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The Aasuyer.——»l*‘ro}n' Pirotechuin, Li Diece Libri Della Pirotechnia, by Vannuccio
Biringoceio, Venice, MDLVIIL—(3rd edition),

MANUAL OF FIRE ASSAYING

CHAPTER 1.
ASSAY REAGENTS AND FUSION PRODUCTS.

Assaying is a branch of analytical chemistry, generally defined
as the quantitative estimation of the metals in ores and furnace
products. In the western part of the United States, the term
is employed to include the determination of all the constituents,,
both metallic and non-metallie, of ores and metallurgical products.

Fire assaying is the quantitative determination of metals in ores
and metallurgical products by means of heat and dry reagents.
This involves separating the metal from the other constituents of
tho ore und weighing it in u state of purity.

An ore is u mineral-bearing substance from which a metal,
alloy or metallic compound can be extracted at a profit. The
term is loosely used to include almost any inorganic substance
that may occur in nature. An ore gencrally consists of two parts,
the metalliferous or valuable portion, and the *“ gangue ”’ or value-
less portion. Gangue minerals are divided, according to their
chemical composition, into two classes, acid and basic. Silica
is a type of the former; lime, magnesia, and the oxides of iron,
manganese, sodium and potassium are examples of the latter.

An ore may be acid, basic or “ self-fluxing *’ according to the
preponderance of one or the other group of slag-forming gangue
constituents. A self-fluxing ore is one which contains acid and
basic material in the right proportion to form a slag.

The metallurgical products which come to the assayer include
bullion, matte, speiss. drosses and crusts, litharge, flue-dust and
fume, as well as solutions and precipitates resulting from hydro-
metallurgical operations.

The reagents used in fire assaying may be classified as fluxes,

acid, basic or neutral, and as oxidizing, reducing, sulphurizing or

1



2 MANUAL OF FIRE ASSAYING -

desulphurizing agents. Some reagents have only one property,
as for instance silica, an acid flux, others have several different
propertics, as litharge, a basic flux but also an oxidizing and de-
sulphurizing agent. , A

A flux is something which converts compounds infusible at
a certain temperature into others which melt at this temperature.
For instance, quartz by itself is fusiblo only at a very high tem-
peruture, but if somo sodium enrbonuto b addod to the pulverized
quartz it can be fused at a temperature easily obtained in the
as 'ay furnace.

The student should remember that to aid in the fusion of an
acid substance, a basic flux such as litharge, sodium carbonate,
limestone, or iron oxide should be added while for a busic sub-
stance an acid flux such as silica or borax should be used.

A reducing agent is something which is capable of causing the
separation of a metal from the substances chemically combined
with it or of effecting  the stepping down " of a compound from
a higher to a lower degree of oxidation.

An oxidizing agent is one which gives up its oxygen readily.

A desulphurizing agent is something which has a strong affinity
for sulphur and which is therefore capable of separating it from
some of its compounds.

The principal reagents used in assaying follow:

Silica,ﬁ'(),;;;égm@q‘m%ggg and the strongest onc available.

e

. It combines-with the metal oxides to form silicates which are the

foundation of almost all slags. It is used as a flux when the ore is
deficient in silica and serves to protect the crucibles and scorifiers
from the corrosive action of litharge, Care must be taken ‘to
avoid an excess of silica, ag too mueh of it will cause trouble and
lgws ' ging or.by the formation of matte.

(o “Aroxiremely viseous liquid,
It should be obtained in the pulverized form.

The fluxing effect of silica is shown in the accompanying freez-
ing-point curve* of the lime-silica series. The series shows three
cutectics and two compounds. The combination having the
lowest melting-point is the eutectic with 37 per cent of CauQ which
melts at 1417° €. Another eutectie containing 54 per cent CaQ
melts at 1430° C.  Lying between these is the compound calcium
bi-silicate, corresponding to the formula CaSiOs, which fuses at

* Day and Shepard Am, Jour. Sc. 22, p. 255.
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1512° C. A second compound, corresponding to the formula
CaS10;, the caleium singulo-silicate melts at 2080° €, A cursory
glance at this curve will be sufficient to suggest the desirability
of trying to make approximately a bi-silicate slag when assay-
ing ores which contain considerable lime
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Fia. 1. — Freezing-point curve of lime-silica series.

Glass is used by some in place of silica.  Ordinary window-glass,
a silicate of lime and the alkalies with the silica In excess, is best.
Its ncid excess is always doubtful and so is not commonly used.
If used, a blank assay should be run on cach new lot to insure
against introducing precious metals into the assay in this way.
Its chief ndvantuge is that b or 10 grans tov much gluss will or-
dinarily do no harn in a fusion whereas 5 or 10 grams of silica in
excess might spoil the assay.

Borax. ——Nadi@h : lOli.O,-,f;ig,ﬁ;* an active, readily fusible, aeid

Myx~ It melts in its own water of crystallization, beginning at the
lowest visible red heat, and becomes anhydrous at a full red heat.
It intumesces in fusing and on account of this hehavior may, if

ysed in large amounts, tend to force part of the charge out of

the erygible, especiallyif hot thoroughly nifxed with the charge.

L
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-tougl ;gi!&iﬂy,ﬂrjmny‘slag'which holds tenaciously
bug,m ng This is probably due partly to the effect
oraxdnfreducing the coefficient of expansion of the glag and
partly to its action in preventing crystallization. thn the a.ba
is: to-separate the lead and slag, & ﬁlmofleadwllg
tfon dlere 1 GRIAR and give the Assayer much trouble.
"Huresmiedy for this condition is, first, to reduce the quantity
of borax used and then, if necessary, to increase the bases. No_
more than 5 or 10 grams of common borax or iis equivalent in

i

b\g&{g}g& should be used per assay-ton of siliceous ore.

The melting-point curve of the sodium meta-borate — sodium
bi-silicate series, according to Van Klooster®, is shown in Fig. 2.
The melting-point of sodium bi-silicate does not agree exactly
with that given by Niggi but, none the less, the diagram serves
to illustrate the effect which borax has in reducing the melting-
point of assay slags.

The cutectic containing 56.5 per cent of Na,Si0; freezes at
814° C.

B8ditmbleachonates NaHWO,, is still used by some assayers a8
an alkaline flux, mainly because of its cheapness and purity. It
is, however, decomposed when heated to 276° C., forming the
anhydrous normal carbonate with the liberation of water vapor
and carbon dioxide. The large volume of water vapor and car-
bon dioxide released, passing up through the charge before it has
softened, mﬁwad,iomry off more or less Qf&h? fff‘ ore and thus
cofiéributes toithe.so-called £ dusting '2logs B

The bicarbonate contains but 63.1 per ‘cent of Na,CO; and
therefore when it is used as a substitute for the normal carbonate,
158 parts are required for each 100 parts of the normal carbonate.
Because of the above serious disadvantages the use of the anhy-
drous normal carbonate is recommended in all cases. The only
advantage which can now be claimed for the bicarbonate is that

it does not deliquesce. .
is & powerful. hasic. flux:and by far

am gabonata, NasCOs, ) ;
the cheapest one available for assay purposes. Owing to the ease

PRCRCE |
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with which alkaline sulphides and sulphates are formed it also

acts to some extent as a desulphurizing and oxidizing agent.
Pure anhydrous sodium carbonate melts at 852° C. When qlolmn
it is very fluid and can hold in suspension a large proportion of

* Zoitschr. anorg. Chemic, 89, p. 122 (1910).

gt
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finely ground, infusible and inactive material such as carbon or
bone-ash.

The commercial normal carbonate of this country, made by the
Solvay process from the bicarbonate, is easily obtained in a pure
state. It tends to absorb water from the air and is, therefore,
unsatisfactory fqr use in some climates. The variety known by
the trade as SR.pes-cent-dense soda-ash has beenfound. particulutly -

sabislnetary.Sor sy, purposes, and iy but little affected Ly ats.

o
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Fia. 3. — Freezing-point curve of caleium bi-silicate — sodium bi-silicate
series.

When sodium carbonate is heated to about 950° C., it undergoes
a slight dissociation with the consequent evolution of a small
amount of carbon dioxide. Analysis of sodium carbonate which
has been melted shows it to contain about 0.4 per cent of free
alkali. When silica is added to the fused carbonate this free
alkali first disappears and then a reaction takes place between the
silica and sodium carbonate and a certain amount of carbon dioxide
is evolved. The amount evolved is direetly proportional to the
amount of silica added and to the temperature.  Niggi* showed
that the system Na,COz — SiOs, for a constant temperature and

* Jour. Am. Chem. Soc. 36, pp. 1693-1727.
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pressure of C0,, reaches a state of cquilibrium, which condition
may be expressed by the equation:
' 'N2,COs + N2,8i0s & NasSiO, + COs.

He found that in order to displace'all the CO, at least one mol of
Si0, for each mol of NasO must be added. Combinations less
acid than the bi-silicate retain CO. indefinitely. The bi-silicate
melts at about 1018° C. - '

The fluxing effect of sodium carbonate is shown in the ac-
companying { reczing-point curve* of the calcium bi-silicate —
sodium bi-silicate series. _ -

Between the melting-point of sodium bi-silicate, 1018° C. and
that of calcium bi-silicate, 1502° C., Wallace found indications of
a eutectic containing 20 per cent CaSiO; which melted at 932° C.
It may be concluded from this that if we are t%_}p&%}&y&with
soda and silica alone, we should add 4 mols of Na.COs for each
mol of CaCOy, or roughly 60 grims of NuyCO; for § AT, of pure
CuCOy, together with gullicient silicn for o bi-silieate.  Tho wl-
dition of borax will materially reduce the melting-temperature of
the mixture. o

Potagsiumicarhonata, KaCQs, is & basic flux, similar in its action
to sodium carbonate. It melts at 894° C. It has the disadvan-
tage of being more expensive, weight for weight, than sodium car-
bonate, and because of its greater molecular weight more of it is
required than of sodium carbonate to produce a given result.

Niggit showed that a small amount of silica displaces an almost
equivalent amount of CO, from fused potassium carbonate, and
that successive additions of silica displace a progressively smaller
quantity of COs, until when the proportions are 2 mols of Si0: to
1 mol of X0, the silica displaces only half the equivalent amount
of CO,, at which condition the last of the COz passes off. He gives
the following equation as expressing the conditions of cquilib-
rium:

K,COs + KsSi:0; & 2K:Si0s + CO,.

Willorf{ contends that diminution of the partial pressure of
CO, causes considerable displacement of the equilibrium toward
the right-hand side of the cquation. With this, Niggi does not

* Zeitschr. anorg. Chemie, 63, p. 1 (1909).

t loc. cit.
1 Zeitschr, anorg. Cheinie, 39, 187 (1904).
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agree and argues that the influence of the partial pressure of CO;
is inconsiderable. He cites experimental data as well as theoretical
grounds for this belief.

As is the case with a mixture of sodium and potassium car-

_bonates, a mixture of sodium and potassium silicates melts at a

lower temperature than either one alone, and for this reason
the mixture is used whenever it_is_desired to maintain o low
temperature _during the assay. The lead assay is an example
and in fact is now about the only case in which it b still cus-
tomary to use potassium carbonate in fire assaying. .

e;Panimmmdﬂy.imihl&basioaﬂux: - It acts also as an

oxidizing and desulphurizing agent and on being reduced it sup-

i

It melts at 883° C., and contains 92.8 per cent of lead.
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Tia. 4. — Freezing-point curve of litharge-silica seriea.

Mixtures of finely pulverized litharge and silica, ranging from
6PbO0.8i0; to PbO.SiOs, begin to ginter at about 700° C. Ac-
cording to Mostowitch® the sub-silicate, 4Pb0.SiOy, is completely
liquefied at 726°; the gingulo-silicate, 2PbO, 8i0;, forms a viscous
liquid at 724° but does not flow readily until heated to 940° C.
The bi-silicate, PbO.SiOs, melts at 770° and eutectic mixtures both
lower and higher in silica fuse at lower temperatures.

» Trans. A.LM.E. 66, p. 744.

Elj;eg)_hglééfd,u.éém&hewcouect_ion of the gold and silver.« %

s —

T LI



ful“oxidizing agent.
perature without alteration, but at a higher temperature it breaks
up, giving off _oxygen, which %l L ,g,l‘i‘.-audfma.ny of the
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the iron oxide formed ncts as a basic flux. Iron decomposes all
fusible lead silicates Ly replacing the lead, thus:

) xPHO.BIOy -F xFpy = x1'eQ.8i0y 4+ xI'h.

‘It should therefore always be used in tho lead assny.

It is used in the form of spikes or nails, and sometimes, es-

weially in Europe, an iron erucible is employed..
» I

%MQM%%m%,KNQ{ commonly known us niter, is a power-

“~Tt“melts at 339° C. and fuses at a low tem-

SR R

Q

T 1S use

pgnides, antimebidds.. etey

fosed alone it is stable until a temperature of 530° C. is
reached, when it begins to decompone, giving off oxygoen. When
it is fused with charcoal, the two begin to react at about 440° C.
The reaction between niter and carbon, according to Roscoe and
Schoerleman, is as follows:

“According to the same authority, sulphur and niter react as
follows:

and copper, ’

Enll g

in the fire assay especially %&&Qxﬁu&sulphdeﬁ ar«-L

"9KNO; + 28 = K804 + 80z + Na.
Niter begins to react with gilica at about 450° C.* probably
according to the following reaction: ‘
4KNO; + 285103 = 218105 + 50y + 2N,.

In a charge containing a large excess of soda and litharge the
reaction with pyrite is as follows:

6KNO; + 2FeSy + NanCOs =
Fe,O; + 3KzSU4 + NaaSO, + COz + 3N2

Many assayers

¢ Large amounts of niter cause boiling of the
o and necessitate careful heating to prevent loss.
It is found to give less trouble when the crucible Is uniformly
heated, as in the muffle, than when the charge begins to melt first

at the bottom, as in the pot-furnace.

* Fulton, A Manual of Fire Assaying, p. 59

Hbject to the use of : niter beoause of its oxidizing
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Mmcyl_nide, KCN, is a powerful reducing and desulphur-

izing agent. It combines with oxygen, forming potassium cyanate,

thus
PhO + KCN = Pb 4+ KCNO (roducing netion),
and also with sulphur, forming sulphooyunide, ws follows:
‘ PbS + KCN = Pb + KSCN.

It is sometimes used in the lead assay and usually in the tin and
<hip}QUtll assays, It is extremely poisono‘uai and should be handled
with great care. It fuses at 526° C.

Salt, NaCl, s used as u cover to exclude the air, and to wash
Lhe sides of the ‘crucible and prevent small particles of lead from
~adhering therota,, Tt melts at g1ge Qe T
“=1{"does not enter the slag, but floats on top of it. It is often
colored by the different metallic oxides of the charge and sometimes
helps to distinguish assays which have become mixed in pouring.

TABLE 11.
A88AY REAGENTS.

Name Formula 1Px't,\pert'um in order of their importance
Silica SiOy Acid flux
Glass xNa,0.yCa0.28i0; | Acid flux
Borax Na,B.0:.10H;0 | Acid flux
Borux-glass N 13,01 Acid flux
Sodium bicarbonuate NaHCOs Basic ftux, desulphurizing
Sodium carbonate Na,CO» Basic flux, desulphurizing
Potassium carbonate | K,CO, Rasic flux, desu[phurizing
Litharge PbO Basic flux, desulphurizing,

. . oxidizing
Potassium nitrate KNO, Oxidizing, desulphurizing
A‘rgola KHCHO+ C Rodusing agoent, basio flux
Cream of tartar KUC1LO Reducing agont, busic flux
Flour Reducing agent
Charcoal C Reducing agent
Toad Pb Collecting ngent
Iron Fe Desulphurizing and reducing
. . agent
Potassium cyanide KCN Reducing and desulphurizing
agent

Salt NaCl Cover and wash
Fluorspar CaF, Neutral flux
Cryolite AlNa,Fe Neutral flux

Fluorspar, CaF,, is occasionally used as a flux in fire assaying.
Its melting-point is 1361° C. and it would, therefore, seem to be of
doubtful value in fire assay fusions which seldom exceed 1200° C.
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When melted it is very fluid and assists in liquefying the charge,
although it is inert and does not ordinarily enter into chemical
combination with the other constituents of the charge. Kar-
andéeff* shows a melting-point curve of CaF, — CaSiO, series
with a eutectic, containing 54 molecular per cent of CaSiQ;, which
fuses at 1128° C. C :
&Cryolite;sAING

' : is a powerful flux, commonly used in the
manufacture of enamels and occasionally in the melting of bullion.
It may sometimes be useful in fire assaying. Cryolite melts at
about 977° C. and has the property of lisgelying. alumina. It
increases the coefficient of expansion of the slag.

Fusion Products. — Every gold, silver or lead assay fusion, if
the charge is properly proportioned and manipulated, should show
two products, a lead button and, above it, a slag. Two undesir-
able products, matte and speiss are occasionally also obtained.

When s cover_of salt s used, or if niter is used in tho assay, &
third gr,ggl_i_xg;___,_vvil_l_bg_{g_g_gd on top of the solidified slag. In the
first case this is almost entirely sodium chloride, in the latter case
it is a mixture of the gt_l,l,p}l&t;gigﬂsﬁamm and potassium.

Tue Leap BurroN should be bright, soft and malleable and
ghould separate easily from the slag. It should contain practi-
cally all of the gold and silver which were in the ore taken for the
assay.

—Suac_is a fusible compound_of earthy or metallic ooxides_and

Wmcn s. ( The slags “made N fire assaying
sually silicates or bo@es)of the _metallic og(j_;igs contained in
the ore and fluxes used. L .
uld ba:homogeneous and. free‘from particles of unde-

sgood slag is usually more or less glassy and
ured, the slag should:he :
If too acid, it will be quite viscous and stringy,
‘will form a thread-in*pouring. If too basic,
: i:ﬁiﬁflj)reak“oﬁ ‘short in’pouring. When_cold, the

heutraboracid dag 6 glassy and brittlé, the basic one is dull and
stony-looking.

Slags in the molten state are usually solutions, but in rare
cases they may be chemical compounds. In the solid state they
are usually cither solid solutions or cutectic mixtures; occasion-
ally they may be chemical compounds.

* Zoltschr. unorg, Chomie, 68, p. 188 (1010).

thin and fluid and free
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—SMarre_is an_artificial sulphide of one.or_wore_of the metals,

formed in the dry way.  In assaying it is most often encountered
in the niter fusion of sulphide ores when the charge is too ueid. It
is found lying just above the lead button. 1t is usuall blue-gray
in color, approaching galena jn—composition and very brittle.
It may form a layer of considerable thickness, or may u;)};car
simply a8 a granular coating on the upper surface of the lead but-
ton. <(1Jh~ls matte always carries some of the gold and silver and,
as it is brittle, it iy usually broken off and lost in the slag.in_the
cleaning of the Jead. hutton. The student -should~examine “the .
lead button as soon as it is broken from the slag and if any matte

is found, he may be 'c'ertain: that his charge or furnace manipwlations.

B

are wrong” "

Spriss is an artificial, metallic arsenide or antimonide formed
in smelting operations.  As obtained in the fire assay, it is usually
an arsenide of iron appronching the composition of I'e,Ax, Oc-
easionally the iron may be replaced by nickel or cobalt.  The anti-
mony speiss is very rare.  In assaying, speiss is obtained when the
iron method is used on ores containing arsenic. It is o hard,
fairly tough, tin-white substance found directly on top of the
lead and usually adhering tenaciously to it.

If only a small amount of arsenic is present in the ore, the speiss
will appear as a little button lying on top of the lead; if much
arsenic is present, the speiss will form a layer entirely covering the
lead. It carries some gold and sitver. If only a gram or so in
weight, it may be put into the cupel with the lead and will be oxi-
dized there, giving up its precious metal values to the lead bath.
A large amount of speiss is very hard to deal with as it is difficult
to scorify. The best way is to assay again, by some other method.




-~

CHAPTER IT
REDUCTION AND OXIDATION REACTIONS

REDUCTION.—A reduction reaction, as particularly defined
for assaying, is one in which a metal is reduced from its com-
pounds by some reducing agent. The chemical definition is also
applicable in that, in assaying, we frequently reduce a compound
from o state of higher oxidation to a lower state of oxidution by
means of a reducing agent.

An oxidation reaction is one in which a metal or a com

pound 18 changed to a compound of & higher state of oxidation;
for exumple, L'b to I'LO, § to 80, or PO to Lo, Roduction
and oxidution reactions froquently oceur in assuying, and it is
cssential that tho assuyer be thoroughly familiar with the theory
and facts. In speaking of reducing agents and reduction with
special reference to assaying, we have chiefly in mind such re-
agents as reduce metallic lead from litharge in the crucible. The
chicf of these are: («,1)}*}5211,,(.2) c}u,u‘coul or coke gr coul dust, (3)
flour oF sugar. These arc added to the charge in sufficient quan-
“tity to;pggglggg_,§133$g£g‘pegﬂ;size of lead button in the crucible
B8saY. 1t often happens that an’ore will contain reducing agents,
chicfly sulphides, 80 that it becomes unnecessary to add an ex-
traneous agent. In fact, it may contuin an excess of reducing
agent, requiring an oxidizing agent to destroy the excess.

The reduction of lead by argol is expressed by the following
equation:

10 PbO +2KHC H,0,=10Pb +5H,0+K,0+8C0,
376 2070

One gram of argol will reduce 5.50 grams of lead from 5.93 or
more grams of PbO. The above formula for argol is that of pure
bitartrate of potassium. Argol contains a8 impurity a certain
amount of carbonaceous matter, 80 that its reducing power will
be increased. It will be found that the actual reducing power
of 1 gram of argol varics between 7 and 9.5 grams of lead, depend-
ent on the argol used.

P'ho reduction of loud by ohareoul is oxprossod by tho T ollowing
reactions: .

2PbO0 +C =2Pb+CO,
12 414

16
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One gram of carbon will reduce 34.5 grams of Pb. As char-
coul, coul or coke dust will contuin more or less inort ush w{hwh
has no reducing effect, the actunl amount of lead reduced will be
materially less. It will usually be found to range between 20
and 30 grams per gram of carbonaceous reducing agent used.

Flour will reduce from 9 to 12 grams of lead per gram, de-
pending on the nature of the flour. '

The common sulphides most frequently found in ores, and

which give the ores containing them reducing powers, are: Pyrite

(FeS,), pyrrhotite (Fe,S,), arsenopyrite (FeAsS), chalcopyrite
(CuFeS,), chalcocite (Cu,S), stibnite (Sb,S,), galena (PbS), and
sphalerite (ZnS). .

The amount of lead reduced per gram of the respective sul-
phides varies according to the combination of conditions, which
will be fully discussed. .

Taking pyrite as an example, the following equation expresses
the reaction which takes place when it is fused with soda and
litharge: T

» (@) 2FeS,;+15PbO=Fe, 04+ 450, +15Pb
240 13105
® 4SO,+4Na,CO,=4NaZSO.+4CO,

One gram of pure pyrite reduces 12.9 grams of lead. The

result can readily be obtained by the following charge:

b 117 T 3 grams
N8GOt eeenen e e 10 grams
PUO v vnesrir s 100 grams

The result could not be obtained were the pyrite to be fuqod
with litharge alone, as the presence of soda, a strongly a.lk'ah'ne
base, induces the formation of sulphuric anhydride (SO,), which

combines with soda to form sodium sulphate (Na,SO). This "

sodium sulphate will float on top of the slag and is not decom-
posed by the temperature usually attained in the muﬁle.. It
separates out on cooling as a fused white mass. Its meltmg-
point is 885° C.t. When the oxidizing action in the above charge

is diminished by decreasing the litharge? to below 70 grams,

the iron is only partially oxidized to the ferric condition and the
two following equations express the reactions:?

1 W. P. White, Am. Jour. Sci., XX VI, 471,

2, M. Miller,""l‘he Reduction of Lead from Litherage,” in Trans. A. L. M. E., XXXIV,
395. e
114 must be borne in mind that while we speak of a “reducin‘g" or an o:ndmr}l
reaction, the reaction is really of both natures, for while litharge 1s “reduced,” the ron

pyrite is “oxidized."”

REDUCTION AND OXIDATION REACTIONS

FeS, +7Pb0 =FeO + 250, + 7I’b
2104, -+ 161°L0 = ', 0, - 450, 16P'b
T'he first cquation will give 12 grams of ’b per gram of pyrite,
and the second will give 12.9 grams. The accompanying table
gives the reducing powers of the various substances as deter-
mined by the litharge-soda charge given for pyrite.
‘ TABLE II.—REPH?_LIE(} POWERS OoF AGENTS

Quantity of lead in grams
reduced by 1 gram of
reducing agent

Name of reducing agent

Argol. .o 9.61

FIOUR. oot e e e ~ 10.63

SUBAL .« e e e 11.78

Charcoal. ... ... 26.0 .
Sulphur............. P * 18.11 (See Table III)
Pyrite. . ... ..o C12.24

Pyrrhotite. ... ... ... 871

SUDRILE. . . o L 7.7

Chaleocite. . ... ..o 4.38

Sphalerite. . ... §.16

When no soda is present to induce -the formation of alkaline
sulphates, the following reaction takes place, sulphur dioxide
(S0,) being formed:

FoS, + 6PLO = 1'00 -+ 280, 4-51'h;
120 1035
or 1 gram of pyrite reduces 8.6 grams of lead.

In the assay, as ordinarily performed, the foregoing conditions
are modified by the presence of other substances, in the main
by silica. Lead oxide readily forms silicates with silica, and the
mono-, bi-, and tri-silicates are easily fusible, while those of a
higher degree are fusible with difficulty. When a reducing agent
(argol, sulphides, ete.) is fused with a silicate of lead, or with a
charge containing litharge and silica, only a-little lead is reduced
when the silica is present in amounts to form a trisilicate or above,
and only somewhat more when the silica is present in amounts
to form a mono- or bisilicate. The reason for this is that the
silicates of lead are not reduced by sulphides or carbonaceous
reducing agents at temperatures below about 1000° C.* Above

1 Consult Metallurgie, 1V, 647,
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that temperature reduction takes place more readily. The
higher the silicate degree the more difficult is tho reduction. 1If,
however, certain other bases, such as ferrous oxide (FeQ), soda
(Na,0), or.lime (Ca0), are p'rosent (as is the case with most
ores), reduction of lead from'the silicate occurs, with ferrous
oxide or soda, at a comparatively low temperature; but with
lime alone, only at a high temperature. The following equation
expresses this condition:
: Pb,SiO‘+2FcO+C=FOZSiO‘+_CO,+2Pb

No difficulty is encountered in reducing lead from the borates
of lead and soda, by the ordinary reducing agents, at 1100° C.
While soda influences the amount of lead reduced from litharge
by the sulphides present, it has not that influence on carbonace-
ous reducing agents, except in so far as it may reduce the acidity
of the charge and thus favor reduction. :

- The following charge gave results as tabulated below:!

10 grams
7 grams

Sodium carbonate. ..
Silica........covnen-

Reducing agent.......... 1 gram
Litharge......ccocovenn 45 grams

Pyrite, in this table, shows a reduction of 9.30 grams of lead
per gram, a figure to be expected when its sulphur goes off partly
as SO, and partly as SO,. If the soda in the preceding charge
is increased, the lead button will approach the maximum re-

ducible by pyrite.

TABLE III.—REDUCING POWER OI' AGENTS

ﬂQuuntity of lead reduced

Name of reducing agent ; by 1 gram of reducing
|
i
|

agent
ATgOL. v 9.6
FLOUL. . oot e iv e e e 10.92
SUEAT. oo vennaer e 11.74
Charcoal. ... oo vvve e 26.08
Pyrite......... R ) 9.30
Sulphur............. [ . 18.11%2

T Nots.—Compare Table 11 with this.
1 “The Reduction of Lead from Litharge,” Trans. A. L. M. E. XXXIV, 395.
3 Due to the ready distillation of sulphur, this figure is difficult to obtain; 1 gram of
sulphur will usually redvce 6 or 8 grams of lead.
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When carbonuceous reducing agonts are used to obtain the
required lead button, the nature of the charge, us regards acidity
(due to Si0, or borax), has little influence on the size of button,
provided sufficient bases, outside of PbO, are present to decom-
pose lead silicates formed, and the silicate degree does not exceed
a monosilicate. The amount of litharge present has some in-
fluence. The quantity of carbonaccous reducing agent remaining
constant, the size of button will increase somewhat with increas-
ing amounts of PbO in the charge. When the reducing agent isa
sulphide (often a natural constituent of the ore), the acidity of

" the charge influences, to a certain extent, the size of button

obtainable. It is, however, the amount of alkaline base prosent
(K,0,Na,0) that exerts the most powerful influence, its presence
inducing the formation of SO, and, conscquently, sulphates, thus
reducing larger amounts of lead than when no alkaline bases are
present, the sulphur going off as SO,.

OXIDATION.—Oxidation of impurities in ores is frequently
necessary in order to obtain good results in the assay. When
ores contain an excess of sulphides, arsenides, cte. (by an excess
is meant a quantity above that which will give the required size
of lead button), an oxidizing agent is required to oxidize this
excess, .enabling it to be volatilized or slagged. Oxidation of
impurities is accomplished in one of two ways.

1. By tho addition of potassium nitrute (KNO,) to the charge
(or other oxidizing agents).

2. By roasting the ore, thus using the oxygen of the air for
the oxidation of impuritics.

When niter is added to an assay, it reacts with the most
easily oxidizable compound in the charge, which is usually the
reducing agent, i.e., the sulphide present. kxtraneous reducing
agents, such as argol, flour, or charcoal, are present simulta-
neously with niter only when it is desired to determine the oxi-
dizing power of niter against these reagents. Ior ‘the sake of
convenience, the oxidizing power of niter is expressed in terms
of lead. If finely divided lead is fused with niter, the fusion
reaching a temperature of 1000° C. after one-half hour, the fol-
lowing reaction takes place, approximately:

7Pb +6KNO,=7PbO +3K,0 + 3N, +40,;
or 1 gram of niter oxidizes 2.39 grams of lead. The actual num-
ber of grams of lead oxidized, determined by a considerable num-
ber of experiments, has been found to be 2.37. The analysis of




21 ' MANUAL OF FIRE ASSAYING

the gas caught from the fusion showed 10.75 per cent. oxygen, :ch.e
balance being nitrogen. Oxides of nitrogen were absent. This
indicates that when niter is used in the crucible fusion, oxygen
is evolved which; under certain conditions, may escape from the
charge without reaction. As already stated, the niter w.ill react
with the reducing agent; expressing its oxidizing power in terms
of lead is merely for convenience. In certain types of charges,
i.e., those containing litharge, niter, and reducing agent, or
litharge, soda, niter, and reducing agent, practically theo.retlcul
results may be obtained; e.g., the oxidizing power of n}ter as
compared to charcoal is expressed by the following equation:

or 1 gram of niter oxidizes 0.15 gram of carbon.

~._ Taking the reducing power of pure carbon as 34.5 grams 9f
‘lead, the oxidizing power of niter against carbon, exp'ressed in
“terms of lead, is 0.15X34.5, or 5.17 grams. Ten fusions of a
charge composed of 85 grams PO, 1 gram (;harcoa.l, 3 grams
KNO,, with 5 grams PbO as a cover, gave Very concordant
results, and showed the oxidizing power of niter to be 5.10.
The reducing power of the charcoal was determined by five
fusions with the same charge, omitting the KNO,.! These
results, of course, can also be obtained by an impure charcoal,
for, taking one which has a reducing power of 26 grams of lead

' . 260
(this was used in the above fusions), it then contains —— or

34.5
0.765 gram pure carbon. If 3 grams of niter have been added
to the charge, the available carbon for reduction will be 0.765—'-
(3x0.15) or 0.315 gram, which will reduce 34.5X0.315, or
10.75, grams of lead. The oxidizing power of niter expressed 1n
lead, then, is
| 26 —10.75
—
Considering & sulphide and niter, and it is in this cqnnection
that niter is almost invariably used, the following reaction takes
place in the litharge-sodu churgo alrondy mentionod:
GI{NO,+2FeS,=Fe’20,+SOS+3K2SO‘+3N1
SO, +Nu,CO,=Na,S80, +CO,
‘or 1 gram of niter oxidizes 0.39 gram of pyrite. In the litharge-
soda charge, 1 gram of pyrite reduces 12.22 grams of lead; there~
\ This fnding confirms that of E. H. Miller, in Trans. A. L M. E., XXXIV, 395.

or 5.12 grams.

22

REDUCTION AND OXIDATION REACTIONS
fore, 1 gram of niter in this instance would oxidize 12.22X0.39,
or 4.76, grams of lead. The accompanying table' shows actual

results obtained for the oxidizing power of niter against different
reducing agents.

TABLE 1V.—OXIDIZING POWER OF NITER

i

Oxidizing power of niter

Reducing agent | in terms of lead

Pyrite. ..o : 4.73 grams
Charcoal........oooiiiiiiiii ‘ 5.15 grams
FlOUr. oo ‘ 5.09 gramsy
Argol. ..o o ‘ 4.76 grams

It follows, therefore, that the oxidizing power of niter varies
with the reducing agent used.

