antimony) and a little starch solution. Titrate to a permanent blue
colour with the iodine solution.

By atomic weights:—

As, = 14982
0, = 48:00
197-82

197-82 grams arsenious oxide contains 149-82 grams ursenic. Thercfore,
0-098925 gram arsenious oxide contains

149-82 X 0-098925
197.80 &

= 0-07492 gramn arsenic.
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0-07492 .
————— grams arsenic.
X

Therefore 1 ml. iodine =

74-92

Therefore 1 litre iodine = grams arsenic.

Now the equivalerit weight of arsenic = 37-46 grams.
grams arsenic == 1 litre iodine

Normality of iodine = - : -
gram equivalent of arsenic

o T74-92
X X 37-46

1 ml. N/10 iodine == 0-003746 gram arsenic.
= (- 006088 gram antimony.
= 0-005935 gram tin.

PorassiuMm PERMANGANATE. N/10 316052 grams per litre.

The required weight of permanganate may be derived from the hypo-

thetical equation:—
2KMnO, + 3H,80, = K,S0, + 2MnS0, 5- 3H,0 + 50"

Since ““O” is bi-valent the equivalent weight of permanganate is
2KMnO, = 10 = 31-6052 grams. Therefore an N/10 solution contains
3:16052 grams per litre. :

Dissolve 3-16052 grams pure potassium permanganate in water and
dilute to one litre.

Standardization—Weigh out 0-5043 gram pure oxalic acid crystals
(H,C,0,.2H,0), and place in a 200 ml. measuring flask. Dissolve in 100 ml.
1 : 1 sulphuric acid and make up to 200 ml. Take 50 ml. portions (0-12607
gram H,C,0,.2H,0), dilute to 200 ml., heat to 80°C. and titrate with the
permanganate to a permanent pink colour. Let the burctte rewding be
z ml.

2KMnO, + 5H,C,0, + 3H,S0, = 2MnS0O, - K.,80, - 10CO, + 8H,0
By atomic weights 5H,C,0,.2H,0 = 630-34.

Therefore the equivalent weight of oxalic acid = 63-034 grams.
_0-12607

From titration, 1 ml. permanganate = —  grams oxalic acid.
. 126 -07 L
Therefore 1 litre permanganate = S srams oxalic acid.

grams oxalic acid = 1 litre permanganate
gram equivalent of oxalic acid
o 126-07
T x X 63-034
1 ml. N/10 potassium permanganate == 0-01045 gram bismuth.
= 0-005584 gram iron.
= 0-005095 gram vanadium.

= 0-001648 gram manganesc by the
method given.

Normality of permanganate =



ASSAY OF BASE METALS 267
Sopivm THIOSULPHATE. N/10 24-8206 grums per litre.

1t will be seen from the equation
2Na,8,0; + I, = Nu,S,0, + 2Nal
that the equivalent weight is the molecular weight.

By atomic weights Na,S,0,.5H,0 = 245-206. Therefore an N/10
solution contains 248206 grams per litre.

A solution of sodium thiosulphate is prone to decomposition caused
chiefly by bacterial action. If the water is boiled to drive off carbon dioxide
and 0-1 gram sodium carbonate is mixed with the sodium thiosulphate
solution, it will remain stable for a longer period.

Dissolve 24-82 grams of pure crystallized sodium thiosulphate and 0-1
gram anhydrous sodium carbonate in boiled distilled water and make up
to 1 litre. Store the solution in a dark cupboard.

Standardization.—Although sodium thicsulphate cun be obtained in a
very high state of purity, the water of crystallization is variable. Henee the
solution must be standardized.

Place about 100 ml. cold water and 5 ml. glacial acetic acid in a beaker.
Run in about 35 ml. of standardized N/10 potassium permanganate solu-
tion. Add 6 ml. 50 per cent potassium iodide solution and titrate with the
thiosulphate solution. When the end poiut is approached add « little
starch solution and finish the titration carcfully.

Let the permanganate burette reading be z ml. and the thiosulphate
burette reading be y ml.

. X lity of i
Then normality of thiosulphate = X X normality o ;)ermanc wmate

1 ml. N/10 sodium thiosulphate = 0-001734 gram chromium
0-006357 ,, copper
0-012692 |, iodine.

0

ALUMINIUM.

Occurrence.—Bauxite—Al0;.2H,0 and cryolite—Na,All,. the chicf
ores of aluminium, are not found in concentrated deposits in South Africa.
However, aluminium silicates of various complex forms are present in
most rocks.

Detection.—Charcoal block, cobalt nitrate test—residue blue and
unfused.

Method of Assay.

Solutions required.—
Ammonium phosphate . .. 100 grams per litre.
Sodium thiosulphate .. .. .. 200, o
Ammonium acetate .. .. .. 200

” i iR

Discussion.—Decomposition of the ore is obtained by fusion with
sodium hydroxide, with subsequent dissolution in hydrochloric acid.
The silica is dehydrated and removed by filtration. The aluminium is
precipitated as aluminium phosphate by the addition of ammonium
phosphate and sodium thiosulphate in the presence of acetic acid. Hydro-
chloric acid prevents the precipitation of ferric phosphate. Sodiwn thio-
sulphate neutralizes the mineral acids, liberating sulphurous acid and
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reduces the iron to the ferrous state. Ferrous phosphate is soluble under
these conditions. Acetic acid is ncedel to muntain weak acidity during
boiling to prevent the precipitation of phospliates other than alunidnium.

Aluminium phosphate is partially soluble in cold acetie acid, but on
boiling, it is completely insoluble. It is important. thercefore. to keep the
assay at boiling point while filtering. There is a continuous precipitation
of sulphur which will make the filtrate turbid.

For the above reasons the exact quantities given in the method of
assay must be used.

Decomposition.—Fuse 4 grams sodium hydroxide i an iren crucible
until spattering ceases. Add 0-5 gram of the finely powdered sumple.
Cover the crucible with a lid and fusc at 400—500°C. (dull red heat).
Place the cold crucible and cover, in a beaker containing 100 ml. water.
Warm to dissolve the melt. Remove and rinse off the crucible and lid.
Acidify with hydrochloric acid, evaporate to dryness and bake av about
120°C.

Take up in 50 ml. water and 10 ml. strong hydrochloric acid.  Heat
until soluble salts are dissolved. Filter and wash with hot water. Reccive
the filtrate in a 600 ml. beaker.

Separation and Determination.—Dilute the filtrave to 400 ml. with cold
water and cool to room temperature. Add 30 ml. ammonium phosphate
solution. With constant stirring add dilute animonium hydroxide until a
faint turbidity forms. Add 1-5 ml. hydrochloric acid or suflicient to
clear the solution. Add 40 ml. sodium thiosulphate solution. Boil {or two
minutes and add 15 ml. ammonium acetate solution and 6 ml. glacial
acetic acid. .

Boil for 15 minutes and filter through an ushless paper. Keep the
solution boiling all the time. Wash ten times with boiling water. Dry
the paper and ignite in a weighed porcelain crucible at & red heat (300°C.).
Calculate the weight as aluminium phosphate

AIPO, X 0-4180 = AL0,
AIPO, x 0-2212 = Al

ANTIMONY.

