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PREFACE.

‘““ THE term ¢ precious metals’ has usually been applied to gold and silver only,
its use dating back to a time when no regard was paid to platinum. As platinum
18 now in common use and is more valuable, weight for weight, than gold, it may
very well rank as a precious metal.” Moreover, platinum is not infrequently
associated with.gold, and the methods of assaying gold and platinum are so
closely allied that they cannot be separately treated. Within recent years a
considerable amount of research has been conducted in connection with the
precious metals, especially platinum and the rare metals which constitute the
‘“ platinum group.” Much of this research has been of considerable value to
assayers in enabling them to work out suitable methods for the accurate sampling
and assay of the precious metals.

It may, therefore, not be out of place here to point out that the assayers and
chemists of to-day who have gained distinction as the result of researches upon
the properties of platinum, iridium, and other metals of the platinum group, owe
a great debt of gratitude to practical metallurgists like Mr Edward Matthey,
A.R.S.M., and the late Mr George Matthey, F.R.S. (of Messrs Johnson, Matthey &
Co., the well-known platinum refiners), who have enabled them to obtain the
metals in the desired form and condition for research.
As a recent writer has said, ‘“ The physicist (and also the chemist) to-day 18
able to begin his account of research with 7 took where a Davy, a Wollaston, or
a Faraday would have been constrained to write Z prepared,” and the difference is
much greater than is generally recognised.

In the preparation of this work the aim has been to provide a full description

of the various methods of sampling and of assaying—both by the dry and wet
methods,—the precious metals contained in ores, bullion, and metallurgical

products, and to produce a book useful alike to the student and to the assayer
in practice.

So far as the author is aware, no attempt has been made to cover the same
ground as that covered by the present volume. The subject is treated more

fully than is usual in text-books on assaying generally or in works dealing with

the metallurgy of the precious metals.
Special attention has been devoted to sampling, a subject which, in the

author’s opinion, has not hitherto received in text-books or in the curriculums of

mining schools the attention which its great importance deserves. Sampling

operations being common ground, and by no means peculiar to the treatment of
vii




vii THE SAMPLING AND ASSAY OF THE PRECIOUS METALS.

the ores of any one particular metal, all reference to them is very frequently
omitted both in works on metallurgy and in text-books on assaying.

Short descriptions of the principles of ore and bullion valuation and sale have
also been included. A special chapter has been devoted to the assaying connected
with the cyanide process of gold extraction, including the determination of
cyanides on account of their importance in the extraction of gold and because
their determination has become a part of the ordinary work of an assayer in a
cyanide mill.

As text-books on assaying are used chiefly as works of reference, the author
has aimed at making each section of the present volume as complete as possible
in itself, so a8 to avoid as far as possible the necessity for frequent reference to
other parts of the book. The adoption of this course has necessarily resulted in
a certain amount of repetition, but it is hoped that this will be amply justified
by the greater convenience in reference thus secured.

The work is primarily intended for students, having been written chiefly at
the request of the author’s old students at the Royal School of Mines, London ;
hence more detail has been given than would be necessary in a work intended
only for the use of experienced assayers.

The author cordially acknowledges the assistance he has received in the
preparation of this work from Beringer’s Text-Book of Assaying, Dr T. K. Rose’s
Metallurgy of Gold and Precious Metals, Fulton’s Manual of Fire Assaying, and
to the articles on Assaying by the author’s father, the late Richard Smith of the
Royal School of Mines, written for Dr Percy’s Metallurgy of Sulver. He is
especially indebted to Mr H. Dean, A.R.S.M., M.Sc., of Durham University, for
executing many of the drawings, reading the proofs, and preparing the index,
and to Mr George Sims for assistance in reading the proofs.

The majority of the illustrations are original, but the author is indebted to
the President and Council of the Chemical, Metallurgical, and Mining Society of
South Africa for permission to reproduce fig. 1, to Dr T. K. Rose for fig. 102,
and to the Richmond Gas Company, Ltd., Warrington, for the drawing for fig. 16.

It 18 hoped that the work may be useful to students and to assayers engaged
in the precious-metal industries, and that it may form a fitting companion volume
to the series of treatises on Metallurgy written by Associates of the Royal School
of Mines, and inaugurated by the late Sir W. C. Roberts-Austen.

ERNEST A. SMITH.

SHEFFIELD, 1913.
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THE SAMPLING AND ASSAY OF
THE PRECIOUS METALS.

CHAPTER L

INTRODUCTORY.

Deflnition of Assaying.—Assaying was the term originally applied to the art of
determining the quantity of metal contained in an ore, in alloys, or in certain
other compounds by the dry or “fire ” method. At the present time the term
assaying has a much wider meaning, being applied to the determination by what-
ever method the operations are carried out. Assaying is said to be either *“ dry ”
or “wet ” according as the agency of *fluxes” and fire or of liquid solvents is
employed. Formerly, in order to obtain the result with the greatest expedition,
the dry method (also called a furnace method) was chosen for producing the
chemical reaction ; but, as this was frequently done at the expense of accuracy
In the result of the assay, the wet method is also used in modern times. It has
not, however, entirely displaced the dry method, for the latter is employed in all
cases where sufficiently accurate results can be more quickly reached, as in
assaying lead, tin, gold, and silver ores, or where suitable wet-assay methods
cannot be conveniently substituted for it.
Furnace methods, in combination with wet methods, may frequently be
practised with advantage. It must be admitted, however, that except in a few
cases such as those given, the tendency of modern assay practice is to discard
purely furnace methods in favour of wet methods.