When the assay charge contains silica and borax glass, the
above figures no longer hold, for in their presence oxygen is
evolved by the niter, which escapes from the charge, as in the
case of the oxidation of metallic lead by niter. The amount of
oxygen lost (thus reducing the oxidizing power of niter) is prob-
ably a function of the rate of rise of temperature, but evidence
also points to the fact that silica reacts with the niter, setting
free oxygen, at a-temperature very close to that at which niter
reacts with charcoal, or at which oxygen will react with carbon.
Niter fuses at 339° C., but does not give off oxygen when fused
alone until 530° C. is reached. Charcoal ignites at temperatures®
ranging from 340° C. to 700° C., depending upon the temperature
at which it was burnt, while silica begins to react with niter at
very nearly 450° C., probably according to the following reaction:

2KNO, +8i0,=XK,Si0,+ 50+ N,

Thus, during the period in which the temperature in the
crucible graduully risos to a yellow heat (that of the mullle),
oxygen escapes during the range from 400° C. to 500° C,, ete,,
this last being taken as an average temperature at which
charcoal will begin actively to oxidize.?

! Ibid.

1 From & number of experiments by the author, willow charcoal was found to begin

reaction with niter at very close to 4.10° C. ~ .
3 This is offered tentatively, as an explanation of what occurs,
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o B B 2 5 ) Parting in Porcelain Capsules. — A glazed porcelain capsule
;% g 5 % 3 E 4 3 inches in diameter and 1 inch high is preferable for this work on
° A é '2 '?; . he kf E} '§; _ account of its broad flat base, but a small poreelain crucible does
;3 ‘ | AR R BN 8 5 ., very well if care is taken not to upset it. Many different strengths
A B - , of acid and other details of manipulation have been recommended,
S’i % 4 é ” but the procedure given below is one which has given uniformly
2 & é ' g N " 2 g o satisfactory results to the author in his laboratory. The  strength
E - o 2 i 5 oa 5 \ of acid which may be use ‘pends on the pr ‘tjon of gold and
5 a3 % g ° silyer in the alloy; the less the ratio of silver to gold, the stronger
Sl TS ! the acid may be without danger of_breaking up_the gold. It is
] . 2833338 not necessary that the methed to be deseribed should be followed
w v g - & p & 8 - ! in every case, but this method is a safe one for the treatment of
E ) o 1 beads having almost any proportion of silver to gold, from 3 to
RS I e B - % | 1000 or more parts of silver to 1 of gold.
E; é § 3 % % 2 B oo B § ‘ ProcepuRrE. — Pour into the capsule about half an inch of
w2 25 % % % 8y é g dilute nitric acid of 1.06 sp. gr., made by diluting 1.42 acid with
8 8 i“‘ Lo T i ~ goven times its volume of water. Put on the hot-plate and heat
4 - I O - T | until vapor cun b seen rising from it, und then drop in the bewd
2 .3 % :;-‘3 £ = B » which should be free from adhering bone-ush.  In case the alloy has
Eﬁ § g § a ] % 3 % g e only 3 or 4 parts of silver to 1 of gold it must be hammered or
z S 38 =S 25 - e rolled out to the thickness of an ordinary visiting card, say to 0.01
S - < B T inch. The bead should begin to dissolve at once, giving off bubbles
é § 3 2 4 2 5: - [ of nitrogen oxides. If it does not begin to dissolve, add nitric
> g g ‘ § g % % % 3] acid, 1.26 sp. gr., a few drops at a time until action starts. The
A N % e e LG K | golution should be kept hot but not boiling. The action
‘-\) g & - | should be of moderate intensity. Continue the heating until
: :5 _§ % '\ g -~ 3. . action ceases and then decant the solution into a clean white
i W R K - g g % 3 evaporating dish in & good light, taking care not to pour off any
i & g \ . g 9 % g 3 g of the gold.” Then add a few cubic centimeters of 1.26 sp. gr.
B ) & & e ! ) . . . .
- | — ] —_— | acid, made by diluting strong nitric acid, 1.42 sp. gr., with an
;R 2 o ! cqual volume of water, and heat almost to boiling for from two to
_:s; 2 CH N | ten minutes. Decant this solution and then wash three times with
3 - 2 8 28 8 2 -2 i warm distilled water, decanting as completely as possible after
- “”;____i‘»m__‘ B | eanch washing. Apply the stream of water from the wash bottle
I — Do tangentially to the sides of the capsule, rotating it meanwhile to
‘ TR g o prevent direct impact of the stream on the gold. After the final
\‘ K 5 § Co L washing manipulate the particles of gold so as to bring them to-
1 % s 2 %% g D | gether, decant off the last drops of water as completely as possible
: Z g §u «::: 3 B % ‘ and set the cup on a warm plate to dry the gold, but avoid too
| 4 4 E é‘ E: E é g ’3 ‘r high a temperature as the sputtering of the lust drop of water
L S : P i - oA \
on |
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would tend to break up and possibly throw out the gold. Finally
« anneal " the gold by putting the cup in the mufie or over tl?e
open flame until the bottom is bright lr(?d, when the gold wlll
change from its black mn?rphous condition to t%\e truc yellow
color of pure gold. 1t is now roady to cool um‘l weigh. To trans-
for tho gold from the cup to tho seale-pan, bring the senlo-pan 0
front part of the balance. ’
:)}:;l, tapgﬁng it meanwhile with a penci!. When this is done
the gold will usually slide out without difficulty. If any small
particles stick to the cup they may be detached by tcauchl‘ng them
gently with the point of the forceps or & small camel’s-hair brush.
The gold should be pure yellow throughoutA aI.ld may be com-
pared with parted gold of known purity. If '1t_, is lighter-colored
than pure gold it is probable that all of the st.lver }.ms nqt bem
dissolved. 1If it i8 dark in spots or if the cup 18 stained, it indi-
cates incomplete removal of the silver nit',ra:t?. ’1?he “ anneal-
ing ” causes the gold to stick together, making 1t easier to handle,
tends to burn out any specks of organic matter which may have
fallen into the cup, allows the assayer to f)bserve the color of tb_e
parted gold and to determine its purity in that way and to dis-
tinguish and separate any specks of foreign mat?er suck} as fire
prick, coke dust etc., which may have found their way 1.nbo the
cup. The “ annealing ”’ at a red heat 18 also necessary in o;der
that the gold may contract and lose most of its porosity, since
otherwise it would condense & considerable quantity of gas during
wejl’nglz:::'gt'he gilver has been dissolved from a dpré alloy by f,he acid,
the gold remains as & porous mass which is more com.pact the
lurger tho proportion of gold the ullloy contained, the thicker t.he
alloy and the less the mechanical disturbance of t_hu. }?(-,ud du.rmg
solution. In treating 2 bead which is near the lgmtmg ratio of
gilver to gold it 18 sometimes difﬁculti to determine whgthgr or
not it is parted. This may be asccrtmm*.fl by touching lt. with a
glass rod drawn down to a rather small diameter, (upproxunaf,el.y
1/32 inch). If it feels soft throughout and ecan be broke‘n' up l(: 1;;
practically parted, but it should be' heated almost to .bodu?g w1tt1
1.26 sp. gr. acid for at lcast ten minutes to ensure d1s§01vmg the
last of the silver. Such a mass of parted gold \‘vﬂl require a longer
and more careful washing, for on accoun.t of its densxt)./ a 19nger
time is required for the silver nitrate to diffuse through its minute

Gradually invert the cup over the -
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pores. In parting the ordinary bead containing ten, twenty or
more times as much silver as gold, it is casy to sce when parting
is complete by the considerable shrinking of the mass.
Notes: 1. The nitric acid solution should be hot before dropping in
the bead as in cold aeid the gold tends to break up into extremely fine particles.
2, Tho violont mechanical dinturbunes dus to hoiling or too rpid solu-

tion may cnune the gold to breuk up, cuusing diflioulty or notuul loss in wush-
ing and subsequent handling.

3. If only a few tenths of a milligram of porous gold remains, the ten
minutes heating with 1.26 sp. gr. acid is unnecessary.

4. Strong nitric aeid (146 sp. gr.) should not bLe used at any tine, as
gold is slightly dissolved by it.

5. 1f in doubt at uny time as to the purity of the parted gold, wrap it up
six times its weight of silver foil und carefully cupel with lead, then repary
and weigh.

6. If a small particle of gold is seen floating on the surface of the liquid,
it may be made to sink by touching it with a glass rod. i
7. The black stain oceurring in parting cups after heating is due to

metallic silver reduced from silver nitrate by the heat, showing insufficient
washing.

Inquartation. — When the head contains too little silver to
part, it is necessary to alloy it with more silver. This process is
called inquartation. It originated from the custom of the old
assayers of adding silver until the gold was one-quarter of the
whole. They considered a ratio of 3 parts of silver to 1 of gold
to be necessary for parting. At present, in assaying gold bullion,
a ratio of only 2 or 2} parts of silver to 1 of gold is used, mainly
to avoid all danger of the gold breaking up in the boiling acid.
In this case some little silver remains undissolved, even though
the alloy is rolled out to about 0.01 inch in thickness.

To inquart a bead wrap it with six to ten times its weight of
gilver in 4 or 5 grams of sheat lead und cupel,  Rose® considern
that different proportions of silver should be used according to
the weight of the gold, and gives the following suitable proportions:

Weight of Gold Ratio of Silver to Gold

“Lessthan 0.1 Mg, . coverrneenneeoneenns 20 or 30 to 1
AbOUt 0.2 Mg, . o evvvvvinr i 10 to 1
ADOUL 1. 0 My veevviaioman e 6tol
About 10 mg.,...... R P 4tol
More than SO M., . oo vvvvnee e 2 tol

* Metallurgy of Gold, Sixth Ed., p. 511.



33 MANUAL, OF FIRE ASSAYING

thereforé the continuity of the gold, as to prevent its cohesion
during. the acid treatment. .

There is naturally a gradation in the degree of gold disintegra-~
tion, from its almost complete cohesion when derived from prac-
tically “ fine ” beads, to its completely pulverulent form when de-
rived from beads of 990 fineness. o

Indications of Presence of Rare Metals. — As has been mdlcra-
ted in the chapter on cupellation, the assay beads may comfum,
in addition to traces of lead, bismuth, copper and .telluqum,
practically all of the platinum, palladium, iridium, irldgsmmm,
as well as more or less of the rhodium, osmium and ruthenium con-
tained in the original material which was assayed. Most of these
rare metals make their presence known by the appearance of the
bead. 1f they are not discovered in the beud, indications of
their presence may be found during parting. '

In nitric neid parting o considerublo part of the pla?mum,
pulladium and osmium uro dissolved, {ho amount depending on
various conditions such as the amount of silver present, the
strength of acid, ete. ﬁ

According to Rawlins,* PLATINUM has a disintegrating effect
upon the gold, when the latter does not make up more than 5
per cent of the weight of the bead. As platinum is only partly
goluble, the remaining insoluble platinum discolors the gold,
leaving it steel-gray instead of yellow. Furthermore,.platmmn
gives the parting acid a brown or blackish color according to Lh.e
amount present, but ¢mall amounts might not be detected this
way. If, however, the appearance of the bead leads one to sus-
pect the presence of platinum the above indications would" help
to confirm its presence. ‘

PaLLADIUM yields an orange-colored solution in nitric acid pi.].rb-
ing. This test is very delicate, 80 that even 0.05 milligrams 1n &
small bead gives a distinct coloration to the solution.

IrIDIUM appears in the parted gold as detached black specks
retaining their color after anneuling.

Errors Resulting from Parting Operations. — In addition to
platinum, iridium, and other of the rare metals which may be
retuined and weighed us gold there is always a small amount of
silver which persistently resists solution. The amount depends
upon & number of factors, chief of which are the ratio of silver to

* Trans. Inst. Min. and Met. 33, p. lmt
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gold in the original bead, the strength of acid used and the time
of acid treatment. Under ordinary conditions this silver re-
tained probably amounts to about 0.05 per cent of the weight
of the gold.

When gold disintegrates in parting on account of the presence
of impurities in the bead, part of it is invariably lost in decanta-
tion.. This decanted gold is often so finely divided as to be
invisible.

If the parting acid contains impurities, particularly chlorine
in any form, some of the gold is sure to be dissolved. Even
pure nitric acid, if concentrated and boiling, dissolves a small
amount, according to Rose* about 0.05 per cent.  The silver
retained and the gold dissolved in pure aeid produce errors so
small as to be negligible, but the loss resulting from the use of
impure acid and the decantation loss must be carefully guarded
it

Phere wre n number of ervors in the determination of gold
which should be obvious and which can he either nvoided or cor-
reeted.  Such errors need not be discussed here. '

Recovery of Gold Lost in Decantation. — Because of the cffect

()U}_npuritios in the bead or for other reasons, some of the gold

ERars e g

— . . . . .
may  disintegrate o parting and be lost i decantation. This
W YU T T R .
decanted gold is often so finely divided as to be invisible, and is

B et

therefore lost in Ol‘(“mu’y”L',E)‘li—l—l—liﬂi;';;fhialﬂW(’)EITE-WUMQ' be readily
collected, however, by the precipitation of a small amount of
silver chloride which carrics it down in seting. 'Illglnwn;mz
containing the gold is llmwl__tjl_t_«_;[gs_l’_,(_gl'i;,_gl_xjhg_(_L;uulgﬁgmﬂj_gdw_\_y‘ijh
1@._,71:]“‘ button is cupeled and the bead parted.

Testing Nitric Acid for Impurities. CHLORIDES. — To test for
the presence of hydrochloric acid take about 10 c.e. of acid and
pour a few c.c. of silver nitrate solution ecautiously down the
side of the tube, so that the two liquids do not mix.  If, chlorides,
bromides or iodides are present, o precipitate in the form of a
ring will appear where the two liquids come together. This
test is more delicate than mixing the two solutions. 1t is not
necessary to try to distinguish between the three haloids, as, if
any precipitate 1s found, the acid must be cither rejected or
purified.

.,1 Moetullurgy of Gold, Sixth Iid., p. 54l
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- CHLORATES. — Nitric acid often contains chlorine in the form of
chloric acid, and this does not give a precipitate with silver
nitrate. The chloric acid must first be decomposed before the
chlorine will precipitate as gilver chloride. To test nitric acid
for chlorates take about 250 c.c. in a peaker and add 1 c¢.c. of
silver nitrate solution. In the absence of any precipitate which
would indicate the presence of chlorides, etc., add about 5 grams
of some metal to reduce the chloric salt. Silver, zinc or copper
will do. Heat nearly to boiling to dissolve the metal. If chloric
acid is present & precipitate of silver chloride will form. To
confirm, observe solubility in water and in cold dilute ammeoniu,

wlyo offeet of sunlight. :
Testing Wash Water, etc. — The water used for wushing the
parted gold and for diluting the nitric acid should be distilled to
ensure its purity. Any chlorides in the wash water will of course
precipitate in the parting vessel as silver chloride and if not
removed will be weighed as gold. The wash water should be
carefully tested by slightly acidifying with nitric acid and then
pouring in gilver nitrate as in testing the nitric acid. If distilled
water is not available and water at hand contains a small amount
of chlorides the proper combining proportion of silver nitrate
may be added, the whole well mixed and then allowed to stand
until the silver chloride settles out. Care must be taken to avoid
adding an excess of silver nitrate, for obvious reasons. U by
any chance gilver chloride has been precipimted in the parting
cups, the addition of & little ammonia will cause it to dissolve,
after which the washing may be completed with pure water.
Testing Silver Foil for Gold. — It is never safe to assumo that
go-called C. P. gilver is free from gold, until it has been tested
and proven 80. A simple dissolving of the foil in nitric acid 18
hardly sufficient as gmall amounts of gold might escape recog-
nition in this way. A better method is to fuse about a gram into
a bead and dissolve this glowly in hot dilute nitric acid. The
best method is to dissolve_about 10 grams_in_ nitric acid, dilute

alLau&a&iw,e._.A,muommg,gaggd;gxil, “chloride.

AD
This_will pr,qo;'u?immjmnui}xww i, which, will golleal kI
finely divided_gold. Allow_this precipitate 10 gettle, then filter

itﬂ9&..@:1,.&2&§.c:9,ziiyn-xvj.thw!gad- Cupe! the bution. and part
o small boud obtnined. This_should_give sllthe gold in ope

piece.

CHAPTER 1V

ORE SAMPLING.

- A sample is a small amount which contains all the components
in the proportions in which they oceur in the original lot.
Object. — The object of sampling an ore is to obtain, for
chemical or mechanical tests, a small amount which shull’con-
tain all the minerals in the same proportion us the original lot
Tn tho subkoquent discussion the word “ sample 7 will be taken m
mean that fraction which is tukoen to represent the whole, whother
or not it does so. The compound words correc’t—smuplu,

Tepresenta.tive-smnple, true-sample, will be used to represent the
ideal conditions.

- ?n the intelligent operation of & mine or metallurgical plant
it 18 n.ecessary to sample and assay continually. In most mincs’
the .(hﬂ’erent faces of orc are sampled every day. In (:onceni
trating plants, it is customary to sample the producis of ovo,ry
machine at frequent and regular intervals, to ascertain wh(/‘tl‘wr
the machine is doing the work expected of it. In smelters ‘it is
necessary to sample and assay every lot of ore, as well as ,ﬂuxv;
and fuels, in order to caleulate a charge which will run [)rol)(-x'l:;r
in the furnace. The slag, flue dust and metallic products m‘u%
also be sampled and assayed, with a view to maintaining coxltr;)l
of the operations. In lixiviation plants, the ore and tailings

as well as the solutions, must be sampled in order that the tlztg;i):
work of the plant may be controlled and checked. In fuct

ca.reful. sampling and assaying cannot be disregarded, and aré
becoming more and more important every day as the grade of ore

decreases and the margin of profit becomes less.

The assayer will usually have the major part of the sampling
done for him, but he is expected to know how to do it when called
upon. He usually has to prepare only the final sample, but will
ocensionally recoive lots of 10 Lo 100 or more pounds Lo uskuy, in
w'hich case he will have to do his own sampling. The folluw’iug
discussion will deal principally with the assay laboratory problems
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of sampling; the question of mine sampling iy entirely omitted,
but methods used in sampling mills are briefly reviewed for the
sake of completeness. '

Methods. — The question of ore sampling is probably the
most complicated of all sampling problems, because of the great
variety of constituents and the lack of uniformity in their distri-
bution throughout the whole mass. It is obvious that, however
we may proceed, the problem is to select a method, such that
every particle of our NON-homugencous mixture, the ore, shall
have nearly the same chance of being included in the sample.
Several methods may be followed to secure this result and, assum-
ing the ore to have had a preliminary crushing, the available
methods are: :

1. Random selection
9. Selection by rule
3. Mixing and cutting

The first two are rough, preliminary methods generally known
as “ gmb—sampling.” The last is capable of mathematical pre-
cision and may be repeated through all stages of the sampling
process. It is the only method which should be used when an
exact sample of the precious metal ores is desired. Iron ores are
go uniform that « grab-sampling » is likely to yield satisfactory
rosults.

When it is considered thut tho final sumplo for chemicul unaly-
gis usually weighs only half n gramn and for fire assay gomowhat
less than 15 grams, and that each must truly represent from 1 to 5
carlonds of ore weighing from 50 to 250 tons, the enormous prac-
tical difficulties of the problem may be appreciated.

Precise sampling may usually be considered to consist of three
distinct operations, repeated as many times as necessary. These
operations are crushing, mixing and cutting. The cutting gives

-a sample and 2 reject. By a vepetition of the three operations the
sample may he further reduced until it has reached the desired
weight.

The whole science of ore sampling depends primarily on 2
correct knowledge of the proper relation between the maximum
gize of the ore particles and the weight of the sample taken. The
problem to be solved in each case is somewhat as follows: when
a particular ore has been crushed to a certain size, how small a

sample is it safe to take from this and still keep within the limit

'

)
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of allowable error? It is necessary to know the ore, the limit of
allowable error, and the mathematical prineiples involved.

‘ Sampling is classed as hand sampling when the mixing and cut-
ting down is done by men with shovels, and as machine sampling
when it is done by some form of automatic muchiné.

; Co'm.mercial Considerations. — The most certain method of
obtaining a representative sample of a lot of ore would be to crush
the whole to 100-, 120-mesh or finer, mix it thoroughly and then
cut down to the desired weight.  This method can be followed for
small amounts of a pound or so, but in the case of large lots it
would entail too much labor and would usually unfit the ore for
future treatment. The method generally adopted is & compro-
mise and consists in crushing the whole lot to a certain predeter-
mined maximum size and then taking out a certain fraction as a
sample. This sample IS again crushed to a smaller size and cut
down as before, and this process repeated until finally the assay
sample is obtained.

The care which is required in sampling, as well as the size to
which a lot of ore or other material must be crushed before a
sample is taken, depends upon the value and uniformity of com-
position of the material. The more uniform it is, the smaller
muy.lm the sumple taken after crushing to any particulur Nz,
For instance, in the case of a solid piece of gulena containing sil-
vor uniformly distributed as un isomorphous silver sulphide, a
picce may be broken off anywhere, and after being erushed, will
give a lot of ore which ig truly a sumple of the picce. I, however
t}]e specimen is not solid galena, but is made up of galena an(i
lLimestone, the silver still being contained in the glena, it will
be necessary to crush the whole lot to a uniformly fine size be-
fore taking out a fractional part for a sample. Furthermore
it will readily be seen that the greater the difference in the grude,
of the different minerals in the ore, the finer the ore must be
crus'hed before a sample of a given size should be taken from it.

$1nce ores are never perfectly uniform in composition, a cer-
tain amount of crushing is evidently necessary in every case.

To determine the amount of crushing it is important to consider
the commercial side of the question, that is, to determine how
far it will pay to go with the process. Evidently a mistake of
1 per cent in the iron contents of a carload of iron ore worth
$3 a ton is less serious than the same percentage error in the
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Machines for crushing ghould be rapid in action and easy to
clean.. Jaw breakers and rolls fulfill these requirements; ball
mills and pebble mills do not.

Mixing. — This step in the process of sampling is often omitted
or allowed to take care of itself. It is a necessary forerunner of
quartering and channeling, but is usually omitted before the other
methods of cutting. Especially in the handling of small lots of
ore in the laboratory, it is best to be over-careful in this particular
rather than the reverse, and, us it adds but little labor, to give each
lot of crushed ore & thorough mixing before cutting. The mixing
of small lots will be discussed under the head of finishing the
sample.

The final step in the sequence of sampling operations consists in
taking out a fraction of the whole, say a quarter or a half, in some
gystematic, impartial manner. The part taken out is called the
sample, and the operation of taking it is the cutting.

Hand Cutting. — The following methods of hand cutting are
occasionally used, but whenever possible are being replaced by
machine cutting.

FRACTIONAL SuoveELING. — This is a rough starting method,
suited only to large lots of low-grade or fairly uniform ore. When
the ore is being taken away from the crusher or shoveled out of
cars, as the case may be, every gecond, third, fifth, or tenth shovel-
ful, depending on the value and uniformity of the ore, is taken
and placed in a separate pile, which is afterwards cut down by
some of the methods described later. When the ore i8 being
shoveled, carc must be taken that each shovelful is taken from the
floor. Lumps which are too large for the shovel should be broken
and put back on the pile. The method is open to the gerious ob-
jection that it is a very simple matter for a prejudiced person

to make the sample either higher or lower in grade than the av-’

erage, by selection of his shovel samples.

(QUARTERING. — This is the method of cutting which accom-
panies coning, It presupposes a thorough mixing by coning, as
the two nlways go togother.

ConinGg. — The sumple is shoveled into a conical pile, each
shovelful being thrown upon the apex of the cone so that it will
run down evenly all around. When a large lot of ore is to be
mixed by coning, it is first dumped in a circle and then coned by
one or more men who walk slowly around between the cone and

L2
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the circle of ore. The best results are obtained by coning around
a rod, as by this means/the center of the cone is kept in a vertical
line. Coniug does not thoroughly mix an ore, but rather sorts it
into fine material which lies near the center and coarser material
which rolls down the sides of the cone. If the ore is practically
uniform in size and specific gravity, the mixing may be more thor-
ox{gl_l. A slight dampening of the ore is said to allow of better
mixing by coning. The floor, for this and other hand sampling
operations, should be smooth, and free from eracks which would
mako good cleaning difficult or impossible. A floor mude of sheet-
iron or steel plates is preferable.

Fla. 22. — Cone of crushed ore.

Figure 22,* a cone of crushed ore, shows clearly the inherent
(%efect of this method of sampling, the segregation of coarse and
fine ore, caused by dropping shovelful after shovelful on top of a
cone.

When the cone is completed, it is worked down into the form of
a flat truncated cone by men who walk around and around, draw-
ing their shovels from center to periphery, or starting at L};e apex
and working the shovel up and down in the path of a spiral.
’l‘l.m poinit Lo be observed hero is not to disturb the radial dis
?rlbution of the coarse and fine ore. After flattening, the cone
is divided into four 90-degree sectors or quarters by means of a
sharp-edged board, or better, by a steel-bladed quarterer. These

* N ¥ i
Conﬂzg?n;{;‘ fl.lerlC’:?x of Mines Technicul Paper No. 86: Ore Sampling
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quarters should, of course, radiate from the position of the cente!{
_ of the original cone. Two opposite quarters are taken out(z‘x'n'(.
rejected and the two others are then taken for the szuup'h-. ,&n,
must be taken at this point to swyeep up all dust helonging to the

Fra. 2

rejected portions before proceedi
be lost nor mixed with the sample.
mixed by coning and quartered, or crus

as the case may require,

il rej oved.
4. — Trimented cone fromn which reject qugrters have been rem

ng, so that this dust shall neithgr
This sample may be again
hed, coned and quartered

A ST
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lump ore before it was broken. Therefore as the size of the ore
particles is reduced a larger and larger number should be taken
for the sample. To conform to this condition the following rule
was proposed by Professor RR. H. Richards: ““ For any given ore
the weight taken for a sample should be proportional to the square
of the diameter of the largest particle. ”

Tho uecompunying tublo, busod on figures tuken from the prac-
tice of several carcful managers, to a certain extent conforms to
this rule. The table was arranged by and is now published with
the permission of Professor Richards.

) TABLE V.
WEeIGHETS To BE TAKEN IN SAMPLING ORE.

1 2 3 4 ‘ 5 ' 8
Weighta of Dismeter of largest particles — millimeters
sample
pounds
Very low Low . Very
Rich or .
grade or grade or Medium ores tted rich and
very uni- | uniform i mpotte spotted
form ores orey ores ores
20,000.000 207.00 114.00 | 76.20 50.80 31.60 5.40
10,000.000 147.00 80.30 53.90 35.90 22 .40 3.80
5,000.000 107.00 56.80 1 38.10 25.40 15.80 2.70
2,000.000 65.60 35.90 | 24.10 16.10 10.00 1.70
1,000.000 46.40 25.40 17.00 11.40 7.10 1.20
500.000 32.80 18.00 12.00 8.00 5.00 .85
200.000 20.70 11.40 7.60 5.10 3.20 .54
100.000 14.70 8.00 5.40 3.60 2.20 .38
50.000 10.70 5.70 3.80 2.50 1.60 .27
20.000 6.60 3.60 2.40 1.60 1.00 17
10.000 4.60 2.50 1.70 1.10 71 .12
5.000 3.30 1.80 1.20 .80 .80 .
2.000 2.10 1.10 76 .81 32
1.000 1.60 .80 .04 L0 22
500 1.00 67 438 .2b 10
.200 .66 .36 .24 .16 .10
.100 .46 .25 17 .11
.050 .33 .18 .12
.020 - .21 11
.010 16
.005 .10

The first column shows the safe weight in pounds for a sample
of ore of any of the six grades shown and for sizes as indicated in
the respective columns. Column 1 applies to iron ores, column 2

A ¢
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The fouowing table is probably th'e bcs’t and c‘ertz‘zin‘ly t_he most
conservative of all. A good deal of intelligent dlscrnmmatmln lxnz?r)
often be used, however, and mere forrfmlas cuu.n(:vgr ble nruc cor(c
cover all possible contingencies. l'or 1nstanc9, n Salfl].)‘l‘ltb an ore
in which the valuable mineral is finely and uniformly ‘disseminate

TABLE VI.
WerGETS To BE TAKEN IN SAMPLING OnRe.

- Size of Grade of richest mineral divided by average grade
z8 articles
i — » [ 2500
& | 10 50 00 | 600 1,500 2.5
€ ¥ . - —
§~ g ’%:3 E & Safe weight in pounds when largest particles ure of size given
wel o= é - gecond column
o | o (H3
003 010 025 .
4 04 ‘ :
1133 &)02 L0003 IR 07 0 J}{:.: t‘):\;
50 .0l00 L0017 KU 030 110 0.;0 wAa
5.0 14 | .0364| . KiLTH] L1 G: i\l mi.w 404: 823:
148 2.6 16.1 5. .
; ;38 30.0 163. 864. 2,000. 5.000 2215?408
’5 75.9 413. 1,680. 5,050 12,600 ,100,
1.0 486. 2,630, 10,700. 32,300 80,900. 140,000.
120 0043 .005 .013 g(r:, . [:(‘;i
. i 032 . e
5 .0005 L0027 .01t . :
“5)8 g‘l)?:) L0026 0143 058 5.;4 “.337 24.;27
0364 0878 470 1.094 . . “
" l: ?ﬁS 4.44 24.2 98.3 203. 740. li,.sl.(i)g.
2 .338 45.0 245. 996. 3,000. 7,500. R;,MOA
: ‘5 114 620. 2,520. 7.580. 19,000. 0‘ ,000.
1.0 72‘): 3,970. 16,100, 48,500, 121,000, 211,000,
081 |- 135
3 .0027 ol .032 . :
1% %;‘? 23?3 10055 022 .068 170 .233
uzg ~0108 .0041 .0222 .0v0 272 .670 4:(1)
10.6 | :0364 coo 148 804 3.26 9.83 | 3[2)3‘6 \ 160,
’ 4 145 7.78 42.4 172, i 518. ,300. 21,9()0.
2 '335! 78.8 420. 1,740. 35,250. 13,100. . ,300.
) ‘5 230. 1,250. 5,080. 13,300 38,200, 63,800.
1 500 3,000 ~ 6,000 15,000 30,000 60,000
798 1.59 3.19
.0036 .0798 159 319 g ,
:gg ﬁ:! 136 272 544 1.36 2‘7[2 l?.‘:u
100 -0055 284 .569 1.14 2.84 ig) 45.6
7.6 50 | owo| 1.4 2 o Jua 2 L
o364 | 41.2 2. 5. . , .
li ?‘ji 2,170. 4,350. 8,000. .| 21700, 43,500, ,thll,w.
2 .33’5 22:000. 144,000 88,100, 220,000, 440,000 1881,000.
T B O O S TR et e e
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CHAPTER V
THE SCORIFICATION ASSAY.

The scorification assay is the simplest method for the deter-
mination of gold and silver in ores and furnace products. It
consists simply of an oxidizing mufflie fusion of the ore with
granulated lead and borax-glass. The lead oxide formed com-
bines with the silica of the ore and also to a certain extent dissolves
the oxides of the other metals. The only reagents used other
than lead are borax-glass and occasionally powdered silica, which
aid in the slagging of the basic oxides.

The scorifier is a shallow, circular fire-clay dish 2 or 3 inches
in diameter. The sizes most commonly used are 2}, 2] and 3
inches in diameter.

The umount of ore used varies from 0.05 A. T to 0.25 A. T,
the amount most commonly used being 0.10 A. T. With this iy
used from 30 to 70 grums of test lead and from 1 to 5 grams of
borax-glass, depending on the amount of base metal impurities
present. Sometimes powdered silica and occasionally litharge
are also used.  With nearly pure galena, or a mixture of galena
and silica, a charge of 30 to 35 grams of test lead and 1 gram of
borax-glass will suffice for 0.10 A. T., of ore, but when the ore con-
tains nickel, copper, cobalt, arsenic, antimony, zine, iron, tin, etc.,
a larger and larger amount of lead and borax-glass must be used
according to the relative ease with which the metals are oxidized
and the solubility of their oxides in the slags formed. Of the

will have {0 be rescorified once or twice with added lead. Iron,
on the other hand, is comparatively readily oxidized, und except
for the necessity of adding an extra amount of lead and borax-
glass to make a fluid slag the ore is as readily assayed as gulena.
Lime, zine, and antimony require especially large amounts of
borax-glass to convert their refractory oxides into a fusible slag.
Solubility of Metallic Oxides in Litharge. — Lithurge although
a strong base, has the power of holding in igneous solution cer-
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tain quantities of other metallic oxides. This h:.xs an importunt'
bearing on the ease or difficulty \vitl_l which various momlsj u.\u?
be slagged iv seorification. A(r(:(')rdn.xg to Bm:t’hwrr and Percy,
the solubilities of the various metallic oxides in litharge are as
shown in the following table: |

w0 CuO ZnO Fe05 MnO $nO; TiO:

0O art of
e re 1.8 8 10 10 12 3

Requires parts of PO 1.5

Antimony trioxide (Sb;0s) dissolves in litharge in all propor-
tions. _
. Heat of Formation of Metallic Oxides. ——-'-Anot.l'\.er 1mp0rt.a.n‘t,
fuctor having to do with the elimination of impurities by H(!(H'lf'l-
cation is the relative heal of formuation of the various motumc
oxides. In a mixture of various mp‘tullic sulphides, (assuming
for a moment the ignition temperature to be the same for all),
that reaction in which is evolved the greatest amount of heat
would naturally proceed at the fastest rate. The heat .of con-
bination of various metals each with 16 grams of oxygen is shown
in the following table. This basis is used on the assumption that

the amount of oxygen is limited.

