




































































i8 THE SAMl>LtNG AND ASSAY OF THE PRECIOUS METAI.S. 

wrought-iron tie rods. The furnace mouth can be closed by means of two fire­
bricks, each of which ia clamped with a piece of fiat bar-iron firmly wedged at 
one end : these bricks are of two sizes, as shown, and the larger one only need be 
removed when the crucible is taken out of the furnace. The furnaces are 
sometimes provided with a sloping top closed with a sliding iron plate, some 
assayers preferring this arrangement to a fiat top. The draught may be regu­
lated not only by the eliding doors, but also by means of a damper in the main 
flue or by placing a piece of firebrick in the short horizontal flue in the fireplace. 
The damper may consist of an iron plate eliding in grooves as shown, or a fire­
clay tile may be used as shown in fig. 6, page 22. When an iron damper is 
used, the handle should be hinged so that it drops when the damper is fully 

""'"~'"~ 1 ruoc 
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open. With such arrangements 
perfeot control may be obtained 
over the temperature of the fur­
nace; it can he kept below a dull 
red, or increased sufficiently to 
melt iron or nickel if BO desired. 

The fuel employed in these 
.furnaces is almost in variably coke. 
Charcoal may be used, but it ia 
more coetly, and does not give 
such a high temperature a.s coke. 

Free-burning (flaming) coal 
is sometimes employed in places 
where good coke is very expen­
sive, and in this case the crucible 
should always be supported on 
a piece of fire-brick about 3 or 

FireBar.s 4 inches high, resting on the fire­
gra.te, so that it is completely 
surrounded by the flame. 

·eOoor 

In many ea.see an old crucible 
inverted will serve as a convenient 
support. 

Wind furnaces a.re generally 
square, but they may be made 
rectangular to accommodate a 
larger number of crucibles, the 

.Fro. 2. flue being placed at one of the 
longer sides. 

In aeaay offices where the amount of furnace work to be done is large, the 
tuJ.:naces a.re frequently made 12 inches square with a flue, say, 4 inches by 
5 inches, BO that a number of fusions can be made simultaneously in one 
furnace. 

For the general run of instructional work in mining schools, however, the 
smaller sizes are preferable, as each student should have a furnace to himself, 80 
that he alone is responsible for the temperature employed in his a.esays. 

Beginners should not attempt more than one fusion at a time, 80 as to . }earn 
the exact conditions of the fusion. 

Fumace Muipulation.-Wind furnaces require to be properly manipulated 
to obtain satisfactory results. The degree of temperature possible to attain 
depends on the depth of the furnace, i.e. distance between the grate and the flue, 
the height of the chimney, and the quality of the fuel used. "A very essential 
condition in obtaining the maximum boating effect of a furnace, the importance 









22 THE SAMPLING AND ASSAY OF THE PRECIOUS METALS. 

The ash-pit is closed with two sliding doore, as described for the wind furnace, 
which are used for adjusting the draught. The draught is also regulated by the 
damper consisting of a movable fireclay tile inserted in the flue. The walls of 
the furnace should be about 13 inches thick to prevent 1088 of heat by radiation. 
A similar type of furnace is used for heating two mu.ffies placed one above the 
other, or three muftles, two below placed side by side, and one above. 

Coke-ftred MWlle.- The method of firing constitutes the chief difference 
between coke-fired and coal-fired mu.ffie11. In the case of the coke the firing is 
somewhat more difficult, as it has to be done from the top of the furnace, and the 
fire requires careful attention. . . 

Section on line A-B. 
F10. 6._ 
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F10. 6a. 
Back-fired coal-mume furnace. 

A coke-fired mu.ffie is shown in front elevation in fig. 7 A, in vertical section 
on line A, B (figure) in fig 7s, and in vertical section through the middle of the 
furnace and the axis of the mu.ffie in fig. 7c. The muftle is about 12 inches long, 
8 inches wide, and 7 inches high ; the distance from the bottom of the mu.ffie to 
the fire-grate is 6 inches, and the fire-space at the sides of the mu.ffie 3 inches. 