During the last few y&ars rapid strides have been made in the application of
quick and reliable chemical methods in the assay of ores, metals, etc., and assay-
Ing is also becoming wider in its scope, consequently the line of demarcation
between it and chemical analysis has now almost disappeared. Indeed, assaying
has become 80 identified with the latter that the two terms are often used
synonymously, and even the determination of an organtc constituent of a mixture
18 not infrequently called “an assay.”

History of Assaying.' —Assaying was the earliest-known branch of chemistry,
and in fact that branch which afterwards, through the medium of the various
Investigations of alchemy, drew attention to theoretical chemistry, and thus
founded that science.

The art of assaying is 80 ancient, and it has so constantly and imperceptibly
been added to and improved, that its origin has been almost entirely obscured.
A cupellation process for gold is mentioned by Diodorus Siculus as being in use
In the second century B.c. Georgius Agricola? (1494-15565) was one of the first

1 T am indebted to the Cantor Lectures on ‘‘ Alloys,” by the late Sir W. Roberts-Austen, read
before the Society of Arts in 1884, for many of the references to the early history of assaying.

3 De re Metallica, libri xii., Basle, 1556.
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writers to deal systematically with the art of assaying minerals. Much valuable
information on early methods of assay is also given by Lazarus Erckern? (1574).
There appears to be little doubt that the art of assaying originated with methods
for testing the purity of the precious metals.

In the early stage of the civilisation of a nation coins of pure metal have
usually been adopted, but the pure metal was subsequently mixed with one of
less value, probably because the union of two metals by fusion produced a hard
and durable alloy ; but it is also very probable that these attempts to alloy the
precious metals were frequently of a fraudulent character, and carried out with
the object of producing a metal which might be substituted for the pure metal.
How long these fraudulent but successful practices were carried on without any
adequate means of detection it is impossible to say.

The want of a method for ascertaining the degree of purity of gold and
silver, or for determining the amount of precious metals in their alloys, must
have been felt as soon as the use of metals for currency was established. The
history of assaying has yet to he written, but in rapidly reviewing the methods
of assay which have been practised, it will be well to consider them in an order
that is, in the main, chronological, but which enables the physical methods, as
distinguished from the chemical, to be dealt with first.

Probably the earliest method of ascertaining approximately the composition

of an alloy of gold consisted in rubbing the metal on a hard stone of dark colour
known as ‘‘ Lydian Stone,” or, as it is called in more recent times, the ‘ Touch-
stone,” the streak thereby produced being compared with similar streaks derived
from alloys of known composition. In later times the streaks were subsequently
tested with acid. The use of such touchstones comes to us from very early
times, and its use has survived for approximate assays until the present day
(see Touchstone, p. 280). According to Riche,? the touchstone was well known
to the Romans, and perhaps even more anciently. It was in use in England in
the twelfth century and probably much earlier, and Prof. Gowland ® has stated
that this method of testing the quality of gold was used in the first Government
Mint established in Japan in the sixteenth century. The only other physical
method, as distinguished from chemical methods, that has been widely adopted,
18 that of ascertaining the purity of metals by their density, devised by
Archimedes, 212 B.c., for ascertaining whether the crown of Hiero was or was
not genuine. It consists in comparing the weight of the metal with that of an
equal volume of water, and is still sometimes resorted to when the metal to be
examined must be preserved intact. ‘
Pliny states that in his time a method was in use for estimating the amount
of silver in an alloy of silver and copper by the degree of discoloration or
blackening which attends:the heating of the alloy in air. This method, long
practised in France, and known by the name of essais @ la raclure, is described
by Rochon,* who says that it was generally recognised in the Roman mints in
the time of Marius Gratidianus, “Triumvir of the Money”; but recent
experiments have shown that it ceases to be useful for alloys of silver and
copper which contain less than 80 per cent. of silver, as such an alloy becomes
quite black when heated in air, and in such alloys as are poorer in silver,
variations in tint cannot be detected.®

1 L. Erckern, dllerfurnemisten Mineralischen Eerzt w. Berqwerks Arten, Frankfort, 1574,
translated by Sir John Pettus, 1688 (The Laws of Art and Nature in Assaying Metals).

3 A. Riche, Monnase, Médailles ¢¢ Bijouz, Paris, 1889, p. 277.

3 Journ. Inst. of Metals, vol. iv. 1910, p. 11.

4 Kssais sur les Monnaties, P: 17, 1792.

5 See Chaudet, L’Art de I’ Kssayeur, p. 77, Paris, 1835 ; also Percy, Metallurgy of Stlver,
p. 167.
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In very early times the need must have been felt of some chemical method
of isolating the precious metals—of actually separating them from their base
associates, so that the gold or silver set free could be weighed, and the amount
originally present in the mass deduced by calculation. The crude method of
assaying silver already described, which depends on the change of colour
produced by oxidation of the baser constituent of an alloy, finds a parallel in
the method of cupellation used from very early times, which also depends on
the principle that precious metals will resist oxidation, while the metal with
which they are usually associated will not. The process of cupellation is very
ancient. That the Greeks were familiar with the process appears probable
from the fact that lead has been found in ancient ornaments both of gold and
silver, discovered by Schliemann at Mycense. Pliny also teaches that the
Roman metallurgists used lead for the purification of gold and silver. Geber
the Arabian, who died A.n. 777, the greatest of the early alchemists, gives, if
medieval translations of his works are to be trusted, a sufficiently accurate
description of the process to enable it to be conducted at the present day with
no other aid than that which he gives. The operation, as described by Geber,
would, however, more nearly correspond to a refining operation conducted on a
large scale, with a view to the extraction of silver from lead, rather than to the
method of assay as practised at the present day on a few grains of metal. In
Geber’s work “On Furnaces ” there 18 no mention or illustration of the ‘muffle
furnace,” so that he seems to have conducted the process in a cupel surrounded
by incandescent fuel.