TABLE XV.
HEar OF FORMATION oF METALLIC OxIpES.!

—— T T

Reaction. Heat of cormb. with 16g0

Renction, Heat of comb. with 16g0

. : 35,8 .
Zine to Zn0 138,000 83,260 | Bismuth to Bi:Os 1»——3509 45,167
Tin to SnO: : ‘é 69,000 Copper to Cu:0 8300 40,000
Iron to Pe0.0 64100 | Telluriom to TeDs  —5— 30,150
A (4 y
Cobalt to CoO 57,600 , 090 . 470

! /165,300 55,100 Sulphur to SO, 5 35,4
Antimony to $b:04 S :'r Copper to CuO 3‘(1‘,29)8
Lend to PbO 000 52,500 | Silver to AgO 19,900 3,
Arsenic to As:0s L@é—‘ 51,333 | Gold to Au:0s - -4,300

1 Those ure hoats of foriuation ut room temperature, 15° C. To change to somo other Lomiporys
ture such s 800 O, wublruot (800~ 18) titon the mesu woleoulur speoilie heat of the ulde,
1{ the specitio hout of the compound s tot kuown, sdd the utomlo heuts of the vlements.

Ignition Temperature of Metallic Sulphides. — The ignition
temperature of the metallic sulphides may also be of interest
in this connection.
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TABLE XVI.

[aNrTioN TEMPERATURES! OF MeTALLIC SuLPHIDES WHEN HEearep IN Alr.
. Ignition . Ignition

Material Formula Temp.® C. Material Fo.rmula Temp.® C.
Stibnite SbaS; 290-340 Galena? Pbs 554-847
Pyrite FeS, 325-427 Millerite NiS 573616
Pyrrhotite IFexSx4r 430-590 Argentite AgaS 7| GOH-873
Chalcocite Cusd 430679 Sphalerite Zn8 647-810

! Friedrich, Metallurgie, 6, p. 170 (1909).
# In Oxygon,

The metals in Table XV are arranged in order of their heats
of combination with oxygen, expressed in terms of a unit weight
of oxygen. This is the order in which they will be removed in
scorification. or cupellation. In general it may be said that the
metals in a molten alloy, such as a lead button on a cupel, or the
lead alloy in a scorifier, are oxidized in succession, each partly
protecting those which are less casily oxidized than itself.  This
separation is not quantitative however, owing to the effect of
mass action, and in the case under discussion, where we have a
large amount of lead and small amounts of other metals, a con-
siderable amount of lead would be oxidized during the complete
oxidation of the metals above it in the table.

Those metals which lie below lead in the table will be but
slowly slagged in scorification and only at the expense of a large
amount of lead. Thus, during scorification or cupellation, bis-
muth, copper and tellurium are concentrated in the residual
unoxidized lead and this explains why it is so difficult to separate
these metals from silver by scorification and cupellation. This
can only be done by repeated scorification with fresh lead and, as
might be expected, this will result in a considerable loss of silver.

From their positions in the table, it is evident that silver is
pot easily oxidized and that gold is protected by all other metals.

To ono who hus & knowledge of the mineral churactor of the
ore, a glance at the ignition temperature of the sulphides shown
in Table XVI will afford an idea of the initial temperature re-
quired for scorification. From a comparison of the heats of
oxidation of the metals present with that of lead, the relutive

-y T
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brittle it may contain impuritics which must be removed by re-
scorifying with an additional amount of granulated lead. :

Finally cupel and weigh the resultant silver or doré bead3
Report in your notes the weight of ore and reagents ugsz,
the weight of lead button obtained, as well as the weighl
and assay in ounces per ton of gold and silver. Note also the
time of scorification and cupellation and describe the appear-

ance of the scorifier and cupel.

Notes: 1. The ore must be so fin
roprosont the whole; 100-mesh may he fine
may be necessury for wome othors.

2. In weighing out the ore, spread the sumple which has been thoroughly
mixed, into a thin sheet on the glazed puper at one side of the pulp balance.
Place the weight on the right-hand pan and the ore on the left-hand pan.
With the spatula mark the ore off into squares 1 inch or so on a side, and then
take a small portion from every square for the sample, being sure to take a
section from top to bottom of the ore. During this first sumpling the senle-
pan should be held over the paper in one hand and the spatula in the other.
When what is judged to Le the right amount of ore is obtained the pan is put
back on the balance and the hand with which it was held is used to turn the
balance key. ) .

The balance should be turned out of action each time ore is put on or taken

off the scale-pan and the pointer need move only 1 or2 divisions to indicate
whether too much or too little ore is on the pan. To obtain the final balance,
take off enough on the point of the

have & little too much ore in the pan,

spatula to reverse the condition of balance. With the balance key lift the
beam only enough to allow the pointer 1o swing 1 or 2 divisions to the left
of the center and then hold the key in this position. Hold the spatula over

the pan aund by tapping it gently with the first finger allow the ore to slide

off onto the scale-pun a few grains at s time, until the balance is restored and

the needle swings over 1o the center. By repeating this process, rejecting
the ore retained on the spatula ench time, an exact weight can soon be
obtained.

3 The value of the results depends upon the care which is taken in
mixing, sampling and weighing out the charges. Do not attempt to suve
time by slighting the mixing, for if a true sample i8 not obtained at this point
no amount of subsequent cnre will avail to give reliuble results.

4. Instend of being weighed, the granulated lead may be measured
with suflivient soourucy by the use of v shot wensure or small erucible.  The
bornx-gluss may also be mensured.

5. The size of scorifier to be used depends upon the amount of ore,
lend, borax-glass and silica used, and should be such as to give o button of
approximately 15 to 18 grams. 1f & large scorifier is used with a small
amount of lead the resulting lead button will be very smuall and a high loss of
gilver will result. Again, the larger the amount of borax-glass that is used
the more slag there will be and the sooner the lead will be covered.

e that a sample of 0.1 A. T. will truly
onough for some ores, 170-mesh
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6. If the contents of tl i
1e scorifiers do not be ¢
e . : come thoroughly liqui
o a smooth surface of slag after ten or fifteen minutes, tl ii' y pauid u'nd
eit ;er ;nore heat, more borax-glass or more lead ) I SNYS requie
. If the ore contains much ti i ‘
ch tin, antimon, ic, ni

e ‘ . n, Yy, arsenic, nickel or large
ol bus Ze;)txx.deio sfu(,h as hematite, magnetite, etc., an iufusiblg :‘:20_““"5
lmost cer :letix“ omll.oE the surface of the slag or on the sides of the ::L iy

her a high temperature nor x-gl -y
flor i either ' extra borax-glass will )
" roa.]i:grlu is likely to enclose particles of undecomposed orle t;lefllOV(--
s procedure is to make a fresh assay with less ore, and with su 'hL (:;)ly

, ch other

chuug(,u i Lhurgu and i C
v : i1 mumpulutwn us th sXper
v the e perience of the first {ssRYy Inny

8.' Ores .contuini;]g pyrite_pequire a  higher temperatyre duri g_th ¢
. it : ) 1 g
’qﬁ N ariod (i, coueluing guluup- e
V. Homo wssuyors add lithargo 1o _the seorificution chus i
with pyritic ores. On hc:},l‘,{l_aﬂ‘:‘ “the Irl_t.lrur]—m i3 redueed (o nwﬂl,i’( Ulﬂll:(“’;’ll:llt)i'
uqlpggg[ of the pyrite being oxidized. ‘ e
10. Li i 1g b
e Bcoﬁ;itémrgeé beu’lg a strong base, has a great affinity for the silica of
the l-md_lr au“} espccml_ly _when mixed with copper oxide, it uL‘Lack a'tl(')
" ,;dd I)O:V)"J.emd hﬁl‘l s&:cthnf)l'mg ;natbe and copper bullion it i:; often nvccissu;l;
red silica to the ¢ s Ve i ’ '
o uel b charge to prevent u hole being eaten through
lﬁ. The lead button should weigh from 12 to 20 grums. 1f it i ‘
’ $) IS e N y l l ‘
8 na‘ (,rl tl.mn tlluslthbrc wdanger of 4 loss of silver due o uxiduti()‘;rmriﬂ'“mb
wh‘ﬂ",t 1w ore is rich.  If the button is too lurge it may be r¢ p';mjﬁ(L(LI ’:B@"' .:,‘.lxpw“y
scorificr 1o the size desire. : e R "
12. Hard buttons mayv be d
A ue to copper, antimo i
o tbton 4 8 ny or in fact
aﬁz meiaml alloyed with the lead. Brittle buttons may be due to onebofulmoat
1);36( 'Il‘r;let.uls, olr»to tlxg»}l}igls’e}_r}rce of sulphur or lead (;;idc e
h0m~‘ e sc.onher slag _sﬁould be howmogeneous and glassy, If
: ;)ge,li‘ious lpt probably contains undecomposed ore ' o
. e white patches occasionall in ¢
‘ : y found in the slag ar
{nostly of lead sulphate which is formed when the scorific tion 1, e
oy rification temperuture
15. Scorifier slags are i i
. essentially oxide sla i
o _ ) _ gs and consist of m ic
Il us dnasolvg(.i in an excess of molten litharge, together with smalle e
of dissolved silicates and borates. ) ' wher mmouns
16. If too initi i
o fow an mmal_ bcmpemture is employed or if the mufile door
is opened {0 Llmoorll, the scorification losses may be considerable, owing to t}
ste 10 slag, or t i sorifi , -
roln Lo g on the sides of the scoritier, of undecomposed silver

'l'lm sc‘orlhcution assuy is simple, inexpensivo and reasonubl
rupld.. For the determipation of silyer in sulphide_ores havi yg
an_acid gangue, it s generally satisfactory uud widgly w1
is particularly suited for the determination of silver | e con
1:9_19_12;; considerable amounts of the w‘lﬁlﬂcs ur;;f%h?ﬂms .
timonides of the difficultly oxidizable base m’emls, pafiictzlliaz:i;
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_(W@t. ‘Tt is used in many localities for sil-
ver in all sulphide ores, as well as for gold and silver in copper
bullion, impure lead bullion, copper and nickel mattes and speiss.

It is not to be recommended for pure ores, low in silver, be-
cause of the difficulty of handling and weighing the small beads
obtained. Rich ores have to be weighed more carefully for scor-
ification assays, than for crucible assays where usually two and a
half to five times as much ore is used, in order to obtain the
same precision. The ordinary charge using 0.10 assay-ton of
ore, does not give a closo enough approximation on o gold ore
for commercinl purposes. Therefore, in the caso of ores, this
method is restricted to those containing only silver. Ores con-
taining both silver and gold will ordinarily be assayed by the
crucible method so as to obtain gold results of the necessary
precision.

There is no good reason for scorifying ores or products which
do not require oxidation, and scorification is entirely unfitted
for those ores carrying higher oxides such as magnetite, hema-
tite, pyrolusite, ete. It is not suitable for ores having any con-
siderable amount of basic gangue as but a small quantity of
acid reagents can be used. It should not be used on ores. con-
taining volatile constituents such as carbonates and minerals con-
taining water of crystallization which tend to cause spitting and
consequent loss of alloy. Volatile compounds of the precious
metals are more likely to escape from a scorifier than from a
crucible because of the exposed conditions of the ore in the former.

Chemical Reactions in Scorification. Rractions DuE To HeaT
ALONE. —Various chemical changes may be caused by heat alone,
s0 that during the fusion period, even in the absence of oxygen,
the hydrates give up their water, most of the carbonates give
up their carbon dioxide and are converted into oxides and even
some of the sulphates are decomposed. '
,/-ZY;\Chulcopyrite breaks up as follows when heated to 200° C.:

2 Cu Fo8; = Cus8 + 2 F'eS + 8.

As soon as the temperature rises above 540° C. the iron and cop-
per sulphides melt, forming matte. :
Pyrite, when heated to redness, is decomposed about 28

follows:
7 FeS; = FerSs + 6 S,

et et e

et

¥
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The exact composition of the residual iron sulphide depends
upon the temperature and the partial pressure of the sulphur
vapor. For all practical purposes the reaction may be written

FeS; = FeS + S.

.During the fusion stage the lead melts and reacts with any
silver sulphide which may be present, as follows:

AgS 4+ Pb = 2 Ag + PbS.
The metallic silver is immediately dissolved by the excess of
molten lead,

Su.\u Fouming Reacrions. — According -to the evidence of
freczing-point diagrams o few simple combinations of silica and
'.che vz_xrious metallic oxides form compounds.  So we are justified
in writing reactions such as the following:

2 PbO + Si0; = Pb,SiO,.
This may be termed a slag-forming reaction but, in general
slugs, as far as we know, are igncous solutions of one cuustitucm;
oxide i another,  In the molten state they follow the laws of
solutions and should be so considered.

Most chemical reactions cause cither an evolution or an ab-
sor'pt,ion of a considerable quantity of heat, but, from what little
evidence we have, the heats of formation of silicates and borates
from their component oxides is very small and it is doubtful
whether these combinations should be termed reactions.

SiMpLE OXx1DATION. — As soon as the air is admitted to the
n_lufﬂe, the lead begins to oxidize to PbO, and this oxidation con-
tinues through the whole scorification period.

.Roasting Reacrions. — The sulphides in the ore are roasted
as indicated by the following reactions:

FeS + 30 = FeO + SO,

PbS + 30 = PbO + 80,

2PbS 4+ 70 = PbO + PbSO4 + SOy,
Zus 4 30 = Zn0 + 80,

Sbgs;g + 90 = szOa + 3802.

Part of the Sb,0; is volatilized, and part of it is oxidized to
Sb,0; and combines with litharge, forming lead antimonates
zPb0.ySbe0;. Arsenic behaves much like antimony. ’

The roasting reactions shown above are exothermic and, owing
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to the escape of the sulphur dioxide, proceed rapidly in a right-

handed direction.
ReacrioNs BETWEEN SuLPHIDES AND Oxipes. — After enough

PbO has been formed to slag the siliceous gangue, the litharge
which is formed reacts on the partially decomposed sulphides,
aiding in the elimination of ‘sulphur, thus:

PbS + 2P0 = 3Pb + SO,
7ZnS + 3Pb0O = 3Pb + Zn0O + S0,
AgS + 2PbO = 2Pb.Ag + SO,
Lead sulphate also reacts with lead sulphide as indicated by the
following reactions:
PbS 4+ PbSO, = 2Pb 4 2S0,,
PbLS + 2PbS0O = Ph + 2PbO + 350,,
PhS + 3PbSO, = 4PhO -+ 450..
The double reactions shown above are endothermice, and hence
are probably relatively unimportant in scorification.
If CusS were present in the ore, part of it would be oxidized to
CuO, und then the cuprous sulphide and the cupric oxide would
tend to renct us follows:

) CUzS + 2Cu0 = f}gl:l_'f— 802
A similar reaction between the litharge and the cuprous sul-
phide would probably take place as follows:

CugS + 2PbO = 2(}@3? + SO,.

A prolonged scorification is required to remove the copper thus
reduced and alloyed with the lead. The last two reactions are
more pronounced at high temperatures, so that for the elimination
of copper in the scorification assay it is evident that a low mufile
temperature should be maintained.,
ieindications of Met ' ';Present — The color of the thin coating
of slag on the scorifier 15 an “dication of the amount and kind of
metal originally present in the ore, and taken in counection with
the mineralogical examination of the ore it gives n very good
appxoxunatmn as to its composition.

CorPpER gives a light or dark green, depending on the amount
present. 1f there is much iron in the ore this color may be wholly
or in part obscured by the black of the iron oxide. Practically
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all of the iron is removed in the first scorification, so that in assay-
ing a copper matte the first scorifier may appear black while the
second one will be green. The green color is said to be due to a
mixture of blue cupric silicate and yellow lead silicate.

IroN. — A-large amount of iron makes the scorifier black, from
which the color ranges from a deep red through various shades of
brown to a yellow brown.

Leap, in the absence of other metals, makes the scorifier lemon-
yellow to a very pale yellow.

CosaLT gives a beautiful blue if other metals do not interfere.

NickeL colors the scorifier brown to black depending on the
amount present. When much nickel is present the cupel becomes
covered with a thick film of green nickel oxide.

Mancangsk colors the scorifier brawnish-black to a beauiifules=

wine-color, >~

ARSENIC and ANTIMONY, if present in large amounts, will leave
crusts on the inner surface of the scorifier even if much borax-glass
1s used. In the absence of other metals the scoria will be yellow
in color.

If a scorifier is colored dark green, indicating much copper, dark
blue, indicating much cobalt, or black with infusible scoria, in-
dicating nickel, the button should be scorified again with more
lead.

Rescorifying Buttons. — When it is necessary to rescorify but-
tons to remove copper or other impurities, or when bullion is
assayed by scorification, a good plan 1s to place the scorifiers con~
taining the right amount of test lead in a hot muffle.  When the
molten lead has ceased spitting, the button, or bullion, is drgpped
in. This precaution is suggested to prevent loss of bullion by
spitting which occurs quite often in rescorifying, probably be-
cause of moisture in the scorifier. Another method is to place
the scorifier in the muffle and heat for ten or fifteen minutes and
then drop in the buttons and the proper amount of lead.

Buttons weighing over 35 grams should be scorified to 15 or
20 grams before being cupeled. If this is carefully done, the loss
of silver should be less by the combined method than by direct
cupellation.

Spitting of Sconﬁers —-—Ou monally small particles of lead
are seen being projected out of the scorifier. This is due to de-
crepitation of the ore or to the action of some gas given off by the
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ore or scorifier itself. If the particles of lead do not all fall back
into the scorifier a loss of precious metal will result. The direct
cause may be found among the following and a proper remedy
applied: :

1. Dampness of scorifier. ,

2. Presence of carbonates in clay from which scorifier was
made. :

3. Imperfect mixing of charge, resulting in ore being left on
the bottom of the scorifier and covered with lead.

4. Too high a temperature at the start, resulting in<too rapid
oxidation of sulphides, evolution of CO; or violent decrepitation.

5. Admittance of air into the muffie too soon, resulting in too
rapid oxidation. (Especially to be avoided in the case ol ores or
products carrying zinc.)

6. Character of the ore itself. (Ores containing carbonates
ete., are not suited for seorification.) ’

Assaying Granulated Lead. — Almost all assay reagents con-
tain traces of gold and silver, but the lead and litharge are es-
pecially likely to contain these metals in appreciable amounts.
Fach now lot of grunulated lead which in obtuined should bo
sumplod und wssayod boforo 1t Is used, and in cuse uny silver or
gold is found a strict account must be kept of the lead used in
cuch assny and a correction for its precious metal contents
made. '

ProcEDURE. — Scorify 2 or 3 portions of 120 grams each in
3} or 4 inch scorifiers. If necessary rescorify until the buttons

" are reduced to 15 or 20 grams. Cupel, weigh and part. This

correction must be made even if extremely small, as any error
thus antroduced would be multiplied by 10 in reporting the re-
sults in ounces per ton.

Scorification Assay for Gold. — The silver in an ore can ‘be
determined with a sufficient degree of accuracy by taking 0.1
A. T. for each assay, since we may thus determine the contents
of the ore to 0.1 of an ounce, or its value to 5 or 10 cents a ton.
When, however, we determine gold to 0.1 ounce per ton by this
same method, we have determined its value to only $2.00 per ton,
which is not sufficiently accurate for any but very high-grade
ores. Ior this reason the scorification assay is not usually chosen
for gold ores unless they contain impurities which interfere seri-
wusly with the crucible assay.
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SCORIFICATION ASSAY OF COPPER MATTE.

Procedure. — Take three portions of 0.1 A. T. of matte, mix
with 45 grams of granulated lead and 1 gram powdered silica in a
3-inch Bartlett scorifier, and cover with 30 grams more of lead.
Put half a gram of borax-glass and 1 gram of silica on top. Scor-
ify hot at first and then at a low temperature to facilitate slagging
the copper.

When the lead cye covers, pour as usual and separate the lead
from the slag.  Weigh cach button and add sufficient granulated
lead to bring the total weight to 60 grams and drop into three
new scorifiers which have been heated in the mufile.  Add about
1 gram of silica and scorify at a low temperature.

If neeessary, repeat this second scorification until the cool
seorifiers are light-green.  Cupel as usual.  The color of the cu-
pel should be greenish and not black,  The lutter color indicates
insufficient scoritication.

Weigh the combined silver and gold and part, weighing the gold.

Notes: 1. For matte containing not more than 30 per cent of coppe.
two scorifientions nro sufliciont,

2 Thiv method givos eathor high slag wnd eupol lowsos wnd for exuol
work tho slugs and cupels ure renssnyod und s correction made for their silver

“and gold contents,

3. The final silver beads will often contain from 2 to 4 per cent of
copper.

4. When accurate results in gold are desired, as many as 10 portions of
0.1 A. T. each of matte are scorified and the buttons combined for parting and
weighing.

Losses in Scorification. — Losses in scornfication may be due to
‘“ spitting,” volatilization, oxidation and slagging as well as to
shots of alloy lost in pouring. Some loss due to oxidation and
slagging is unavoidable, but it should be low. If there is any
decided loss by volatilization it shows that the process is un-
suited to the ore, :

The tendency of scorification assays to “spit’’ is one of the
most serious objections to the process. Ores which decrepitate
or contain volatile constituents such as CO,, H,0, ete., (CaCO,,
CaS0,.2H,0) are unsuited to the process and should be assayed
by crucible methods. Very often a preliminary glazing of the
scorifier with a mixture of sodium carbonate and borax-glass will
prevent spitting. The scorifiers should always be kept in a
warm, dry place.
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Losses of alloy, due to failure of all the lead to collect in one
piece, may be caused by careless pouring, in which case some of
-the lead may splash on the side of the mold and solidify there,
or by a poor slag, or a cold pour, resulting in shots of "alloy
being left in the scorifier or scattered through the slag in the mold.

As scorification is an oxidizing process it iy only reasonublo to
oxpoct some loss due to oxidation of the precious metuls, und
this. will naturally be greater the longer the scorification is con-
tinued and the more intense the oxidizing action. Silver is more
easily oxidized than gold, therefore we should expeet a much
greater loss of silver than of gold. To keep this loss at 2 minimum
let the liquefaction period be thorough. The molten lead tends to
reduce and collect some of the silver previously slagged.  Some as-
sayers recommend sprinkling a small amount of charcoal over the
slag in the scorifier just before closing the door of the muffle for the
tiquefuction period, with the idea of reducing some lead from the
slag and thus collecting most of the oxidized silver by the rain of lead
shot thus induced. Inglish authoritics almost invariably recom-
mend this practice which they term * cleaning the slag.”

Keller* gives average figures for corrected assays on anode
mud known to contain 3750 ounces of silver per ton. Assays
were by scorification and in one series scorifications and cupel-
lations were run hot while in the other they were run cool.
The results, each representing an average of twenty individual
assays, are shown in the following table:

TABLE XVII.
Assays or Correr ANove RESIDUES.

Hot scorification Cool seorificution
wnd -oupellation undl oupellution
Orlgin

Bilver oz, Gold oz, Silver oz, Gold oz,
per ton per ton per ton per ton
Inbeads............... 3613.12 28.030 3688 .85 27 815
Inslag................. 55.38 0.010 56.44 0.020
Incupels............... 21.64 0.045 20.93 0.025
In decantation.........| ... . ... 0.075 | ....... 0.225
Total................ 3690.14 28.160 3766.22 28.085

* Trans. A.ILM.E., 60, p. 706.

-
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The greatest difference between hot and cool assays is shown
in the uncorrected assay results. The other figures agree sur-
prisingly well. The loss of silver shown by these figures is very
high, due to the repeated scorifications necessary and the effect
of copper in increasing the loss. The loss of gold is extremely
smull and sorvos to illustrate the protective action of silver on
gold.

The difference in temperature of hot and cool cupcllations
could not have been great, or else the cool scorification gave
purer buttons for cupellation, as the cupel losses differ very
little.

Because of the low results of the corrected assays, in the case
of hot scorifications and cupellations, compared with the known
silver content of 3750 ounces per ton, Keller concludes that there
must have been a decided loss of silver by volatilization. This
is a good argument for cool scorification in copper work as well
as for cool cupellation.

The gold lost in decantation, in the case of beads resulting
from cool work, is three times that for beads resulting from hot
work. This difference he claims to be due to increased disintegra-
tion of the gold, because of the presence of added impurities re-
tained in the beads resulting from cool cupellation.

Use of Large Ore Charges in Scorification. — While the us_ual
charge for a scorification assay is 0.1 assuy-ton, Sunonds* claims
to be able to obtain good results on practically all classes of sul-
phide ores using 0.5 assay-ton of ore, 75 grams of leud. and 2.5
grams of borax-glass in a 3-inch shallow sconﬁer.’ fI‘lus should
certainly cause no difticulty with mixtures consisting only of
galena and quartz.

Scorification Charges for Different Materials. — The follow-

ing churges huve been found generally satisfuctory:
* California Mines and Minerals, p. 226 (1899).
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TABLE XVIII.
ScomFxc,«'mou CHARGES.

Charge
1
Material )
T il Y . Heat
Asaay lead g | o8 %wli" e
Tons Grams Grama e :il:z

Galena........... 0
Hal‘f galena, half ! 5 1 - o Low

silica. . ......... 0.1 35 -
Low grade galena.| 0.2 45 3:1 - %3 ilgw
Hyrl"l_te ............ 0.1 50 2-3 - 2% M d'w

pyrite, half ecium

silica. .. ... ... 0.1 £ ~ -
Shbmtq .......... 0.1 5{)?20 %—g - 2}3’3 Mﬁidlum
Sphalerite. . .. .. .. 0.1 60 3-5 1-2 3 ngh
érsemcul ore.... 0.1 45-60 1-2 - 213 H!gh
Cobalt ore. ... . ... 0.1 60 3 - 3 H‘lgh
Nickel ore..... ... 0.05-0.1 60 3 - 3 H!gh
%‘h&lcupynte ...... 0.1 60 1-2 1 3 L e
Lén ore .......... 0.1 60-70 2-3 11 333 qu

ad matte. ... ... 0.1 50 4 - p eh
Copper matte. . .. 0.1 60 1 1 ﬁ% Il:g:rv

A\ ciiian

ST ———

SR —_,
- g s
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Fusion Periop. — Place the scorifiers about midway in the
muffle, close the door and allow the contents to become thor-
oughly fused.

RoasTiNg Periop, — When thoroughly fused, open the door
to ndmit air to oxidizo the ore and lead. If the ore contsing
sulphides these will now be scen floating on the top of the molten
lead. The sulphur from these is burned going off as SO, and the
base metals are oxidized and slagged. 'The precious metals
remain unoxidized und are tuken up by the lead bath.  These
patches of ore grow smaller and soon disappear, after which the
surface of the melt becomes smooth, consisting of a bath of mol-
ten lead surrounded by a ring of slag.

The vapor rising from the assays will often indicate the char-
acter of the ore. Sulphur gives eclear gray fumes, arsenic grayish-
white and antimony reddish. Zinc¢ vapor is blackish and the
zine itself may be seen burning with a bright white flame.

ScorirFicaTioN Periop. — The lead continues to oxidize and
the ring of slag around the circumference of the scorifier be-
comes larger as more of the lead is oxidized. Tinally the whole
of the lead is covered with slag and the scorification is finished.
The ore should be completely decomposed and practically all
of the gold and silver should be alloyed with the metallic lead.

Liqueraction Periop. — Close the door of the muflle and
increase the heat for a few minutes to make the slag thoroughly
liquid and to eusure a clean pour. Then pour the contents of
the scorifiers into a dry, warm, scorifier mold which has heen
previously coated with chalk or iron oxide. Pour into the cen-
ter of the mold, being carcful to seo that tho lead does not spatter
and that all of it comes together in one picee. The inside sur-
face of the scorifiers should be smooth and glassy, showing no

lumps of ore or undecomposed material.
When the slag is cold examine it and the sides of the mold

carefully for shots of lead. These are most likely to occur at the
contact of the slag with the mold, and if found should be saved
and added to the main button. Next separate the main lead
button from the slag, hammer it into the form of a cube and weigh
to the nearest gram on the flux balance.

If the lead is soft and malleable, and the color of the scorifier
docs not indicate the presence of large amounts of copper, nickel
or cobalt, the button is ready for cupellation. If it is hard or

-
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brittle it may contain impurities which must be removed by re-

seorifying with an additional amount of granulated lead.

Finally cupel and weigh the resultant silver or doré beads.
Report in your notes the weight of ore and reagents used,
the weight of lead button obtsined, as well as the weight
and assay in ounces per ton of gold and silver. Note also the
time of scorification and cupellation and describe the appear-
ance of the scorifier and cupel.

Notes: 1. The ore must he so fine that a sample of 0.1 A. T. will truly
repréfent the whole; 100-mesh may be fine enough for some ores, 170-mesh
may be necessary for some others.

2. In weighing out the ore, spread the sample which has been thoroughly
mixed, into u thin sheet on the gluzed paper at ono wido of the pulp baluneo.
Pluce the weight on the right-hand pun and the ore on the left-hand pan.
With the spatula mark the ore off into squares 1 inch or so on a side, and then
tuke a small portion from every square for the sumple, being sure to tuke u
soction from top to bottom of the ore.  During this first sampling the scale-
pun should be held over the puper in one hand snd the sputuls in the other.
When what is judged to be the right amount of ore is obtained the pan is put
back on the balance and the hand with which it was held is used to turn the
balance key.

The balance should be turned out of action each time ore is put on or taken
off the scale-pan and the pointer need move only 1 or 2 divisions to indicate
whether too much or too little ore is on the pan. To obtain the final balance,
have a little too much ore in the pan, take off enough on the point of the
spatula to reverse the condition of balance. With the balance key lift the
beam only enough to allow the pointer to swing 1 or 2 divisions to the left
of the center nnd then hold the key in this position. Hold the spatula over
the pan and by tapping it gently with the first finger allow the ore to slide
off onto the scale-pan a few grains at a time, until the balance is restored and
the needle swings over to the center. By repeating this process, rejecting
the ore retained on the spatula each time, an exact weight can soon be
obtained.

3. The value of the results depends upon the care which is taken in
mixing, sampling and weighing out the charges. Do not attempt to save
time by slighting the mixing, for if a true sample is not obtained at this point
no amount of subsequent care will avail to give reliable results.

4. Instead of being weighed, the granulated lead may Dhe measured
with sufficient accuracy by the use of a shot measure or small crucible. The
borax-glass may also be measured.

5. The size of scorifier to be used depends upon the amount of ore,
lead, borax-glass and silica used, and should be such as to give a button of
15 to 18 grams. _1f u Jurge seorifier is used swith o sl
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" CHAPTER VI

THE ASSAY OF COMPLEX ORES AND SPECIAL
METHODS.

THE ASSAY OF ORES CONTAINING NICKEL AND COBALT.

Ores from the Cobalt district of Ontario present unusual diffi-
culties for the assayer, as well as for the metallurgist. The
high-grade ore, which carries several thousand ounces of silver
poer ton, is an intimate mixture of tho arsonides and sulphides of
cobalt, nickel and silver with a large amount of whut appears to
be native silver, but actually consists of an alloy of silver with
arsenic, nickel and cobalt.

The question of determining the amount of silver in a shipment
of such ore is actually more of a sampling than an assaying prob-
lem. The accepted method of sampling consists in crushing the
entire lot of ore to a relatively small size and separating the me-
tallic from the non-metallic portions. Each portion is then as-

sayed separately and the results combined to give the average

silver content of the ore. For a more detaled account of the
sampling of such an ore the student is referred to Volume 11,
pages 287 to 293 inclusive, of the J ournal of the Canadian Mining
I[nstitute where the practice at the Copper Clff smelter is de-
seribed. A later paper describing the method used at the Cobalt
sampler may be found in the Transactions of the Canadian
Mining Institute, Volume 17, pages 199 to 251 inclusive.

For low-grade ores containing but little nickel, the crucible
method of assaying will give satisfactory results. For details
reference may be made to an article on this subject in the En-
gineering and Mining Journal, Volume 90, page 809.

For high-grade ores, a properly conducted combination method
will yield higher and more concordant results than can be ob-
tained by any “all-fire” method. The following method of
A. M. Sioot is taken from his discussion® of this probletn.

* Trans. Can. Min. Inst. 17, pp. 244-250.
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. little at a time until danger of frothing is past.
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The Combination Assay. — Quarter- or half- assay-ton portions
of the pulp are taken, the former weight if the sample contains
over 2000 ounces per ton, the latter if the silver is less than this.
The pulp is treated in beakers with strong nitric acid, added a
About 75 c.c.
of acid is required for 0.25 A. T. portions and 100 c.c. for 0.5
A. T. portions. The solutions are heated on a steam bath until

red fumes cease to be generated and are then diluted with 200
c.c. of distilled water and allowed to stand ‘until cold, preferably
over night. It is very important that the solutions be allowed
to stund before they are filtered, beeause with certain ores con-
taining much arscnic together with some antimony and lime, o
white crystulline coating appears on the bottoms and sides of the
heakers and cannot be detuched by wushing or even Heruping.
"This coating contains u little silver, and if it is not allowed to
-form in the original nitric acid solution it forms later on in the
process and makes trouble. Insoluble residues are filtered off
and washed thoroughly. If there is any coating on the ‘sides and
bottoms of the beakers which cannot be readily detached with a
piece of filter puper, it is treated in the beaker with a hot solution
of caustic soda which quickly disintegrates it. The caustic soda
solution is acidulated with a little nitric acid and washed into
the filter with the insoluble residue. Most of the silver is dissolved
by the original nitric acid treatment and passes through the filters
as silver nitrate, but a little remains with the insoluble residue.
1f the insoluble residues are large in amount they are dried and
burned in ecrucibles, fused with sodium carbonate, borax-glass,
litharge and a reducing agent. If they are small they are dried
and burned in scorifiers and seorified with test lead and borax-
glass. In either casc, the lead buttons from the insolubles are
reserved. Standard sodium chloride solution is added to the
nitric acid solutions in amount sufficient to precipitate all of the
silver as chloride, but any considerable excess of the precipitant
is to be avoided. The silver chloride is stirred briskly until 1t
agglomerates and 18 then allowed to stand for an hour until it
settles and the supernatant liquid becomes clear. If it remains
cloudy, rapid stirring is repeated and it is again allowed to settle.