The fuel is introduced through an opening in the top of the furnace, which 
is closed with a fireclay slab bound with iron and fitted with a handle. The 
fuel is carefully packed round the sides and the top of the mu.ffie. The coke 
should be broken to pieces not larger than 1 i inches in diameter, otherwise the 
fuel is liable to get wedged at the side of the muftle and tend to break it during 
stoking. The fire is stoked through the opening in the front wall of the furnace 
immediately below the muftle door, which is closed with a loosely fitting tile : it 
is also stoked through the opening in the top. The draught is regulated by the 
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ASSAY FURNACES. 25 

a matter of first importance. aa a alight defect in the arrangement of the flues 
will considerably affect the draught, and prevent the temperature requisite for 
aaeay operatione from being attained. 

The short flue of an 8.888.Y furnace is horizontal, and generally connected with 
a larger main flue which wiH vary in length according to the distance of the 
stack from the furnace. The size or croes~tion of the flue has a great influence 
on the working of the furnace. for, if too narrow, the draught will be slow owing 
to friction of the air current on the walls. 

For An active and strong draught the flue must be wide and the chimney 
large and high. As a general rule the section of the flue is from i to l the 
area of the fire-grate. When several furnaces are built side by side BO that all 

Fin. 8. 

the flues open into a common conduit or main flue, special attention must be 
paid to the arrangement of the flues, otherwise defective draught will result. 
For example, if the flues from several furnaces are connected with one horizontal 
conduit, each opening into it at right angles, the stack being at one end of the 
conduit, the draught will be defective owing to the air currents from the several 
ftuee interfering with one another. The furnace near the stack will draw well, 
while the draught in thOfle farthest from the stack will be BO feeble that only a 
low temperature will be maintained. 

For producing an equally high temperature in each of a series of simil&r 
furnaces, so that each furnace will act as well as if it were connected with a 
aeparate chimney, the arrangement of the flues should be such that the separate 
currents are diverted into one uniform stream. 

The arrangement shown in section in fig. 8 for two mufB.e furnaoes and three 
wind furnacea placed aide by side bas been found to be satisfactory. 
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FURNACE IMPLEMENTS AND APPARATUS. 45 

Scori4ers. -Scorifiers are shallow, circular, cup-like vessels made of fireclay, 
in which the substances to be subjected to scorification are placed. 

Fig. 61 shows a section of the ordinary type of scorifier. They are made of 
various sizes designated by their outside diameters. The sizes ordinarily made 
are 1 ·5 inches, 2 inches, 2·5 inches, 3 inches, 
and 3·5 inches. The 2·5-inch scorifier is the 
one most frequently used. 

The proper use both of soorifiers and of 
cupels (described below) will be described 
under the head of Silver A88&y. 

Fto. 61. 
Good-quality scorifiers are very essential 

for a88&Y work. A soorifier should resist as 
much as possible the corrosive action, at high 
temperaturee, of molten lead oxide, either by itself or in admixture with other 
highly corrosive substances, such as oxide of copper or of iron. It should not 
crack on expoeure to great and sudden changes of temperature. It should be 

wide acl'088 the top, so that a large surface of the 
materials operated upon may be exposed to oxida­
tion ; and so deep in the centre that a considerable 
proportion of the lead used in the operation may be 
kept well covered and preserved from oxidation. 

Soorifiers should be well annealed before use. 
J10. 62. Boaatinc Diaha-Roasting dishes are .fta.t, 

shallow, circular vessels of fireclay (fig. 62). They 
are sometimes employed for the roaating of ores, etc., containing sulphides or 
araenides, an operation which may be conducted in a muffle, or by placing the 
routing dish in front of the 6ue of an air-furnace. Roasting dishes 4 inches 
and 5 inches in diameter are the sizes most generally 
useful. 