Occurrence.—Murchison Range, Pictersburg district, North Eastern
Transvaal. Also small deposits near Steynsdorp, Barberton area. Occurs
chiefly as grey crystalline stibnite (Sb,S,), together with its oxidation
products, stibiconite (Sby03(OH),) and senarmonite (Sb,0,).

Detection.—In closed tube—white, vellow or black sublimate. In
closed tube with charcoal and soda—white sublimate or black mirror
insoluble in sodium hypochlorite. Charcoal block test. oxidizing flame—
white incrustation near assay. With cobalt nitrave—~-dirty green.
Method of Assay.

Solution required.—A standardized N/10 solution of iodine.

Discussion.—The sulphide ore is soluble in strong. hydrochloric acid.
Sb,S, 4+ 6HC1 = 25bCl; — 3H,S.
Oxidized ores may not be completely decomposed by acid treatment
and are best fused with sodium hydroxide.
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All hydrogen sulphide must be boiled off after decomposition or sul-
phur will precipitate when the sclution is diluted. However. boiling to
dryness must be avoided as antimony trichloride is volatile at temperatures
approaching 220°C.  Since antimony trichloride forns antimony oxy-
chloride. which is insoluble, on dilution. tarturic acid is eddel vo prevent
this.

SbCl, — H.LO == SbOCT — 2y
ShCI, +- KHC,H,Oy - 3NuHCO, =
K(SbO)C,H,0, —~ 3NaCl +- 2H,0 — 3C0,.

Any pentavalent antimony present is reduced by sodiwmn sulphite. .
If iron is present in the ore, which is usually the case, the antiniony must |
be precipitated as sulphide and filtered 1rom the iron in solution.  Any
arsenic present is filtered off when she anvimony sulphide is redissolved.
This separation of antimony and arsenic is effective ind complete in ‘
strongly acid solutions. >

When the hydrogen sulphide has been boiled off|, the suitimony is ready
for titration with iodine, after the addition of sodium bicarbonate.

(1) Sb,0, = 21, + 2H,0 = Sb,0, 5- 411

Since the above reaction is a reversible one the wetionn can proceed
from right to left as fust as from left to right. The excess sodium bicarbo-
nate ensures that the hydriodic acid is neutralized us it is formed and thus
allows the reaction to proceed to finality, from leit to right.

The reactions, taking into account the presence of tartaric acid and
sodium bicarbonate are:—

Firstly:—
Equation (1) Sb,0Oy + 21, — 2H,0 = SbyO; -~ +H1.
Secondly:—

T

K(SbO)C,H,04 + 1, + 4NaHCO, =
KHCH,O, + Na,HSbO, + 2Nul + H,0 + 4CO,
Whence 1 ml. N/10 iodine = 0-006088 gram antimony.
If alkalis other than sodium bicarbonate are present, hypoiodates are
formed which give an incorrect result.

Decomposition.—For ores fairly high in antimony ke 0-5 gram, for c//f e
low grade ores take 1 gram of the finely powdered sample. Ducomposu with
strong, hydrochloric acid in a beaker on « hot plute. It decomposition o ot €
ore is difficult fuse with sodium hydroxide in an iron crucible and dissolve

/
w S/ -¥el
the melt in strong hydrochloric acid, f/_ ,
ron O

ove }’Ga/u
cn.

.

! Separation and Determination.—Boil off hydrogen sulphide. Add 2
¢rams tartaric acid and dilute to 100 ml. Add 2--3 grams sodium suly }lltv
and boil until all sulphur dioxide is expelled.

Pass hydrogen sulphide into the solution for 30 minutes. Filter by
decantation and wash with hydrogen sulphide water. Wash the precipi-
tate back into the beaker with o little water, finishing off with
1 : 1 hydrochloric acid.
| Boil gently until the antimony sulphide is dissolvel, wlding strong
hydrochloric acid if necessary. The anvimony sulphide is not soluble in
e dilute acid. i

If much arsenic is present it is advisable to redissolve the arsenic
precipitate and repeat the precipitating and filtering in order to pick up
any antimony that might be occhuded in the sulphide of arsenic.

10
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Add 2—3 grams tartaric acid and dilute to 100 ml. Filter ot any
arsenic residue at this stage. Add a drop of phenolphthalein indicator
and neutralize with a strong solution of sodium hydroxide. Make slivhtly
acid again with dilute hydrochloric acid. The hydroxide and hyvdroclloric
acid are best added from burettes in order to avoid a larue excess,

Cool and add 3—4 grams of sodium bicarbonate dissolved in 150 ml
water.

Titrate with N/10 iodine, using starch solution as nwdicator.

1 ml. N/10 iodine = 0-006CS88 gram antimony.

ARSENIC.

Occurrence.—Found in central Transvaal associated with bismuth and
tin ores. Also found in auriferous reefs in the Lydenburg and Barberton
districts. It is usually associated with antimeny deposits.  The most
common form is arsenopyrite or mispickel (FeAs, Fes,).

Detection.—Closed tube test—black mirror, sometimes reddish yellow
sublimate, garlic odour. Open tube test—white sublimate. Charcoal block,
oxidizing flame—white incrustation far from assay. garlic odour,

Method of Assay.

Required —N/100 standardizerl iodine solution and N/10 standardized
todine solution.
The apparatus employed consists o a 100

sis or fl
nected to a condenser tube of app

t lenmeyer flask con-
roximately § inch diameter. The joint
should be of ground glass as rubber stoppers contain traces of arsenic.
The condenser tube should rise vertically for approximately 4 inches to
give a fractionating effect. The tube is then curved 1o downward
slope for 6 inches and dips into a receiving Frlenmeyer tlask of 100 ml.
capacity.

Discussion.—The method depends on the forination of arsenic tri-
chloride by the action of hydrazine hydrochloride, potassium bromide and
hydrochloric acid on the ore. The arsenic trichloride is distilled off
(B.P. 122°C.), dissolved in water and titrated with iodine.

AsCl; 4+ 3H,0 == H,As0,; — 3HC(I
H,As0, + I, + H,0 = H3As0, — 2HL
The reaction with the iodine is reversible. For this reason, sodium
bicarbonate is used to react with the hydriodic acid us it is {fornied, and so
cause the reaction to go completely to the right. Normal carbonates or
caustic alkalis must not be used, as they react with jodine. (Compare
assay for antimony and standardization of iodine.)

Decomposition.—Weigh out 0-5 gram of the finely ground saniple and
place in the distilling flask. Digest on « hot plate with 10 ml. 1 : 1 nitric
acid and 5 ml. 1 : 1 sulphuric acid. Add a few chips of unglazed porcelain
to ensure even and rapid boiling. Heat until fumes of sulphur dioxide are
driven off. The arsenic will then be in the trivalent condition.