"The clear solutions are filtered through double filter papers and

the silver chloride precipitates transferred to the filters by &

water jet and there washed slightly with water, The beakers are
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washed well witl: a wash-bottle jet and any traces of silver chlor-
ide remaining in them are wiped off with small pieces of filter
paper which are placed in the filters. I'ilters containing the silver
chloride are transferred to scorifiers<which have been glazed on
the inside by melting litharge in them and pouring away the excess.
The glazing is done to prevent the porous scorifiers from absorb-
ing moisture from the damp paper, and as a further protection,
a small disc of pure sheet lead is placed beneath the filter papers.
The scorifiers are transferred to a closed oven heated to about
250° — 300° C., where they are dried and the paper is slowly
charred until it is practically all consumed. This method of
burning the filter papers is an essential step, since it avoids losses
of silver chloride which are apt to occur if the burning is done
rapidly in a muffle. Fine test lead is sprinkled over the burned
silver chloride residues and the lead buttons resulting from the
" crucible fusions or scorifications of the corresponding insoluble
residues are added. Scorification is then conducted at a low
temperature so as to obtain 15-gram lead buttons. These are
cupeled at a low temperature, care being taken, in the case of
large silver beads, to avoid ““spitting ’’ at the end of cupellation.

The combination method is acceptuble to the smelters since it
does not include slag and cupel corrcections. Inasmuch as all
impuritics likely to effect varintions in tho volutilizntion and
slag lossos ure removed prior to the firo work, the results of nssnys
made on different days and in different mufHes, under different
conditions, are more uniform than when the untreated ores are
assayed directly.

Small amounts of bismuth occurring in the Cobalt silver ores
are a source of irregularity in “ all-fire ’’ methods because bismuth
is retained to some extent by silver after cupellation. In the
combination method, bismuth is eliminated before any fire work
is done.

THE ASSAY OF TELLURIDE ORES.

The determination of the precious metals in ores containing
tellurium has always been considered more than ordinarily difficult.
Results obtained by different assayers and even duplicate assays
by the same man have often been widely divergent. The litera-
ture of telluride ore assaying is extensive and none too satisfactory;
however, it is safe to say that most of the reported differences

— o —
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between duplicates and between different ussuyers lxu\f«s b(‘:;zn )d\{c
more to difficulties in sampling thap tf) the c_hemlcal inter er‘(,vnu;
of the element tellurium. When it 18 (_:onsldered that mObL.,O-
the telluride ores which are mined contain less than 0.} per LLI)L
of telluride mineral, it is apparent that more than ordinary care

“must be taken to ensure obtaining a fair proportion of this in the

final assay portion. The telluride mineral itsell may cg.ntam a:’i
much as 40 per cent of gold, so that one 100-.mcsh purtlfcle mf)fcl
or less in the assay portion may make a dnﬁere.nce o S?VLM,
hundredths ounces of gold to t.he ton. To .obvm.te, z;,s u;x; x
possible, this lack of homogeneity, all telluride orc‘s sml . >
pulverized to at least 150- and prefembly. 200-mesh .m;l(d 1e;1
very thoroughly mixed before thg assay portions are vxexg ef l())uu.

Effect of Tellurium. — Tellurium is a close associate o ()'11
gold and silver and is difficult to separate ijom these qmemls;
either in the crucible, scorification or cupellation pl'OCOS:bUSl.l. N
is not, however, often found in .abundance,. and even In 1;})8-
grade ores tellurium itself is found in comparatively sx'nnll am‘ci)uf\ d
For instance, in two high-grade ores used by I'l.lllebmnq ‘Im
Allen* in their experiments on the assay of telluride 0:05,)@()?1—
taining respectively 15 and 19 ounces of gold per toxf,\ ‘L mlrt(., \Yl‘w
tellurium amounting to 0.074 and 0.092 per Ccl}t- x‘u,;;c‘n 1vc)1)e/;
1t seoms unreasonable to expect such Sma“‘quantltleb of any e
ment to influonce soriously tho results uf M 113‘o-uumy. Lailve

In order to study the effects of Lell}mum in the gold un ilver
agsay it is necessary to experiment with ores or z}lloys contam;nlg
much more tellurium than thosc? above meptmnf:d. Thﬁ: L‘O_
lowing facts regarding the behavior of tellurium 1n c)up(?‘u 103
and fusion are mostly due to the work ..Of 'Hol%oway,‘r lleaefsé’[ Sn
Smith,} whom we have to thank i_'or cobrdinating and ¢ (\icx udm;?
much information which was hitherto much scattered and O
do;ili)ig:tl (:Ifa'lll‘]eel-lurium in Cupellation. — The presence of ~tellufr1ulm
in a lead button causes a weakening of the surface ten‘t‘uon 0’ ’ t ﬁe
molten metal. The result is that the metal tends to ‘“ wet ™ the

1. Survey.
;lél?l?e issga;] éfs;rffsr;de Oves, G. T. Holloway and L. E. B. Pease, Trans.

.M., 17, p. 175. . ] _
I'I\'I'IThe Bel?uvior of Tellurium in Assaying, Sydney W. Smith, Trans.

L M. M., 17, p. 463.
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surface of the cupel, and this allows some particles of alloy to
‘pass into the cupel while others are left behind to cupel by them-
selves on its surface and form minute beads. In the case of a
button containing 10 per cent or more of tellurium with an equal

weight of gold or silver, complete absorption may take place.

As the proportion of lead in the alloy is increased, the amount of
absorption becomes less; when the lead amounts to eighty times
the tellurium very little loss of precious metal occurs in a properly
conducted cupellation. :

Tellurium is removed comparatively slowly during cupellation,
particularly in the early stages, as might be expected on comparing
the heat of formation of its oxide with that of lead oxide. Rose*
gives the following figures for the heat of combination of these
metals with 16 grams of oxygen, —Pb to PbO 50,300 calories,
Te to TeO, 38,600 calories. To avoid danger of undue loss in
cupellation of buttons from the assay of such ores, as much as
possible of the telluritum should be removed before cupellation.
It is also evident that the assayer should allow for large lead
buttons in order that the ratio of lead to tellurium may be high.

Silver in the alloy protects gold from losses duo to the presence
of tollurium, 1t appours to not ws u diluent for the gold und
should always be added to every gold agsay for this reason, if for
no other.

In the case of imperfect cupellation, tellurium is retained by
the bead and gives it a frosted appearance. In perfect cupel-
lation the final condition of the tellurium is that of complete
oxidation to TeO,. Owing to its effect in reducing surface.ten-
sion, as a result of which minute beads are often left behind, it
would be well to use a cupel having a finer surface when cupeling
buttons containing tellurium. Smith states that the loss due to
subdivision and absorption in this case is much less when a * pat-
ent” (magnesia) cupel is used. Losses of gold and silver by
volatilization, during properly conducted cupellation of lead
buttons from ordinary telluride ores, is extremely small.

Effect of Tellurium in Fusions. — Tellurium was formerly
belicved to be oxidized to the dioxide during fusion and to go
into the slag as a sodium or lead tellurate. Smith disagrees with
this and argues that tellurates are decomposed at a red heat, and
that lead tellurate is white, while he found the litharge slags ob-

* Trans. Inst. Min. Met., 14, p. 384.
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tained in the fusion of telluride compounds to bg black. 1le
believes that tellurium exists in the slag as the black monoxide,
TeO. ' .
The slag best suited to the oxidation and retention of tellurium
in crucible assaying is a basic one containing a considerable excess
of litharge. The temperature of fusion should be mod.erat..ely low,
as & high temperature prevents the satisfactory oxidation and
alagging of the tellurium. Smith gives the following reaction for

the oxidation of tellurium:

2Pb0O + Te = PbO + TeO.

In support of this he claims to have found the black suboxide
of lead in the slag. _ .

Practically all authorities agree that the scorification process s
not reliable for telluride ores. When a button from a crucible
assay contains too much tellurium for direct cupellation Smith
recommends fusing or “soaking’’ the button under an ample
amount of litharge at a moderate temperature i.e., 700-900° C.

Hillebrand and Allen used the following charge for ores con-
taining from 15 to 19 ounces of gold und 0.074 to 0.092 per cent of

tollurium,

Ore..ooovvvvn-n 1.LA.T.

Sodium carbonate - 30 grams
Borax-glass. ... .. 0
Litharge........ 180 ¢

Reducing agent. .for 25-gram buttons
Silver............ 21 to 3 times gold

They find slag losses no higher than with ordinar'y .gold ores
and no serious cupellation losses. With ores containing much
more tellurium than the above, the quantity taken should be
reduced and the rest of the charge maintained as before.

THE ASSAY OF ORES AND PRODUCTS HIGH IN
' COPPER.

Crucible methods for the assay of matte and ores high in copper
have largely supplanted the older scorification method. This
is due to the fact that a larger amount of pulp may be used for



73 MAN

each individual assay, thus increasin
The copper is eliminated, as it is in the scorifi

solution of its oxide in
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the bagic lead oxide sla

combines the advantages of the scorification

crucible assay.

Perkins* has made a careful stud
attention to tho fuot thut thoe litharge usec

to the amount of copper and ot
amounts he uses are very large, from 137

part Cu, and make th

reduced this amount considerably,

hieh will cupel.

The Slag. — The slag should

e method an expensive

litharge is combined with large amounts of
will no longer retain its power of holding the

A small amount of silica is necessary

the action of the litharge upon the crucible.

to from 15 to 20 parts of litharge is genera.
Borax should be entirely omitted as it de

ing capacity of the sl

Perkins states that the best re

exhibits, when cooled
gradually passing to

g the accuracy of the results.
cation assay, by the

g. The assay thus
with those of the

y of this process, and calls
1 must be in proportion
her impuritics in the ore. The
to 300 parts PbO to 1

one., Others have

and still manage to get buttons

be decidedly basic, for if the

silica and borax, it
copper in solution.

to prevent, to some extent,

One part of silica

lly allowed in the charge.

ag, and also causes

creases the copper-hold-
boiling of the charge.

sults are obtained with a slag which

and broken, a somewhat glassy exterior

litharge-like crystals towards the center.

The amount of crystallization which takes place is, of course,

a function of the rate of coolin
things upon the size of the charge,

when poured, and of
not be given to the ab

g and will depend among other
the temperature of the charge

the mold, so that too much weight should
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becoming charged with silica and thus forcing the copper i
tl}e but.ton. The slag melts at a low temperature axl:ipw oy
il}llgh ﬁpls{)ing tlemperatum is not necessary. With a qu]ickafu‘;?z
ere 18 less chance f idati 3 i
reduction of too small (z)xrhgﬁdl‘::t(t):n.of foud with the consequent
IFor the best work the hole in the back of the muffle should b
'cl‘oa;wd and a reducing atinosphere maintained in the l:lmfﬁ :’
T'his may be necomplished by filling tho mouth of the uu;lllu wit‘l‘.
charcoul or coke, or by placing o few crucibles partly full of i'l
coal near the front of the muffle and using a tigh/t/-ﬁttin Odso t
If. this prccaut.ion 18 not observed part of the silver willi oot
dized and lost in the slag. oo
The following charges kindly furnished by the Bosto d
I\:IorxtzLI):L Rcduction Department of the Anaconda Copper I\;Il i y
Company, Great IFalls, Montana, are recommended forptilese l:;::

TABLE XXV.
Cuarces For Correr-BEArING MATERIAL

Matoril Ap‘pmxllm‘ate Charge for silver Charge for gold
analysis (In 20-gramn crucible) (In 30-gram cruclble)
Cu 9-15 per cent |Sumple YALT Sam
. = A ‘ AT, Sumple 1A.T.
Concon. 515:&(2; 1.3 j?} }S(?(lu 20 gramas Soda 30 grams
pnoen- X S0 :':t.hn.rge - 100 ' Litharge 150 '
i Silica 5 Silica
Ag 3-5 ounces Niter 1525 " Niter 40~ 05

Au  0.015-0.025 ounces{Cover mixture

Cover mixture

ove. The slag should,

line and resemble litharge; a slag which is dull

indicates the presence
GoppLr.

Conduct of the Assay. — On uccount of th
of the litharge slag it is especially necessa
made rapidly. The muflle should be

of too much acid for a

however, be crystal-
or glassy throughout
good elimination of

o very corrosive action
ry that the fusion be
hot to start, 1000° to 1100°C.,

the hotter the better, and the fusion should be finished in

from twenty to thirty minutes. This not
a necessary sequel, prevents the slag from

crucibles, but also, as

only preserves the

* The Litharge Method of Assaying Copper-Bearing Ores and Products,

and the Method of Calculating Charges, W. G, Perkins,

p. 014,

Trans, A LM.E, 31,

?u 30-45 per cent |Sample 1A T. Sumiple AT
e 40-30 Soda 18 . -
F 40~ " 0 grams Soda
Matte S 30-27 Litharge 100 - Litharge o K"‘"""‘
Ag 10-18 ounces |Silica 7 ‘o ;xlica ¢ e
Au  0.07-0.11 ounces |Niter (4 o leL "
\ ) or 18
« |Cover mixture Cover mixture
i}u 40 ) per vent [Numple PAT, ‘4n-u~|pl|:~ - ‘;\ T
‘e Ju-18 v Soidu 18 ‘ .
L gruins B y
Matte 8 27-24 “ Litharge 125 o r‘i)ttjii‘ar 2 Wy
Ag 15-25 ounces  [Silica 7 " \"xli : ¥ “
Au 0.10-0.14 ounces |Niter 4 " NAL:: Ii
o 1

Cover mixture

Cover mixture

(;ljhe cover consists of one-quarter inch of a mixture of 4 parts
A ‘ € )
‘s?(())’ lum c‘xrbo_nate, 2 parts borax and 1 part silica. IFusions in
gram crucibles require about thirty minutes, those in 30-gram
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ia necessary to k{\op the antimony out of the lead button, The
following charge is recommended by two English authorities:*
Ore........ 0.5 A. T. '
Na,CO;.... 10-20 grams
Borax-glass. 5-10 «

Litharge. ... 100-120 grams
Niter ... ... 19 «

Siliea ... ... 10 «

A preliminary assay to determine the reducing power is of
course necessary.  The above charge will be found to correspond
almost exactly with our standard for sulphide ores, with litharge
according to Lodge’s rule. : ‘

George T. Hollowny, in discussing this method, recommended
the use of a much larger proportion of soda in the charge, 1.e
three h.mes as much as stibnite, in order to aid in the rotenti’()n of"
the antimony in the slag as a sodium antimonate.

ASSAY OF AURIFEROUS TINSTONE.

C. O. Bannistert finds a crucible assay with the following charge
to be the most satisfactory method:

Ore......... ..., 25  grams
Sodium carbonate . .40 “
Borax .. ... . . .. .. 10 “
Red lead...... . ... 60 “
Charcoal . . ... ... .. 1.5 «

In this method the tin is converted into a fusible sodium stan-
nate. The author found no tin reduced during the fusion, ag
shown by the fact that the button cupeled without difficulty ’ In
all ores carrying over 1 ounce of gold per ton, the slags were c](;aned
by a second fusion with 10 grams of soda, 30 grams of red lead and
1.5 grams of charcoal.

\.’arious other methods of assay were tested but none were as
satisfactory as this,
CORRECTED ASSAYS. :
In the assay of h.igh-gradc ores and bullion it is often desirable
to make a correction for the inevitable flag and cupel losses

* William Kitto, Trans. Inst. Min. Met., 18, p. 89.
William Smith, Trans. Inst. Min. Met., 9, p. 332.
t Trans. Inst. Min. Met. (London) 16, p. 513.
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"This is done in one of two ways: cither by the use of a ““ check ”’
or synthetic assay, or by assaying the slags and cupels resulting
from the original or commercial assays.

In correcting by a ‘“ check ” assay, a preliminary assay is first
made and then an amount of proof silver or gold, or both, approxi-
mately cquivalent to the amount present in the sample, is weighed
out and made up to approximately the composition of the sample
by the addition of base metal, etc. The check thus made is
assayed in the same furnace, parallel with thé real assay. What-
ever loss the known amounts of precious metal in the check sustain
is added to the weight of metal obtained from the sample as a
correction, the sum being supposed to represent the actual metal
present in the sample. This method of correction is always used
in the assay of gold and other precious metal bullions, and is
sometimes used in the assay of high-grade ores. A more detailed
deseription of the method will be found in the chapter on the assay
of bullion. This method, when properly applied, is the better
and gives a very close approximation to the actual precious metal”
contents of a sample.

In the case of rich ores and furnace products other than bul-
lion, a correction is usually made by assnying the slags and cupels

“resulting from the original nssny. Tho weights of gold and sil-

ver thus recovered are added as corrections to the weights first
obtained. This method, while approximating the actual con-
tents of an ore, may occasgionally give results a little too high, for
although gold and silver lost by volatilization is not recovered and
the corrections themselves must invariably suffer a second slag
and cupel loss, yet on the other hand, the cupeled metal from
both the first and second operations is not pure and may retain
enough lead and occasionally other impurities from the ore and
extra litharge used to more than offset the above small losses.
The results of assays corrected by this method are evidently some-
what uncertain, but are nevertheless much nearer to the real
silver content than are the results of the uncorrected or ordinary
commercial assay.

Smelter contracts are almost invariably still written on the
basis of the ordinary or uncorrected assay and when the corrected
assay is made the basis of settlement, a deduction is made amount-
ing to the average correction. This amounted to 1.1 per cent
in the case of certain Cobalt ores.
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Assay of Slags. — Assay slags are of such variable corpposi-
tion that no one method af analysis is universally applicable.
Almost any plan of treatment whereby the slag is fused and a lead
button reduced will result in the recovery of an additional amount
of silver, but to make sure of obtaining practically all of the
precious metals is quite another matter. Keller* states that
to obtain a full recovery of the silver from slags it is necessary to
reduce practically all of the lead from the charge and it is recom-
mended that this procedure be followed. .

In general, it is best to have the second slag differ ma'.terlally
from the original in order to ensure complete decomposition. 1t
should be noted that the acid lead silicates are not decomposed

- by carbonaceous reducing agents, so that the slags resulting from

Class 1 ores will have to be decomposed by means of metallie
iron.  Some additional borax may be required as a flux for the
ferrous silicate resulting from the reaction of iron on lead silicate
und if nocessury an additionn] amount of sodium carbonate my
be ndded. ' -

In decomposing slags from niter assays by means of iron, it is
advisable to carefully separate and reject the layer of fused ﬂu’l»
phates which will be found on top of the cone of slag. 1f _this is
not done, the nails will be greatly corroded and even cut in ‘two
by the reaction with the fused sulphate; the formation of iron
oxide and the production of an alkaline iron sulphide will result.
The reaction is probably as follows:

N&QSO4 + 3Fe = Nﬁzs + F8304.

If the lead button obtained is too large for cupellation, as will
be the case in the decomposition of slags resulting from excess
litharge fusions, it may be scorified to 20 or 25 grams.

Slags resulting from iron-nail assays should be fused with an
excess of litharge, to ensure decomposing all of the sulphide with
which the precious metuls are combined. Borax and silica may
be added, if necessary, to slag the resultant iron oxide as ferrous
singulo-silicate. “The slag resulting from an iron-nail assay of
pure pyrite will probably contain about 3.5 grams of sulphide
sulphur, This would reduce about 90 grams of lead from an
excess of litharge. By limiting the amount of litharge it is possible
to obtain a smaller lead button, which should, however, in this case,
collect practically all of the gold and silver contained in the slag.

* Truns. ALM.L., 48, p. 782,
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CHAPTER VII
THE CRUCIBLE ASSAY.

Theory of the Crucible Assay. — The majority of ores are
be themselves infusible, or nearly so, but if pulverized zmd,
mixed N proper proportion with suitable reagents, the mix-
ture will fuse at an easily attained temperature. The finer
the ore is crushed, the better and more 'um'form are the re-
sults obtained. We assume in considering 8 crucible assay ’that
then.e 18 such a thorough mixture of ore "and fluxes that each
partl({lo of ore is in contact with one or ,mo.ro pariicles of li(/hilvr";(:
un'd reducing agent.  As the temperature of the masy I8 gruduu”yl
raised, part of the lithargo in roduced 1o lond (commoncing ul(
B0 to 660° (1) by tho carbon of the charge, and these r('duccd/
shots gf lead, alloy and take up the gold and silver from tﬁe stllr-
rounding particles of ore, so far at least ag the precious metals
are free to alloy. : k

At about this same temperature, 560° C., the borax of the
charge begins to melt and to form fusible compounds with some
of the bases of the flux and ore charge, Jorax
or other.fusible constituents, lead oxide and silica commence
to 'comblne at about 700° C., and from this point the s]ué
begins to form rapidly. The conditions should be such that
the slag remains viscous until the ore particles are thoroughly
decomposed and every particle of gold and silver has been taken

In the absence of borax

-up by the adjacent suspended globules of lead. After this point

!ms been pwssed,' the temperature may be raised until the slag
18 thoroughly fluid, when the lead purﬁclns combine and, falling
through the slag, form a button in the bottom of the crucible

in'u./hich are concentrated practically all of the precious metals
originally present in the ore, '

To make an intelligent _crucible assay it {3 necessary to know
the mineral character of the ore,{

. for a siliceous ore Yequires a
different_treatment from one L

e

sulphide requires to be treated differently fromg an oxide. For
the purpose of the assayer, ores should be considered from tw

80
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Experiments* on the size of lead buttons obtained in reducing
power fusions, with varying amounts of silica’in some instances,
and borax-glass in others, give results approaching the theoretical
values obtained above. They show that 10 grams of borax-glass
has the same effect in preventing the reduction of lead from'lith-
arge as between 6 and 7 grams of silica.

Rose,t in a discussion of the refining of gold bullion with oxy-
gen gas, made a number of experiments to determine the best
proportions of borax, silica and metallic oxides. Borax alone

was found to be unsatisfactory on account of the rapid corrosion -

of the crucible. Silica alone gave a pasty, very viscous, slag.
The best slag found corresponded nearly to the formula § (Nas0O,
B,0s) + 3RO, 3B,0s, 3Si0,. This is made up according to the
following formuls, 9RO + 2Nu,B,07 + 98i0O;, where R = Ca, Mg,
Pb, Zn, Cu, 2I%, #Ni. Leaving out of account the meta-borate
of soda Nu,BO,, it is a boro-silicate in which the relation of
oxygen in acids to oxygen in bases is 2.66 to 1. This slag melts
at a low temperature and is very fluid at between 1000° and 1100°
C. It has only a slight corrosive action on clay crucibles. The
flux contains 3 parts by weight of borax-glass to 4 parts of silica.

Charles E. Meyert in fluxing zine-box slime, made zinc into a
bi-silicate with silica and added Na,B,O; for other bases. The
other bases were all assumed to be Fe,O; and borax-glass was
added pound for pound, i.e., 1 pound Na,B.0; for 1 pound
Fez();,.

Fluidity of Slags. — It is also necessary to distinguish
between the melting-point and the fluidity of slags. Many
slags of low melting and formation temperature are entirely
unsuited for assay purposes on account of their viscous nature
when melted. As a rule, the higher the temperature the more
fluid a slag will become, but different slags vary much in this
respect. All slags are viscous at their freezing-point, yet one

slag will be thinly fluid 200° C. above its melting-point and another '

will be decidedly viscous at this degree of superheat. The vis-
conity of silicutos incrouses with the percentage of silica above that
required for the mono-silicate, and the same may be said for
borates.

* Lodge, Notes on Assaying, 2nd Ed. p.
t Inst. Min. and Met., 14, p. 396, (1905).
1 Jour. Chem. Met. and Min. Soc. of South Africa, 5, p. 168, (1905).
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Acidic and Basic Slags. — Slags more acid than the mono-sili-
cate are gencrally termed acid, while those approaching a sub-
silicate arc called basic. The acid slags are all more or less vis-
cous when molten and can be drawn out into long threads. They
cool slowly and are usually glassy and brittle when cold. The
basic slags are usually extremely fluid when molten; they pour
like water, with no tendency to string out; in fact they may even
be lumpy where the bases are in too great excess. They solidify
rapidly and usually crystallize to some extent during solidifica-
tion, Basic slags are dull and tough when cold. They are often
of u dark color and on account of the large proportion of buses
they contain they usually have a high specific gravity.

Mixed Silicates. — The mixture of two or more fusible com-
pounds usually fuses at o lower temperature than cither one taken
alone, just as, for example, a mixture of potassium and sodium
carbonate fuses at a lower temperature than either one of them
alone. For this reason assayers always provide for the presence
of a number of easily fusible substances, although their presence
is not always necessary for the decomposition of the ore. For
instance, even in the assay of pure limestone, which is a base, a
certain amount of sodium carbonate, also a base, is always added.

Use of-Fluxes. — For the sake of economy in material and time
it is best to limit the amount of fluxes to the nceds of the ore.
The great saving to be made in this way may be tllustrated as
follows: If we use twice as much flux as necessary, we have to
use twice as large a crucible which cuts down the furnace capacity
very considerably. Besides this, the large charges require a
longer time in the furnace to fuse and decompose the ore and this
again reduces the furnace capacity.

The Lead Button. — In every gold and silver assay, a care-
fully regulated amount of the litharge is reduced. This results
in the formation of a great number of minute globules of lead
which serve to collect the gold and silver. When the charge
becomes thoroughly liquid these collect in the bottom of the
crucible forming the lead button, There i considerable differ-
ence of opinion as to the proper size for the lead button. Many
assayers hold that it should be proportional to the total volume
of charge; others vary the lead-full according to the quantity
of precious metals to be collected.  Both of these ideas appear
to have merit and agree in gencral with the experience of lead

R T
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blast-furnace operators, who insist that the charge shall contain
not less than 10 per cent of lead, all of which, of course, they
attempt to reduce. :

Miller* and Iulton, in experimenting on an ore containing
2960 ounces of silver per ton, found that the silver recovered
from the lead button increased regularly with the increase in
gize of thé lead button to a maximum of 28 grams. They con-
cluded that the collecting power of a given weight of lead was
independent, of the amount of the charge. '
éXIn.m nges ni28-gram lead button. will, cgllect all the gold «
‘ nary crucible charge,“and’ the assayer iss”
g button of this size unless some good reason.;
er. — In practically all crucible assay work it was
formerly customary to place a cover of some fusible substance
on top of the mixed charge in the crucible. Different assayers
advocate different materials, as salt, sodium sulphate, borax,

borax-glass and soda, us well ax different flux mixtures,
The iden which leads to the use of the cover is that, melting

carly, it makes a thick glaze on the sides of the crucible above
the ore charge and that, if particles of ore or lead globules ure
left on the sides of the crucible by the boiling of the charge, the
cover tends to prevent them from sticking there. As the fusion
becomes quict and the temperature rises, most of this glaze runs
down to join the main charge and carries with it any small parti-
es of ore or lead which may have stuck to it in the early part

P Rt St

¢l
of .the fusion. .
{il:ﬁ%“? salt, coven: thinly. fluid _E,Whex}%%mglt@dé t does not _entep.
tho:slag op of it, thus.servingato.keep. out.the, aly

; . by ebullition, - ‘

I¥Pog ety

when melted and serves 4g.proyent.loss.of.fine
well as, to ston Joss byebullition. It finally
ceases to be a cover after the fusion is well

prehydus
enters the slag
under way.

varitohieutito thaaise of ‘salt ion’the ground that it da
,of gold and silyer: by yolatilization, . It is
y t gold ¢hloride is.volatile.at.a comparatiyely
{paratiire,Se0mIMENGIng #1805 GaunRd that silver.chloride

* School of Mines Quurterly, 17, pp. 160-170.
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s vplatll.e in_connection with the chlorides of arsenic, gnt
2 9OPPeT .’k!’uuqt;;JUu(imtﬁx,%\‘ WIlm1’“’Z‘ni““'()r'(*.‘”"‘cnﬁ"?"flfhh"'"iuﬂ)sjl"ftgﬂf Hl(‘“‘w,
‘asmqngm‘tes’é'(Sxid(:T basic iron sulphate ete. ('upu};l(\ (I)f“m\& v bl'wh.
chlorine upon being heated with salt, it wo’uld sc(\n; wff(nt:)r{:)tli:%

the use of salt. Jaitdsnot, degired, Lo use. salt a good caver. may

+ «he made from & mixture of borax-glass and sodium carbonate

«in the proportion of 10. parts_of the former to. 15 parts-of the

wlatter.# .

Al
| ] . .
FO’I e [f)’;ebfent. tendency is to do away with the cover altogether
r muffle fusions, at any rate, a s 1 i ssary
1 8, at ¢ a salt " 18
and even objectionable, in t},lat it f‘i?l(l)rczl o oo ineccsry
: , 8 the room with chlori
and o . . 1 chloride
e dat the time of pouring. Salt assists in the volatilization
ead compounds and these are most injurious to health

REDUCTION AND OXIDATION.

MI}(:du'(lm'lg z}nd f)xidizing reactions are common in fire assayin

,.‘,‘](L,i(,:;'(,r,- (:,:‘i:‘]lily(‘jll‘ll w"m'k, nnd |u'uvtt'v.nlly all fasdonn e .hiilhu':
: laing in n.:u.uru. For instunee, tho seoriticatjon'

assay is an_oxidizing fusion in which atmospheric pir _j; Li(l)

oxidizing ugent, whilo the_eracible fusion of a siliccous ore is u /
{0 1 QIO 18 g

rgg_[Wou in which argols, flour or charconl aet us the
ducing agents. T d
By the term ¢ ing i
0 y the t(,n;l reducin power,” as used in fire assaying, is meant
‘ ﬁvuﬂl(_)yg_t';) lead that 1 gram of the ore or substance will redu
whe od With an exeecs ; R YL reduce
v 00( nfused yyf ith an_excess of litharge. For instance if we use
5 - - = 7 - 2Lanee, 11 we use
5 grams of ore and obtain a lead button weighing 16.50 gram;
the reducing power of the ore is TR B
e e S e . et et e S )

e et

16.50

E 00 = 3.30.}

hB); the term - “oxidizing power” is meant the_amount of lead

(V;vvwl(‘:mlmw]._’-grl:zim l_gf [_the ore_or substance will “,ijlij}”f”‘?‘fu?i&?

r more.exactly it is the lead equi 't certain amount of

' > le 'quivalent of a certain amount of

reducing agent or ore which is capable of being oxidized by 1 ? X

of the ore or substance. v e
Reducing Reactions Th lucti

. — The reduction of le i

shown by the following reaction: n by charconl i

2PbO + C = 2Pb + CO,,

ey e
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from which it is seen that 1 gram of pure carbon should reduce
2 X 207

12
carbon the results actually obtained in the laboratory will be
somewhat less, usually from 25 to 30. All carbonaceous mate-
rials have more or less reducing power. Those most commonly
used as reducing agents in assaying are charcoal, R. P. + 27.5;
argols, R. P. 8- 12; eream of tartar, R. P, 5.5; flour, R. P. 10~12.

Besides carbonaceous matter many other substances and ele-
ments are capable of reducing lead from its oxide. The most
important of these are metallic iron, sulphur and the metallic
sulphides. The reduction of lead by iron is shown by the follow-
ing reaction:

= 34.5 grams of lead. However, as charcoal is never pure

PbO 4 Fe = Pb + FeO,
: . . . 207
whence the reducing power of iron is 5= 3.70.

The reducing power of sulphur and the metallic sulphides will
vary according to tho amount of wlkuline carbonato present.
I'or instance, the reduction of lend by sulphur in the absence
of alkaline carbonates is shown by the following reaction:

2PbO + 8§ = 2Pb + S0,.

The reducing power of sulphur under these conditions would he

2 x 207
T3y = 12.9.