The exact-period at which the process of cupellation was first used for

assaying is not accurately known, but the method of conducting assays by the
cupel (or ‘““coppels” as given in old treatises on assaying) on what would at the
present day be considered a very large sample of metal, seems to have been held
to be necessary in the twelfth century, for in certain official trials of coin in
the time of Henry II., 11564-89, the ¢ Miles Argentarius” or Assayer of Silver,
is instructed to make tests by cupellation.! Thus it is shown that the process
was officially recognised in this country in the reign of Henry II., and in France
the first official mention of it occurs about the year 1314.
The “ parting assay,” in which gold is parted or separated from an alloy of
gold and silver by the action of nitric acid, was certainly known to Geber and
the early alchemists, but the first official mention of the use of the parting assay
appears to be in a decree of Philippe de Valois, in the year 1343, confirming its
use in the French Mint.

“The methods of procedure in the seventeenth century have been briefly
described by Savot ® and by Reynolds,® and more fully in the Compleat Chymist.
In 1666 Pepys saw the parting assay being practised at the Mint in the
Tower of London, and from his description it is clear that the method then
employed bears a surprisingly strong resemblance to that of the present day”
(T. K. Rose).

With regard to the application of the early methods of assaying to the
determination of metals in ores very little appears to have been recorded. It is
not, however, unreasonable to suppose that the ancient process of cupellation
originally suggested the idea of fusing precious-metal ores with lead or lead
compounds to collect and concentrate the gold and silver as a preliminary to
cupellation. It would appear that the art of assaying as applied to ores received

1 Quoted by Lowndes, Essay for the Amendment of the Silver Coins, lp 166 (London, 1695),
from the Black Book of the Exchequer, written in the time of Henry II. cap. 21, ‘¢ Oficium
Milites Argentarii et Fusoris” (see Cantor Lectures, Roberts-Austen, loc. cit.).

3 Discours sur les Médailles Antiques, Paris, 1627, p. 72.
3 A New Touchstone for Qold and Silver Wares, London, 1679, p. 362.
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attention in Germany at a very early date. The methods used by German
assayers of the sixteenth century are fully described by Erckern in the work
already referred to.

The method of assay by “scorification” 18 mentioned, and was preferred to
fusion in a crucible, which is also described. When fusion in a crucible was
recommended, it was only as a preliminary to scorification.! Erckern describes
many of the methods and precautions used at the present day, such, for instance,
as the treatment of cupriferous precious-metal ores with nitric acid, the use
of common salt as a cover to the charge in the crucible, and the use of  proof-
centners,” the old German system of weights which corresponds to the present-
day ‘“assay ton” system. It is also of interest to note that he mentions the
forerunner of the buck-board for the fine pulverising of ores, and instances assay
offices in which 200 assays of ores were made in a week. These references are
sufficient to indicate the advanced state of the knowledge of assaying at that

eriod.
] With the advance of metallurgical science and the extraction of the common
metals by smelting processes on a large scale the need must have been felt of
methods of assaying the ores of these metals. A study of the dry methods of
assay, many of which were in use until quite recent years, shows that they may
be regarded as smelting processes in miniature, as the older methods of dry
assaying frequently follow, on a small scale, the operations of smelting. These
methods, as previously stated, are now to a very large extent obsolete in good
assay practice as8 methods of determining with accuracy the value of ores, etc.,
and have been generally replaced, when possible, by the more accurate and
usually more rapid methods of chemical analysis, The dry methods of assaying
iron, copper, zinc, nickel, and cobalt, etc., are now only taught as exercises in
furnace manipulation or to instruct the student in the principles of metallurgy ;
occasionally they are used in the works laboratory to test the smelting qualities
of ores.
To-day the metallurgical chemist relies very largely on volumetric methods
for the analytical determinations required in metallurgical work. Many
volumetric assays can be performed in a shorter time than gravimetric deter-
minations for corresponding constituents, which 18 an important item where
much work has to be done. The results yielded are either very accurate or at
least sufficiently exact for metallurgical work ; and they are in most cases less
expensive, but require special apparatus of accurate construction.
Of the few dry methods of assay still in use those employed for the deter-
mination of the precious metals are by far the most important. The quantity
of gold and of silver contained in ores is too minute to allow of its being
accurately determined by wet methods. An impression prevails that the results
obtained by furnace methods are less accurate and reliable than those obtained
by other methods. Although this is true of some of the dry methods that are
now obsolete, the accuracy with which small amounts of gold and silver can be
determined by the fire-assay probably exceeds that of any known method of
analysis for any other metal.
The assayer is frequently called upon to determine the gold in samples that
yield only one-twentieth of an ounce to the ton, or even less. ‘
Qualifications of Assayers.—It may be well here to make brief reference to
the qualifications of assayers. Before a student enters a course on assaying he
should have gone through a course of practical chemistry in which he has been
taught to work with the greatest accuracy, and has acquired that degree of
confidence in his work which every operator ought to possess, so that he may be

! Erckern. loc. cit., book i. chap. x, and book ii. chap. viii. Quoted by Dr Roee,
Metallurgy of Gold, bth edition, 1806, p. 484.
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prepared to commence training in the special methods necessary for the guidance
of metallurgical operations as well as for the valuation of ores and metallurgical
products.