Onpela.- These are cup-like vessels in which the opera­
tion termed "cupellation " is carried on. In old treatises 
of MB&ying they were termed "copples." Both cupel and 
coppel are derived from the· French word "ooupelle," which 
means a little veesel in the form of a cup (Percy). Cupels 
are generally round, and more or less tapered towards the 
bue, but square cupels are also used. Cupels of the usual 
form are represented in section in figs. 63 and 64. They 
must be made of such substances as are not acted upon by 
certain fused metallic oxides, as those of lead and copper, 
and their texture has to be sufficiently loose to allow of the 
molten oxides penetrating their substance readily, and yet 
be sufficiently strong to bear handling without breaking. 

There are several substances of which cupels are made 
which fulfil all these conditiona, but only one is in 
general use, viz. the aah of burnt bones (bone·ash). This 
consists principally of calcium phosphate, with a little 
calcium carbonate and 6uoride. 

Fro. 68. 

Fro. 64. 

Other substances which have come into use in recent years for the manu­
facture of cupela are magnesia (MgO) and, to a limited extent, Portland cement. 

Preparation of Bone-Aab.-The best bones for the preparation of bone-ash are 
stated to be those of sheep and horses, and next, thoee of calves and oxen (Percy). 

They are calcined with free access of air, but before burning them it is 
advisable to boil them repeatedly in water to diBSOlve organic matter. If the 
bones are not quite white after the first ignition, but contain a little carbon, 







































































































96 THE SAMPLING AND ASSAY OF THE PRECIOUS METALS. 

the amount of moisture in the ore, a separate "moisture" sample, weighing 
usually from l to 2 lbs., is taken when the ore has been crushed to about 
10 mesh (0·05 inch). In sampling mills larger moisture samples, weighing from 
15 to 20 lbs., are frequently taken. The whole of the sample is dried, and the 
percentage of moisture determined from the 1088 in weight all described on 
page 125. If the sample taken for moisture is too large, it is reduced in bulk by 
quartering or by o.ny of the methods given later. 

The importance of determining the moisture as soon as possible after the sample 
is taken will be obvious. 

llethods of 8a.mpling. · 

The methods of sampling are conveniently classified under two heads: 
(1) hand sampling, and (2) n1achine sampling . 

• 

( 1) Rand Ba.mpling. 

The following are the methods of hand sampling in general use :­

(a) Grab sampling. 
(b) Trench and pit sampling. 
{c) Cooing and quartering. 
(d) Fractional selection or shovel sampling. 
(e) Split Shovels. 

(a) Grab Sampling.-This method consists of taking proportionate amounts 
of the lumps and of the fine 

!'!Bm·a~ ore, e:t equal ~istances o~er 
AV.l ~ ~~-=-=_..._- the pile, after first removmg 

the surface ore which ha.s been 
dried by the atmosphere. In 
sampling the lumps the whole 
piece should be broken and 
chips taken from both the out-­
side and the inside ; no piece 
should be larger than about 
~-inch cube. 

The sample thus selected 
is crushed finer, weH mixed, 
and then reduced in bulk by 
coning and q~rtering (see 
page 97) or other n1ethod. 

The method is imperfect, 
as the sample only represents 
the upper part of the pile. 

Fto. 7~. The accuracy of the sample is 
largely dependent on the dis­

cretion of the sampler: great care and judgment are needed to take the coarse 
and fine parts in the correct proportion. The method is used chiefly for 
obtaining an approximate idea of the value or composition of an ore pile, as it 
is quick and inexpensive. • 

(b} Trench Sa1npli11g.-In this method the ore is formed into a flattened 
square or rectangular pile from 2 to 3 feet deep for lots of about 100 tons, and 
I to 2 feet deep for smaller lots. 

Trenches about l foot wide and crossing each other at right angles are then 
dug through the centre of the pile with a shovel, . as shown in fig. 78, thus 
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converting the large pile into four or more smaller piles. The workman, as he 
adTancee in cutting the trench, 1'9118rvee for sample either all the ore be removes, 
or a. certain proportion, every fifth, tenth, or twentieth shovelful, and throws the 
rejected portion alternately right and left on to the pile. 

The sample obtained in thia way may, after crushing, be formed into a new 
rectangle and reduoed in bulk by again trenching or by cooing and quartering. 
ID8tead of reserving a.n aliquot portion for sample as just described, it is also the 
practice when cutting the trenches to reject all the ore removed, each shovelful 
being thrown to the right 
and left as before, and 
when the trenches are com­
pleted the sample ia taken 
from the sid68 of each of 
the small piles into which 
the original pile baa been 
divided. 