In the presence of sufficient alkaline carbonates the sulphur is
oxidized to sulphur trioxide which combines with the alkali to
form sulphate. The reaction is as follows:

3PbO + S + Na,CO; = 3Pb + Na,SO, + CO,,

from which we see that the reducing power of sulphur, under
these conditions, should be

621
ET R 19.4.

In the same way we find that the reducing power of the metallic
sulphides varies according to the amount of available alkaline
carbonate- present. For instance, in the absence of alkaline
carbonates and with a small amount of silica to slag tlie iron
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oxide and to hold it in the ferrous condition, the following equa-~
tion expresses the reaction between iron pyrite and litharge:
FeS; + 5PbO + Si0; = FeSiO; + 5Pbh + 280,

This last statement is not strictly true, as in the entire absence
of alkaline carbonate the reaction is not quite complete. Miller*
found that under the above conditions the lead button and slag
always contained sulphides and the actual results fell slightly
below those called for by the above equation. According to this
cquation the reducing power would be

5Pb 1035
Tod, — 120 ~ 86
With an excess of sodium carbonate and in the absence of
silica, the sulphur is oxidized to trioxide and the iron to the ferric
condition, as shown by the following equation:

2TeS; + 15Pb0 + 4Na,CO; = Fe;0;5 + 15Pb + 4Na,SO4 + 4CO,,

r

C . - . 310
and this gives o roducing power of 324()1 - 12,9,

With a small amount of silica present the iron may be left
in the ferrous condition, which is much to be preferred. Then
the reaction becomes:

2FeS; + 14PbO + 4N, COy + Si0, =
F(‘zSiO‘i + 14Pb + 4NileO¢ + 4001,

which gives a reducing power of 12.07.

All of the above reactions may take place simultaneously in the
same fusion, and therefore it will be obvious that there may he
obtained for pyrite any reducing power between 8.6 and 12.9,
according to the amount of sodium carbonate, litharge and silica

_present.  Unfortunately it is somewhat difficult to contro! the

oxidation of the sulphur, and this makes it hard to obtain a lead
button of the right size. What the assayer wants to know is the
“ working reducing power "’ of the ore, which always lies some-
where between the two extremes indicated, and this he determines
by a preliminary fusion with a small quantity of ore, an excess
of litharge and a carcfully regulated amount of soda.

The accompanying table gives the reducing power of some of
the common sulphides. The theoretical figures are computed

* Trans. AIM.E,, 84, p. 395.
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for sulphur oxidized to both SO, and 80;. In the last column '

is given the reducing power of the pure minerals using the follow-

ing charge NasCO; 5 gms., PbO 80 gms., SiOy 2 gms., ore to yield
un approximute 25 grum button.

TABLE XX.
RepuciNgG Power or MINERALS.
Computed
. Aotually
Mineral Formula determined
8 to 80, 38 to SO;

Galena PbS 2.6 3.46 3.41
Chalcocite CusS 3.9 5.2
Arsenopyrite FeAsS 5.7 6.96 8.18t
Stibnite ShaS, 5.5 7.35 6.75
Chalcopyrite Cul'eS, 6.2 8.44 7.85
Sphalerite 7ZnS 6.37 8.5 7.87
Pyrrhotite YFesSg 7.35 9.9 10.00
Pyrite TeS, 8.6 12.07 11.05

1 The sample used probably contained pyrite.

As is the case with sulphur and the metallic silphides the
amount of lead reduced by the carbonaceous reducing agents
also depends upon the nature of the charge, particularly upon
the amount of silica present. Other things being equal, the
more basic the charge, the greater the amount of lead which will
be reduced by a unit quantity of the reducing agent. Thus,
o cortain sample of argols showed a reducing power of 11.04
when silica for a sub-silicate was added, 10.93 for & mono-silicate,
10.62 for a bi-silicate and only 9.26 for a tri-silicate. The rate
of fusion and the final temperature both have a good deal to do
with the amount of this reduction, for the reason that the silicates
of lead more acid than the mono-silicate are but little reduced
by carbon below 1000° C. With a limited amount of litharge
present, part is bound to be converted into silicate before it can be
reduced by carbon, and naturally the greater the proportion of
gilica, the larger the amount of litharge which will combine and
thus be rendered unavailable for reduction by carbon.

Oxidizing Reactions. — Certain metals, notably iron, mangan--

ese, copper, cobalt, arsenic and antimony, are capable of existing

G
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in two states of oxidation. When fused with a reducing agent
the higher oxides of these metals are reduced to the lower state
of oxidation at the expense of the reducing agent.  Ores contain-
ing theso higher oxides nre sid to have an oxidizing power on
uceount of thiw property of using up reducing agent.  Lor
convenience this oxidizing power is measured in terms of
lead, although the bulk of the oxidizing reaction in any assay
fusion is probably accomplished against the reducing agent of the
charge. ' '

For instance if in an assay fusion containing silica we have
ferric oxide, sufficient for a bi-silicate, and carbon, the follow-
ing reaction takes place:

21‘10203 + C + 48102 = 4F(‘Sl()3 + COz,

from which we find that 1 gram of Fe,O, requires 0.037 gram of
carbon to reduce it to FeO. Ixpressed in terms of lead the re-
lation would be as follows:

Fe,0; + Pb = 2FeO + PhO.
That is to say the oxidizing power of Fe,O; is %g—g = 1.31.
Similarly .

MnO; + Pb = MnO + PhO.

The oxidizing power of MnO, is %%Z = 2.4, which means that
each gram of MnO; present in a fusion with litharge and a reducing
agent will prevent the reduction of 2.4 grams of lead. It is
casily soen, therefore, that this oxidizing power of ores must ho
tuken account of in computing assuy charges. The method of
determining the oxidizing power of ores will be discussed later.
In the crucible assay of high sulphide ores it is frequently
necessary to add some oxidizing agent to the charge to prevent
the reduction of an inconveniently large lead button. A 28-gram
lead button is usually sufficiently large to act.as a collector of the
precious metals, and were a larger button obtained, it would
entail an extra loss due to scorification, or a prolonged cupella-
tion, as well as consuming extra time in this treatment. When
therefore, the ere charge would of itself reduce more than 28:
grams of lead we ordinarily add potassium nitrate or some other
oxidizing agent. Niter is almost exclusively used in this country
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for oxidizing. Its action with carbon is shown by the following
cquation:

4KNO; + 5C = 2IG0 + 5COy + 2N,

from which the theoretical oxidizing power of niter expressed in
terms of lead is found to be 5.12. The theoretical oxidizing
power may also be figured from its reactions with sulphur, or
any of the metallic sulphides and will always give substantially
the same result when the degree of oxidation of the sulphur is
kept the same in the reducing and oxidizing reactions.

The actual oxidizing effect of niter is always found to be lower
than this, partly because the niter ordinarily used for this purpose
is not 100 per cent KNOj and partly because in the actual fusion
some oxygen is likely to escape unused. This loss of oxygen
increases as the acidity of the charge increases. The loss is
also probably influenced by the depth of the charge, the rate
of fusion and the temperature. In the case of actual assay fus-
ions with sulphides, the oxidizing power will be found: to vary
between 3.7 and 4.7, the lower figure being approached when the
charge contains considerable silica and borax-glass and but little
litharge, the upper figure prevailing when no silica or borax is
used and in the presence of an excess of sodium carbonate and

" litharge.

With both the reducing power of the sulphides and the oxi-
dizing power of the niter varying with different proportions of
sodium carbonate, litharge, borax and silica, as well as with vari-
ations of temperature, the problem of obtaining a lead button
of the right size in niter assays is not a simple one. The only
solution is so to control the conditions that the state of oxidation
of the sulphur in the final assay shall be the same as that in the
reducing power fusion. This is the first essential; the second is
to decide on some slag of definite silicate degree and always use

it; then the proportion of oxygen which escapes unused will be

nearly constant and the oxidizing power of the niter, once deter-
mined, may be depended on to remain constant.

With the type of charge recommended in the latter part of the
chapter, the oxidizing power of niter will be found to lie between
4.0 and 4.2 and with this minor variation but little trouble should
be found in properly controlling the size of the button.

Just as we may obtain several reactions between any of the
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sulphides and litharge according to the degree of oxidation of
the sulphur and oceasionally also of other constituents of the
mineral, 80 we may also obtain several different reactions
between niter and the sulphides,  Ior instanco, in the absenco
of alkaline carbonates and in the presence of silica, the sulphur
can be oxidized only to the dioxide, and the rcaction between
niter and pyrite would be as follows:
2KNO; + FeS; + SiOy = K;0.1e0.8i0; + 250, + N..
In the presence of an excess of alkaline carbonate and litharge
with little or no silica, both the iron and the sulphur would be
oxidized as highly as possible and the following reaction would
result:
6KNO; + 2IeS,; + Na,CO; =
Fe,03 4+ 3K280( + NSO, + 3N; + CO..

Ferric oxide is a most undesirable component of assay slags
and its formation must be avoided. To prevent the iron from
going to the ferric condition enough silica should be present to
hold and slag it as ferrous singulo-silicate. If this is provided
the reaction then becomes

28KNO; + 10FeS; + 6Na,CO; + 5510, =
5FegSiO4 + 14K2804 + GNaQS(). + 14N2 + 6(‘()2

A slight oxidizing effect may be obtained by using red lead
in place of litharge, and this is sometimes done, especially in
England and the British colonies. The oxidizing effect of red
lead is shown by the following reaction:

Pba()( + Pb = 4Pb0.

The oxidizing power in terms of lead is 2—02 = 0.30.

68
TESTING REAGENTS.

Each new lot of litharge and test lead should be assayed for
silver and gold so that when any is found to be present a proper
correction may be made. Different lots of argols, and flour are
also found to vary in reducing power, and their reducing powers
should also be determined.

The following procedure is designed, first, to allow the student
to determine the reducing power of flour, charcoal or other re-
ducing agents and at the same time to determine the silver cor-
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rection for litharge, and, second, to familiarize him with the

principal operations connected with the crucible method of assay.

Procedure. — Take two E or I pot-furnace crucibles, or 12 or

15 gram muffle crucibles.
Weigh into them, in the order given, the following:

No. 1 ; No. 2
Sodium carbonate 5 grams Sodium carbonate 5 grams
Silica 5 - Silica 5 “
Litharge 60 ¢ Litharge 60 “
~ Flour 2.50 ¢  Charcoal 1.00 “

Weigh the flour and charcoal on the pulp balance as exactly
a4 possiblo, the others on the flux balance. Mix thoroughly with
the sputula by turning the crucible slowly with one hand while
using the spatula with the other. When finished tap the crucible
geveral times with the handle of the spatula to settle the charge
and to shake down any material which may have lodged on the
sides of the crucible above the charge. Finally put on a half-
inch cover of salt.

Pot-Furnace Fusion. — Have a good bright fire in the pot-
furnace which should not, however, be filled with coke more than
halfway to the bottom of the flue. Place the crucibles so that
their tops shall not be much above the bottom of the flue. Place
a piece of cold coke directly under each crucible as it is put into
the furnace. Cover the crucibles and pack coke around them,
being careful to prevent the introduction of any coke or dust.
Close the top of the furnace, open the draft if necessary and urge
the fire until the charges begin to fuse. Then close the draft and
continue the melting slowly enough to prevent the charges from
boiling over. When the charges have finished boiling, note the
time and open the diaft if necessary, to get a yellow heat and
continue heating for ten minutes. .

Pour the fusions into the crucible mold, which has been pre-
viously coated with ruddle, thoroughly dried and warmed. When
the material is cold, a matter of five or ten minutes for a small
fusion, break the cone of lead from the slag and hammer it into
a cube to thoroughly remove the slag. Weigh the buttons on the
pulp balance to the nearest tenth of a gram und record the weights
and reducing powers in the notebook.

Save the lead buttons and cupel them. The beads should
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contain all of the gold and silver in the 60 grams of litharge used.
Weigh the beads and part to sce if gold is present. Record
the weights of the beads and compute the correction for silver in
30 grams of litharge.

Muffle Fusion. — If the fusions arc to be made in the muffle
have the muffle light red and the fire under such control that the
muffle can be brought to a full ycllow in the course of half an hour.
Place a row of empty 30-gram crucibles in the front part of the
muffle so as to close the space as completely as possible. These
serve to keep the assays hot by reflection of heat and so prevent
Joss of heat by conduction through the door. See that the muffle
door is tightly closed to prevent admission of air. Melt at suffi-
ciontly low temperaturo to avoid violent boiling and then when
the sound of bubbling i no longer heard, raise the temperaturo und
pour as in the case of the pot-furnuce fusion.

Notes: 1. So-called silver-free litharge can now be purchuased but even
this often carries traces of gold and silver.

2. In assaying samples of litharge low in silver 120 to 240 grams may
be requircd to give a bead of sufficient size to handle and weigh.

3. 1t is convenient to use litharge in multiples of 30 grams and there-
fore the silver correction is based on 30 grams of litharge.

4. The temperature which the muffle should have before the crucibles
are introduced depends upon the number of charges which are to be put in
at one time. If only one or two the temperature should be low to avoid
danger of boiling over. However, if the muffie is to be filled with crucibles
the initial temperature may be higher, as the crucibles can be depended upon
to decidedly lower the temperature.

5. Pour the fusions carefully into the center of the molds and do not
disturb until the lead has had time to solidify.

The following are the reducing powers of some of the common
reducing agents:

Charcoal 25-30 Corn-starch 11.5-13
Argols 8-12 Sugar 14.5
Flour 10-12 Cream of tartar 4.5-6.5

ASSAY OF CLASS 1 ORES. GOLD OR SILVER.
This is the most common class of ores and as it is also the one
which presents the fewest difficultics for the assayer, it is con-
gidered first. Actually, ores with no_traces of sulphides are

somewhat of a rarity, but the methods given below muy o adup-
ted to ores containing moderate amounts of sulphides by _simply
decreasing the amount of reducing agent used.

b
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})%lags for Class 1 Siliceous Ores. — To_fuse a siliceous ore,
basic fluxes must be «_xgl_dc‘d the alkaline carbonates and litharge
Thc bi- sllmtesoh”_,_)ndﬂ._ﬂml_l@_are

bemg tlm ones_ava u,vmld le.

e e e S S S

NanO:y + QI02 NMSIO; + COz,
&)b() + Si0; = PbSi0;.

From a comparison of the molecular weights of the left-hand
members of these equations, it may be determined that one assay-
ton of puro silica will require oither 51,2 grams of sodium carbonato,
or 108 grams of lithurge to form a bi-silieate.

As the mixed silicate of soda and lead is generally more satis-
factory than either one alone, it is common to use both of these
basic fluxes in every fusion, thus making a double, or bi-basic
silicate. It is customary to use at least as much sodium carbonate
as ore in every assay. On this basis it appears that approximately
three-fifths of the silica is fluxed with soda, leaving two-fifths of it
to be fluxed with litharge. Taking these proportions, then, there
will be required for onc assay-ton of pure silica exactly 30.7 grams
of sodium carbonate and 43.2 grams of litharge.

In assaying an ore provision must also be made for a lead button
to act as a collector of thé precious metals. A 28-gram button is
usually sufficient. To allow for this it will he necessary to add
30 grams more of litharge and also some reducing agent, say 2}
grams of flour (R. P. 12).

The charge will now stand as follows:

OrC. . vttt 1 AT
Sodium carbonate. ............ .00 0nn.t. 30.7 grams
Litharge for slag 43 grams
Litharge for button 30 grams
Flour (R. P.12) ... o oo it 2} grams

The ore so far considered has been an ideal one, pure silica,
which is rarely if ever found in practice. The ordinary siliceous
ore ulimost invariably contuing small wmounts of iron oxide, vari-
ous silicates of alumina, pyrite and other sulphides, as well as
occasionally more or less calcite, all of which reduce the amount
of siliea for which basic fluxes must be supplied. It is obvious
that for such an ore it is possible to make a bi-silicate slag with a

73 grams

L
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somewhat smaller amount of basic reagents than those in the ideal
charge shown above. It will be advisable also to use a small
amount of borax in almost every fusion, as this helps both in
fluxing silica and in slagging the basic oxides. So that, by round-
ing out the above charge and adding borax, the following practical
bi-silicate charges for siliceous ores are obtained:

Ore AT 1A.T. 2A T

Soda (Na,CO;) 15 grams 30 grams 60 grams

Borax 35 “ 5-10 ¢ 10-15

Litharge 50 “ 70 ‘“ 110 “

TFlour (R.P. 12) 2} “ 2 “ 2% “

The lurger tho nmount of ore used the more neoessary it he-
comes 1o keop down the quantity of fluxes.  The following charges,
more acid than the bi-silicate, are regularly used by the author
for the assay of siliceous tailings.

Ore 1A.T. 2A T 5A.T.

Soda (Na,CO;) 30 grams 60 grams 150 grams

Borax 3 6 15«

Litharge 60 90 “ 180 ¢

¥lour for a 28 gram 30 gram 35 gram lead button.

The results obtained with the last mentioned charges are good;
the slags, of course, are more viscous than the bi-silicate slags but
they pour well even when fusions are made in the muflle furnace.
The crucibles are practically unattacked and if of good quality, can
be used for many such fusions, especially if care is tuken to cool
them slowly.

The following table gives the amounts of the different common
basic reagents required to form bi-silicates with pure silica. This
will be found useful in calculating assay charges for various quanti-
ties of siliceous ores.

TABLE XXI.
Br-Siuicate Suaag Facrors No. 1.

Quantity of buses required
BiOy
PLO ‘ NugCOy KqCOy NullCOy
1 assay-ton 108. gm. 51.2 gm. 66.8 gm. 81.2 gm.
10 grams 37.0 gm. 17.6 gm. 22.9 g, 27 .9 gm.
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One gram of FeO neutralizes 0.84 grams Si0, or requires 1.4
grams borax-glass. One gram of CaCOQ; neutralizes 0.60 gram
Si0; or requires 1,0 gram borax-glass.

All assayers do not agrec on the use of bi-silicate slags for
siliceous ores, and even if they did agree they might prefer different
proportions of sodium carbonate and litharge than those men-
tioned above. Many assayers consider it better to make the
slag less acid than the bi-silicate; in fact there are certain advan-
tages in making what is approximately a sesqui-silicate. The
quantity of basic fluxes required for this silicate may be deter-
mined by increasing the figures found in the last table by one-third.

Where a large number of assays are to be made on ore of about
the same character it is neither necessary nor desirable to weigh
out each individual unit of flux, as this would take too much time.
Instead, a flux mixture is made up and then a unit weight of this
mixture is weighed out for each assay, or better still a measure is
used which delivers the proper amount. There are innumerable
formulas for such mixtures and even for the same ore many differ-
ent mixtures are advocated. A good flux for the assay of siliceous
ores consists of 3.5 parts of sodium carbonate, 0.5 parts of borax
and 6 parts of litharge. If an assayer uses 100 grams of this
mixturo per assay-ton of quartz and reduces n 28-grum lead but-
ton he will have what is approximately a bi-silicate slag. If he
prefers he may use 125 grams of flux which gives practically a
sesqui-silicate. The latter proportion is somewhat more popular
with assayers, and the student is advised to try both. It should
be noted, however, that half of this quantity of flux will not give
a sesqui-silicate with half an assay-ton of ore, unless at the same
time the reducer is limited to the amount required for a 14-gram
lead button. This latter procedure is not commonly followed,
so that for half an assay-ton of ore approximately 75 grams of
this flux should be used, if a sesqui-silicate and a button of reason-
able size are to be obtained.’

Slags for Class 1 Basic Ores. — In the assay of basic ores it is
necessary to add acid fluxes, silica and borax to obtain a fusible
slag. Also, on account of the fact that the silicates of iron,
manganese, calcium and magnesium are by themselves infusible,
or nearly so, at the temperature of the assay-furnace, it is custom-
ary to add some soda and excess litharge to the charge. These
latter, combining with some of the silica and borax, form readily

~Y
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fusible compounds which help to take into solution the silicates
of the basic oxides and by diluting them give more fusible and
fluid slags. A weight of soda equal at least to that of the ore is
generally taken as a starting point, and very often a quantity of
litharge equal to that of the ore is also allowed for the slag.

The silicate-degree of the slag will depend on the character of
the bases. For Class 1 ores, consisting principally of iron, man-
ganese, calcium, or magnesium it has been found best, to approxi-
mate u sesqui- or a bi-silicate slag.

If the silica and borax are cut down so as to make mono-sili-
cates, the slags from limestone and dolomite will be lumpy when
hot and full of lead shot when cold. Those from iron oxide will
be lumpy when hot, and when they are poured the crucible will
be left full of lead shot which refuse to collect. When cold,
the slag will be found full of shots of lead and will be magnetie,
This is due to the formation of the magnetic oxide of iron, which,
being infusible, floats around in the lower part of the slag and
interferes with the settling of the reduced lead. :

The following table of bi-silicate slag factors will facilitate the
calceulation of charges for basie ores.

TABLE XXII,
Bi-Biicary 8raa Facronws No. 2.

Quantity of bases Quantity of acid required
1 A. T.FeO 24.5 grams SiOy
1 A. T, CaCO, 17.4 ¢ ‘
1 A.T. MgCO, 2.8 ¢ “
10 gms. PbO 2.7 # “
30 ““ NaHCO, 10.8 ¢ “
30 ‘“ Na,CO, 17.0 « “
10 “ K,CO, 4.4 ¢ “

For sesqui-silicates use three-quarters of the above quantities
of silica. When borax-glass is substituted for silica, 1 gram of
borax-glass may be considered equivalent to 0.6 gram of silica.

The amount of silica which should be replaced by borax has
not been determined, but on account of the greater fusibility and
fluidity of boro-silicates it is well to replace at least a quarter to a
third of the silica with its equivalent of borax or borax-glass.
When the calculated amount of borax-glass falls below 5 grams,
this quantity is generally used as a minimun.
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The following example will illustrate the use of the table.
Take 1 assay-ton of an ore consisting of 50 per cent CaCO; and
50 per cent Si0,.  Start with 30 grams of sodium carbonate and
60 grams of litharge, 30 for the slag and 30 for the lead button,
and plan for a bi-silicate slag.  Under these conditions the silica
requirements of the different bases are as follows:

The CaCO; of the ore requires 0.5 X 17.4 = rams SiOy

8.7¢
70 “ [13
8.1

30 grams of soda require. . ............ .. 1

30 grams of litharge require .. ............ “ “
Total. ..ot e 33.8 “

Deducting the silica of the ore, 3 A. T. = 14.6

Silica or equivalent borax necessary........ 19.2

If two-thirds of this is put in as silica, there remains 19.2 — 12.8
= 6.4 grams of silica, for which we must substitute the equivalent

amount of borax-glass, which is }(? X 6.4 = 10.7 grams,

Tho final churgo stunds

Ore . . e e 1A.T.
Sodium carbonate............ ... . o 30 grams
Borax-glass........... .. i 10.7 ¢
Litharge. . ... ..o 60 “
Flour (R.P.12). ... 2} “
Silica. . . .. [ 128 “

This charge contains 17.0 grams of CaSiO; and 34.6 grams of
Na,Si0;, or about twice as much sodium bi-silicate as caleium
bi-silicate. Figure 3 shows that such a combination will melt at a
reasonably low temperature. The lead silicate and the borax-
glass will, of course, reduce this melting temperature materially.

Following the procedure outlined above it may readily be de-

termined that for pure calcium carbonate the charge shown below
should be used: ‘

OTB. . ottt it i 1A T
Sodium carbonate. . ....... ... . ... 30 grams
Borax-glass.......... ... .ooiiiiiiiiiont 23.6
Litharge. ................ e 60 ¢
FlOUr. © ittt it it ettt taaaa e 1 “

SICA. . v viiir it Chee.....28.3 ¢

e -

4
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This charge contains approximately cqual amounts of the
bisilicates of sodium and calcium, as well as litharge and horax-
glass. It fuses without difficulty and gives a glassy slag and a
good separation of lead.

Figure 44 gives at a glance the quantity of reagents other than
flour required to flux one assay-ton of any mixture of limestone
and silica. '
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Fia. 44. — Quantity of fluxes required for 1 A.T. of any mixture of
limestone and silica.

Magnesium silicates are somewhat more difficult to fuse than
the corresponding calcium gilicates; but the same method of
procedure should be followed for ores containing magnesite or
dolomite as for limestone. Precious metal ores containing large
quantities of magnesium carbonate are not likely to be found; but
the assayer may have to determine the quantity of silver contained
in a magnesia cupel, and for this bi-silicate slags are the best.

Ores containing much calcium or magnesium carbonate cause
considerable boiling in the crucible, due to their dissociation into
oxide and carbon dioxide at a temperature about the same as that
required to melt the charge. The assayer should bear this in
mind in selecting a crucible for such an ore.
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The charges for ores consisting mainly of iron or manganese
oxides are figured in the same way as for those containing calcium
carbonate. In assaying ores containing iron or manganese oxides,
more than the ordinary amount of reducing agent must be added
to counteract the oxidizing cffect of these minerals.

Slags for Alumina, — Alumina is the most difficult to flux of
any of the common metul oxides, F ortunately, pure aluming is
never found associated with gold and silver, and the assayer is not
likely to encounter anything worse than ores containing a good
deal of alumina in the form of clay. Pure china-clay, or kaolinite,
which has the following composition, 114ALSiOy, contains only
39.5 per cent of alumina. Ordinary clays contain more or less
quartz and other minerals, so that even the above-mentioned con-
tent of alumina will not have to be dealt with. Small amounts
of combined alumina are found in many ores but these cause no
trouble in the fusion.

Metallurgists have never entirely agreed as to the behavior of
alumina in slags. The work of Day, Shepherd, Rankin, Wright,
Bowen and others has thrown much new light on the subject of
the constitution and thermal properties of the ternary system
Ca0 — AlLO; — Si0,.  'The melting-point curve of the CaO — SiO,
series was shown in Chapter . Figures45 and 46 give the melting-
point diagrams* of the Al,O; — SiO; and the Ca0O — AL,O; series
respectively.

The Al,QO; — SiO; curve is almost a straight line between the
melting-point of silica, 1625° C. and that of alumina, 2050°, the
silicate of lowest melting-point being the eutectic containing 87
per cent of silica, which melts at 1610°. This curve is not at all
like that of the CaO — SiO, series, as it might be expected to be
if alumina were a base. It shows but one compound, Al;0;.8i0,.

The CaO — AlOy curve, on the other hand, shows a number of
compounds and, what is more important to the metallurgist, o very
decided reduction of melting temperature at about the point
where the components are of equal weight. The compound
5Ca0.3A1,0;, which contains 47.8 per cent of CaO, lies just
between two cutectics, both of which melt at about 1400 C. It
would seem from the above, that alumina behaves more like an
acid than a base, and it is suggested that it be so treated.

Alumina makes slags viscous, no matter how it is treated, and

* Am. Jour. Sci., 39, pp. 9 and 11. '
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it should not be allowed to exceed 10 or 15 per cent of the weight
of the slag. Borax-gluss should be increased as the alumina in a
siliceous ore increases.  The addition of lime hus been found help-
ful in fluxing alumina, as might bo expected from u study of the
last curve. The following charge gives good results with pure
china-clay:

Clay........ veevas e e $ AT,
Lime (Ca0)...... e e 6 grams
Sodium carbonate..,.,...... e 20 ¢
Borax-glass, .. ......, e e 10 “
Litharge. . .... e e .. 45 ¢
Flour (RoP.12). ..., 2L«
Bilica, oo 12 ¢

Cryolite is the best flux for alumina and dissolves it readily.
Cryolite melts at about 1000° and dissolves more than 20 per
cent of its weight of Al,0;. Either sodium fluoride or fluorite
may be substituted if desired. The fluorides are all very liquid
when fused and because of this property are particularly helpful
a3 fluxes for ores containing alumina. The addition of 5 or 10
grams of any of the fluorides will be found beneficial with ores
containing large quantities of alumina.

Procedure. — Carefully van some of the ore, estimate and
record in the notebook the amount and character of each of the
slag-forming constituents and also of any sulphides present,

If the ore is mainly siliceous weigh out one of each of the following
charges:

Charge () Charge (b)
Ore 0.5A.T. Ore 0.5 A.T.
Sodium carbonate 30 grams Sodium carbonate 15 grams
Borax 5 “ Borax 5 ¢
Litharge 30 Litharge 50 ¢
Flour * Flour *

Use F pot-furnace crucibles or if the work is to be done in the
muffle 15- or 20-gram muffle crucibles.

Weigh out the fluxes and place in the erucible in the order
given, adding the ore and flour last of all. Weigh the flour and
ore on the pulp balance, the others on the flux balance. Mix

* Enough combined with the reducing material of the ore to give a 28-
gram button,
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thoroughly and if the fusion is to be made in the pot-furnace

place a half-inch cover of salt or soda-borax mixture on top.

Muflle fusions, except those for reducing power, do not require any
covers.

Fuse at & modorate red heat to avoid dungor of the chargo
boiling over and when quiet raise the heat to a bright yellow.
In muffle fusions the assayer must depend upon the sound to t.cll
when the bubbling has ceased. Allow fifteen minutes of quiet
fusion. Pour as usual, tapping the crucible gently against the
mold if necessary to make sure of getting out the last globules of
lead. .

When the material is cold, separate the lead buttons from the
slag, keeping them in order (a) (b). Record in the no@ebook the
character and appearance of the slags, the ease or difficulty of
the separation of each from the lead buttorfsn, the appearance of
the lead buttons and their degree of malleability.

Weigh the lead buttons on the flux balance and cupel carefully
to obtain feather crystals of litharge. Weigh the silver beads,
correct for silver in the litharge used, part and weigh any gold
found and finally report the value of the ore in ounces per ton.

Both of these charges should give good results on aisihccous ore.
Charge (a) is a little less expensive, but charge (b) is more com-
monly used, as the slag contains two bases un'd the excess h;harge
will hold & moderate amount of impurities in solution. Charge
(b) also gives a better separation of lead button u'nd slag and has
the further advantage that if the ore contains slightly more s.ul-
phide than was estimated the litharge will take care of it, giving
a lead button free from matte. 1f in charge (a), there is more
cearbonacoous reducing agont plus sulphide minoral than the ':i()
grams of litharge can oxidize, some of the sulphur will combine
with various metals of the charge, principally lead, and form a
matte which will appear immediately above the lead button:

Approximately 30 grams of litharge from eucl} charge will be
reduced to give the 28-gram lead button and is therefore not
available to combine with the silica. The active® ﬂu?(es are thefl
in charge (1), 30 grams of soda, and 5 of borax, totaling approxi-
mately two and a half times the ore. In chu.rge (), thcj active
fluxes are 15 grams of soda, 5 of borax and 20 grams of litharge,

* * By an active flux is meant a flux which is to appear in the slag and
therefore does not include the litharge which goes to form the lead button.
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totaling approximately three times the ore. A very good rule to
follow in making crucible charges is always to use at Jeast two and
a half times as much active flux as ore.

Borax in the charge should be increased as the bases increase.
For an orc with 10 or 20 per cent of iron or manganese oxide,
limestone or clay, add up to 10 or 15 grams of borax or 5 to 8 grams
of borax-glass. For ores containing larger amounts of bases, work
out a charge from the data given under the discussion of ‘“‘slags
for basic ores.” '

For high-grade ores and those containing considerable quan-
tities of such common impurities as oxides of tellurium, copper,
bismuth, arsenie, antimony, or nickel, the quantity of litharge
must be increased in proportion to the amount of impurity present.
Some idea as to the quantity of litharge required may be found in
the chapter on Spocinl Methods of Assuy,

Notes: 1. Some assuyers prefer to omit the borax from the charge
and use a cover of crude borax or borax-glass in place of the salt. A borax
cover may be used to advantage with ores which ‘““dust” in the crucible,
as the borax swells and melts early, tending to catch and hold down the fine
particles of ore which are projected upward from the charge.

2. The crucible should never be more than two-thirds full when the
charge is all in.

3. If a silver assay alone is asked for, it is customary to omit parting
and report the combined precious metals as silver.

4. In assaying for gold alone, if sufficient silver for parting is not known
to be present, a piece of proof silver should always be added to the crucible
or to the lead button before cupeling. 1f the approximate amount of gold is
known, about eight times its weight, of silver should be allowed.

5. The slag should be fluid on pouring and should be free from lead -

shot. If it is pasty or lumpy, either the fusion has not been long enough to
thoroughly decompose the ore, or the charge is too basic and more borax
and silica should be added. The crucible should have a thin glaze of slag
and should be but little corroded. It should show no particles of undecom-
posed ore or “shots’’ of lead. These latter can best be seen immediately after
pouring, and the student should make it a point to examine his crucible
immediately after every pour. Neither the cover nor the outside of the
crucible should show any glazing, as this indicates that the fusion has boiled
over. The cold slag should be homogeneolls, as otherwise it indicates in-
complete decomposition of the ore. Glassy slags are usually preferred by
assayers but are not essential for all ores.

6. A brittle slag is to be preferred, particularly one which separates
casily and completely from the lead button. If too acid, particularly if too
much borax has hoon used, the slug is upt to be tough nud to adhero tena-
ciously to the lead hutton so that when separated some of the lead comes off
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_ with the slag. This causes a great deal of annoyance and is bound to result

in some loss of alloy. By setting the mold in cold water just after the red has
disappeared from the slag, the latter may be made more brittle. ‘The water
must not be allowed to enter the mold, which must be handled carefully to

avoid disturbing the still liquid lead.

7. 1f the button is hard or brittle or weighs more than 30 grams it
should be scorified hefore cupeling. Hard buttons indieate the presence of
copper, antimony, or nickel. Brittle buttons may be due to antimony,
arsenie, zine, sulphur, litharge or may be rich alloys of lead and the precious

metals.

8. Examine carefully the line of separation of the slag and lead. The
separation should be clean with no films of lead adhering to the slag. There
should be ho third substance hetween the slag and lead, nor should the sur-
face of the lead show any disposition to crumble when hammered. Any
leud-gray, brittle substance between the lend und slag or attached to the lead
button is probably matte. ‘This indicates incomplete decomposition of the
ore, due to incorrect fluxing or too short a time of fusion. If the former is
tho cuuse, docrousing the silien and increasing the noda und litharge will usu-
ally provont the formation of this substance in u subsoquent fusion,

ASSAY OF CLASS 2 ORES.