Separation and Determination.—Cool the flask. Add & ml. water, 1 gram
hydrazine hydrochloride, 1 gram potassium bromide and 10 ml. strong
hydrochloric acid. Wash down the neck of the tlusk with 8 ml. water and
assemble the apparatus. Place 12 grams of sodium bicarbonate in 50 ml.
water in the receiver. Mark the distilling flask at half the volume of the
liquid and distil down to this mark.
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Remove the heat and rinse off the condenser tube into the receiver.
Now add 5 ml. strong hydrochlorie acid and 10l water to the distilling
flask and again distil to half the volume, using § grams scdivm bicarbenate
and 50 ml. water in a second recciver.

Cool the receiving flasks and titrate with standard iodine using starch
as indicator.

If the arsenic value is low, then use the N/100 solution. but if the arsenic
content is high the N/10 solution may le uased.

The sum of the titrations is taken.

1 ml. N/10 iodine = 0-0003746 gram arsenic.

Barrum.

Occurrence.—Barytes, barite or heavy spar (Ba30,), is found in many
places in South Africa. The presence of silica in the ore and the liniited
extent of the deposits make exploitation uneconomical. A deposit south
of Postmasburg is being worked. Barium is often encountered in ores of
arsenic, antimony, copper, lead, manganese, silver and zinc.

Detection.—Flame test—yellow green. Charcoal block and soda test—
fuses and sinks in.

Method of Assay.

Discussion.—Partial decomposivion of the ore is obtuined with hydro-
chloric and nitric acids. Baking dehydrates the silica.

The presence of sulphuric acid is required to ensure that the barium
remains insoluble as sulphate when the gangue is dissolved in hydrochloric
acid. Ammonium chloride is added to form a soluble double salt with any
lead present.

On filtering, silver, now in the form of chloride, is removed from the
residue by washing with ammonium hydroxide.

Fusion of the sulphate residue with a mixturc of potassium and sodium
carbonates, effects complete decomposition, and converts the barium to the
carbonate. The mixed carbonates fuse more rcadily than either of the
single salts. The barium carbonate is filtered off and dissolved in hydro-
chloric acid.

The barium is finally precipitated from the chloride solution as pure
barium sulphate by the addition of sulphuric acid.

Decomposition.—Weigh out 0-5 gram of ore. Boil it for 2 minutes with
10 ml. 1 : 1 hydrochloric acid in a Phillips beaker. Add 5 ml. strong nitric
acid. Evaporate to dryness and bake.

Separation and Determination.—Cool und add 20 ml. 1 : 1 hyvdrochloric
acid, 5 drops strong sulphuric acid and 5 grams ammonium chloride.

Boil, filter and wash with hot water. Wash the residue with wiem 1 1
ammonium hydroxide until the filtrate gives no precipitate with hydro-
chloric acid.

Place the filter paper and residue in a platinum dish. Dry on a hot
plate and then burn off the paper. Stir in § grams of a mixture of potas-
sium and sodium carbonates and fuse. Dissolve the melt in hot ammonia
water. Filter and wash with ammonia water. (Barium carbonate is less
soluble in ammonia water than in pure water.)

Test a drop of the filtrate on a black spot plate with a drop of a sliglitly
acidified solution of barium chloride. When no precipitate of barium
sulphate is formed, the washing is complete.
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Wash the residue into a beaker and dissolve with 10 . 1 1 hydro-
chloric acid. Take care to avoid loss by spattering. Filter through the sume
filter paper to dissolve any carbonate remaining there. Receive the finrate
in & 600 ml. beaker. Wash the residuc with hot. I per cent hydrochloric
acid solution.

Dilute the filtrate to 300 ml. Heat nearly to boiling. aond wlil dropwise,
20 ml. 10 per cent sulphuric acid. Allow to stand until cool. Filter through
a double, ashless paper and wash with hot water. Dry and ignite the paper
and residue in a weighed porcelain crucible. The ignited harinm sulphate
should be perfectly white.

Weight of BaSO, > 0-3885 = Ba.

BismutH.

Occurrence.—Bismuth minerals are not commonly found in large
quantities in South Africa. Bismuth is found chicfly as bismuth glance or
bismuthinite (Bi,S,) in deposits of arsenopyrite, chalcopyrite and in gold
and pyrite of the Pilgrim’s Rest area. Native Lismuth is also found at
Kuisib, South West Africa.

Detection.—On charcoal—dark orange incrustation when hot. paler
when cold. With potassium iodide and sulpliur-—scarlet incrustasion,
vellow near assay. With soda—brittle silver-white bead.
of
Required.—N/10 standardized solution of potassivm pernanganate.

Discussion.—On treating the ore with nitric acid, bismuth nitrate is
formed. This is converted to bismuth subnitrate by dilution.

Bi(NQ,); + H,0 = BiO(NOQy) -+ 2HNO,
By adding oxalic acid, bismuth oxalate is precipitated
2BiO(NO,) + 2H,C,0, = Bi,0(C,0,), + 2HNO, + H,0
Oxalic acid is liberated from this precipitate by sulphurie acid.
Bi,0(C,0,), + 2H,S0, = 2H,C,0, + Bi,0(50,). (1)
The oxalic acid is then titrated with potassium permanganate.
5H,C,0, + 3H,80, + 2KMnO, = K80, 4 2MnS0, -- 10C0, - 8H,0 (2)

From equation (1) Bi = H,C,0,
From equation (2) 5H,C,0, = 2KMn0),
Whence: 2KMnO, =: 5Bi

Therefore 1 ml. N/10 permanganate := 0-01045 gram hismuth.

Decomposition.—Weigh out I gram of the sinely powdered sample.
Digest in a beaker with 10 ml. nitric acid. Lvaporate to dryness. Add
5 ml. nitric acid and 25 ml. water. Boil and dilute to 100 ml.

Separation and Determination.—Add 5 grams oxalic acid and boil for
5 minutes. Decant the supernatant liquor through a filter paper. Boil the
precipitate with 50 ml. water and decant again. Repeat the washing until
the filtrate is free of acid.

Treat the filter paper with 20 per cent sulphuric acid, receiving the
filtrate in the beaker containing the precipitate. Add sufficient sulphuric
acid to dissolve the precipitate and then a slight excess.

Heat to 80°C. and titrate with N/10 potassiun permanganate to the
pink end-point.

1 ml. N/10 potassium permanganate .= 0-01045 uram bisnth
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CHROMIUNM.

Occurrence.—Ixtensive deposits of variously modified forms of chiromite
(Fe0.Cr,0,) exist in the Lydenburg and Rustenburg areas in the Trans.
vaal. Small deposits are also found at Isitilo, Nutai,

Detection.—Borax bead test——oxidizing flanic, yellow.green: reducing
flame, emerald. Microcosmic bead test—oxidizing fame, red when Lot and
green when cold; reducing flame, green. Soda beud test—opaque bluc.
green.

Method of Assay.

Required.—Standardized N/10  sodium  thiosulphate. Manganese
sulphate solution, 10 grams per 100 ml. Potassium lodide solution, 40
grams per 100 ml.