In thia case portions 
a.re removed from each of 
the freshly exposed sides of 
the piles by carefully " ris­
ing " the shovel from the 
bottom to the top, the total 

i
.· 

~ ' . . . . . . 
, J, • .• - -

Cone. 

quantity taken in this way Partly reduced oone (elevation). 
being a.bout 10 per cent. of 
the original pile. 

Another method, le88 
expenaive than trench-cut­
ting, consists in digging a 
series of holes or pits at 
equal distances over the 
surface of the pile and re­
serving either all or equal 
amounts, usually a few 
shovelfule, of the material 
excavated from each hole. 
The reserved portions are 
then well mixed and re­
duced in bulk as before. 

Plan of reduced cone ready 
for dividing. 

Partly reduced oone (plan). 

Plan or reduced cone after 
dividing. 

F10. 79. In digging the pits care 
must be taken to go right 
through the layer, otherwise a fair proportion of the finer material, which 
generally geta to the bottom, will not be obtained. 

(c) Coniftg afld Quartmng.-This old Comish method of hand sampling has 
been in uae for many years, and is still largely employed for reducing the bulk 
of large samples or for sampling small Iota. 

It CODBista in piling the ore into the form of a cone which is quartered 
(hence the term quartering), two opposite quarters being reserved for sample 
and the other two rejected. The various stages of the cooing and qullrtering 
method of sampling are illustrated in fig. 79. When the cooing and quartering 
are skilfully performed the results are accurate. Before applying this method, 
and to save unneceesa.ry labour, it is usual with large lots to take an aliquot 
portion of the ore lot, say every tenth or twentieth truck-load, etc., as previously 
deecribed; but however the first sample may be eclected, the subeequoot 
treatment of it to obtain the final sample is the same. 
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PREPARATION OF THE SAMPLE FOR ASSAY. 115 

very effective, and saves considerable time and labour compared with fine grinding 
in a mortar. It is in very general use for the final pulverising of ores. The 
pulp is removed from the plate 
and the plate cleaned by means of 
the stiff brushes shown in figs. 90A 
and 90B. 

Grlndinr Vacliinea.- The fol­
lowing machines may be taken as 
types of th·e grinding mills, etc., 
that are used more or less gener-
ally as substitutes for the pestle 
and mortar and the buck-plate for 
reducing ores and other material 
to fine pulp for assay purposes. 

End-Runmr Alill1.- Thesemills 
are essentially large mortars and 
pestles worked by hand or other 
power. The mills vary in size and 

Fro. llOB. 

in detail of construction, but they Fro. llOA. 
are all worked on the same prin-
ciple. Fig. 91 shows a usual type of end-runner mill for either hand or other 
power. The mill consists of an iron mortar and a runner or pestle, the runner 
being tumed true to fit the inside of the mortar. The mill is shown in position 

for operating. The mortar is 
mounted either on a table which 
runs on ball-bearings, power being 
applied to the runner, or the 
table is made to revolve by hand 
or by gearing below the mortar, 
the runner being held down by 
two heavy weights as shown in 
the illustration. A scraper is 
attached to the runner frame 
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FIG. Ill. 

i---- and so arranged that it removes 
any material that may adhere to 
the surface of the runner. The 
runner is hinged at A so that 
it can be swung back easily for 
cleaning purposes and the mortar 
lifted off and emptied. 

When the runner is raised, 
it rests directly over the mortar, 
and may be cleaned with a brush 
and palette knife. All ore that 
is cleaned off the runner falls 
directly into the mortar. The 
usual size of the mortar is 151 
inches diameter and I) inches 
deep. The size of the runner 

or pestle is 71 by 6 inches. The mill ia run at a speed of 90 to 120 revolutions 
per minute. These mills are very suitable for grinding ore samples which have 
previously been coarsely cr'Wlhed in a rock breaker. 