Ores of this class containing only small amounts of sulphides
are assayed in exactly the same manner as Class 1 ores but with
lesser amounts of flour. However, when sulphides are present
in such amounts as to reduce a lead button too large to cupel a
different method of procedure must be followed. The most
important methods for the assay of these ores follow:

1. ScoriricaTioN. — This method has already been considered.
It is not well suited for gold ores and fails for many silver
ores.

9. LitHaRGE-NITER METHOD. — The reducing power of the ore
is first determined by means of a preliminary assay. Using the
figure thus obtained, the assayer adds a certain amount of niter
to the regular fusion to oxidize a part of the sulphur of the ore,
thus preventing the reduction of too large a lead button. This
is the most common method for the assay of sulphide ores. The
sulphides are decomposed partly by litharge and partly by the
niter.

3. Sopa-IroN MeTHOD. — The litharge added to the charge is
kept low so that the lead from it, plus that in the ore, will yield
a button of suitable size for cupeling.  The sulphide minerals of
the ore are decomposed by means of the metallic iron.  This is &

good method for many ores and is commonly used.
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4. RoasTiNG METHOD — A carefully weighed portion of the
ore i3 roasted to eliminate sulphur, arsenic, antimony etc., and the
roasted ore is then assayed as a Class 1 ore. :

5. COMBINATION WET-AND-FIRE METHOD. — The sulphides, etc.
of the ore are oxidized with nitric acid, the silver is precipitated
as chloride and combined with the insoluble residue containing
the gold. This is filtered off and assayed either by scorification
or crucible.

The Litharge-Niter Assay.

With half-assay-ton charges of ore in fusions containing an
excess of litharge, there may be as much as 18 per cent of
pyrite or proportionately larger amounts of other sulphides, de-
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any reducing power.

pending on their reducing power, and lead buttons of the right
size for cupellation may still be obtained by cutting down or en-
tirely eliminating the flour or other reducing agent. With ores
containing more than 18 per cent of pyrite the lead buttons ob-
tained will be too large, unless some oxidizing agent is added
to counteract this extra reducing effect, IFor this purpose potas-
sium nitrate is commonly used. I'igure 47 shows the quantity
of flour; R.P. 12, or of niter, O. P. 4.2, which must be added

Iy
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to half an assay-ton of sulphide ore of any reducing power to
obtain a 28-gram lead button.

To perform an intelligent niter assay it is also necessary to
know whether the ore is a simple sulphide of lead, iron, or zine
or whether it contains considerable amounts of metal impurities
such as tellurium, copper, bismuth, arsenic, antimony, nickel or
cobalt. In the latter case special measures have to be taken to
climinate these so-called “ impurities.” In the discussion of the
process the simple case of the assay of “ pure ores ”” will be taken
first. :

Slags for Pure Ores. — When an ore contains so large a pro-
portion of sulphide minerals that it is necessary to add niter to
prevent the reduction of too much lead, it will be found that the
chargos recommonded for Class 1 ores will not allow a satisfuotory
decomponition of the ore.  Instead of two products, slag and lend,
a third intermediate product, matte, is often obtained as the result
of the fusion. This amounts to an incomplete decomposition of
the ore and as matte is a good collector of precious metals its
presence is a sure indication of low results. A matte is much less
likely to be formed, however, -with a less acid charge and it has
been found best, therefore, to make a slag approaching a mono-
gilicate for all sulphide ores, as by this means more uniformly
gatisfactory results are obtained. ‘

A moderate excess of litharge is always desirable in this method
as it assists in the oxidation of the sulphides and also tends to
keep the metal impurities out of the lead button. For this reason
no less than 60 grams of litharge per half assay-ton should be
used. Fifteen grams of sodium carbonate should be provided
for the slag, as well as a small amount in addition, to combine
with the SO; not taken care of by the K,O of the niter.

In calculating a charge, the silica requirements of the various
bascs are determined, just as in the case of Class 1 basic ores,
and the silica in the ore is deducted. A minimum of 5 grams of
borax-glass is generally used; in the case of ores containing much
zinc this should be increased to 10 grams. The silica equivalent
of the borax-glass is deducted from the calculated amount of

- gilica required.

Slags for Impure Ores. — When the oro consists mainly of
sulphides or nickel, antimony, arsenic, bismuth, copper or tel-
lurium the type of charge mentioned above does not contain
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enough uncombined litharge to keep the impuritics out of the lead
button. The remedy is to increase the litharge without increas-
ing the silica, thus inereasing the amount of uncombined litharge
in the slag and thereby having it available for the solution of the
base metal oxides. R. W. Lodge* recommends the use of from
15 to 25 per cent of litharge in excess of that called for by the
reducing power of the ore and this yields satisfactory results
with most impure ores. It calls for an increase in litharge as
the reducing power of the ore increases. In the case of impure
ores, this is equivalent to an increase of litharge with an in-
crease of impurities. It 18 desirable in this case to figure for
a sub-silicate slag. More detailed instructions for the assay of
impure ores will be found in the following chapter.

Disadvantages of Excess Litharge. — Owing to its property
of dissolving and forming easily fusible mixtures with oxides
of the metals which are in themselves difficultly fusible, and par-
ticularly because of its property of keeping the impurities out of
the lead button, litharge has become the assayers “ cure-all.”
The student should have in mind, however, the possible disad-
vantages of the use of too much litharge. These include the extra
cost of the added reagent and the more rapid destruction of cru-

cibles, which most assuyers prefer to use for a number of fusions.

More important than the latter, is the damage which is done in
case a crucible i8 eaten through, thus allowing this corrosive slag
to run out on the muffle floor. It has long been recognized, also,
that an increase of litharge increases very slightly the quantity of
silver which is held in the slag, so that no more litharge than is
necessary to ensure a pure lead button and proper decomposition
of the sulphide should ever be used.

Conduct of the Fusion.— It was formerly believed that
charges containing niter require very slow and carcful heating
~ to prevent loss due to boiling-over, and in some quarters this
impression still prevails. This danger of loss due to boiling is a
real one if fusions are made in coke pot-furnaces, as was formerly
the custom; but to-day, in this country at least, practically all
regular assay fusions arc made in large muffles. In the coke-
fired pot-furnace the charge is unevenly heated, the bottom
melts while the top is still cold. Somewhere between the two is
a zone of viscous semi-melted maierial which tends to be lifted

*» Notes on Assaying, 2nd Ed., p. 105.
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bhodily out of the crucible by the ascending gascs. In the muffle,
on the other hand, the crucibles are cvenly heated from all sides
and because of the heat-retarding effect of the bottom and sides
of the crucible, fusion probably begins at the top and proceeds
downward. This provides & fluid slag through which the gases
may readily escape, 80 that the charge boils up only very little.

For the best results in niter fusions the crucibles should be
introduced into a hot muffle and brought rapidly to fusion, the

. whole fusion process not taking more than ten or fifteen minutes.

This method of procedure ensures a complete decomposition of
the sulphide minerals of the ore and prevents the formation of a
matte which is likely to result if the fusion takes a long time.

‘The crucibles should be in the furnace not more than thirty, or at

the most forty minutes. If a number of crucibles are to be
charged at one time the furnace should be at a light yellow heat.
The cold crucibles will lower the temperature materially and it
need not be heated above a yellow heat, about 1000° C., to finish.
In fact a higher finishing temperature, particularly if maintained
for some time, will cause Jow silver results, probably due to vol-
atilization.

To obtain good results, particularly when a large amount of
litharge is used in the charge, the muffle door should be closed
tightly and a reducing atmosphere maintained in the muffie.
If coul-fired muflles are used for fusions, the holes in the back of
the mutlles should be closed and several crucibles containing
bituminous coal placed in the front part. This latter precaution is
unnecessary with gus, gasoline, or oil-fired furnaces as these ordina-
rily have a reducing atmosphere in the muffle or crucible chamber.

The quick fusion which occurs in properly conducted niter
assays effects a rapid and apparently complete decomposition of
the ore, but, except 1n the most skilful hands, the slag losses are
higher than for Class | ores of corresponding grade. The rapid
fusion and very liquid slag do not permit globules of lead to re-
main in suspension for more than a few moments and the high
slag losses common with this method may be due partly to the
less complete collection of the precious metals by the lead. For
this reason it is essential to reduce a generous amount of lead in
this assay, not less than 25 grams and even 35 grams in the case
of large charges. The use of the large quantity of litharge and
niter required in the assay of impure sulphide ores is thought to
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give high slag losses, due to oxidation of silver and its solution in
the heavy litharge slag.

Perkins* finds that the excessive silver loss in this kind of a
slag may be largely prevented by maintaining a reducing atmos-
phere in the furnace throughout the fusion period.

Physical and Chemical Changes Taking Place in Niter
Fusions. — When the crucibles are placed in the furnace the
temperature of the charge immediately begins to rise, and soon
any hydroscopic water contained in the. reagents is driven off.
When the temperature reaches 339° C., at which point niter
melts, the charge begins to frit and some of the sulphides com-
mence to react with the niter, although the action is slow at this
temperature. At about 450°, silica begins to react on the niter
with the evolution of oxygen, nitrogen and the formation of po-
tassium silicate. The oxygen evolved reacts with some of the
more readily oxidized sulphides, particularly pyrite which be-
gins to oxidize readily at about this temperature.

Borax-glass begins to soften and combine with litharge at
about 500°, and the fritting of the charge increases. At 530°
niter begins to dissociate and the oxygen evolved helps to roast
the still solid sulphides and probably converts some of the litharge
into PbyO4, thus making of it an oxygen carrier. Any pyrite

- remaining bogins to docomposo nt 676° forming pyrrhotite nnd
sulphur, but this reaction is slow until the temperature reaches
665°. Even in the absence of other fluxes, litharge and silica
begin to combine at about 700° C. to 750° and at this tempera-
ture the charge becomes decidedly pasty, particularly in the
presence of sodium carbonate and borax. 1f the temperature
were to be held at this point the charge might boil over on account
of its pasty consistency, but the properly conducted fusion is
heated rapidly to 900° or 1000° C., and at this temperature it
is entirely fluid and bubbles escape freely. The rate of oxidation
of the sulphides increases rapidly as the temperature rises and
these reactions evolve a large amount of heat. '

At about 750° some of the metallic oxides and sulphates begin
to react with the undecomposed sulphides and these reactions
are endothermic. The following are examples:

PbS + PbSO, = 2Pb + 280, — 92,380 cal.,
PbS + 2Pb0O = 3Pb + SO, — 52,540 cal.
* Trans. A.I.M.E,, 388, p. 672.

&
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The last reaction is only one of many similar ones, which might
be written, showing the direct reduction of sulphides by litharge.

" In the presence of sufficient gilica, any ferric oxide which is present

will be reduced to the ferrous state by sulphides with the liber-
ation of sulphur dioxide, as for example:

3Fe,0; + FeS + xSi0; = 7Fe( xSi0; + SOy — 81,640 cal.

‘This reaction is of importance above 900°.

In this assay the niter is limited to less than that required to
entirely decompose the sulphides of ore, the amount of unde-
composed sulphide left being just enough to react with litharge
and give a lead button of the right size for cupellation. No one
knows in just what order the reactions take place, but the net
result is the same as if the niter continued to react until entirely
consumed and then the remaining sulphide was oxidized by lith-
arge.

It is noteworthy that all authorities recommend the use of an
excess of litharge for the niter assay, although it may be recalled
that it is possible to decompose the sulphides entirely by fusion
with sodium carbonate and niter alone, as in the Fresenius method
for the determination of sulphur in pyrite. This brings up the
quostion, * Why, und how much, oxcoms lithargo in noodod?”
Beringer® answers the first half of the question by explaining, us
is now well known to all assayers, that “ when metallic sulphides
are present in the ore, an excess of oxide of lead helps to keep the
sulphur out of the button of metal,”’ in other words, helps to
prevent the formation of a matte. Lodget calls for an excess
above that required for the reducing power of the ore, but this is
only necessary with impure ‘ores when the litharge is required
to hold these impurities in the slag.

It is obvious that every reagent has some influence on the
result, but with enough litharge to provide a lead button and some
small excess to help in making a fusible slag, the quantity of
gilica present and the rate of fusion have the greatest effect on
the result. The presence of too much silica in proportion to the
bases, or too slow a fusion, will result in the formation of a matte,
and this means incomplete decomposition of the ore. The reason
for this is not difficult to find. In the slow fusion at a low tem-

+ A Textbook of Assaying, 13th Ed., p. 93.
1 Notes on Assaying, 2nd Ed., p. 105.
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ore will be :—3—2‘—19 = 1.70. Half an assay-ton of this ore would
give a lead button weighing 24.8 grams without either flour or
niter. If the galena had been estimated at 40 per cent, half a
gram of flour (R. P. 12) would have been added and the result
would have been a 30.8-gram button which could still be cupeled.
In a similar manner, if the galena had been estimated at 60 per
cent about 1 gram of niter would have been added and the result-
ing button of about 20.8 grams could also have been cupeled.

Again, in dealing with practically pure sulphides, as in the case
of pyrite or galena concentrates, it is easy to estimate the re-
ducing power and properly control the size of the lead button.

Determining the Oxidizing Power of Niter.— The oxidizing
power of niter is found by fusing a weighed amount with an
ore whose reducing power is known. To obtain comparative
results the slags must be exactly like those used for the reducing-
power fusion and, moreover, to give lead buttons of the proper
gize in the final assay, the slag that is made there must be similar
as regards acidity, litharge excess, etc. to that made in the prelimi-
nary fusion. )

The following example illustrates the method of finding the
oxidizing power of niter:

Ore 5 grams ‘ 5 grams
Sodium carbonate 10 * 10
Litharge 60 ¢ 60
Niter 4 ¢
Silica 5 ¢ 5 ¢
Lead obtained 24 .31 grams 6.61 grams

Reducing pdwer of ore 2i-,)31 = 4.86

Lead oxidized by 4 grams of niter 24.31 — 6.81 = 17.70

Oxidizing power of niter = HEJQ = 4.42

Quantity of Sodium Carbonate Converted to Sulphate. —
When the reducing power of the ore, its character and the oxi-
dizing power of niter are known the charge for the regular assay
can be made up. Assume that it is desired to make a slag con-
taining 15 grams of sodium carbonate and 30 grams of litharge
for 0.5 assay-ton of ore, and that enough silica should always be

——s

present to hold and slag the iron as ferrous singulo-silicate, thus
preventing it from becoming converted to ferric oxide. With
pure pyrite, the reducing power of which may be assumed to be
12, and with the further assumption that all of its sulphur is oxi-
dized to SOy, it is evident that if the soda in the slag is to be kept
constant the soda which is added to the charge will have to be
incrensed us the reducing power of the ore increases, becauso one
of the products of the reaction of niter upon sulphides in the
presence of soda is sulphate of soda, and because the soda thus
used up no longer serves as a flux.

The reactions governing the decomposition of the pyrite under
the assumed conditions are the following:

(a) 2FeS; + 14PbO+ 4Nn,CO; + 8i0, =
F,Si04 + 14Pb + 4N2a,S0, + 4C0,,

(b) 10FeS; + 28KNO; + 6Na,CO; + 58i0, =
5Fe,Si0. + 141{2804 + GNMSO. + 14N1 + 6002

When the ore has a reducing power of 12, %—g = 2.33 grams of

pyrite react according to equation (a), yielding a 28-gram lead
button. From the proportion

FeS, : 2Na,COs = 120: 212 = 2.33 : 4.12,

it may be seen that this reaction results in the conversion of 4.12
grams of Na,CO; into sulphate.

Reaction (a) is actually the last to take place, but was con-
sidered first to determine the quantity of pyrite in excess of that
required to furnish the lead button, as this is the amount which
must be oxidized by niter. There remains to be decomposed
by niter under the conditions of equation (b) 14.68 ~ 2.33 grams
= 12.25 grams of pyrite. The sodium carbonate required to
satisfy this reaction may be found from the proportion

5FeS; : 3Na,CO; = 620 : 318 = 12.25 : y,

golving, y is found to be 6.28. Adding these two quantities, it
will be seen that 0.5 assay-ton of pyrite, under these conditions,
causes the removal of 10.4 grams of Na,CO; from the slag.

It is possible to generalize from these figures and say that each
gram of pyrite in the charge, up to 2.33 grams, requires the addition

THE CRUCIBLE ASSAY ‘ 120
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open to the objection that the recovery of silver and gold is more
or less incomplete when the slag contains ferric oxide.*

The following table of mono-silicate slag factors may be found
useful in determining the quantity of silica required for any niter

fusion.

TABLE XXIII.
MoNo-S1LICATE SLAG FacToRs.
Quantity of acids required
Quantity of bases
Biliea Borax-glass
8.065 grams FeQ from & A. T, FeB,y requires. .. 3.4 4.80
11.3 “ FeO A. 'L Feills ‘o 4.75 6.38
12,17 ¢ ZnO  “ J A T.ZnS oL 4.51 6.06
1.0 PhO " gAT PNE ‘o 1.8 2.44
15 grams NayCOs ovovvvvninnnn, . S 4.2 5.72
30grams PHO ....vviiniiiiit “ 4.06 5.46 -

To avoid low results due to oxidation by niter, it is often ad-
vantageous to reduce the quantity of ore used. When silver alone
is being sought, the niter may be entirely done away with by
reducing the ore charge to a quantity sufficient to give a lead
button weighing not more than 30 grams. In gold assays, how-
ever, a charge less than 0.5 assay-ton is undesirable, as it fails to
give a sufficiently close valuation of the ore.

The Soda-Iron Method.

The soda-iron, or iron-nail method of assaying sulphide ores
is radically different from any of the other methods so far
described. It consists of a reducing fusion of the ore with a
large amount of sodium carbonate, as well as a limited amount
of litharge and borax and occasionally a small amount of
silica, together with an excess of metallic iron, usually in the
form of nails or spikes. The principal difference between this
and the other crucible methods consists in the use of metallic
iron as a reducing and desulphurizing agent. As iron reduces
lead from litharge, as well as from the common lead minerals,

"+ Jour. Chem. Met. and Min. Soc. of South Africa, 2, p. 465.
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any lead shots have remained behind. Examine the buttoﬁ and
line of separation between lead and slag, to be sure that lead
bt{Wma are free from matte. If matte or shotty lead is ob-
taincd, the assay should be repeated with such changes in manip-
ulation of fire or of composition of charge as may be suggesbcdl
An annoying situation occasionally encountered in assayir;g
some sulphide ores, particularly those containing pyrrhotite and
arsenical pyrite, is the behavior of the lend which refuses to col-
lect and remains shotted throughout the slag. When the slag is
poured, some clear slag comes first, then slag full of lead shot
Thfz s.ala.g which is left in the crucible is also full of lead shot-
'I.‘}.“S 18 usually due to too low a temperature of fusion or too little;
snlllca, but may also be caused by the oxidation of the iron to ferric
oxide during the fusion,  Ierric oxide is infusible at the tempero-
ture of the fusion and is insoluble in the ordinary slag at this tem-
porature, . |
'fl‘he best way of overcoming this difficulty is to increase the
s;lfca z'md run the new assay at a higher temperature.  If sufficient
sana 18 present to form bi-silicates with all of the bases. the ir;)n
will be held firmly in the ferrous condition and shots dllle t(; this

cause are avoided. A high temperature favors the reduction of -

Fey0, Po Feoror what amounts to the same thing, prevents the
fonnatlpn of Fe;0; by the niter and litharge. This is in accord-
ance with the well-known principle of physical chemistry, that

“ the change of heat energy into chemical energy takes place more .

rgadily at bigh than at low temperatures.” According to data
given by Richards* the thermal equations representing this type
of reaction may be written as follows:

"Fe;0; + Pb = 2FeO + PbO — 13,400 cal.
Fe;04 + Pb = 3FeO + PbO — 22,900 cal.

Accordi}lg to van’t Hoff’s law, when the temperature of such
a system is raised, the equilibrium point is displaced in the direc-
tion which absorbs heat, that is to say, the above reactions will
proceed in a right-handed direction.

F err%c oxide is soluble in an excess of litharge, and another way
to avoid obtaining a slag containing lead shots is to use a large
excess of litharge in the charge. This method of procedure lb

* Metallurgical Calculations.
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least importance, and ruthenium at least is present in amounts of
only a fraction of one per cent.

The material to be tested is dissolved by treatment with hot
aqua regia and, if no large amount of gold or silver is present, is
treated directly. If much gold or silver is present it may mask the
reaction. The test is more sensitive if the excess acid has been
removed by evaporation before the test is made.

A very thin piece of asbestos paper, held with tongs, is alter-
nately dipped into the solution to be tested and heuted in the
‘Bunsen flame until about 0.2 c.c. has been absorbed, or better, the
asbestos paper is placed on a light ring over a Tirrill burner and a
drop or 80 at a time of the solution ix placed on the center of the
puper und heated to rednoss. The usbestos is finally heated to
redness again, the gas is shut off and then quickly turned on again
while the paper is still hot, but not visibly red. If any or all of
the four metals enumerated above are present, the agbestos will
glow where it has been moistened with the solution. T

may last for some time and may be brought back after it has once
died out by again heating the paper and holding it in the stream
of gas. The burner should be adjusted to deliver a fairly rich
mixture of gas in air, and the pressure should be kept low. For
the greatest sensitiveness of the test the asbestos paper must be
very thin, and the gas-air mixture should be warmed. For field
testing, a lamp burning pure methyl alcohol, or other highly vola-
tile liquid hydrocarbon, may be substituted for Uluminating gas.

If the aqua regia solution is to be evaporated so as to concentrate
the metallic contents, this should be done on the water bath, since

heating in air at a high temperature will decompose all the plati-
num. salts with the formation of the metals,

he glow

IDENTIFICATION.

Platinum. — Platinum forms two series of salts corresponding to
the oxides PtO and PtOs;. The oxides themselves are very un-
stable and decompose into metal and oxygen when gently heated.
Pure platinum is not oxidized on heating in air at any temperature,

Aqua regia dissolves platinum, converting it into chloroplutinic
acid, HyPtCls, a solution of which is yellowish orange and which
may be ecrystallized, in which form it is colored orange-red. If
solutions containing H,PtCl, are evaporated to dryness and heated

" pess with which platinic ¢

. to y]eld a d”rk b]()od red ]lq'l]d o‘vlng to th(; fOl’matl()n Oi the Ptl \
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rature higher than that of a water bath the (':hloml();l&t;?(lf
w-zw["xilp}ie reduced to chloroplatinous acid ux;d;hlor;x::vmctl ore-
B tin i ly in solution,
i i PtCl,, is known only . -
pla.t mo}xs . amd,kHlirowzr., It is important to appreciate t,hﬁ r(*?dl’
o e hloride is reduced even on gentle heating,

ipi ! y i 'h.l I‘idb.
or in (¢) 3

igniti duced to the
i nds, upon ignition, are re 7
. All .platt—mtl,:am ;3‘211)10‘; solution containing fairly cl(:llxct?nZI.'aLed
memlhcl 2'§ic.acid free from nitric acid and exce;as (,P t%rl:n v;,hich
Chlompoiulum CHL:)RIDE precipitates® yellow. (NH glg i ,; which
i };l]::;xtly goluble in water but pm(?uca,llyhuisoh'x“li n 8 dibe
" lution of ammonium chloride and in uleoho .wlt e iod and
:(l)xluroplutiuute may be dried and woighod us &
ighed as metallic platinum. N

we;)goussmm CHLORIDE precipitates
difficultly soluble in solutions of potassium ¢

; . l l. - . . . . ‘
IDSSI“T:;II;I‘;(;;‘;DE may precipitate black platinic iodide, Ptl,,
Ur .

o : o
i t as this is readily solub
i centrated solutions, bu e '
fmglilhtlghlgdi?)rclhloric acid and excess of reagent it is more likely
in dilu

yellow K;PtCls, which is
hloride and practically

i

radicad. g & I y I L}I(’, (let,e(}tl()n \
d 8I I h]s tes' 18 t]]e ne gener ILH em )10 U(l f()
. o

U T Sa.ltS &lSO J1Ve re O
t‘ g y .
Ienullunl also g“es a Ied 00101 Hltll po tassulm IOdlde in hea'klb

yut thi ‘ boiling.
i i t this turns yellow on o .
N SOlut(‘}‘;l;S; g;LPHIDE precipitates black ;')l.zmmc dlsulp{:ilgrel:‘
I:IYDRgdily from a hot solution. The addntxog of 111)1{;{;:16 -
Pk:lb:x,'i(;z solution prevents the formatiqn of colloidal .
zulphide is soluble in alkaline polysllllp?udes. .
B HATE added to a 8o utmg neutra
I‘bh:::;ﬁiggll‘;ﬂed precipitates metallic platinum.
car ’

i i psence of acid.
initate platinum in the presence o ; e
pr(;;;iizoug Cuvonipe reduces H;PtCls to H,PtCl; but n

o : ions
tal. Small amounts of reagent with dilute platinum solutio

metal.

give a golden yellow color.

* See similar reaction of iridium.

lized with sodium
1t does not
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sulphide reduces the Ir+¢ to Irt3 and then precipitates brown Ir,S
which is readily soluble in aimnmonium sulphide, : o

f}/ : Formic _Acw precipitates bluck metallic iridium from hot solu-

! tions provided too much mineral acid be not present. To ensure
complete reduction, ammonium acetate should be added.

Porassium Nirrite, added to hot solutions of iridium salts. '
alts,

yields a yellovy precipitate insoluble in water. Compare rhodium
MgraLLic ZiNe in an acid solution precipitates the metal .
-FERROUS SULPHATE, oxalic acid, stannous chloride, and al;zohol
(hot) reduce the tetrachloride to the trichloride. ,
. Hor Surpnuric Acip. — When an iridium salt containing as
htltleh as ().()Qii mil(;igram of iridium is heated with concentré.t(;d
sulphurie acid and a small ar i i i
besatifal bids color domiops nount of silver nitrate is added, a
Rhodium. — Two oxides of rhodium have been fairly well identi-
ﬁe.d,’Rtha and RhO,. According to Carter,* rhodium begins to
O‘XIdlZB at 600° C., forming Rh,Oy, At 1000° C. the action is appre-
ciable and the metal begins to volatilize. PP
' In the dexlme form, rhodium, like iridium, is practically insoluble
in aqua regia. When precipitated from u solution of its chloride
by means of formic acid or other reducing agents, it comes down in
a very finely divided state. This precipitate, rhodium black, if
no.t ignited, dissolves readily in boiling concentrated sulphu’ric
acid gnd more readily in aqua regia. By treating the metal with
3 chlorine in the presence of sodium chloride there is formed the
L 3/; solub¥e salt NagRhCl,. This salt is the most important for the
N chemist. When a solution of sodium chlororhodite is concentrated
\\an(é allowed to cool, dark red prisms of th. ..ydrous salt crystallize
out. ‘
' All rhodium compounds are converted to the metal by heatin
in an atmosphere of hydrogen. ¢

From a solution containing sodium chlgrorhodite:

IlYDI.tOGEN SuLpHIDE_precipitates from a hot solution brown
Rh,S;, insoluble in alkaline sulphides, in which respect- it differs
from platinum and iridium. ' e

Porassiom Nitrite, from a warm solution, precipitates diffi-
cu-ltly soluble, orange-yellow K;Rh(NO,);, soluble in hydrochlori
acid. The corresponding sodium salt is soluble in water. N

v

* Notes on the Metals of the Platin D)
Son k8 e um Group, Trans. Am. Electrochem.
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Porassium lopipe precipitates, from hot solution, a durk brown
rhodium iodide, Rhlj.

SranNous Curoripk, 40 per cent in 30 per cent hydrochloric
acid added to a solution of a rhodium salt and heated to boiling,
develops a brown color that changes to a raspberry shade on cool-
ing. This test will detect less than 0.001 milligram of rhodium in
1 c.c. of solution.

- Formic Aci, in the presence of ammonium acetate, precipitates
metallic rhodium in the form of a fine black powder.

MeraLric Zinc and magnesium in the presence of acid precipi-,
tates the metal.

For other reactions and identifying tests for these and the other
metals of the platinum group the reader is referred to various
authorities on chemistry, including particularly McAlpine and
Soule’s 1933 revision of Prescott and Johnson’s ‘“‘Qualitative
Chemical Analysis,” and to Vol. I of W. T. Hall’s eighth linglish
edition (1932) of Treadwell’s ‘“ Anulytical Chemistry.”

TREATMENT OF ORES CONTAINING METALLIC GRAINS.

Platiniferous black sands always, and other materials oceasion-"
ally, contain metallic grains, and these should preferably be re-
moved before the sample is ground. 'The metallic grains and the
finely ground ore are assayed separately, and the average assay of
the lot is caleulated from the known weights and assays. With
large samples this may best be done by panning; with small
samples weighing only a few hundred grams the grains may be
separated by dry blow ¢y '

For this purpose there is needed a set of testing sieves, a gold
washing horn about 2 inches wide and 8 inches long, and a large
working table. The dry material is weighed and closely sized, and
then each size is treated separately by blowing. A suitable nest
of sieves for this purpose might include a 10-, 20-, 35-, 65-, 100-, and
150-mesh screen. After spreading out a large piece of smooth
paper to catch the rejections, one size of ore is placed in the horn,
which is shaken longitudinally to cause a stratification of the par-
ticles, and then by blowing lightly and momentarily across the
top of the sand toward the larger end, which is slightly elevated,
some of the lighter grains are removed. 'The material is shaken
again and the blowing repeated. This process is continued until
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finally, if proper skill is exercised, only gold and platinum with
possibly some grains of metallic lead and iron are left. The reject

which has been caught on the paper is reworked to ensure a com-.

plete recovery of the metallic gruins. lach size is treated sepu-
rately by this means, beginning preferably with the coarsest size
and, of course, with a gradual reduction of the velocity of the air
currents as the grain sizes become gmaller. The metallic grains,
which may first be weighed as a check, are combined and alloyed
with silver by cupellation or with lead by fusion. The rejects are
combined, finely ground, and fused in lots of one assay ton with
appropriate reagents.

GENERAL REMARKS ON THE FIRE METHOD.

The fire method has the advantage that a relatively large amount
of ore may be quickly and inexpensively decomposed with the
collection of the platinum group of metals in the lead button,
and the concurrent separation of most of the other constituents
of the ore in the slag. A general knowledge of fire assaying chem-

| lstry and procedure as well as a knowledge of the following matters
relating to the platinum metals are prerequisites to any attempt at
analysis.

Fusion. — In a crucible fusion of material containing the plati-
num group of metals together with gold and silver, if the character
of the material is such that the quantity of litharge may be held
at & minimum and the conditions of fusion are strongly reducing,
the load button will collect practically all the gold, silver, rhodium,
platinum, and pulladium in the form of an alloy. The iridium,
ruthenium, and osmium as well as any iridosmium, because of their
greater specific gravity, high melting-point, and chemical inac-
tivity, under these conditions will be collected and held in suspern-
sion in the lower part of the molten lead. On pouring, there is a
danger that some of these unalloyed metals will remain behind in

_ the crucible, but with a smooth crucible, a goodly quantity of lead,
a hot, fluid, and slightly acid slag, the danger of a loss here is but
slight.

In a crucible fusion where the conditions are strongly oxidizing,
the osmium, ruthenium, and even the iridium may be expected to
be wholly or partially oxidized and either volatilized or carried
into the slag. The extent to which this oxidizing process will

p—
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proceed will depend not only upon the conditions of the fusion, but
also upon the stute of division of the metals in the charge. In the
compact form they will be much less readily attacked than if they
ure it the form of u finely divided precipitate or slime.

Cupellation. — In the cupellation of the lead buttons with suffi-
cient silver so that the lead may be practically entirely eliminated,
the final bead will contain, besides gold and silver, practically all
the rhodium, platinum, and palladium in alloy form, and most of
the iridium and iridosmium which was collected in the lead button,
mechanically held.  Most of the ruthenium and all the osmium will
probably have been oxidized and lost.

Iridium and iridosmium if present, being very dense and not

{ 'h:;ving alloyed with the lead or silver, will tend to sink to the bot~

:gg_nwgf”t,hc,gupelix'xg_,ulloy and will be found in the lower part of

|

)

t
< the bead where they may be seen with the aid of a lens, n the form
—=, of black specks.

Ruthenium and osmium, if present in sufficient
amounts, will appeur in the oxidized form_as a black film on the
surface of the driving lead.  Some of this oxide will be left on the

cupel, and some will remain as black crystalline spots on the surface
of the bead.