Dzscusszon -Complete decompomnon of the ure is obmmul b\ fusion

thqmc acid, added to the ﬁltmt(- converts th( clnomar,e to (hclnonmtc
9Na,Cr0, + T9HCL = Na,Cr,O; + 2Na(l =- H,0.
On the addition of potassium iodide, iodine is liherated.
Na,Cr,0; + 6KI + 14HCI = 2CrCl, 4 2Nall — TH,0 -= 31, - 6Kl (1)
The iodine is titrated with sodium thiosulphate.
2Na,S,0, + I, = 2Nul + Na,5,0, (2)
From equations (1) and (2):—
Cr, = 3[, = 6Na,N,0..
Whence 1 ml. N;10 sodium thiosulphate == 0-001734 gram chromium.
=2 0002534 gram Cr,0.,.

Decomposition . —Weigh out 0-35 gram of the finely powdered sumple that
has been dried on a water bath. Fuse in o spun iron crucible with 5 grams
sodium peroxide. Do not heat above a dull red heat us excessive corrosion
of the crucible will tuke place. When fusion is comnplete, allow the crucible
to eool. Place it upright in o beaker containing water, the level of whichisa
little below the level of the crucible. Cover the heaker and upset the crueible
by means of a glass rod inserted under the cover gliss. The melt will
dissolve rapidly.

Separation and Determination.—Wash the gliss rod and cover glass.
Remove the crucible and wash it well. Add [ ml. munganese sulphate
solution. If manganese sulphate is not used. boil for 1 hour to destroy
the excess peroxide.

Cool and transfer to a 500 ml. graduated faxk and make up to the mark.
Filter through a dry filter paper. Discard the first 50 ml. Take 200 ml.
portions of the filtrate (equivalent to 0-2 gram of sample) and add a slight
excess of hydrochloric acid. The colour of the solution changes from v ellow
to orange. Instead of filtering, the iron hydrates inay he penmtt( «d to settle
thoroughly and 50 ml. pipetted off for titration.

Cool the solution. Add 5 ml. potassium jodide solution, Titrare with
N/10 sodium thiosulphate using starch solution as indicator as the end-
point is approached.

1 ml. N/10 sodium thiosulphate = 0-001734 gram chromium.

Chromium x 1-4614 = (1,0,
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Casavr.

: Ochrrence..—The_re are a few small deposits of cobalt ore in the Transvaal,
The better known deposits are in the Middelburg district and near Balmoral
station. The cobalt is found as smaltite (CoAs,).

Detection.—Borax bead test—deep blue. Microcosmic bead test—Dblue.
On charcoal with powdered charcoal and soda—residue feebly magnetic.
Method of Assay.

Required.—Nitroso-beta-napthol solution. 10 grams of the salt to
100 ml. acetic acid.

Discussion.—The ore is decomposed by a mixture of strong nitric and

hydrochloric acids. After fuming with sulphuric acid and diluting, the
- insolubles are filtered off.

After the removal of the metals, precipitated by hydrogen sulphide in
acid solution and the removal of the iron group by precipitation with zinc
oxide, ‘the cobalt is “precipitated by the nitroso-beta-napthol reagent
mH O(NOH)).” "The precipitate is cobalti-nitroso-beta-napthol
(CoC,pHeO(NO),) whlch on ignition decomposes to cobaltosic oxide

3Ug). .

The precipitate is very voluminous and for this reason not more than
0-1 gram of cobalt should be present in the precipitation. As the precipi-
tate is insoluble in hydrochloric acid, any nickel which is present is dis-
solved out of the precipitate by washing with this acid.

Decomposition.—Weigh out an amount of the finely ground sample

estimated to contain not more than 0-25 gram cobalt. Digest in a beaker

- with 10 ml. strong nitric acid and 5 ml. strong hydrochloric acid. Boil until

nitrous fumes are driven off. Cool and add 10 ml. strong sulphuric acid.
Boil until fumes of sulphur trioxide are given off.

Separation and Determination.—Cool and dilute to 100 ml. Boil anti!
soluble salts dissolve. Filter and wash with Lot water.

Pass hydrogen sulphide into the warm filtrate for 30 minutes. Filter
off the sulphides, washing with hydrogen sulphide water. Boil the filtrate
until the hydrogen sulphide is expelled. Add 3 ml. bromine water and boil
off the excess bromine.

Wash the solution into a 500 ml. graduated flask and dilute to about
300 ml. Add an emulsion of zinc oxide while swirling the flask, until all
iron is precxpl‘oated and a slight excess of zinc oxide is present Make up to
500 ml. and allow to settle. Draw off 200 ml. portions of the clear, super-
natant liquid (two-fifths of the original sample) in 600 ml. beakers. Add
6 ml. strong hydrochloric acid. Dilute to 300 ml. and boil.

Add nitroso-beta-napthol solution in the proportion of 2 ml. for every
0-01 gram cobalt presumed to be present. That is, 20 parts of the salt to
each part of cobalt. Boil for two minutes and .allow the bright red precipi-
tate to settle.

Filter through an ashless paper. Wash the beaker out with hot 1:1
hydrochloric acid. Wash the precipitate 5 times with the same acid,
alternating with hot water. Finally wash with hot water until the filtrate
is free of acid.

Dry the paper and residue in a weighed procclain crucible. Ignite gently
until the carbonaceous matter is burnt off and then at 800°C. (bright red
heat). Weigh the residue as Co,0,. .

Co;0, x 0-7342 = Co.



[
~1
ot

ASSAY OF BASE METALS

COPPER.

Occurrence.—The chief deposits arc at Messina and i Nanaqualand,
There are many other small occurrences in South Afvica. Copper is also
recovered as a by-product of gold mines in the Pilgrim’s Rest and Carolina
districts. The chief ores are chalcopyrite (Cul'eS,) and burnite (Cu Fel,).
It also occurs as malachite (CuCQO,.Cu (OH),), «zurite (2CuC0,.Cu(OH).).
cuprite (Cu,0), chrysocolla (Cusi0,.2H,0), covellite (CuS) und as native
copper.

Detection.—Tlame test—sky blue with hydrochloric acid, emerald
green with nitric acid. Borax and nicrocosmic bead tests—oxidising flume,
blue; reducing flame, opaque red. On charcoal with soda—red spongy
mass.

Method of Assay.

Required: Standardized N/10 sodium thiosulphate. Potassium jodide
solution 50 grams to 100 ml. water.

Discussion.—In the long iodide methiod, the ore 1s decomposed by «
mixture of nitric and hydrochloric acids. These acids are removed by
evaporating with sulphuricacid.” After dilution, the copper is precipitated
as sulphide by means_of sodium thiosulphate. = ‘ '

The copper sulphide, which may have arscnic precipitated with it, is
ignited to the oxide. After dissolution in nitric acid, bromine is used to
oxidize any arsenic which may remain after the ignition.

H,AsO, + Br, + H,0 == H;AsC, — 2HBr.
This prevents the arsenic reacting with the jodine later.

The mineral acids are neutralized with ammonium hydroxide and
finally, an acetic acid solution of the copper is obtained. It is important
to boil off the excess ammonia as a large amount of ammonium acetuate
slows the titration reaction. The assay is given « final boiling to ensurc
the complete removal of oxidising agents which would otherwise cause
an indefinite end-point.

The assay is cooled to prevent the volatilization of iodine when potas-
sium iodide is added.