In some of the smaller machines of this type attempts have been made to 
make the motions of the machine identical with those given to the pestle when 
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the surfaces when coarse or very hard cutting ores are being treated will 
grind themselves out. This simple arrangement also enables the plates, when 
grinding moet ores, to be kept true, so that the output does not become uneven 
in character. 

To give the beat results the hand wheel must be turned slightly as the grinding 
proceeds and very frequently when the ore is cutting. 

The capacity of pulverisers of this type depends on the fineness to which the 
material has been previously crushed. If the product fed into the pulveriser 
is t mesh, it will be slower than if this product were crushed finer before being 
put through the machine. If large quantities are to be pulverised, it will 
usually be acoomplished in lees time if the product is first ground to about 
10 mesh and then re-fed through the machine and ground to 100 mesh or other 
desired mesh. The life of the grinding plates is naturally dependent on the 
character of the material treated, but when worn out they are easily replaceable. 
As a general rule, one set of di8C8 is capable of grinding about 2000 to 3000 lbe. 
of quartz ore of medium size to a pulp of very fine mesh. The grinding plates 
in machines of this class must be made of steel of very hard quality, otherwise 
the product will be contaminated with notable amounts of iron. With very fine 
pulverising of hard and tough ores the product may contain as much as 2 or 
3 per cent. of iron even when grinding plates of good quality are used.1 This 
fact constitutes one of the chief drawbacks of disc-grinding machines. With 

softer ores the dilution with metallic 
iron may be nearly or quite negligible. 
The amount of metallic iron in a sample 

1 mlly be determined by digesting a 
weighed portion of the pulp overnight 
in a solution of copper sulphate and 
determining the iron dissolved in the 
solution, or the ore may be treated with 
dilute sulphuric acid and the iron that 
paaaea into solution determined by titra­
tion with permanganate or bichromate. 

When cleaning these machines before 
Fro. 94A. starting a new sample a hand bellows 

may be used in place of a brush with 
advantage. The machine described requires about 3 H.P. to run to full 
capacity, but smaller machines requiring only 1 H.P. are obtainable. 

ComlJiln.m C'1"'1Uher aftd PuJ~ (Weatherhead}.-This consists of a large 
iron mortar with a central poet, round which a heavy pestle rotates. The inner 
surface of the pestle is corrugated and acts as a crusher, while the lower surface 
is smooth and is utilised for grinding the crushed material. Three illustrations 
of the machine are given. Fig. 94A shows a aeotion of the crusher and pulveriser. 
The description is as follows :-A, iron casing or mortar with crushing poet B, 
which is corrugated and slightly oval ; C, rotating pestle with two handles fitted 
into sockets; D, loose cover; E, spout through which the pulverised material 
is discharged; F is one of four lugs on the side of the rotating pestle, which 
carry the pulverised material to the discharge spout. 

Fig. 94B illustrates the machine with both handles in position, making it 
very easy to lift out the pestle to clean the mortar. The cover is removed to 
show the conical corrugated opening or hopper in the centre of the rotating 
pestle, where the material to be crushed is introduced. 

In fig. 94-0 the machine is shown with the rotating pestle lifted out ready for 
I Consult v. Lenher, .. Contamination or Laboratory Samples by Iron derived Crom Crushing 

Machinery," Clu'fA. New, vol. cvi., October 11, 1912. 



















CHAPTER X. 

FLUXl!S AND OTHER MATEB.IAI.S EMPLOYED. 

Tea dry, or furoace, method of assay is almost invariably employed for the 
determination of the precious metals in ores, etc., the ore being brought into a 
liquid state by fusion at a high temperature with suitable ·reagente or "fluxes." 
Very few of the constituente of ores are fusible when heated alone at the 
temperature attainable in an assay furnace, but if certain solid reagente are 
mixed with the pulverised ore, compounds are formed which fuse readily at a 
moderate temperature, producing a molten mass sufficiently liquid to enable a 
heavy metal such as lead, that may be diffused through it, to sink and unite into 
one mass at the bottom of the crucible. 

Flm:ea.-The reagents added for the purpose of forming fusible compounds 
with infusible or difficultly fusible bodies are termed fluxes. 