The presence of the platinum group of metals raises the melting-
point of the alloy constituting the final bead and necessitates a
higher cupellation temperature to prevent freczing, and to remove
as much of the lead as possible. When platinum alone is cupeled
with lead about 40 per cent of lead is retained after cupellation.
The residual platinum-lead alloy will have an irregular mossy
appearance and will stick to the cupel. When platinum and silver

( are both present in ubout (he saume amount, lead equivalent to
about 25 per cent of the platinum will be retained in the bead even
when cupeling at a high temperature. Such u bead will fuil to
brighten but will flatten out and solidify, leaving a bead which i8
rough and dull gray when cold.  As the ratio of silver to platinum
increases, the amount of retained lead decreases, but even when the
ratio of silver to platinum is greater than 4 to 1 and the tempera-
ture of cupellation is sufficient for gold assuying, lead will be re-
tained in the bead. To ensure removal of all the lead, the ratio of
gilver to rare metals should be at least 10 to 1. Since the presence

\ of copper aids in the removal of the last of the lead, it may be well,

\ in some cases, to add a small amount, unless it is known to be
‘present in the material being assayed. Care should be exercised



)

,::Lnd ‘therefore tend to separate during sohdlhcamon
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when hammering the beads containing any of the platinum group,
for the presence of even a small amount of lead renders them
brittle.
Platinum_and silver, though entirely miscible in the molten
co_x}ilxgonwur?z not, cnurely ‘mutually solublc in the sohd (,onden
t For this
reason, sﬂvcr-platmum beads should be allowed to remain in the
muffle for five or ten minutes after solidification so thst the plati-
num-rich crystals whigh selidify first. may. hy diffusion be induced
to give up some of their plutinum Lo the adjacent alloy.  Such an
annealing_process makes possible the satisfactory separation of
gilver in the sulphurie acid parting operation and the more com-

~ plete dissolution of the silver in nitric acid partiug.

)

\

\

THE ACTION OF ACIDS ON ALLOYS OF SILVER, GOLD,
AND THE PLATINUM METALS.

The best-known and simplest method for the determination of
platinum in ores depends upon the fuct that when alloys of silver
and platinum are subjected to treatment with hot, slightly diluted
sulphuric acid, under the proper conditions, the silver is dissolved
and the platinum is unattacked, whereas if nitric acid is used both
silver and platinum are dissolved. When the material to be as-
sayed contains gold, silver, and platinum, with no other metals of
that group, the sulphuric acid method is well suited for the de-
termination. Other metals of the platinum group interfere to
somo extent, but their presence does not necessarily entirely vitiate

| the results, if they are recognized und suitable precautions ob-

‘served.
* Sulphuric Acid. — To ensure complete removal of the silver, at
least 10 times as much silver as platinum must be present. The
sulphuric acid used must be free from nitrogen compounds and
chlorides, as in the first case appreciable quantities of platinum
will be dissolved; and in the second, both gold and platinum would
go into solution to some extent. It is probable that a little silver
will always remain undissolved, regardless of the ratio of silver
used in the alloy, and for this and other reasons it is customary,
where high accuracy is required, to run synthetic assays parallel
to the samples under assay, and to correct the results accordingly.
Excessive boiling in concentrated sulphuric acid exerts 1 marked
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solvent action upon the platinum in platinum-silver ulloys.  Ac-
cording to Steinmann,* this loss amounts to between 20 and 30
parts per 1000 parts of platinum, but may be as much as 50 parts.
By using slightly diluted sulphuric acid und keeping the tempera-
ture below boiling, the silver may be extructed without materiul
loss of platinum. Steinmann recommends heating for fifteen
minutes with slightly diluted sulphuric acid at a temperature not
exceeding 240° C. His procedure calls for acid made by diluting
100 volumes of concentrated acid wnh 22 volumcs of water. 'This
degree of dilution and the avoidance of boiling reduces to some
extent the somewhat delicate and more or less objectionuble
manipulation and handling of boiling, concentrated sulphurie
acid. The temperature recommended is nearly 100° below 338° C.,
the boiling-point of the concentrated acid. 'The treatment with
acid should be repeated, after which the residue of platinum and
gold is washed, dried and weighed.

With a ratio of 10 parts of silver to 1 of platinum in the absence
of gold, the platinum is left in a finely divided state, and the subse-
quent separation by decantation is likely to result in some loss of
platinum. For this reason it is best, when assaying materials
which contain only platinum and silver, to reserve all the de-
canted solution and washings, and in case the solution contains
finely divided particles to filter, on a small ashless filter, which is
thoroughly washed and ignited. It should also be noted thaut
when the platinum is left in a finely divided condition a relatively
larger proportion of it is likely to dissolve in the sulphuric acid.

The presence of gold in sufficient amount is thought to reduce
materinlly the quantity of platinum which is dissolved.  When
the sample being assayed contains gold the residue is not left
in such a finely divided state, and filtering of the decanted solu-
tions is not ordinarily required. In fact, it is customary to
add such a ratio of gold as will retard or prevent the breaking up
of the residue during parting. Very little work has been done to
determine the best ratio of gold to use in parting ternary alloys.
At least twice as much gold as platinum should be used, and some
authorities prefer a very much higher ratio. Using a ratio of
gilver to gold plus platinum of 3 to 1, which is the ordinary com-
mercial practice of bullion assayers designed to yield a cornet which

* Schweiz. Woch. Chem. Pharm., 59, p. 441 (1911), abs. J. Soc. Chem,
Ind., 80, p. 1216 (1911).
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2 is indicated. Lodge* recommends a ratio of silver to platinum of

/J/} 12 or 15 to 1, and reports that w1th ) this ratio separation is prac-
tlcul ly con complete after three hree partings.-y«

‘Since ac actually the platinum m: may never be entirely removed, and
since there will be some loss of gold and platinum in the numerous
cupellations involved, it is necessary, when high accuracy is re-
quired, to make a preliminary assay, and on the basis of the results
to make up ‘““checks’” containing approximately the same propor-
tions of gold, silver, and platinum as are contained in the sample
under examination. These checks are put through the assuy
method parallel with the samples being assayed, and the gold and
platinum results are corrected accordingly.

- Platinum alloyed with copper, lead, zine, and some other metals
15 also attacked and purtly dissolved by nitric acid.

Pa Iadlum whlch is much more readily soluble in nitrie amd tlun

to ten or more times the combmed g{old ]),l:l.tlnllln ’and palladlum
Irldlunmd 1r1dosm1um both of which are practically unaffected
/) by cupellation with s bxlver are unacted upon by nitri¢_acid and
,,; remain with the gold on_wugg L{ho(hum likewise, {3 practi-
cally ungtmtagk_gd by nitric aci ucul Consequently if iridium or rho-
dium are to be determined, or if the gold assay is to be corrected
for these metals, special treatment of the residue is required.
But little elemental osmium or ruthenium is likely to have re-
mained in the bead after cupellation. If present, osmium will be
dissolved, but ruthvmum waLxcmw_uLth thc I(,bldllL

THE DETERMINATION OF PLATINUM, GOLD, AND SILVER BY
THE SULPHURIC ACID PARTING METHOD. A
This is the common commercial method for determining plati-
num, gold, and silver in the absence of the other metals of the
platinum group, and yields satisfactory results when properly
conducted; but, like all determinations of the platinum group
metals, it requires much more time, munipulutive skill, and knowl-
edge of chemistry than are required for the determination of gold
and silver by fire assay methods.
It is assumed in this description that no other metals of the

* ‘“ Notes on Assaying.”
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platinum group are present. However, if iridium, iridosmium,
and rhodium are present in small amounts, they may be estimmated
by a method to be deseribed later. 1f palladium is present in
small quantities, it may be determined by a supplemental step
which will be described immediately after this procedure.

Epitome. — In this method the assay beud is parted in sulphuric
aeid, dissolving the silver and leaving the gold and platinum which
are wdg,hcd Log,uhcr Silvar ib Lheu addcd by means of cupd—

arted in nitric ¢
‘md )laum un. Whux the E,uld is bulhcwnbly purmcd by ro dLLd
1nquurl,unou and parting, it is annculed and weighed, and the
plutinum is found by difference.

Preliminary Assay. — Since rather definite proportions of gold to
platinum, and of silver to gold plus platinum, are desirable if the
assay is to be accomplished with the greatest accuracy and the
least annoyance, a preliminary assay is usually required so that
the approximate composition of the material to be assayed may
be known in advance. Ior the highest aceuracy the final assays
are run with “checks’ containing approximately the same pro-
portions of platinum, gold, and silver us the sample, and these ure
put through the assay mecthod parallel with the samples under
assay, and for this reason, also, a preliminary assay is obviously
a necessity.

As the materials which may be submitted for assay vary over
8o wide n runge, it is impossible to lay down a definite procedure
for the preliminary assay. The quantity of material to be taken
may be as little a8 0.1 to 0.2 gram in the case of an alloy, or as
much as 5 or 10 assay tons for an ore.  For rich sweeps, from 0.1
to 0.5 assay ton would be about right. The assay may begin with
cupellation in the case of an alloy, or with scorification or crucible
fusion in the case of sweeps, electrolytic slime, or ore.

The lead buttons, however obtained, are cupeled at a moderate
temperature until nbout & grums of lead remains, then the heat is
raised to that ordinarily employed for gold bullion assays. As
hus wlready been said, the cupoellution requires i higher lomperu-
ture as the praportion of platinum_inereases, and-so-in aprelimi-
nury assay the determmatlon of the proper cupelkition tempera-
ture is po.rtly a matter of frl il and (lrmr If the bead is flat or
‘otherwise unsatisfactory, or_if the appearance of the cupel in-

dlcates that a large quantlty of copper or other dlfﬁcult]y oxidiz-

——————
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able impurities were present in the lead button, the bead should
bq_jngLlDCI&l with 5 or 10 grams mng_pf: lea.d 'Lhcgfmalbe“ud
should be well rounded and free from Jead.  Its weight is accepted
as that of the platinum, gold, and silver together. In the case of
bullion, the difference between the weight taken and that of the
bead gives the base metal present.

From the color and appearance of the bead, some idea of its
composgition is obtained. If it is not yellow, gold equal to 3 times
its weight is carefully weighed and added to it, together with silver
equal to 12 times its weight. The bead, with the added gold and
gilver, is wrapped in sheet lead, and cupeled 80 as to finish at such
a temperature that the final metal will remain molten until after
the brightening, 8o that, if possible, all the lead shall be removed.
Finally, the bead is allowed to solidify and permitted to remain in
the front of the muffle at a temperature of 800 to 850° C. for ten
minutes.

The alloy thus obtained is flattened, annealed, rolled into a
fillet, annealed again, and formed into a cornet. The cornet is
parted in sulphuric acid in the manner recommended in the pro-
cedure for the final assay. The residue is washed, dried, annealed,
and weighed, and considered to be platinum plus gold. After
correction for added gold, the difference between this and the
original cupellation bead is silver. The residue is inquartated
by cupellation with from 3 to 10 times its weight of silver, which
in this case does not have to be carefully weighed. The resulting
bead is annealed as before, rolled out if a low ratio of silver to
platinum plus gold has been adopted, and parted in nitric acid,
and the residue is washed, dried, and annealed.

If the color of the cornet is that of pure gold, it is weighed; but
if, on the other hand, it has a steel-gray color, it will be necessary
to repeat the inquartation and parting so as to obtain a closer
approximation of the amount of platinum present. The weight
of the final cornet, corrected for the amount of gold added, repre-
sents the gold contents of the original bead. The difference be-
tween the weight of the final cornet and the residue after sulphuric
acid parting gives the platinum.

Final Assay. — Take a quantity of the sample sufficient to yield
an amount of platinum such that errors of weighing the final metal
will not be excessive. With low-grade ores from 10 to 20 assay
tons may be necessary. The ore should be fused in a number of
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portions, with a lead-fall of not less than 25 to 30 grams per ussay
ton, and the lead buttons combined by scorification to duplicate
or triplicate portions euch representing one-half or one-third of
the original lot of ore. With high-grade material, care should be
taken to see that the total weight of platinum in any assay does
not exceed 100 milligrams.

From the results of the preliminary assay, enough gold and
gilver are added to the lead buttons to give a ratio of Pt:Au:Ag
of 1:2:30 to 1:10:33, depending upon the amount of platinum
present and the assay facilities available. If the latter ratio is
used, the assay bead will have to be flattened and rolled into a
cornet. For one who has not had considerable expericnce in this
work, the writer recommends the use of an alloy containing a high
ratio of silver so that the residue by breaking up during parting
will give some indication that most of the silver has been dissolved.

The main part of the cupellution may be carried on at the ordi-
nary temperature for gold bullion assaying, but at the end, the heat
should be raised until the mutfle temperature approaches a light
yellow heat, 1050° C. After brightening, the muflle is cooled, or
the cupels are drawn to the front so that the beads will solidify.
They are then allowed to remain al a temperature of 800° to
850° C. for ten or fifteen minutes, ufter which they muy be re-
moved. After being allowed to cool, the beads ure weighed and
the weight is corrected for added gold and silver, and for accurate
work, for cupel loss, applying the results obtained from check
a88aYs.

Suyrpauric AciD PARTING. — Sulphuriec acid parting is best
conducted in a 30-c.c. pear-shaped parting flask. The parting
acid is made up by diluting 100 c.c. of concentrated sulphuric
acid with 22 c.c. of water. Ten cubic centimeters of this dilute
acid is placed in each flask, and these are then put on the asbestos-
covered hot plate and heated not to excced 240° C. If the low
ratio of silver to platinum plus gold is used, the beads are flattened
as in the gold bullion assay, annealed, and rolled in 2 or 3 passes,
annealing after each pass to a fillet about 0.01 inch thick, and then
formed into a cornet. The careful annealing of platiniferous cor-
nets has a most important bearing on their subsequent behavior
in parting acids.

The carefully cleaned beads or cornets are dropped into the acid
before it gets too hot, otherwise the action may become too violent.
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Heat at 240° C. until chemical action ceases and then for an addi-
tional ten minutes. The acid is then decanted and two addi-
tional acid treatments of ten and five minutes respectively are
given, after which the residue is carefully washed. An orange-
yellow solution at this point indicates palladium, in which case the
procedure must be modified as described later. Great care must
be taken in adding water to the hot sulphuric acid to avoid ac-
cidents. The solutions should be decanted over a piece of white
paper so that the residue may be watched and prevented from
passing over with the solution. The solutions and washings
should be poured into clean white casseroles so that any loss of
residue may be detected.

The next step after complete washing is to transfer the residue
from the flask to a porcelain capsule or clay annealing-cup. To
do this fill the flask, full to the edge, with distilled water, invert
over it an annealing cup or porcelain capsule, and then turn the
combination quickly through 180 degrees. Tap slightly, and
rotate so that no residue remains on the sides of the flask, and when
the restduo 18 all in the cup, ralse thoe flusk gently und ullow air
to enter slowly so as to disturb the residue as little as possible.
When the mouth of the flask is even with the top of the cup and
the latter is full of water, slide the flask off quickly, invert it, and
examine it carefully to be sure that no residue is left. Drain the
water from the cup as completely as possible, dry carefully to
avoid spattering, and anneal. Weigh the gold plus platinum.

Nitric Acrp TREATMENT. — Add a quantity of silver equal to
3 to 10 times the residue, wrap in lead and cupel, finishing at a
high temperature as before, and anneal ten minutes at 800 to 850°
C. Clean the bead and part as in the gold assay. Wash, dry,
anneal, and examine the residue. Continue the inquartation and
parting until from the color it is ascertained that only gold remains.
Three partings are usually sufficient for commercial work. Weigh
the gold, apply corrections derived from the check if one has been
run, and compute the platinum.

_ESTIMATION OF PALLADIUM IN SOLUTIONS OBTAINED
DURING THE SULPHURIC ACID PARTING METHOD.

Any one who has seen the distinet orange-yellow solution re-
sulting from nitric acid parting of beads containing even very small
amounts of palladium must have been struck by the thought that
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the depth of this color might be made to serve us u means of de-
termining the amount of palladium present. Particularly should
this be true if he had experienced the difficulties and time-consum-
ing manipulations necessary for the gravimetrical separation of
platinum, palladium, and silver.

Frank C. Robinson* has described a colorimetric method evolved
by himself for the estimation of small quantities of palladium in
the sulphuric and nitric acids resulting from the parting of the
beads in the assay as just described. The method consists essen-
tially- in comparing measured quantities of the colored parting
acids with palladium solutions of known strengths, It has been
found quick and simple in operation, and, as brought out in the
discussion, it has stood the test of experience under various con-
ditions and in different laboratories.

Since palladium has become such a common alloying element
for the precious metals, most of the samples of scrap, sweeps,
wastes, ete., which come to the assayer contain more or less of this
element; and since the ordinary sulphuric acid purting method for
tho doterminution of silver, gold, und platinum is not reliable in
the presence of palladium, the importance of this supplemental
step will be obvious to all assayers. Since, when alloyed with
gilver, palladium dissolves both in the sulphurie and the nitric
acid, both acids have to be tested and the silver and platinum
results corrected accordingly. A summary of the method as
described by Mr. Robinson and some items from the discussion
follow.

Procedure. — It is necessary that the assay bead to be parted
should contain gold, equal in amount to 10 times the platinum and
palladium together, and silver about 3 times the combined weight
of these three metals. If not in sufficient quantity as shown by a
preliminary assay, known weights of gold and silver must be
added to reach these proportions. The preliminary assay may
also be utilized as a means of judging the amount of copper, nickel,
and iron present in the sample so that suituble means may be
taken to remove these completely before the bead is parted,
since they all give colored solutions which might interfere with the
determination. 1t should be noted that it is particularly difficult
to get rid of copper in cupeling alloys containing these proportions
of platinum, gold, and silver. The final cupellation should be

» Trans. Inst. Mining Met., 36, 423425 (1920). Discussion, pp. 420—i41.
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light. Filter, and wash with water acidulated with nitric_acid.
1f this pre(nplmte is pmk it is certain that it contains palladium,
" This separation of sﬂvér“ fif)ﬁipllitumm and palladium is the
most llIlSdtlbf&CtOTy paArt of_tlns method of procedure, for it always
occasions considerable trouble and expendlture of time. The
silver chloride is always contaminated with plixtmum und pdl-
ladium, and for_careful work_it must e dissolved and reprecipi-
mted &t led,st twice. ACCUIdlIlE to Smoot,* palladmm is much
more prono to unue down with the silver chloride than is p]utmum
It probably ‘comes down as the double silver salt of the metal,
but, ‘Winee_botl platingus and pallidous nitrales wre”readily Qo
composed th the proummtlon of basic nitrutes, tho umtmiu—

nation ¢ of the alvu‘ c ll()l‘l(lb nmy be m purt due to. ﬂllb cuuse

is known to be fI‘L(/ from palladlum and platmum test lead is
sprinkled over the moist precipitate on the filter and the whole is
transferred to a glazed scorifier containing the rest of the lead
necessary for a scorification assay. The filter and precipitate are
carefully dried on the hot plate, and the filter paper is smoked off
at a temperature well below the melting-point of the lead. The
smoking off and ignition may be done in front of the muffle if
care is taken, but preferably in a special oven. Finally, the ig-
nited silver chloride is seorified, and the buttons cupeled and parted.
Precipitate the silver again, wash, and add the filtrate to that from
the first precipitation, 1f much palladium was present in the
material assayed, a third separation must be made. To test the
completeness of the separation, the final silver chloride may be
scorified and cupeled again, and the bead dissolved in_a small
quantity of nitrie acid_which_will be colored orange if more than a

few hundn.dmi of » milligram_of palladium are present.

Unite all filtrates from silver chloride preupimnom and evapo-
rate to a small bulk, finishing the evaporation on the water bath.
Take into solution with a little dilute IIC] (1:3) and again evaporate
to dryness to remove all HNO,. Finally take up with 5 drops of
dilute HCI and not more thun 25 c.c. of water, and filter on o
small paper in a 14-inch funnel, catching the filtrnte in a 100- or
a 150-c.c. beaker. Wash fully, using a small wash bottle which
will deliver a very fine stream of water.

* Determination of Platinum, Pulladium, and Gold, k. & M. J., 98, p. 700
(1915).

y

* phides with hot H,S water containing a little HCI.
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PRECIPITATION OF PLATINUM AND PaLrLaprum. — Make the fil-
trate slightly alkaline with sodium carbonate, add 10 c.c. of formic
acid, and heat to boiling in a covered beaker. Boiling for about,
thirly minutes should precipitate all the platinum and palladium
as metals, and cause them to coagulute so that they will filter
readily. Filter on a 5-cm. ashless filter and wash with hot water,
using a wash bottle which will deliver a very fine stream. Trans-
fer the filter paper to porcelain crucibles or parting cups, dry,
gradunlly raise the heat so as to smoke off the filter paper, and
burn the residual carbon very slowly. If this operation is hustily
condicted the platinum metals will adhere to the cup, but if prop-
erly done there will be no trouble. Finually ignite the residue for
o few minutes in an atmosphere of hydrogen to reduce the pal-
ladium oxide to metal, discontinue the flow of hydrogen and heat
for an instant only to drive off the occluded hydrogen, cool, trans-
fer to the scale pan, and weigh platinum plus palladium.

An alternative to the ignition in hydrogen, when only small
amounts of palladium are present, is to ignite moderately in air to
ensure removal of all carbon, and then to reduce any pulladium
oxide which may have been formed; cool the residue, moisten it
with formic acid, and heat on the hot plate long enough to evapo-
rate the excess of formic acid, then cool and weigh.

An alternative to the precipitation of platinum and palladium
by boiling with formic acid is to add 5 ¢.c. of HCI, dilute to 100 c.c.
with hot water, heat to 70° C., and pass in a mpnd current of .S
for some time. Filter and wabh the platinum and palladium sul-
Dry on the
hot plate, smoke off the filter paper, and burn off the carbon and
sulphur with a plentiful supply of oxygen very slowly and care-
fully to avoid fusing the sulphides of palladium. When oxidation
is complete, ignite in an atmosphere of hydrogen or treat with
formic acid to reduce palladium oxide.

PRECIPITATION OF PaLLapiuM. — After the combined platinumn
and.palladium are weighed they are dissolved in a little aqua regia
and evaporated just to dryness on the water bath.  The residuc is

uguin moistened with a fow drops of HCI, diluted to 50 ¢.c. or less,
dependent upon the amount of palladium present, and covled to
room temperature; then a 1 per cent solution of dimethylglyoxime
in 05 per cent ethyl alecohol is added drop by drop, with constant
stirring until there is no further precipitation. Pulladium is
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precipitated as canary-yellow dimethylglyoxime containing, after
drying at 105° C., 0.3167 per cent of metallic palladium. There
should be added 25 milligrams of the solid reagent for every 10
milligrams of palladium.  If the palladium content is low, say less
than 0.5 milligram, it is advisible to keep the volume of solution
of chlorides very small, and to add but a few drops of the dimethyl-
glyoxime solution. The palladium precipitates more readily in
concentrated solution, and the precipitate is more easily filtered.
Allow to stund at room temperature for a few moments, then
filter and wash with distilled water, first cold and then hot. The
precipitate, if clear yellow, may be considered free from platinum,

but if much platinum is known to be present in the solution, and
" for greatest precision, a second precipitation may be advisable.

If platinum comes down, owing to heating or other cause, the
precipitate is colored bronze-green. The precipitate may be
filtered, dried at 105° C., and weighed in a Gooch crucible or on
tared filter papers if large in amount, but if small it may be dried,
then slowly and carefully ignited in a porcelain erucible. If it is
ignited, the final residue should be treated with a drop of formie
acid to reduce the palladium oxide. The metallic palladium is
then weighed. If the precipitate is to be weighed without ig-
nition, it should be washed first with aleohol, sinee the precipitunt
is substantially insoluble in water.

The platinum may be found by difference, or it may be recovered
and weighed. To recover the platinum, the filtrate from the
palladium preeipitate is evaporated almost to dryness in a small
poreelain dish, then a little nitrie acid is added and the evaporation
completed. The residue is heated almost to redness to remove all
organic matter which, if allowed to remuain, would interfere with
the precipitation of platinum. The residue is extracted with a
little aqua regia, evaporated just to dryness on the water bath,
taken up with a drop of dilute IICl, and diluted with a little dis-
tilled water. The solution is made alkaline with Nua,CO;s; and
then boiled with formic acid to preeipitate the platinum, which is
filtered off, washed, ignited, and weighed.

In certain instances some saving in time might be possible by esti-
mating the patladium in the combined nitrie acid solutions colori-
metrically after the separation of platinum from gold, then proceed-
ing as described until the combined platinum and palladium sponge
has been weighed, and finding the platinum by difference,

|
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THE DIRECT DETERMINATION OF VERY SMALL AMOUNTS
OF PLATINUM.

The assayer is frequently called upon to test or assay for plati-
num in ores of gold, silver, or other metals in which the quantity
of platinum, if it is present at all, is so small that it may readily
escape detection in the regular gold and silver assay.  The sul-
phuric acid parting method, if applied to such ores, would give
residues the difference in weight of which would be so0 slight a5 to
yield inconclusive evidence either as to the presence or absence of
platinum. In many cases, reports of platinum diseoveries which
have been the cause of considerable excitement and unjustifiable
mining exploitation have no basis in fact other than errors made
by inexperienced assayers. Many of these would have been
avoided, even by an inexperienced assayer, if he had made his
assay by the method to be described here:

Frederick P. Dewey,* formerly Chief Assayer of the United
States Mint, devised a method of testing for, and determination of,
very small amounts of platinum which avoids the disadvantages
and defects of the “difference” method and is worthy of the con-
sideration of all assayers. The method depends upon the selective
precipitation of platinum, in the presence of a very large excess of
gilver salts, by hydrogen sulphide. 1t hus the advuntage common
to ull direct determinutions, that the metallie platinum itself is
weighed free from gold or silver, after which it may be subjected
to suitable tests to determine that it really is platinum, and to
reveal the presence of other members of the platinum group.

Epitome. — The gold and silver beads thought or suspected to
contain platinum are annealed after cupellation and parted in
nitric acid in the regular manner, all the solutions and washings

being carefully saved. Any small amount of platinum which is
present will be readily and practically entirely dissolved provided
sufficient silver is present. If care has been taken to use only &
amall amount of nitric acid, the solution is diluted and a limited
quantity of very dilute hydrogen sulphide water is added. This
precipitates practically all the platinum together with u small
fraction of the silver. The precipitate is allowed to settle over
night and is then filtered off, dried, and ignited in a porcelain

crucible. The sponge is wrapped in a small piece of lead foil and

* Trans. A.LLM.E., 43, pp. 578-5681 (1912),
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cupeled. The bead is parted in sulphuric acid, and the platinum
residue is washed, dried, annealed, and weighed. The final metal
is examined qualitatively.

Procedure. — Take such a quantity of ore as will yield either a
weighable amount of platinum or, in the absence of a weighable
residue from sulphuric acid parting, will clearly justify a negative
report. l'use with suitable reagents, scorify the resultant lead
buttons if necessary to eliminate copper, and cupel and anneal the
beads asin all platinum assays.  Part in as small an amount of nitric
acid as possible, and wash. If an excess of nitric acid has been
used for any reason, evaporate to remove excess acid and dilute
considerably. Add slowly and with constant stirring a limited
quantity of very dilute hydrogen sulphide water. One part of
strong hydrogen sulphide water diluted with 10 to 20 parts of
water is recommended. The solution is at once darkened, but
there should be no immediate separation of a visible precipitate.
The solution should be stirred oceasionally and warmed if neces-
sary; in about two hours, flocks of precipitate should appear. It
muy be fillered in three to four hours, but it is u good plan to let
it stand over night.

The amount of hydrogen sulphide required depends, of course,
on the amount of platinum present. If this should be roughly
known or suspected, the amount used should be enough to precipi-
tate the platinum and from 3 to 5 times as much silver. On an
entirely unknown ore; it is recommended to use at first 1 c.c. of
strong hydrogen sulphide water, diluted to 15 c.c., and to reserve
the filtrate from the sulphides for re-treatment, if necessary.

After filtering off the precipitate, which is usually sufficiently
washed by the operations necessary to transfer it to the filter, the
moist filter is transferred to a porcelain crucible, carefully dried,
and then smoked off at a low heat and the carbon burned by gentle
ignition. The residue, now in the form of a metallic sponge, is
carefully transferred to a piece of lead foil, wrapped up, and
cupeled. .The resultant bead is parted in sulphuric acid in the
ordinary manner. The platinum will be left as a dark residue
usually collected in sponge form, even when minute in quantity.
This sponge is suitably washed by decantation, annealed, and
weighed. ‘

The final metal usually speaks for itself as being platinum, but if
there should be any doubt, it may be dissolved in a drop or two of
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aqua regia and gently evaporated. The solution obtflined muy
be tested with potassium iodide or with ﬂ.tzmnous chloride. Most
of the palladium which may have ,been in the bead should ha've
peen dissolved in the sulphuric acid and its presence clearly m;
dicated by the color of the solution. If the amount of final meta

is considerable, the platinum may be ‘separated as ammonium

-platinic chloride, carefully ignited, and weighed as metal. Any

decided difference would indicate Phe presencerof other members
of the platinum group, for which direct tests may be made. o
It may happen that the final metal'shows the yellowldco or od
gold, by reason of the fact that excee‘dmgly‘ﬁne float-go \ pdssled
over in decanting the solution of silver mtratfz frgm the goh,
In such a case, the metal must be re—allqyed with mlv‘er and the
treatment repeated, followed by a ﬁltrx’xtlon before th hyd.r()gf,n
sulphide treatment. When the proportion of gold to s1‘1\_/er in the
metal being parted is so small that the gold &Epar‘ateb H; )a yler)y
finely divided state, it will often save trouble to fxlterd(,(;.(, ::1 \t/lu:
pitrate solution to separate any float-gold, before adding the
v , |
hyilfmtl:::l E:‘:tl;l;ﬁ contains a considerable amount of plutmun‘.),
¢ all of it may dissolve in u gingle nitric acid L.rcaxb{rlcrnt. In this
nO the residue from the first parting in nitric acid must be al-
Cuﬂea ith silver and parted a second time in nitric acid before
oy (vlv'l to precipitate the platinum with hydrogen sulphide.
pr(;;:fvel;lgreports having found this method satisfactory for'de-
termining very small amounts of gold fmd pluLlﬂu{n in various
gilver products such as fine silver. It is Cf)lxlpurutlvcly easy to
ther the gold from very large samples of silver, up to IQO grams
e in, say, 100 milligramns of silver, and then part in nitrie
Or'(lln Ol:us:ml ,Even elecirolytically refined gilver will be found
tti(():l i:ld mim;te amounts of gold when assayed by t‘his method.
In };.ssaying bullion a little more than the theoretical am()gx‘llt
f nitric acid, well diluted, is allowed to act on the sample.s which
(l)mve preferably been granulated, or rolled out and cut _m .smull
ieces. When the silver is entirely dissolved or thfa aad. is ex-
Plece@ it is poured off and any small amount of residual silver is
h?usl ,dl in a? small amount of fresh acid. The combined solu-
d_ISSO o evaporated nearly to dryness and then diluted to 250 c.c.,
“0335”‘; of Etrong hydrogen sulphide solution, diluted to 50 c.c., 18
i:)zure:i: .ixi wigh constant stirring, and the assay is complet_ed as usual.
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Properly burned sheep bones will yield an ash containing about
90 per cent calcium phosphate, 5.05 per cent caleium oxide,
1.0 per cent magnesium oxide, and 3.1 per cent caleium fluoride.
Ordinary commercial bone-ash also contains more or less silica
and unoxidized carbon. 1f more than a fraction of a per cent of
gilica is found in bone-ash, it is evidence that sufficient care has
not been taken in cleaning the bones, and cupels made from such
bone-ash are more likely than others to crack during cupellation,
often resulting in the loss of small beads. 1f the bone-ash shows
black specks it is an indication of insufficient oxidation and the
assayer should allow the cupels to stand for some time in the
hot muffle, with the door open, before using. Carbon is an
undesirable constituent of cupels as it reacts with the lead oxide
formed giving off CO and CO. which may cause a loss of the

" molten alloy due to spitting.

Bone-ash for cupels should be finely ground to pass at least a
40-mesh screen and the pulverized material should consist of
such a natural mixture of sizes as will give a solid cupel with
enough fine material to fill interstices between coarser particles.
Opinions differ as to the best size of crushing for bone-ash
and this will depend no doubt upon the character of the material.
The bone-ash represented by the following screen analysis has,
however, yiclded particularly good cupels.

TABLE VIIL

Bize oF BonNp-Asn,

Size mesh Size mm. Per cent weight
. On 40 0.380 9
Through 40 ““ 60 0.244 14
‘! 60 ‘100 0.145 : 17
o 10074 150 0.098 10
“ 150 50

With cupels made from this bone-ash it was possible to reduce
losses to 1.60 per cent, using 100 mg. of silver and 25 grams of
lead, while with some other lots of bone-ash containing smaller

proportions of — 150-mesh material it was found impossible to -

keep the losses below 2.0 per cent.
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Making Cupels. — Cupcls are made by moistening the bone-
ash with from 8 to 20 per cent of water und compressing in a mold.
The bone-ash and water should be thoroughly mixed by knead-
ing, and the mixture should finally be sifted through a 10- or
12-mesh sieve to break up the lumps. Some authorities recom-
mend adding a little potassium carbonate, molasses or flour to
the mixture, but with good bone-ash nothing but pure water
need be added. The mixture should be sufficiently moist to co-
here when strongly squeezed in the hands, but not so wet as to
adhere to the fingers or to the cupel mold. Twelve per cent of
water by weight is about right; but the amount used will depend

Fia. 30. — Cupel machine.

somewhat on the bone-ash and on the pressure used in forming
the cupels. The greater the pressure the smaller the amount of
water which is required. It is better to err on the side of making
the mixture a little too dry than too wet.