2Cu(C,H;0,), + 4KI = Cu,l, + 4KC,H,0, — 1, .. . Y
The liberated iodine is titrated with sodium thiosulphute.
2Na,S,04 4+ I, = 2Nal + Na,8,0, .. , . o2

From equations (1) and (2):—
2Cu = I, == 2Na,S,0,.
1 ml. N/10 thiosulphate = 0-006357 gram copper.

Decomposition.—Weigh out 0-5 gram of the finely powdered ore (or an
amount estimated to contain about 0-2 gram copper). Heat in a 300 ml.
Phillips beaker with 10 ml. strong hydrochloric acid and 5 ml. strong
nitric acid. Add further acid, as required, 1o keep dissolved salts in
solution. Cool and add 8 ml. strong sulphuric acid and, to get rid of
nitric acid, evaporate until fumes of sulphur trioxide ure evolved.

Separation and Determination.—Cool and dilute to 25 ml.  Boil for
five minutes to get the anhydrous ferric sulphate into solution. Filter
and wash. Boil the filtrate. Then run in from a burette sufficient 20 per
cent sodium thiosulphate to precipitate all the copper sulphide. Complete
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precipitation is indicated when a white precipitate begins to form.  Boil
to coagulate the precipitate. Then filter and wash. (The conventional
method of precipitating the copper with hydrogen sulphide is much more
troublesome.)

Ignite the filter paper and copper sulphide inca small poreelan: crucible
at a dull red heat (400—500°C.). Cool and wld 15 ml 1 1 nitvic acid.
Warm the crucible on a hot plate. When all the copper oxide has dis-
solved, wash into a beaker. Add 5 ml. saturated hromine water and boil
down to about 5 ml.

Cool and dilute with 50 ml. water. Add 1 :1 annnonium hydroxide
until slightly in excess. A deep blue colour is produced. Boil off the excess
ammonia and add 5 ml glacial acetic acid and boil again.

Cool to room temperature. Add 6 ml. potassivn iodide soluticn. Use
in the proportion of 2 ml. of potassium iodide for every 0-07 gram copper
present. Do not use less than 2 ml. Titrate nnmedmtc) with N, 10
sodium thiosulphate using starch solution as indicator as the end-point
is approached. See that a slight excess of potassium jodide is present.

1 ml. N/10 sodium thiosulphate == (-006357 gram copper.

Short Todide Method.—Where great aceuracy is not required. the method
may be simplified as follows:—

Proceed as above until the dilution of the sulphuric acid is reached.
7\Tow neutralizc with ammonium hydro\:ido Add 5 ml «flau}xl ac eti( acid
(lJJ.u 4 gldlllb SULl“—llll llul)l lub or blllllblbllb LU (UbLll(ll 1 llll (UIUUI 1)1 UUUL l,(l
by the iron present. Boil for two minutes and conl to room temperature.
Add the potassium iodide and titrate as above.

In the short iodide method, « larger excess of potassium iodide is
necessary.

This is probably due to.the lirger excess o1 salts in the final solution
tending to slow the reaction.

Irox.

Occurrence.—There arc extensive deposits of iron ore in the Pretoria,
Rustenburg, Postmasburg und Messina districts. and in the Tugela
Valley, Natal. The common ores are haemitite (Fe,04). muagnetite
(FeO.Fe,0,), siderite (FeCO,). Simonite (Fe,0,nH,0) and marcasite. a
a form of pyrite, (FeS,) are also found.

Detection.—Borax bead test—oxidizing flame. vellow  when hot.
colourless when cold; reducing flame. bottle green.  Microcosmic bead
test—oxidizing flame, colourless to brownish red: reducing lame. reddish
On charcoal with soda—vesidue strongly magnetic,

Method of Assay.

Regquired: Standardized N/10 potassium pernanganate.

Stannous chloride solution. Dissolve 60 grams stannous chloride in
600 ml. strong hydrochloric acidl and dilute to 1 litre. Keep in o stoppered
bottle with a stick of pure tin in the solution.

Mercuric chloride solution. Make w saturated solution in hot water,
Cool and filter.

Manganese sulphate solution. Dissolve 80 grams manganese sulphate
in 875 ml. water. Add 165 ml. phosphorie acid syvrup and 160 ml strong
sulphuric acid.
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Discussion.—Solution of the ore is obtained by hydrochloric acid
aided by stannous chloride. In chrome iron ore, the iroi is re-precipitated
with ammonium hydroxide to remove the nickel from the crucible.
The green colour of the nickel would obscure the reduction of the iron
later.

The iron is reduced by stannous chloride.

2FeCly 4- SnCl, = 2F¢Cl, -- Snll,.
The excess stannous chloride is oxidized by the mercuric chloride.

SnCl, + 2HgCl, = SnCl, + Hg,Cl..
A large excess of stannous chloride must be avoided in the first place or
the reaction:—

SnCl, + HgCl, = SnCl, + Hz
takes place. The finely divided meraway discolours the liquid.  The
reduced iron is titrated with potassium permanganatc.

Sulphuric and phosphoric acids present during the titration make the
end-point sharp. Manganese sulphate prevents the hydrochlorie acid
acting on the permanganate with the liberation of chlorine.

Since both hydrochloric and sulphuric wcids are present in the titration,
the reactions may be represented by :—
10FeS0, 4- 2KMnO, + 8H,80, == 5Fe,(S0;); + K,50; — 2MuSO, + SH,0

i
5FeCl, + KMnO; + 8HCI = 5FeCl, + KCl + MnClL, + ¢H,0

The ratio between the iron and permanganate is the same in cach case,

ie. 5:1. Since the equivalent weight is 1 of the molecular weight of

permanganate, 1 ml. N/10 permanganate = 0-003584 gram iron.

Decomposition.—Treat 0-5 gram of the finely powdered ore with 15
ml. 1 :1 hydrochloric acid and 2-5 ml. stannous chloride solution. Boil
gently until completely decomposed.

(For chrome iron ores, proceed as in the chromium assay but use a nickel
crucible. Remove the excess sodium peroxide. Add ammonium hydroxide
and filter. Wash with hot water. Take up the precipitate in hydrochloric
acid, re-precipitate with ammonium hydroxide and filter. Wash with hot
water. Re-dissolve the residue in hydrochilorie acid.  Proceed with this
solution.)

Separation and Determination.—To the hot solution run in stannous
chloride from a burette until the iron is reduced. Avoid a large excess.

- The reduction is indicated by the disappearance of the greenish vellow

colour. :

Have ready a 600 ml. beaker containing N ml. nungunese sulphate
solution. Wash down the sides of the beaker containing the iron and add
5 ml. of mercuric chloride solution while stirring. - Wash into the 600 ml.
beaker and titrate with N/10 potassium permanganate.

1 ml. N/10 permanganate = (- 005384 gram iron.
LEAD.

Occurrence.—There are numerous deposits of lead ore in South Afvica,
but none is of any great importance. The main deposits are in the Lyden-
burg, Rustenburg and Zeerust districts. The lead is found chiefly as
galena (PbS) but also as oxidised products, cerussite (PhC0,). anglesite
(PbSOy), and also as pyromorphite (3Ph;P,04.PhCl,).