Slac.-The fusible compounds resulting from the fusion of fluxes with in· 
fusible or difficultly fusible bodies are termed slags. 
For example, in auriferous quartz the gold exists 
in the metallic state and is diffused through the 
mass in particles and in extremely small pro-
portion in comparison with the quartz particles. 
When such powdered quartz ie heated to a t~m-
perature far above the melting point of gold 
(1064° C.) no separation of the metal takes place, 
owing to the infusibility of the quartz. If, how-
ever, sodium carbonate is mixed with the quartz 
a fusible sodium silicate will he formed, and the 
melted gold, by virtue of its high density, will 
then separate out easily. The sodium carbonate 
in this case would be designated a flux, and the F10. lOOA. 
resulting sodium silicate a slag. The quantity 
of gold (and silver) present in oree is generally so email that it tend11 to remain 
diffused through the molten ma.ee, and in assaying it is neceesary to collect it 
by means of metallic lead, which alloys with the gold and silver and sinks to 
the bottom of the crucible. The metallic lead is obtained by the reduction of 
lead oxide added for the purpose. 

In addition to slag and metallic lead other products may be obtained &11 

the result of the fusion of an ore according to the constituents present. If 
metallic sulphides are present, an artificial sulphide or regulus (sometimes 
termed matte) may be formed, and if the ore contains arsenical minerals, 
a compound of a metal or metals with arsenic, termed a 1pei#, may result. 
Assuming these sub!ltances to be present in a charge, they would separate 
according to their densities, when the fused mass solidified, in the order shown 
in fig. 100.&. At the bottom of the crucible a button of lead would be found; 
above this a thin layer of epeise ; then a regulus, next a elag, and, in special 
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260 THE SAMPLING AND ASSAY OF THE PRECIOUS METALS. 

Lm-Foil (test lead).-Thi.s should be free from silver, and must be tested 
for silver before use (see page 146). 

Lead-foil in strips about I! to 2 inches wide, and rolled to a thickness of 
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FIG. 128. 

from No. 2 to No. o Birmingham metal gauge (0-009 inch to 0·014 inch), is 
usually employed. For bullion a88ays the required quantity is cut off, weighed, 

FIG. 129. 
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11'10. 130. 

and folded into a packet for the reception of the portion of bullion weighed for 
&88&y. 

It is important that the packet should be securely folded after the bullion 
has been introduced, otherwise part of the Mmple may be lost by cutting through 
the lead. 
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A convenient and very usual method of folding the lead is shown in the 
accompanying illustrations,fig.131. 
A shows the lead ready for folding. 
B, the lead with left-hand comer 
folded over to the right, and then 
the right-hand comer folded over to 
the left, thus forming a packet for 
receiving the wei~hed sample. C 
shows the packet, after inserting 
sample, pressed fiat and ·folded 
under on the line ar-b. D the 
packet with the comer c1 folded 
on the top, to make it convenient 
for rolling. E the packet rolled 
between the fingers as indicated 
by the arrow. 

By folding in this way the 
sample is always enclosed in several 
thicknesses of lead and does not 
therefore tend to cut through. 

When a large number of assays 
of the same kind have to be made 
the lead-foil is conveniently pur­
chased cut ready to size and weight. 

If varying weights of lead are 
required, much time is saved by 
measuring off a strip of foil of 
uniform width instead of weighing. 

A convenient device 1 for this 
purpose is shown in fig. 132. It 
consists of a sheet-iron plate with 
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an oblong hole cut in the middle, 
and graduated into a number of 
divisions corresponding to different 
weights of lead in grammes. The 
graduations are made by noting 
the positions occupied by different. 
weights of lead-foil of uniform width. To use the instrument, the end of the 

B 

ll'10. 132. 