It would be impossible to insist too strongly upon the importance of an
assayer receiving sound instruction in the specific department of analytical
chemistry which relates to assaying. Occasionally a large sum of money may
depend upon an assayer possessing a profound knowledge of certain departments
of analytical chemistry. Thus, material submitted for assay might contain
small quantities of some of the metals of the platihum group, which may not be
detected by an assayer possessing only a limited knowledge of chemistry.. An
assayer of the precious metals may be called upon to determine the presence or
absence of iridium and of other metals also in gold, which, for their satisfactory
detection, require no ordinary skill, and involve some of the most difficult opera-
tions of analytical chemistry. Butalthough a knowledge of chemistry is absolutely
necessary, this of itself would be a very insufficient qualification for the man who
has to perform assay operations : no one can attain to any degree of eminence 1n
assaying unless he has had some amount of practice in the laboratory. Theo--
retical knowledge counts for much, but skill counts for more ; and we cannot
get skill ready made. It can only come as the result of long and steady practice.
Without experience an assayer could not decide whether the requisite degree of
heat was produced in any of the furnaces, or whether any of the various opera-
tions of assaying had been properly effected. It is well, however, to bear in
mind that while scientific knowledge alone will not qualify a man to take charge
of an assay laboratory, so neither is empirical knowledge the only qualification
desirable in such cases : it is clearly the combination of scientific with practical
knowledge that will render the head assayer of a large metallurgical works In
the highest degree competent for his responsible position.

A man once brought his son to the Royal School of Mines, London, with the
request that he might be taught to ‘““do copper.” He did not want his boy to
‘“ waste his time learning about oxygen and hydrogen and all that,” but he
wished him simply to learn to “do copper.”! Although seldom expressed with
such refreshing candour, the desire to ‘do assaying” without learning more
than the minimum amount of chemistry is still very prevalent ; and, unfortun-
ately, assaying is a subject which may be, and frequently is, taught and
practised in such a manner as to degrade it to the level of a purely mechanical
and often quite unintelligible series of rule-of-thumb operations.

The author fully endorses Prof. J. O. Arnold’s? statement that students
‘““ cannot be too strongly urged to remember the fact that an assayer or metal-
lurgical chemist and an ‘analytical machine’ who turns out so many estimations
per day are two very different personalities. Assayers deficient in a thorough
knowledge of at least elementary chemistry, physics, and mathematics, and the
principles of qualitative and quantitative analysis, can claim to rank only with
skilled artisans : in both assaying and chemical analysis the head and the hands
should always work together. Even with students really well grounded in pure
chemistry the possession of knowledge and the ability to apply it are two widely
different things. After the preliminary training, all that can be recommended,
in other respects, to one who desires to perfect himself in assaying, is the most
scrupulous cleanliness, order, and precision as regards his assays and implements,
and the most unwearying adroitness and attention in performing the various mani-
pulations required. Students should bear in mind that the whole aim of assaying
18 to get the most accurate result with economy of time and material, and, when
these factors are incompatible, to sacrifice everything to the most accurate result.”

1 Quoted by Q. S. Newth, in his preface to Manual of Chemical Analysis.
? Preface to Steel Works Analysis, J. O. Arnold, of the University of Sheffield.
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Some assayers after a few years’ experience hold the view that there is
nothing to be learnt in assaying, and that the work is humdrum and monoton-
ous. But, as Mr A. Whitby! has pointed out, a man’s work in any call of life is
what he makes it, and the art of assaying especially calls for the exercise of the
highest qualifications of the chemist—irreproachable honesty and perseverance
under difficulties within and without the office. It must not be permitted to
gink to the rule-of-thumb state, and the interest evoked by indefatigable
attempts to attain excellency is unending. There is no real truth in the
common assumption that the assayer cannot err, but it is open to him to
endeavour to live up to the assumption, which can only be accomplished by an
intelligent application and use of all his faculties.

It is generally recognised that assaying has a very important bearing on the
mining and metallurgical departments of mineral enterprises, but it must be
admitted that the work of the assayer is seldom valued as it should be. The
operations of mill and smelter are being more and more directed according to the
results obtained in the laboratory, and the metallurgical chemist is now required
. to make daily a number of determinations that would have appalled his predecessor
of even a few years ago. The time allowed for making individual determinations
18 also being steadily reduced. Under these conditions it is imperative that the
man placed in charge of the assay department of a large works or mill should
be thoroughly qualified for the important position he holds, and his qualifications
and position should be duly recognised.