N

o

78 ASSAY PRACTICE ON THE WITWATERSRAND

Detection.—On charcoal—inerustation dark yvellow when Lot yellow
when cold. With potassium jodide-—-incrustation brilliant ycliow. With
soda—soft bead, marks paper.

Method of Assay.

Required: Ammonium molybdate solution. 8 wrons por litre.  See
standardization below.

Tannin solution. -3 gram per 100 ml water.

Discussion.—The ore is digested with hydrochlorie aned nitrie avids.
These acids are displaced by evaporating witle sulphuric acid

On diluting the sulphuric acid solution, the lead is precipitated as lead
sulphate. This is filtered off together with any silica present. Ammonium
acetate converts the lead sulphate to the soluble acetate.

PbSO, + 2NH,C,H,0, = Pb(C,H,0,), — (N'H,),50,.

The lead acetate is titrated with ammoniwm molvbdare, using twnnin

solution as an cxternal indicator.

Pb(C,H,0,), + (NH,),MoO, == PbMoO, — 2NHC,H,0,.
The solid ammonium molybdate varies in formulu from (NH,),Mo0,.4H,0
to (NH,)¢Mo,0,,4H,0. Hence the lead value cannot be calendated from
the formula and standardization is necessary.

Decomposition. —Weigh out 1 gram of the finely powdered ore. Digest
in a beaker on « hot plate with 20 ml. strong hydrochloric acid. Add 10
strong nitric acid. When action ceases, ¢ ol and add 3 ml. strong suiphuric
acid. Boil until fumes of sulphur trioxide are produced. Cool and dilute
to 100 ml. Boil to ensure that any soluble sulphates are in solution.
Allow to stand for once hour.

Separation and Determination. —Filtcr by decantation, washing well
with 1 per cent sulphuric acid. Place the beaker containing the washed
precipitate beneath the filter paper. Puncture this wl waslhi the precipi-
tate which is on the paper through using a hot. strong sclution of wmmo-
nium acetate. Boil the ammonium acetate until all the lead sulphate has
dissolved. To this solution then add 5 mnl. of glacial acetic acid. dilute to
200 ml., heat to boiling and titrate with the ammoniwm molybdate solu-
tion. Use drops of tannin solution on a spot plate as an external indicator.
An excess of molybdate produces a yellow brown colour with the tannin.

1 ml. ammonium molyhdate == 0-01 gramn lead approximately.

Standardization of Ammoniune Molybdute: 03 gram of pure lead is
dissolved in dilute nitric acid, fumed with sulphuric acid and treaved
precisely as in the ore. Since it may require up to 1 ml. of the ammonium
molybdate in excess to produce the colour with the tannin, iv is advisable
to adjust the weight of lead foil taken. so that approximately the sumne
amount of ammonium molybdate is used for the stndardization and the
assay.

Gravimetric Method.—Proceed as in the molybdate method until the
lead acetate filtrate is obtained. To this add 5 ml. concentrated sulphuric
acid, and boil down to fumes of sulphur trioxide. Cool and dilute to 100 ml.
Add 100 ml. methylated spirits and allow to stand for one hour.

Filter through a weighed Gooch crucible, using usbestos as a filter.
Wash with 1 per cent sulphuric acid and finally with aleohol.  Dry in
steam oven and ignite at a dull ved heat (400—500°C.). Weight of
PbSO, x 0-6832 = Pb. The methylated spirits aids in precipitating the
sulphate completely.
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MANGANESE.

Occurrence.—There are extensive deposits of ningiwese minerads in
the Postmasburg district. The ore is found as « mixture or manganite
(Mn,0,.H,0), braunite (3Mn,0,MnSi0y) and psilomeclane (MnO,.nH,0).
Pyrolusite and polianite (MnQ,) arc also found. There are ovher deposits
in South Africa at Krugersdorp, Pretoria, Piet Retief, Waterburg, Vryvheid
and in the Cape Peninsula which have so fur proved uncconomical.

Detection.—Borax bead and microcosmic heal tests— oxidizing fliune,
reddish violet; reducing flame, colourless. Sodic bead 1est—oxidizing
flame, bluish green, opaque when cold.

Method of Assay.
Required: Standardized N/10 potassium permanganate.

Discussion.—After complete decomposition of the ore by treatnent with
liydrochloric acid, followed by nitric acid, the manganese is obtained in
solution as manganese sulphate by fuming with sulphuric acid. The iron
present is precipitated by the addition of an emulsion of zinc oxide and
the manganese is determined by titration with stundard potassium per-
manganate. The titration is conducted at a temperature of at least 80°C.
and is continued until a permuanent permanganate colour pervadesthe
supernatant liquid. When the clear solution is titrated with potassinm
permanganate the main reaction js:—

3MnSO, + 2KMnO, = 2H,0 - = 5Mn0, + K80, - 21,80,

In the presence of other metals, ¢.g. zine, manganates are formed.
) = B (=]

- 6MnS0, + 5ZnS0, = 4KMnO; + MHH,0 = 5(ZnH,0,.2Mn0,) +

+KHSO, + TH.S0,.
However, the ratio of manganese to potassium permanganate remains
the same at 3Mn == 2KMnO,, from which the manganese valuce is caleu-
lated.

Decomposition.—Weigh out an unount of the finely powdered ore
estimated to contain about 0-2 gram manganese. Treat ina beaker on u
hot plate, first with 10 ml. strong hydrochloric acid and then with 5 ml.
strong nitric acid. When decomposition is complete, boil down with 7 ml.
strong sulphuric acid until fumes of sulphur trioxide are produced.

Separation aund Determination.—Cool and add 25 ml water aned 2l
bromine water. Boil until anhydrous ferric sulphate hos dissolved and
the excess bromine has been driven off.

Wash the mixture into a 500 ml. graduuated flask and dilute to about
300 ml. Add an emulsion of zinc oxide, while agitating the tlask, until
the iron is precipitated and a slight excess of zinc oxide remains. Make up
to the 500 ml. mark and allow to scttle.

Pipette off 100 ml. portions (representing + of the original assay) of
the supernatant liquor. Heat nearly to boiling point and titrave with N, 10
potassium permanganate. During the titration a dark precipitate is
formed. It is necessary to agitate the solution, allow the precipitate to
settle, and examine the supernatant liquid for the pink end-point. The
precipitate may be induced to settle more rapidly by adding 2— drops
of nitric acid. The assay must be kept near hoiling point during the
titration.

1 ml. N/10 potassium permanganate =z 0001643 yrar manganesc.
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MERCURY.

Occurrence.—Two small deposits of ciimabar (HgS) are known in South
Africa. One is near Hectorspruit in the Eastern Transvaal, the other in
the Pretoria district near Premier Mine.

Detection.—Closed tube test—metallic globules or black sublimate.
With soda—sublimate of metallic globules. With potassium iodide on
charcoal—incrustation and greenish yellow fumes.

Method of Assay.