Lead 
foil. 

strip of lead-foil is placed under it in position againat the lines corresponding to 
the weight of lead desired, the plate held down firmly, and the lead then torn 

1 The author is indebted to Mr W. ll'. Lowe, A. R.S. M., of the Chester ABS&y Office, for lint 
suggesting thia deTioe. The one dHCribed ia a modification of that used by Mr J..owe. 
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• Platinum Cup•. -When it is desired to treat several cornets simultaneously, 
short thimble-like platinum cups are used. A cup is shown at A, fig. 137; at 
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the bottom there are five slits, which are fine enough to prevent any gold from 
escaping, and large enough to allow of the free passage or nitric acid or water. 
A modern design of frame 
made of stout platinum wire 
for holding twenty cups is 
illustrated in fig. 137. It is 
supported on four legs, and 
is provided with a handle. 

A 1
11'. 

~ I 
8 \\ 

Pro. 187. 

The cups are slightly en­
larged at the top, as shown, 
to support them in the tray. 
One of the cups is provided 
with a thin wire handle and 
is placed in the left-hand 
corner at the back of the 
frame so as to identify No. 1 
in the series. A platinum 
hook fitted in a wooden 
handle is used for lifting the 
frame in and out of the hot 
acid(fig. 137,B). Theframe, 
with its cups, is immersed 
in boiling nitric a.Cid in a large g1&88 beaker or porcelain boiler. Platinum 
boilers were formerly used, but are now being discontinued. . 

Platinum parting frames to hold any desired number of cups are obtainable 
from M688rs Johnson .. Matthey & Co., Hatton Garden, London, the well-known 
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series of small bars of carefully prepared alloys of definite oomposition, kno·wn as 
"touch-needles " (figs. 144 and 145). The effect of the action of a drop of nitric 
acid and or dilute aqua-regia on these streaks is also noted ; the strenk from the 
1688 pure alloy will be more reftdily acted upon, with the production of a more or 
less green colour, according to the proportion of copper present. Several series 
of touch-needles are usually employed, consisting of alloys of gold and copper, 
gold and silver, and gold, silver, and copper, the alloys being made either to 
correspond to legal standards or in series in which the proportion of gold 
gradually decreases, say, from 1000 fine to 500 fine with a difference of 20 parts 
between each needle. For the sake of convenience the touch-needles are 
frequently soldered to the points of a star-shaped piece of metal, as shown in 
fig. 145. Each needle is stamped with a nu1nber denoting the fineneBB. 

The valuation of an alloy is made by determining to which of the touch­
needles the streak it produces most nearly corresponds. In order to get 
correctly the streak of the alloy to be tested, the surface of t.he metal should 
first be slightly filed away, as this may have been made somewhat richer than 
the bulk of the alloy by boiling with acid to remove the base or inferior metal 
from the surface, as in the "oolouring " proce118 used by goldsmiths. 

Frn. 144. F10. 146. 

The touchstone is generally used for the approximate assay of small articles 
of jewellery which it would be necessary to destroy in order to obtain samples 
for a correct assay ; it is also of use to the assayer in determining the approxi­
mate fineness of gold bullion and of industrial gold alloys ; but it cannot be 
relied upon for very accurate aasay, although it yields sufficiently good results 
for a preliminary test, and for some purposes is sufficiently exact. It requires, 
however, a sharp and very practised eye. "The trial is more sensitive for 
alloys below 750 fine than for higher standards. The amount of gold in alloys 
between 700 and 800 fine can be determined oorrect to five parts per 1000." 1 

In some caaea where the same class of bullion is frequently being assayed the 
touch needles are made from pieces cut from the gold bars. Thus, in assaying 
large quantities of gold dust from Korea, Gowland t put aside pieces cut from 
the ingots of the gold dust, which varied from about 790 to 990 per 1000 of 
gold, and made touch needles from them. By the use of these he was able to 
determine the proportion of gold present to within ~ or 10 milliemes (i.e. five to 
ten parts per 1000), and thus to decide on the amount or silver to be added for 
parting. 

Wet Methods of 41111&7 of Gold Bullion and Allo111.-The asaay or com­
plete analysis of gold bullion can be made by the ordinary chemical methods, 

1 T. K. Roae, Mttallurw of Gold p. •97. 
t Tram. lflll. Mi1'. and Ket., Toi. x'ri., 1906-07, p. 142. 
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