It is the chief function of the assayer and metallurgical chemist to interpret
results ; it is he alone who can be trusted with the correct interpretation of
results and the practical carrying out of his deduections. He should, therefore,
be valued chiefly in his advisory capacity, and should be accorded a position and
power commensurate with the importance of his functions.? If it be worth
while to take aid from chemical science at all, it is cheapest and best done by
providing a competent analyst and assayer, with the best and most convenient
instruments and apparatus that money can procure. It is evident, however, in
many cases in metallurgical works, that this view is as yet not acted on. As
pointed out by Sir Philip Magnus, “ Few manufacturers in this country yet
realised the economy and industrial advantage of attaching to their works
intelligence departments staffed with scientific experts. He was glad to say,
however, even in this respect the outlook was improving,”?

The importance of the mine-assay department has long been recognised
among practical mining men, and in South Africa the demand for good assayers
and a fully equipped assay office has lately increased owing to the close attention
being paid to the lower-grade ores and to the demands of the reduction works.4

1 ¢ Routine Assaying on the Rand,” Proc, Chem. Met. and Min. Soc. S.4 , 1906, p. 272,
2 Harrison and Wheeler, Journ. Iron and Steel Inst., 1908.

3 Nature, November 26, 1903.

¢ A. M*Arthur Johnston, Rand Metallurgical Practice, vol. 1., 1912, p. 286.



CHAPTER II.
THE DESIGN AND EQUIPMENT OF ASSAY OFFIOES.

IN assay offices where quick and accurate work is required, the general arrange-
ment and convenience of the office itself is of the greatest importance. The
assayer has usually to adopt the quickest methods consistent with the necessary
degree of accuracy, and such details as space and apparatus have to be carefully
considered, and are considerably influenced by the design and equipment of the
assay ofhce.
It may be well here to remind the student who has received his training in
a well-equipped laboratory supplied with every convenience that his success as
an assayer will be largely dependent on his ability to adapt himself to new and
less favourable conditions of work such as would exist in a small laboratory
unprovided with many of the appliances which he has been in the habit of using,
and regards as indispensable.
The general arrangement and equipment of an assay office will necessarily
vary somewhat according to the amount and class of work to be done, and also
according to the individual preferences of the assayer. The city assayer seldom
has much opportunity of planning his office to suit his particular requirements :
usually he has to adapt existing buildings as best he can. When, however, no
such restrictions exist, it is true economy of time and labour, and also conducive
to accurate working, to have the assay-office buildings specially planned to meet
the requirements of the work to be done. No design of assay office can be given
that is suitable for all requirements, but a few general remarks may be made.
The most important consideration in planning an assay office is so to
economise space, by the careful arrangement of the positions of the several
rooms and of the appliances and apparatus, that no unnecessary steps will be
required in moving from one room to another and from one piece of apparatus
to another. If possible, all the rooms should be on one level.
A well-equipped assay office for general assaying should consist of at least
six rooms, which are allotted as follows :—
1. Grinding and sampling room.
2. Furnace room.
3. Laboratory for wet work.
4. Weighing or balance room.

H. Store room.

6. General office.
One or more of these rooms may of course be omitted according to circumstances.

In many cases the whole of the assay work has to be performed in two rooms,
or even one room. Unless, however, circumstances render it unavoidable, the
several operations should be performed as far as possible in separate rooms, 8o as
to avoid the possibility of the contamination of samples from dust resulting
from crushing and grinding and from the manipulation of the furnaces. When

{
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a large number of samples have to be assayed by furnace methods, a separate
room is sometimes kept solely for ¢ fluxing ” or preparing assays for fusion, but
a8 a general rule this is performed in the furnace room.

The appliances for the equipment of assay offices are described subsequently
in Chapter 1II., page 17, and Chapter 1V., page 36.

The size of the various rooms will depend on the amount and character of
the work to be done in them, but the furnace room and laboratory for wet work
should be of ample proportions, well lighted and ventilated, and 156 or 16 feet
high. Hot-water pipes or gas fires are best for heating the rooms, because they
create no dust.

1. Grinding and Sampling Room.—This room should contain all the
appliances for crushing, grinding, and sampling. It should be divided by a
screen, and the crushing and grinding machinery kept in one section so that the
dust produced by these operations shall not contaminate material that is being
sampled. Motor or other power should be available for driving the machinery.
The floor of this room should be of concrete or similar material. Ample bench
room with cupboards should be provided; but shelves on the walls should be
dispensed with as far as possible, as they retain considerable amounts of fine
ore dust.

The sampling room is frequently absent, but it will amply justify its exist-
ence in an assay oflice, unless the samples are always received in a condition
suitable for assay purposes.

2. Furnace Room.—The furnace room, as of primary importance in many
cases, should be as large as possible, considering the sedentary and unhealthy
nature of the work, especially in hot climates. The ground-floor of a building
18 the most convenient, so that a good height of chimney or stack may be
obtained for the furnaces. The floor near the furnaces should be of stone or
concrete ; all other parts may be boarded, or, if a concrete floor extends all over
the furnace room, it is advisable to have wooden stages in front of the work-
benches so as to avoid damp. The work-benches should be of thoroughly
seasoned non-resinous wood, and stoutly built. They should be fitted with
drawers and cupboards with shelves above for reagents and fluxes. The tops
of the benches require to be made of hard wood such as teak, or American
walnut.