Discussion.—The mineral is decomposed by heating iv in contact with
metallic iron thus liberating the vapour of mercury which condenses
readily on, and amalgamates with, the cool surface of a gold or silver cover.

HgS ++ Fe = FeS -+ Hg.

Constant attention is needed in order to ensure a cooling condition on

the top of the cover.

Decomposition and Determination.—Mix 0-2 gram of the finely powdered
ore (up to 5-0 grams for low-grade ore) with 1—10 grams of iron tilings in an
iron, nickel or porcelain crucible. Sprinkle 1 gram of filings over the mixturc.
Fit the crucible into a hole in an asbestos shect so that the bottom half of
the crucible protrudes.

A silver or gold foil lid is made to fit the crucible. The lid should have a
hollow in the centre in which a pool of water can be maintained; or, better
still a thin brass condenser, through which cold water circulates is clamped
on the lid.

Clean the lid, heat in a bunsen flame, cool and weigh. Place the lid on
the crucible and carefully heat the lower portion of the crucible with a
bunsen burner. Regulate the heat so that the lid does not reach the
temperature of boiling water. The asbestos sheet will materially help in
preventing the lid from being overheated. Continue the heating for 15-30
minutes.

When the operation is considered complete, allow the apparatus to cool.
Remove the lid, which now has the mercury amalgamated on it. Wash the
lid in alcohol, dry in a warm atmosphere and weigh. The inerease inweight
is the weight of the mercury in the sample.

MOLYBDENUM.

Occurrence.—The chief mineral is molybdenite (Mos,) which is found
associated with numerous small deposits of cassiterite in the Transvaal,
the most important being in the Waterburg area. Molybdenum is also
known to occur in Natal in the Hlatimbe Valley and near Stellenbosch in
the Cape Province. The minerals molybdite (MoQy), molybdic ochre
(Fe,0,.3M00,nH,0) and molybdenite (MoS,) are also found in small
quantities. ,

Detection.—Microcosmic bead test—oxidizing Hume, bright green:
reducing flame, green. On charcoal—oxidizing fame, incrustation yellow
when hot, yellow to colourless when cold; reducing flame, incrustation

blue.
Method of Assay.

-+ . Required: Saturated ammonium acetute solution. Lead acetate solution

—40 grams lead acetate, 10 ml. glacial acetic acid per litre.
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Discussion.~—The ore is fused with a mixture of sodinmn carbonate and
sodium hyvdroxide. After dissolving the melt, ferric hydroxide is filtered
off.  The ferric hydroxide is dissolved and re-precipitated wnd azain
filtered off.

The filtrate is acidified with hydrochloric acid. The molybdenun is
now in the form of H.MoO,.

Ammonium acetate is added to destroy the iree Lydrochioric acid. The
solution is acidified with acetic acid and the molybdenurn is precipitaed
as lead molybdate by the addition of lead acetate.

Pb(C,H;0,), + H,MoO, = PLMoO, — 2HC,H,0,.

The lead molybdate is filtered off and ignited at 400°C. to constunt
weight. '

If tungsten is present, the ignited precipitate is dissolved in hydrochloric
and nitric acid and evaporated almost to dryness. After adding morc
hydrochloric acid and filtering off the tungstic oxide, the molybdenum is
re-precipitated from the filtrate by ammonium acetate, acetic acid and
lead acetate as above.

Weight of PbMoO; x 0-2613 == Mo.

Decomposition.—Weigh out 1 to 2 grams of the finely powdered ore and
mix in an iron crucible with 5 grams sodium carbonate and 2 grams sodium
hydroxide. Heat gently at first to avoid spattering, and then strongly
until a clear fusion is obtained.

Separation and Determination.—Dissolve the nicle in 200 ml. water in a
beaker. Remove and rinse off the crucible. Filter off and wash the ferric
hydroxide precipitate with hot water.

Remove the funnel to another beuker. puncture the papar and wash the
precipitate through with the minimum quantity of 1 : 1 hvdrochloric
acid. After washing with water re-precipitate the iron with sodium
hydroxide. Boil and filter into the original filtrate. Wash well with hot
water.

Acidify the filtrate with hydrochloric acid, adding sufficient to dissolve
any molybdic acid which may separate. Add 5 ml. glacial acetic acid and
5 ml. ammonium acetate soluticn.

Boil and add lead acetate solution from i hurette until the milky colution
starts to clear. Allow to settle and add a feow drops of the lewd acetate to
see if the precipitation is complete. Avoid a large excess or'lead acetate.

Warm on a steamn bath for 20 minutes. Filter axd wash with water by
decantation through an ashless filter paper. Dry and ignite at 400°C.
(dull red heat) to constant weight.

If any tungsten is present dissolve the ignited precipitate inthe minimum
of hydrochloric acid. Add 2 ml. sureng nitric acid and eveporate nearly to
dryness. Add 150 ml. 20 per cent hydrochlorie ucid, boil, filter and wash
with water. Re-precipitate the molybdenum from the fltrate with
ammonium acetste and acetic acid, etc., as above.

Weight of PbMoO, x 02613 = Mo.
NICKEL.

Occurrence.—Nickel oceurs mainly as pentlandite (2FcS.NiS) vwhicl, is
found associated with chalcopyrite and pyrrhotite in nearly «li deposits
of these sulphides in South Africa. The most notable deposits are m the
Rustenburg district.
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Detection.—Borax bead test—oxidizing flame, reddish browic when cold:
reducing flame, opaque grey. Microcosmic bead test. ~oxidizing flame.
vellow when cold; reducing lame, reddish vellow .

Method of Assay.

Required: Dimethylglyoxime solution. 1 gran: per Tov ml. aleohol.

Discussion.—The ore is dissolved in aqua regin, however, if silicates are
present in the ore, fusion with sodium carbonate may be necessary. The
melt is dissolved in hydrochloric acid.

The repeated process of adding hyvdrochloric wei, evaporating and
baking, converts the nickel to the cldoride, removes the nitrie acid and
dehydrates the silica. A hydrochloric acid solution i tinally obtained.

Antimony, arsenic and copper are precipitated as sulphides by hydrogen
sulphide. Bromine ensures that the iron is oxidized and tartaric acid
keeps it in solution. Similarly, ammonium chloride keeps the manganese
and zinc in solution.

In the precipitation with dimethylglyoxime. hydrochloric actd s
liberated. Hence an excess of ammonium hydroxide ix necessary.

(C,N,0,Hg), + NiCl, = (C,N,0,H,),Ni -~ 2HC!I

Decomposition.—Weigh out a portion of the finely powdered saumple.
estimated to contain not more than 40 myg. of nickel. Treat in a beaker on
a hot plate with 10 ml. aqua regia. Evaporate to dryness. Cool and add
10 ml. strong hydrochloric acid. Evaporate to dryness and bake. Cool and
add 5 ml. hydrochloric acid and 100 ml. water. Boil until all soluble salt
are in solution.