The furnaces usually needed, various types of which are described subse-
quently, are one or more muffle furnaces for cupellation and scorification, etc.,
and one or more assay-melting furnaces. When furnaces burning coke or coal
are used, it is advantageous to have facilities for firing and for clearing the ash-
pit from the back of the furnace, when this can be conveniently arranged, so as
to keep as much dust and dirt out of the furnace room as possible. For the
same reason, even when the furnaces are fired from the front, the coke- or coal-
bin should be placed if possible outside the furnace room and behind the
furnaces, but communicating with the furnace room by means of a trap or shoot
through which the fuel is drawn with a shovel as required. The furnaces should
not be placed where they will be subjected to direct sunlight, as this will occasion
error in judging of the degree of heat. As a general rule, the main light in the
furnace room, except in hot climates, is best derived from a large top-light.

An iron table on which to stand the moulds when pouring assays is frequently
desirable, especially when furnaces with sloping tops are used. It is made of
boiler-plate # inch thick, and, say, 24 feet wide and 4 to 6 feet long. It is
supported on a frame of angle iron or on hrick pillars about 30 inches high.

A hot plate, described later, should be provided in the furnace room for
drying samples, etc., and is best contained in a cupboard or recess surmounted
by a hood so as to be out of the reach of draughts. A good sink is also very
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desirable. Provision should be made near the furnaces for drying ocupels,
crucibles, and scorifiers, etc.

3. Laboratory for Wet Work.—A room of about 30 feet by 20 feet, and
15 or 16 feet high, is large enough for much work. A ceiling sheathed with
wood i8 very desirable in the laboratory, as this prevents the possible falling of
pieces of white-wash or plaster loosened by the action of acids. The windows
should be all on one side, as cross-lights are objectionable.

The working benches are made of well-seasoned wood as described for the
furnace room, and should be placed close against the side-light in preference to
the middle of the room, where the light is not so good.

A good draught cupboard should be provided to carry off acid fumes, etc.
This is lined with slate, white tiles, or white opal glass, and fitted with glazed
sashes balanced so a8 to throw up towards the ceiling.

Heating or “ hot ” plates are almost indispensable if much wet work has to
be done. These should be at least § inch thick, otherwise they are very liable
to buckle with constant heating. The plates, made any convenient size, are
supported on quadrupods or on bricks, and heated by several ring or other
burners placed underneath them. It is advisable to lay a sheet of %-inch
asbestos millboard or cloth on the top of the plate. The top of the plate should
be at a convenient level from the floor, say 23 feet.

Sand baths are used by many assayers in preference to hot plates; they can
be made of any convenient size to accommodate the number of assays to be made.
In a large laboratory sand baths may be 3 feet by 2 feet, and 3 to 4 inches high.
Hot plates and sand baths are best contained in a good draught cupboard.

A good earthenware sink is required, and an additional tap connected with a
good head of water will be needed, if a filter-pump is to be used.

Ventilation may be effected preferably through louvres on the ridge of the
roof or by means of swinging upper windows. |

4. Weighing or Balance Room.—The balance 18 the most important part of
the assayer’s outfit, and in all properly equipped assay offices a balance room is
provided. The sensitive balances used in assaying are very liable to be injured
by fine dust and acid fume, so that a separate room for them i8 necessary. This
room, if possible, should be quite apart from the laboratory used for wet work.
The north aspect, if obtainable, is the best for the windows of the balance room ;
direct sunlight coming into the room is very inconvenient. The room should be
as far away as possible from the crushing and grinding machinery, so that the
balances may be placed where they will be subject to the least possible vibration.
The bench on which the balances are placed should rest on concrete or brick
pillars, say 18 inches square at the bottom, and 12 inches at the top, set in the
ground underneath the floor, and projecting a few inches above the floor, which
18 cut away from the pillars by a space of about half an inch. By this arrange-
ment the balance beuch is free from all vibrations of the building. The bench
should be placed parallel to the window, so that the balances face the window
with the light behind the operator. The top of the balance bench is best made
of hard wood, well seasoned : slate is sometimes recommended, but is objection-
able as 1t is very cold to the hands for continuous weighing, and is very liable
to cause breakage of the hottles, etc., into which substances are being weighed
if these are accidentally knocked over or placed hurriedly on the bench.

The walls of the balance room are best painted some light colour, or tiled

with cream-coloured tiles.
0. Btore Room.—This is best attached to the main working rooms, and not
in & basement, where the damp is always objectionable. It is desirable to have
it divided by a partition, so that apparatus and reagents, etc., can be kept quite
‘apart from samples that require to be stored.
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6. General Office.—This should be arranged near the main entrance to the

assay office so as to be readily accessible. It should be provided with a writing-
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Fi1c. 1.—Plan of Mill assay office (A. Whitby).

table or desk, cabinets for filing correspondence, typewriter, safe, and a book-
case to contain standard works of reference, etc. Suitable arrangement should
be made.in the lobby for accommodating coats and hats.

Mill-Assay Office.—The accompanying plan (fig. 1) illustrates the arrange-
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ment suggested by A. Whitby,! slightly modified by E. J. Laschinger, for an
assay office for a 200-stamp proposition (t.e. a mill with 200 stamps crushing
capacity) on the Rand in South Africa, and using the cyanide process. The
plan may serve as & guide in the building and fitting up of new laboratories.
Where convenient, the building should have foundations quite distinct from
those of the battery, and as far as possible removed from it. It should be in as
central a position as can be obtained, and it should not be attached to any
reduction plant. With the exception of the balance room, each working room
in the proposed structure is under observation from some other. This Mr Whitby
considers most important, as a greater number of assays can be controlled with
a smaller staff (native). The assay office consists of six rooms contained within
the main building, viz. :—

1. Drying and sampling room.

2. Fluxing room.

3. Furnace room.

4. Laboratory for wet work.

0. Balance room and general ofhce.
6. Store.

In the lean-to outside the main building provision is made for the crushing
and grinding appliances, as suggested by E. J. Laschinger in the discussion on
Mr Whitby’s paper: in all other details the plan 18 in accordance with that
submitted by Mr Whitby. The building 18 of brick, with concrete or granolithic
floor throughout, excepting the balance room, which has a wood floor and a wood
ceiling. The furnace and sampling rooms are not ceiled, but it is of the utmost
importance to have a dust-proof ceiling for the balance room, if not quite so
necessary for the wet laboratory and fluxing rooms. The roof trusses are of
steel. Laschinger? gives the estimated cost of erecting such an assay office on
the Rand (in 1906) as £2000. The following details are given.

The crushing appliances should consist of a small, fine crusher with motor
or other convenient power. An auxiliary hand machine for crushing should
also be supplied.

l. Drysng and Sampling Room.—This should be provided with an ample

drying hearth at one end for drying such samples as slimes, residues, etc. A
long bench is also provided for mixing and quartering samples. It communicates
with an outside bin as shown, for the reception of waste or rejected ore from
sampling. '
2. Fluring Room.—This room is used for ‘‘fluxing” the samples and
preparing them for fusion. Under the window which overlooks the sampling
room is a small trap through which the samples, after thorough mixing, are
passed to the counter behind the fluxer, who works at the bench on the opposite
side of the room.
The fluxing room, in addition to the necessary balance, fluxing bench, and
a few drawers, is provided with one or more small benches or shelves to take
the day’s work only, t.e. samples not yet reported on. After the fluxer has
added all his ingredients to the samples, the tins into which they are placed
are passed through a small trap into the furnace room, where the contents are
mixed and transferred to the crucibles.

3. Furnace Room.—The furnace room, being of primary importance, should
be given ample proportions. It is provided with wind and muffle furnaces,

1 Journ. of the Chen. Met. and Min. Soc. of S. Africa, March 1906, p. 266, The plan 1s
reproduced by kind permission of the Council of the Chem. Met. and Min. Soc. of S, Africa,
and of Mr E. J. Laschinger. See also plans for small and large assay office, by A. M‘Arthur
Johnston, Rand Metallurgical Practice, vol. i., 1912, pp. 287-8.

2 Journ. of the Chem. Met. and Min. Soc. of S. Africa, June 1806, p. 368.
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but Mr Whitby makes no definite statement as to the type of furnace most
suitable. The furnaces are connected with a stack 50 feet high, which 1s
separate from the building, and connected, as shown, by an underground flue,
into which all the flues from the furnaces are led. The stack is high enough
to give a strong draught without the aid of fans. The fuel for the furnaces is
stored in a shed outside the main building, but it communicates with the
furnace room and supplies fuel to the fuel plate as required. The ashpits to
the furnaces are cleared from the outside, so as to keep dirt out of the furnace
room. A cast-iron plate floor is provided in front of the furnaces. Ample
bench accommodation and a sink are provided. Anvil blocks are supported on
solid timber to the foundations. The rolls are better placed in the furnace room
than in the wet room, where they are affected by the acid fumes, etc.

4, Laboratory.—No special comment is made regarding this room. It has
good benches with cupboards for apparatus, and is fitted with a sink and fume
cupboard with good draught.

0. Balance Room.—As previously stated, it is of the utmost importance to
have a dust-proof ceiling in this room. The balance counter should be away
from the walls and supported on solid pillars resting on the foundations. With
these precautions any kind of top may be used. The use of slate tops 1s
deprecated by Whitby. The light for the balances should be ample, and come
from behind the operator, but no direct sunlight should ever fall on the cases.

Three balances are necessary: (1) a chemical balance with a minimum
sensibility of 3 milligramme used for weighing out bye-product charges, (2) an
assay balance, sensible to ;% milligramme for bullions and mine samples, and
(3) another sensible to 54 milligramme for surface or reduction work.

The balance room is also used as a general office in which all the assay
books, etc., are kept.

6. Store Room.—The samples, when reported on, are stored away In
‘numbered bags on shelves allotted to them in the store room. In this room the
fluxes are also kept. The various materials used by the fluxer are stored in
small bins which communicate with the fluxing counter in the adjoining room.

Custom Assay Offices. —In many of the mining districts of America and
Australia there have been erected mills that undertake to crush, sample, and
treat parcels of ore for the general public. These mills are known as Custom

Mrlls, and the assay offices conneoted with them are known as Custom
Assay Offices.