© Separation and Determination.—Pass hydrogen sulphide through the hot
solution for 30 minutes. Filter and wash with hydrogen sulphide water.
Boil the filtrate until all hydrogen sulphide is driven off.  Add 2 ml.
bromine water and boil off the excess bromine. Add 2 grams tartaric acid
and 2 grams ammonium chloride. Make slightly alkaline with ammonium
hydroxide. If the solution becomes cloudy, add ammonium clidoride until
it clears. :

Heat nearly to boiling. Add 3 ml. dimethylglvoxime solution for every
4 mg. nickel presumed present, and then a slight excess. Add ammonium
hydroxide, if necessary, to maintain distinct alkalinity. Allow to settle
in a warm place for 14 hours.

Filter through a weighed Goocli crucible, using ashestos as atilter. Wash
well with hot water. Dry in an oven at 1107-120°C. 10 constant weight.

(C,N,0,H,),Ni 3 0-203] == Ni.
TN,

Occurrence.—Cassiterite (Sn0,) is practically the only important ore of
tin found in South Africa. Deposits of note arc in the Povgletersrust,
Warmbaths and Nylstroom arcas. Tin is also found in the Cape, Natal and
Swaziland.

Detection.—On  charcoal—incrustation yellow when hot, pale or
colourless when cold. With cobalt nitrate—incrustation bluc-green.
With soda—tin white bead, malleable, soft, does not mark paper.

Method of Assay.
Required: Standardized N/10 iodine solution.
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Discussion.—The sample of tin ore is fused with sodiwin peroxide, the
melt extracted with water and acidified with hydrochloric acid. The tin.
which Is now in solution as stinmic chloride is reduced 1o the stannous
state by suspending in the solution w roll of nickel toil, ol boding. After
complete reduction, a few pieces of marble are wdded so that coolng may
take place in an atmosphere containing 1o oxvgen.

The assay is cooled rapidly under the 1ap 10 between 20 and 20°C.
and the stannous chloride is quantitatively re-oxidized by titration with
standard jodine using starch as indicutor.

SuCly + L, + 2HC = Snl, - 2H

Tungsten, if present, forms a blue precipitate wira the wssay ix reduced
and may mask the end-point. Bismuth is also precipitited as metal and
will react with the jodine. Both these metals, if present, must be filtered
off and the assay again submitted to the reducing treatment with nickel.

Titanium may be removed by fusing the sample first with potassium
bisulphate or potassium pyrosulphate. On leaching the melt, the titanium
is dissolved out and the insoluble residue. containing the tin is then fused
with sodium peroxide.

Decomposition.—Weigh out 0-5 1o 2 grams ol the finely powdered ore
and mix with 8 grams sodium peroxide in an iron aucible. Fuse. gently
at first, and when the melt is tranquil, heat stronuly for a few minutes.

Reduction and Determination.—Cool the crucible to ubou
place it in & porcelain dish containing 100 ml. water. Roll the crucible
about until the melt has dissolved. Wash the crucible oft carefully and
wash the solution into a 500 ml. Erlenmeyer flask. Ncutralize with strong
hydrochloric acid. Add 50 ml. acid in excess and dilute to 200 ml.

Suspend a rolled piece of nickel foil (1 inch by 5 inches) in the solution.
by means of a glass hook or silver wire attached to a hunsen valve, fitted
into the neck of the flask. Heat to boiling and then allow to simmer gently.
The solution will turn a light green colour. Continue the reduction for 40
to 60 minutes longer.

Remove from the hot plate. Cool somewhat and add a fow marble chips.
Remove the nickel foil and replace the bunsen valve. Cool rapidly under
the tap. Add a little starch solution and titrate irmediately with N 10
iodine.

it 100°C. und

1 ml. N/10 iodine == 0-0053935 gram tin.

Alternate Method of Reduction.—To the solution obtained after the fusion
of the ore, the extraction of the melt and the addition of 1he hydroehloric
acid, a 1 inch square of ¥ inch aluminium sheet is added. It is not neces-
sary to heat the solution,

Hydrogen is evolved briskly and the tin in solution is reduced to the
\ stannous state. Other metals do not interfere and it ix, thercfore, un-

k necessary to remove them.

. When reduction is complete the solution is colowrless. A little of the
aluminium should be allowed to remain at this stage. From very high
grade ores a black precipitate of metallic tin may sometimes be observed.
[f present, the solution is boiled for 15 minutes and the metallic tin is
re-dissolved.

The solution is allowed to cool in a neutral atmosphere. by introducing
into the flask a stream of carbon dioxide from a generator or cylinder.
When cool, a marble chip is added and the titration is carried our as above.

st -
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other than silica remains, fuse a fresh assay with sodium carbonate.
Dissolve the melt in hydrochloric acid.

Separation und Determination.—Add 20 ml 1t sulphuric acid and
cyaporate until fumes of sulphur trioxide are produced. ool and dinte
with 50 ml. water and boil to dissolve solable salts. Add a strip ol wdu-
minium foil and boil for 20 minutes. Filter through « papur contining o
piece of aluminiuni. Wash with Lot water.

"Boil the filtrate and pass hydrogeirsulphide to precipitate any remaining
copper, cadmium, or bismuth. Filter and wash with hydrogen sulplide
water. Boil off the hydrogen sulphide {rom the filtrate and add 5 ml.
bromine water. Boil off the excess bromine and add 7 grams ammonium
chloride. Cool and make alkaline with ammoniun Lydroxide.  Filter
off the iron precipitate and wash with boiling water. Reserve the filtrate.
Dissolve the precipitate in hydrochloric acid, add aninonium chloride
and precipitate again with ammonium hydroxide. Filter, wash with
boiling water and combine the filtrates.

Using a piece of litmus paper, neutralize the filtrate with hydrochloric
acid. Add 3 ml. strong hydrochloric acid i excess. Dilute to 250 ml. und
titrate hot with the potassium ferrocyanide solution. Use drops of urarium
acetate on a spot plate as indicator. A brown colour is prodaced with
an excess of potassium ferrocyanide.

Standardization of Potassium Ferrocyanide.—Lrepare a solution of
potassium ferrocyanide containing 22 grams per litre. Standardize ax
follows:—

Weigh out 05 gram of freshly ignited pure zinc oxide. Dissolve in 5 ml.
strong hydrochloric acid. Dilute to 100 mnl. Neutralize with amnonium
hydroxide. Acidify with 3 ml. strong hydrochloric acid and titrate hot
as in the assay.

Zn0 x 0-8034 = Zn.
Calculate the amount of zince per ml. of potassium ferrocyunide.

Alternative Internal Indicator.—Dissolve 5 grams diphenylbenzidine in
sufficient sulphuric acid to give a green solution. Pour this into 40 ml. of
water. Add drops of sulphuric acid to dissolve any reagent which may
precipitate out during the dilution. Use 1 to 2 ml. of this indicator
internally for each titration. The potassium ferrocyanide used must
contain 0-22 gram of potassium ferricyanide per litre.

The indicator produces a blue violet colour in the presence of the ferri-
cyanide ions. When the titration is complete, the free ferrocyanide lons
produce a pale green colour.

Diphenylbenzidine cannot be used in the case of low percentage titra-
tions unless a known quantity of standard zinc solution is added before-
hand. The value of this addition would, of course, have to be deducted
before the zinc content of the assay could be assessed.