Assay-Office Records.——A careful record should be made of all samples

received for assay, and of the results obtained. The record must be clear and
neat, so that reference, even after an interval of years, should be certain and
easy. One method should be adopted and adhered to. In some assay offices
the card-index system and other modern methods of keeping records are
adopted. Where a large number of samples have to be dealt with, three books
are required, viz. : (1) sample book, (2) laboratory book, (3) assay book. These
books will necessarily vary in detail in every office according to the character
of the samples to be dealt with, but the following examples will serve to
illustrate the method of record.
Sample Book,—The sample book contains particulars of the samples (marks,
etc.), which are entered by the office clerk as they arrive. The clerk at the
same time puts on each sample the distinguishing number against which it has
been entered and by which it is known in its course through the various assay
operations. The marks on the samples very frequently consist of the initial
letters of the name of the mihe or smelting company, or the name of the boat
in which the ore was shipped.
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Example of Page of Sample Book.

Date. | No. Description of sample. Remarks.

95 | R. J. T., argentiferous lead ore . . . ! For Pband Ag.

96 | Silverore, ex ““Sorata” . . . . ' For Ag and Au.

97 | Silver ore, ex ‘‘ Potosi ” . : . . | For Ag.

98 | A. M. Co., concentrates . : : . For Au.

99 | R. J. T., argentiferous lead ore . .. For Pband Ag.

Report Ag per { to0 of ore and
,» 11 | 100 | T. Min. Co., gold ore, X. . . : . | For Au.
s 11 [ 101 T. Min. Co., gold ore, XX. : . . , For Au.

»» 111102 8. 8, Co., burnt ore, Spain : .
s 12 { 108 Argentiferous copper ore, ex ‘‘ Liguria ”

. | For Ag, Cu, and S.
For Agand Cu. Test for Au.

Laboratory Book.—This is the assayer’s note-book, in which he enters clearly
the particulars of his work-—the results obtained, and details as to how these
results were arrived at. The calculations should be done on scrap-paper, and
only sufficient detail entered in the laboratory book to enable the results to be
recaloulated should this become necessary. The results of each assay should be
recorded as soon as obtained, and not left to memory only.

Example of Page of Laboratory Book.

95. Argentiferous lead ore.
Clay-pot fusion, 25 grammes gave 1563 Pb=61:2 per cent. Pb.
0615 Ag =80°367 ozs. per ton.

96. Silver ore.

Pot fusion, 26 grammes gave 0'1569 Ag = 20776 ozs.
0:002 Au=2613 ,,
(Moisture, 1-3 per cent.)

per ton.

97. Silver ore.
Scorification, 3 grammes gave 0:0352 Ag =383 29 ozs. per ton.
(Moisture, 2-2 per cent.)

00 grammes = 00051 gramme = 1666 ozs. per ton.

Metallics from 1

100. Gold ore (quartzose).
50 grammes gave Au+ Ag ‘0043 gramme.

Au 0:0027 gramme = 1764 ozs. per ton.
Ag 000016 - ,, =1-045

101. Gold ore (pyritic).
50 grammes gave Au + Ag 0'0018.
Au 00015 gramme = 09800 oz. per ton.
Ag 00003 , =01960 ,, s

The Assay Book.—The assay book is the official book for the regular entry
of all assay results, and is a combination of the sample and laboratory books.
It corresponds with the report form given below. The assay book should con-
tain sufficient detail to distinguish each sample, but excessive detail should be
avoided. When only a small number of assays have to be dealt with, the
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sample book may be omitted, and the entries made directly in the assay book
a8 the samples arrive.

Example of Page of Assay Book.

Percentage.
Gold, | Silver,

0ZS. 0Z8.
per ton.| per ton.

Description of sample.

Reference No.

Date reported.

9 | R. J. T., argentiferous

lead ore.
,,2 91| 14 | Silver ore, ex ‘‘Sorata’ 96| 2°613 | 207°76 Moisture, 1'3 7.

Moisture, 2°2 .. |

., 91| 14 |Silverore, ex ‘“‘Potosi” | 97| ... |384°96 Metallics, 1°666
0Z8.
w 9|18 ﬁ.. ¥ go., concet}tra.tes 98 | 52°15 1069 | ... | ... | ... | Contained Cu.
95 10| 12 N a.rgenti erous . Ag er ton of
e } 99| ... |10640 | ... {500 ... {L o108 ozs.

,, 11| 14 [ T. Min. Co., gold ore, X. |100| 1°764| 1045

,» 11| 14 { T, Min. Co., goldore, XX.| 101 | 0'980| 0°196

,, 11| 20 S.SS._ Co., burnt ore, {102] ... 1-680 | 0°13 ' Sulphur, 0°16 7,.
pain.

,, 121 20 Au trace only.

Argentiferous copperore, | 108| ... 15619068 | ... | ...
ex ‘‘ Liguria” !

1 Separate columns are added for other metals or other constituents such as S, As, FeO,
Si0,, etc., according to requirements.

Report Forms or Assay Certificates.—These are printed forms on which the
result of the assay is reported to the person from whom the sample was received.
They should entail as little writing as possible in making out the report.
Report forms differ considerably according to the character of the samples to be
reported upon. Almost every assayer has his own particular form for certificate
of assay; but so long as the certificate states clearly the results of his work, any
little differences of detail are unimportant.

The two accompanying report forms may be taken as examples of those
generally used by assayers:—
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Assay Office, London, E.C.

Reference No

Richard Smith & Son,
Assayers and Consulting Metallurgists, etc.

CERTIFICATE OF ASSAY.

We have assayed the sample of

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

marked as under, and find the following to be the

lllllllllllllllllllllllllllllllllllllllllllllllllll




16 TH<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>