The cupels may be molded cither by hand or by machine. The
hand outfit consists of a ring and a die. The ring is placed on
the anvil and filled with the moist bone-ash, the die is inserted
and pressed down firmly. It is then struck one or more blows
with a heavy hammer or mallet, and turned after each blow;
finally the cupel is ejected. The cupels are placed on a board
and dried slowly in a warm place. The amount of compression
is a matter of experience and no exact rule for it can be given;
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but it may be approximated by making the cupels so hard that
‘when removed from the mold they are scratched only with diffi-
culty by the finger nail. One man can make about 100 cupels
an hour, using the hand mold and die. ’

Several types of cupel machines are on the market and one of
the best is shown in Fig. 39. This machine, has a compound
lever arrangement which gives a pressure on the cupel equal to
twenty times that applied to the hand lever. By adjusting,
different degrees of compression may be obtaied. These
machines have interchangeable dies and rings so that different
sizes of cupels may be made. The rated capacity of this machine
is two hundred cupels an hour.  Another muchine made by the
sume company has an automatic charging arrangement.  This
machine is claimed to have u capucity of six hundred cupels an
hour. Cupels should be uniform in hardness, and it would scem
that with a properly designed machine a more uniform pressure
could be obtained than by the use of hammer and die. Some
assayers, however, still prefer hand-made cupels.

Cupels should be air-dried for several days, at least, before
use. Most assayers make them up several months in advance
80 as to insure complete drying.  They should not be kept where
fumes from parting can be absorbed by them as, if this occurs,
the CaO present will be converted into Ca(NOj),. This com-
pound is decomposed at the temperature of cupellation and may
cause spitting of the lead button.

Cupels should not crack when heated in the muffle and should
be so strong that they will not break when handled with the
tongs, Good cupels give a slight metallie ring when struck to-
gether after air-drying. It is best to heat cupels slowly in the
muffle as this lessens the chance of their eracking.

A good cupel should be perfectly smooth on the inside, and of
the right porosity. If it is too dense, the time of cupellation ig
prolonged and the temperature of cupellation has to be higher,
thus increasing the loss of silver. If the cupel is too porous it
is said that there is danger of a greater loss, due to the ease with
which small particles of alloy cun pass into the cupel. The
bowl of the cupel should be made to hold a weight of lead equal
to the weight of the cupel.

The shape of the cupel scems to influence the loss of precious
metals. A flat, shallow one exposes a greater surface to oxida~

(@l
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-~ tion and allows of faster cupellation; it also gives a greater sur-

face of contact between alloy and cupel, and as far as losses are
due to direet absorption of ulloy, it will of course increase these.
The writer, using the same bone-ash and cupel machine, and
changing only the shape of the cupel, has found shallow cupels to
give a much higher loss of silver. In doing this work it was
found harder to obtain crystals of litharge with the shallow cupel
without freczing, and it was very cvident that a higher cupella-
tion temperature was required for the shallow cupel. The reason
for this is that in the case of the shallow cupel the molten alloy
is more directly exposed to the current of air passing through
the muffle, and consequently a higher muffle temperature has
to be maintuined to prevent freezing. T K. Rowse® also prefers
deep cupels on necount of smaller losses. French found shallow
cupels less satisfuctory on account of sprouting.

A satisfactory size of cupel for general assay work is 13 inches
in diameter and 1 inch high with a maximum depth of bowl
of }4 inch. A bone-ash cupel of these dimensions weighs slightly
more than 40 grams and will hold the litharge from a 30-gram
button with but little leakage. If necessary a 40-gram button
may be cupeled in it, but if it is so used the bottom of the muffle

. should be well covered with bone-ash. A bone-ash cupel will

absorb about its own weight of htharge.

(:‘,upellation-:: The muffle is heated to a light red, and the
cupels, weighing about onc-third more than the buttons which
are to go into them, are carefully introduced and allowed to re-
main for at least ten minutes, in order to expel all moisture and
organic matter.  During this preliminary heating the door to
the muflle is ordinarily kept closed, but if the cupels contain
organic matter it is left open at first und then closed for five
minutes or so before the buttons are introduced.

When all is ready the buttons are placed carefully in the
cupels and the muffle door again closed. If the cupels
are thoroughly heated, the lead will melt at once and become
covered with o dark scum. 1f the temperature of the mufile
is correct this will disappear in the course of a minute or two
when the molten lead will beeome bright. The ussuys are then
said to have opened up or “uncovered.”” This  signifies
that the lead has begun to oxidize rapidly, raising the temperature

* Eng. and Min, Jour. 80, p. Ud4.
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.

of the molten alloy considerably above that of its surroundings,
whence it appears bright. It assumes a convex surface, and
molten patches of litharge passing down over this surface give
it a lustrous appearance. It is then said to * drive.”

When the assays have uncovered, the door of the muffle is
opened to admit a plentiful supply of air to promote oxidation
of the lead, while at the same time the temperature of the mufile
should be reduced. According to Iulton*, if the buttons arce
practically pure lead the temperature of uncovering is about
850° C. However, if antimony, cobult, nickel cte., are present,
the temperature of uncovering and also that required for cupella-
tion will be higher.

The greater part of the lead oxide formed remains liquid and
flows down over the convex surface of the molten alloy. If ihe
temperature of the cupel is high enough this molten litharge is
absorbed. A small part of the lead oxide is vaporized and ap-
pears as fume rising from the cupel.

After cupeling has proceeded for a few minutes, a ring, caused
by the absorbed litharge, may be scen around the cupel just
above the surface of the metal. If the temperature is right for
cupeling this will be very dull red, almost black. If it is bright
red, the temperature is too high. The color of the alloy itsclf
will be much brighter than that of the absorbed litharge, as it
is in fact much hotter than the. cupel or surrounding air, on ac-
count of the heat generated by the rapid oxidation of the lead.
Next to the formation of abundant litharge crystals, the appear-
ance of the absorbed litharge is the best indication of proper
cupellation temperature.

If the temperature is exactly right feather-like crystals of
litharge form on the sides of the cupel above the lead. This
18 duce to sublimation of some of the volatilized lead oxide. In
cupeling for silver the temperature should be such that these crys-
tals arc obtained on at least the front-half of the cupel, and as
the button grows smaller they should follow it down the side of
the cupel, leaving, however, a slight clear space around it. If
the temperature becomes too low for the cupel to absorb the
litharge, the crystals begin to form all around and close to the
lead in the cupel, and soon a pool of molten litharge is scen form-
ing all around the annular space between the lead and the cupel.

* Western Chemist and Metallurgist, 4, p. 31.  (I'eb. 1908.)

'y
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If the temperature of the cupel is not quickly raised, this pool
increases in size and soon entirely covers the lead and then solidi-
fies. When this occurs the button is said to have “ frozen,”
although the lead itself may be liquid underneath.  Frozen assays
should be rejected as the results obtained from them, by again
bringing to a driving temperature, are usually low. 1If the freez-
ing is noticed at the start, it may be arrested by quickly raising
the temperature of the cupel in some way, i. ¢., by taking away
the coolers, closing the door to the muflle, opening the draft,
putting a hot picee of coke in front of the cupel, cte.

Beginners have difficulty in noting the first symptoms of freez-
ing, but all should be able to see the pool of litharge starting.
This gives the appearance and effect of oil; if the cupel 1s moved
the button slides around as if it were greased.

Toward the end of the cupellation process the temperature
must be raised again, because the alloy becomes more difficultly
fusible as the proportion of silver in it increases, and in order to
drive off the last of the lead a temperature of about 900° C. should
be reached. The temperature should not be raised so high as
to melt the erystals of litharge, for if this is done too great a loss
of silver results.

As the alloy beeomes richer in silver it becomes more and more
rounded in shape and shining drops of litharge appear and move
about on its surface. As the last of the lead goes off, these drops
disappear, the fused litharge covering becomes very thin and,
being of variable thickness, gives an effect of interference of
light, so that the bead appears to revolve and presents a succes-
sion of rainbow colors. This phenomenon is termed the *“ play of
colors.” The colors disappear shortly, the bead becomes dull and
after a fow seconds appears bright and silvery. This last change
is called the ** brightening.”

After brightening, the cupels should be left in the furnace for
u few minutes to ensure removal of the last of the lead, and then
moved gradually to the frout of the muflle before they are tuken
out, 80 that cooling may be slow. .

As the bead solidifies it will “ flash ” or “ blick,” i. e., suddenly
emit a flash of light due to the release of the latent heat of fusion,
which raises the temperature very much for a short time.

Cupels containing large silver beads should be drawn to the
front of the muffle until they chill. Just as the bead is about to

SRR
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seen forming at least on the front half of the cupel.  Then con-
tinue the cupellation at this temperature. Finally finish the
assay at a somewhat higher heat, increasing the temperature
by starting up the fire, removing the coolers or by shutting off
‘some of the cold air supply by partly closing the door to the
muffle. If the cupels are running very cold it will be necessary
to start raising the temperature some five minutes before the
end. The fire should be under good control at all times. As
soon as the cupellation is finished remove the assay carefully
from the muffle to avoid sprouting. All assayers agree that
the best results are obtained by having a hot start, a cold drive,
and & higher heat again at the finish.

Notes: 1. When a number of cupellations are carried on at one time,
the buttons should be charged in the order of their size, i.e., largest first, so
that all may start driving together.

A skilful assuyer, with a large muffle, can run as many us fifty cupellations
at one time and obtuin feather crystals on all.

2. When a number of cupellations are carried on at one time, the cupels
aronot moved about after the lead is put in, but the tempernture is regulated by
means of the draft and firing and by the use of coolers, (cold scorifiers, cupels,
crucible covers, ete.) which are put in toward the back of the furnace and
replaced s soon s they become heated.

3. Beur in mind that although the temperature of the muflle may be as
low as 650° or 700° C., the cupel itself should be slightly above the freezing
point of litharge, to allow of its being absorbed. It has been found best,
therefore, to protect the body of the cupel itself from the draft through the
muffle, by placing an extra row of cupels or a low piece of fire-brick in front
of the first row of cupels.

4. Buttons containing copper may be cupeled at a lower temperature
than those consisting of pure lead and silver, owing to the fact that cupric
oxide lowers the freezing point of litharge.

5. After the cupellation is finished, the cupel should be left in the muffle
one or two minutes, depending on the size of the bead, to remove the last
traces of lead. After this it should be withdrawn; otherwise a loss of silver
ensues. .

6. When the finishing temperature is too low, the beads will solidify with-
out brightening. They retain lead and have a dull appearance and some-
times show flakes of litharge on the surface. Under certain conditions they
flatten out, leaving a gray, mossy bead. .

7. When the button contains only gold, a higher finishing temperature
18 required than when working for silver.

8. When gold is present in considerable amounts the bead will not sprout
even if taken directly out of the muffle.

0. Besides gold and silver, the head may contain platinum, palladium,
rhodium, iridium, ruthenium, osmium, and iridosmium.
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10. If the upper surfuce of the bead appears to be frosted this indicutes

the presence of tellurium or some member of the plu(im{m group.

11. Buttons which contain a lurge amount of platinum flatten out and

will not blick. They have a steel-gray color und a dull surface.
SECOND EXERCISE. CUPELLATION ASSAY OF
LEAD BULLION.

Procedure. — Weigh out carefully three portio.ns of bullion
of 1 A. T. each. Wrap each in 10 to 15 grams of mlv.er—fr(?e lead
foil so that the whole is very compact, having each piece of lead
foil of the same size and weight. . .

Have a good fire so that the lead will melt, and start to drive

without delay. Use cupels which weigh 35 grams or more and
have them all in o row with an extra row in front. I)rpp the
assays in as quickly as possible and close the door. As soon 3
the lead sturts to drive, close the drafts und cool a3 soon us possible
o that feuther crystals of litharge form on at lcxw% tl§c 'fr(mt
half of the cupel. Finally open the draft and othurw.lse incrense
the temperature for the last minute or two of cupollu'tl()n to drive
off the last traces of lead.  Have some hot cupels in the .mumc
and, us soon as the beuds brighten, pull them forwurd. in the
muflle to chill and then put a hot cupel over them um.l w:.thdmw
hoth slowly from the muffle.  All danger of sprouting is over
when the inside of the cupel reaches a dull red or when the bead
has become solid throughout.  Remove from t,lTe furnace to th.c
cupel tray and allow to cool. When the bvu..(l is cul%l, detach it
from the cupel with the pliers and br'ush with a stiff lm.mh to
remove bone-ash, or place it on its side on a cleu.u anvil and
slightly flatten with 2 hammer. When the bead is ‘fruc from
pone-ash, weigh it, recording in the notebook th‘e weight of gold
and silver. Then part and weigh the gold; finally report the
amount of gold and silver in ounces per ton.

Notes: 1. Have a sheet of clean white paper u‘t hu.nd and wllen truxxé—
ferring the bullion from the scale-pan to the lead fgll do it over this :«)lthut in
cuse any is spilled it will be seen und recovered. Do all of the wrapping and
cogw;*ﬁ;:f;i;; L::dnl(;tps;nf)(;)razltl:ﬂ i:u::;yr:!\l/z(:‘rf;.()w the cupel while melting,
or élse leave small particles on the sides of the cupel, which will not come
down into the main hutton. |

Loss of Silver in Cupeling. — There is always some loss in
cupellution, the nmount depending on many factors such as ‘tlm
pature and shape of the cupel, the temperature of cupellation,
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the proportion of lead to silver, the amount and character of
impuritices, the draft through the muflle, ete. Losses may bo
due to spurting, absorption of bullion by the cupel, oxidation
and absorption of silver with litharge, and volatilization of il-
ver either alone or accompanied by other metals.

The cupel surface may be regarded as a membrane permeable
to molten litharge and impermeable to lead. The more nearly
the material of the cupel surface approaches this condition the
lower the losses may be made. Some cupels, particularly some of
magnesite, present spots of material which are permeable to lead
and consequently give a high loss of silver.

The most important factor relative to cupel loss, however,
is the temperature. The higher the temperature, the higher
the loss, is an invariable rule. The increased loss due to higher
temperature seems to be due mostly to an increased oxidation of
the silver and a consequent greater absorption loss. The volatil-
ization loss is also increased by an increase of temperature. A
loss of 1 per cent silver is allowable and the loss may usually be
kept close to this figure by taking pains to cupel with abundant
crystals of litharge. 1f this matter is overlooked a loss of 4 or 5
per cent may readily be obtained and this, of course, is entirely
inadmissable.

"The following table, taken from Lodge’s “Asgaying,” illustrates
this point and shows the importance of cupeling at the correct
temperature. The temperuture wus tuken with o Le Chatelier
pyrometer, the junction being held about one-quarter inch above
the button.

TABLE IX.
Errecr oF TEMPERATURE ON Loss OF SiLvER IN CUPELLATION.
‘Tempera- R
Silver Lead ture Bilver
S loss Remarks
milligrains Krams degroed .
ventigrude per cent
200 10 700 1.02 | Crystals of PbO all around button.
200 10 775 1.30 | Crystals of PbO on cooler side of
cupel.
200 10 850 1.73 | No crystals.
200 10 925 3.65 “ “
200 10 1000 4.88 ‘! “

* Average figures.
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The amount of lead and gilver present in any button has a
murked effeet on the percentugo loss of silver in cupellution.,
Rose,* in speaking of cupellation suys, The losses of silver at
first are small, so long as large quantites of base metals protect
it from oxidation. .... Later, when the percentage of silver is high
it is freely oxidized .... and the oxidation is at its maximum when

the silver is practically pure.”

2 \ PROGRESSIVE 105G OF SILVER |

| T ueiks cupELATON
% L4y Silver 100 Millignams “
X _,,#,,*__m#é«z,ad 30 Groms | L .
L ! Cupbis Feathored ! |
o | | '
Gl 4._1 B __,A,_,’,,., — .
$0.8 —
< p.6| — ‘
S R
0.2} """ S—
¢ | ___J
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T1a. 40. — Curve showing cumulative loss of silver in cupellation.

This is well illustrated by the curve shown in Fig. 40 in which
is plotted the cumnulative, minute-to-minute, loss of silver in cupei-
ing a 30-gram button containing 100 milligrams of silver. Th.is
is the result of considerable careful experimental work done in
the fire assay laboratory of the Massachusetts Institute of Tech-
nology, several years ugo.

Keeping the amount of silver constant and varying the lead,
Lodge obtains the results shown in the following table:

* Trans. Inst. Min. Met., 14, p. 420.
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TABLE X.
ErreCT OF LEAD ON 1.0ss OF SILVER IN CUPELLATION.

Bilver Lead Temperature Siiver jows

milhgrams grams degrees centigrade per ceut!
200 10 685 1.39
200 15 685 1.38
200 20 685 1.52
200 25 685 1.85

t Average of two nearest together.

When the quantity of lead remains constant and the silver
is varied the percentage loss of silver is found to increase as the
silver is reduced. The following representative figures taken
from Godshall’s paper on “ Silver Losses in Cupellation "* show
this very clearly.

TABLE XL .
EFFECT OF VARYING SiLVER ON CUPELLATION LoOssEs.

Weight of Lead 1/2A.T.}1/2 A.T‘l 1/2A.T. 1/2A.T.[| 1/2A. T} 1,2 A.T.i 1/2A.T.
Weight of Silver 200 mg. | 100 mg. 50 mg. 20 mg. 10 mg. 5 mg. 2 g,
Silver Loas 1.73% 2.039%, 2.65Y% 2.829, 3.44Y, 4.469%, 6. 90%-

Loss of Gold in Cupeling. — There is always some loss of gold
in cupeling, but owing to the greater resistance of this metal to
oxidation this loss is smaller than the corresponding silver loss.
The following table, tuken from Lodge, shows the relation be-
tween the loss of gold and the temperature of cupellation.

TABLE XII.
Errecr of TEMPERATURE ON Loss oF GoLp IN CUPELLATION.

Tempera-
Gold used Lead ture Gold loss
o Remarks
milligrums grams degrees per cent!
- centigrade
200 10 700 Button froze.
200 10 775 0.155
200 10 850 0.385
200 10 925 0.460
200 10 1000 1.435
200 10 1075 2.990

! Mean of two results nearest together.

* Trans. A L.M.E. 26, pp. 473-484 inc.
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In the case of the gold with temperatures of 1000 degrees u.nd
above, the higher losses scem to be due in part to a lessening
of the surface tension owing to the increased temperature, for
when the cupels were examined with the lnicmsfzol)e a large num-
ber of minute beads were found all over the inner surface. .It
would appear that small particles of the alloy were left behind

1 by themselves.
* Z‘:P:; tl}:e case of silver, the percentage loss of gold is found
to increase as the quantity 13 reduced. Hillebrand anq Allen*
ghow that, contrary to the usual opinion, the loss of gf)ld in cupel-
ing is not negligible, and is greatly influenced by slight changes
in temperature They found that the most exac? results were ob-
tained when feather crystals of litharge were obtained on the cupel.s.

Effect of Silver on the Loss of Gold in Cupeling. — Lo-dge, in
his “ Notes on Assaying,” states that the addition of .SllVOl‘ in
excess lessens the loss of gold, but gives no ﬁ{gure-s. lhllcbra.ud
and Allent state that the loss of gold in cupeling 18 grca.ter .w1th
pure gold and alloys poor in silver than yvith alloys nch. in sllv.er.
Smith} gives the following figures showmg the protective action
exercised by silver on gold during cupellation:

Per cent of total gold recovered.
Telluriumn added. Without tellurium.
Without silver 94.9 ??2
With silver 97.0 99.5

In order to obtain more light upon this.aubjuct,' ‘Mr. A. B,
Sanger, & student at the Mussuchusctts'lnutxtute (.)f Technology,
made a large number of careful experiments, using proof gold
and C. P. silver. The work was done in a gas furnace and the
temperature was measured by a thermo-electric pyrometer, tl_xe
junction of which was placed in the center of a blax‘xk cupel in
line with the cupels which were being used. Mr Sanger used
10 milligrams of gold and various amounts of HllVCI.' with 25.
grams of lead, and with four different temperatures. Hu{ results §
are shown in Fig. 41. The gold losses include any golution losses
there may have been in parting, but these are efxtremely sma}l,
or nil. The results show a very decided protective effect of sil-.

« Bull. No. 253 U. 8. Geol. Survey. p. 20 et seq.

Op. cit. ) )
; Tﬁe Behavior of Tellurium in Assaying. Trans. Inst. Min. Met. 17,

472. ' . ;
> § Thesis No. 492, M.I.T. Mining Department.
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- Fig. 41. — Curve showing protective effect of silver on gold in cupellation.
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ver and confirm the statements of Lodge and others. A glance
at the curves shows how important it is to run gold assays at a
temperature close to that at which feather crystals are obtained.
With smaller amounts of gold the percentage losses will be corre-
spondingly greater.

Influence of Impurities on the Loss of Precious Metals during
Cupellation. — According to Rose,* tellurium, selenium, thal-
lium, bismuth, molybdenumn, manganese, copper, vanadium, zine,
arsenic, antimony, cadmium, iron and tin, all induce extra losses
of gold and silver in cupellation and should be removed before
this stage is reached.

The behavior of tellurium in cupellation will be mentioned
in the discussion of the assay of telluride ores. Copper is per-
haps the most common impurity, and on account of the difficulty
of removing it completely in scorification or crucible fusions, a
knowledge of its behavior in cupeling is particularly important.
LEager and Welcht give the following table showing the effect of
copper on the loss of silver in cupellation.

TABLE XIIIL
Exvect of COPPER ON SILVER LosseEs IN CUPELLATION.

R

Tempera- Copper . Per cent silver

Silver Lead ture per cent lost Ratio of

N used lead to
0. grams Jdegreen ol the -
gratue centigrade silver - — copper
Individual Meun

1 . 20382 10 775 5 1.00 1000 to 1
2 20256 ¢ ¢ “ 1.15 “
3 .20036 “ “ ‘“ 0.93 1.03 “

4 20618 “ :: 10 1.19 500 to 1
5 20193 “ “ 1.0 "
6 20118 ¢ ‘ ‘ 1.06 1.11 o

7 20110 ‘ ¢ 15 135 333 to 1
8 201388 “ “ ' 1.27 '
9 20432 ¢ i ‘ 111 1.31 H

10 20282 ¢ “ 20 11 250 to 1
| e0t00 | v “ “ 145 i
12 20338 4 i ¢ 1.448 1.46 ¢

13 20224 “ ¢ 25 1.05 200 to 1
14 L 20400 s ‘ ‘o 0.95 "
15 20420 ¢ “ ‘ 1.07 1.02 o

t Disregarded.

* Jour. Chem. Met. and Min. Soc. of South Africa, B, p. 167.
1 ‘Thesis No. 225, M.L'T. Mining Department.
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When the results shown in {his table are compared with those
in Table 1X, it appears that the presence of asmall amount of cop-
per, not more than 1 part to 500 of lead, and not more than 1
part to 10 purts of silver, reduces the loss of gilver helow that
which results when no copper iy used.  This may be due to the
protective action which copper is known to exert upon silver.*

With a ratio of 1 part of copper to 333 parts of lead and with
6.67 parts of silver, the loss is about the same as in the absence
of copper.

With an increase in the amount of copper to 1 part to 250 of
lead and 5 parts of silver the loss is greater than when no copper
is used.

With a ratio of 1 part of copper to 200 parts of lead and 4 parts
of silver the loss apparently becomes less, but this was found to
be due to the retention of copper in the silver bead.

TABLE XIV.

Errecr oF COPPER ON GoLp Losses IN CUPELLATION.

————

___,_.__.-———~________——__—::—:—_—-—————“——1———-———-"*—~——
: p—

s e—

Gold ‘. Tempera- Copper Per cent gold lost \ Ratio of
Tead | ture por cent
No. | — ——— lead to
rams grams l (legreeu of the copper
\ centigrude gold Individual | Mean )
1 .20181 10 775 None 0.15 l
2 20104 ¢ ¢ ‘“ 0.16 0.16]
3 L 20288 “ ¢ 5 0.18 \ 1000 to 1
4 20110 ¢ ¢ ” 0.20 | o
b ,20318 “ “ oo 0.10 “
(In the following the bonds show a gain in weight.)
6 20102 | ¢ “ 1 i | -0.03 \ 500 to 1
7 20142 ¢ ¢ | ‘e -0.03 ¢
8 20138 ¢ ¢ ‘ -0.02 -0.03 ‘“
9 20024 “ “ 15 ~0.11 333 to 1
10 . 20060 “ ¢ ¢ —0.26 ¢
11 20048 “ ‘ b —0.158 -0.18 ‘“
12 .20100 “ “ 20 -0.13" 250 to 1
13 ,20101 l el ‘e “ Q.56 | v
14 20161 v “ ‘ -0.20 \ -0.17 i
15 L 20422 “ “ 25 -0.29 | 200 to 1
16| 20296 L “ -0.21 \ «
17 20284 ‘ ¢ ‘! -0.32 ] -0.27 ¢

— e ——————— ————

+ Disregarded.
* Rose, Trans. Inst. Min, Met. 14, p. 422,
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When the amounts of lead and copper in 10, 11 and 12 above
are compared, it 13 found that the ratio of lead to copper should
be at least 250 to 1 to ensure the removal of the copper, and at
least 333 to 1 if the apparent loss of silver is not to be noticeably
increased.

The effect of copper on the loss of gold is shown in the preceding
table.

It appears that 5 per cent of copper with this lead ratio has no
effect on the loss of gold. The gain in the weight of the gold
beads with 10 per cent and over of copper shows clearly that
copper 18 retained by the gold under these conditions. This
was also indicated by the color of the gold beads. With a higher
cupellation temperature the amount of copper retained would
doubtless be smaller. 1t is interesting to note that with 10 per
cent of copper the amount retained by the bead approximately
neutralizes the loss of the gold itself. Apparently the ratio of
lead to copper should not be less thun 500 to 1 if the copper is
to be completely removed.

Rule Governing Cupellation Losses. — As is well recognized
in large-scale cupeling operations, the concentration of precious
metal in the litharge inereases as the concentration in the lead
increases. W. J. Sharwood* after examining a large number of
experimental results enunciated the following empirical rule con-
necting the actual or percentage loss with the weight of the bead:
« When a given amount of silver (or of gold) i3 cupeled with a
given amount of lead, under a fixed set of conditions as to tem-
perature, ete., the apparent loss of weight sustained by the prec-
jous metal is directly proportional to the surface of the bead of
fine metal remaining.”’ :

If the above is true the following ure also true.

(1) * The loss of weight varics as the § power of the weight,
or as the square of the diameter of the bead.”

@) “ The percentage loss varies inversely as the diameter of
the bead, or inversely as the cube root of the weight.”’

As Sharwood points out it might be better to base the calcula-
tions on the original weight of metal taken, but in every day prac-
tice this is not known and we have to depend on the weight of

the bead.
Inasmuch as gmall variations in the amount of lead have but

¢ T.A.LM.E. 62, p. 180.
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as well as occasional rare metals, many of which may exert con-
siderable influence on the results of tlie assay if provision is not
made for them. It is always important to determine the nature
of the constituents of the material which is being assayed; and
the behavior of the cupeling lead and the appearance of the cupel
and bead during and after cupellation will often give much valu-
able information concerning the elements present. When the
character of the constituents is ascertained, the skilful assayer
will know. exactly what to do, and when he again comes to the
cupellation stage everything will go smoothly. ~All that is known
about qualitative analysis is not found in books devoted to that
subject, as assayers well know; and in the case of certain rarce
clements at least, the fire assayer has a decided advantage over
the ordinary chemist.

As soon ax the button melts any slug which may not huve boeon
removed in cleaning it, together with sulphides or arsenides of
some of the bLase metals, if present, will come to the surface
of the alloy as a dark-colored pasty dross. If not too great in
amount this will go to the side of the cupel and cupellation may
be continued. If zine, tin, iron, nickel, cobalt, antimony or ar-
senic are present these will oxidize and come ofl in the order
named. The oxides of zine, tin, iron, nickel and cobalt are but
slightly soluble in molten litharge and, if present in any consider-
able amount, give infusible scoria which float on top of the lead
and interfere with cupellation.

Zinc if present will burn with a brilliant greenish-white
flame and emit dense white fumes. A considerable part of the
oxide condenses on the cupel and may cover over the lead thus
preventing cupellation.

Tin if present in the button, is quickly oxidized, forming
Sn0,, which, if present in sufficient quantity, covers the lead with
infusible yellow scoria and stops cupellation.

IroN gives brown or.black scoria if present in large amounts,
as do also cobalt and manganese. Small amounts of iron oxide
dissolve in the litharge and stain the cupel dark red.

NIckEL in small quantities gives dark green scoria and greenish
stains. Larger amounts cause the button to freeze.

ANTIMONY is readily soluble in lead in almost all proportions,
and for this reuson the button may contain a lurge wmount of it.
It comes off in the first stages of cupellation, giving dense fumes of
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SbsO, and yellow scoria of antimonate of lead around the cupel.
This scoria appears when 2 per cent or more of antimony is present.
It solidifies almost as soon as formed and expands in so doing.”
If much antimony is present the cupel will be split open by this
action, allowing the lead to run out into the muffle. If present
in smaller amounts it may simply crack the cupel and leave a
characteristic ridge of yellow scoria.

Arsenic acts much like antimony but is not so often carried
into the lead button. The scoria from arsenical lead is light
yellow and the fumes are less noticeable.

BismuTH is less readily oxidized than lead and thus tends to
remain with the silver until most of the lead has gone. It is
finally oxidized and absorbed by the eupel and leaves a ring of
orange-yellow around the silver bead. Yor purposes of compar-
ison it should be noted that pure lend gives o brown-yellow cupel,
Bismuth is the only other metal which hehaves liko lead in cupel-
ing; this, however, makes it possible to cupel argentiferous bis-
muth directly.

CoppeR, like bismuth, is less readily oxidized than lead, but
it differs from bismuth in that its oxide alone is not liquid at the
temperature of cupellation. Cuprous oxide, however, i3 readily
goluble in molten litharge and the mixed oxides are absorbed in
the cupel, giving & stain which ranges from dirty green almost to
black according to the amount present.  The intensity of the
green coloration may be taken as an indication of the amount
of copper present in the button. Even very small amounts may
be detected in this way. Owing to the relative difficulty with
which it oxidizes, copper tends to concentrate in the button and if
too large in amount causes it to freeze. Sometimes it will go down
to a small amount and then flatten out, leaving a copper-colored
bead. o

TrLLURIUM gives the surface of the cupel a pinkish color most
of which fades away upon cooling. 1f much tellurium is presgnt
it gives a frosted appearance to the bead. In an experiment with
200 milligrams of silver and 10 grams of lead, Fhe frosting made
its appearance when 40 milligrams of tellurium were added.
Tellurium reduces the surface tension of the lead alloy and thus
increases the loss of the precious metals, and, as it is less readily
oxidized than lead, most of it remains with the precious metuls

until & large part of the lead is removed.
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In attempting to determine the presence of various elements
in the lead by the color of the cupel it must be remembered that
one constituent, particulurly if it has an intense coloring power
and more particularly if the color produced is dark, will tend to
mask other constituents producing lighter and less intense colors.

Indications of Rare Metals. — The members of the platinum
group of metals practically all yield evidence of their presence
either in the appearance of the surface of the finished bead or, in

. some cases, during the later stages of the cupellation process. We
arce indebted mostly to Lodge* and to Bannistert for information
relative to the appearance of the surface of the finished bead.
Lodge worked with relatively large amounts of rare metals and
small amounts of silver, and depended on the unaided eye for his
obscrvations. Bannister worked with very much smaller quan-
titics of rare metals and large amounts of silver and gold and used
a low-power microscope.  These indications, which should be
recognized by all skilful assayers, may be made an important
contribution to our knowledge of the qualitative analysis of these
metals. At least they should serve to put the assayer on his
guard and cause him to suspect the presence of rare metals in
samples of ores and bullion submitted without request for their
determination. In general, where the presence of any of these
metals is suspected, the cupels should be finished at a reasonably
high temperature and the beads allowed to cool slowly in order
to fully develop their erystalline structure.

PraTinum. — As little as 1.6 per cent of platinum gives a char-
acteristic frosted appearance to a silver bead which is visible to
the naked eye. Under a low-power microscope as little as 0.4
per cent may be detected in beads weighing only 0.1 gram. The
effect of platinum on gold beads is not so marked as in the case of
silver. The presence of 8 per cent of platinum scems to give a
maximum amount of roughness and frosting to the silver bead.
Buttons which contain a large amount of platinum flatten out
when near the finishing point and refuse to drive, leaving a gray,
mossy-appearing bead which sticks to the cupel. Such beads
usually retain considerable lead. The only other metal of this
group which gives n structure approaching that of platinum 19
palladium, the effect of which is dealt. with later. v

* Notes on Assaving, 1907,
t Trans. lost. Min, Met. 23, pp. 103-173.
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LupiuM. — Iridium 13 but slightly soluble in silver or gold at
the temperature of cupellation, and most of it sinks to the bot-
tom ‘of the bead, where it will appear as black specks. These
specks are more readily distinguished after the bead has been rollf,sd
into a cornet for parting.  On the surface, crystal boundaries
are clearly visible, the roughness being, according to Lodge, of
finer texture than that produced by platinum. . Bannister notes
(hat beads containing iridium werc more nearly spherical than
normal beads.  Under the microscope, the crystal faces were
strongly marked with lines, crossing one another after the manner
of slip-bands. This strained appearance seermed to be caused
by internal stresses.

Ruovnium. — The presence of mere traces of rhodium may be
dotected.  Aslittlo as 0.004 per eent in wilver bends wus found to
cnuse w distinet crystallization, visible to the naked eye. The
fucets of the crystals give the appearance of a cut gem.

With 0.01 per cent of rhodium this appearance is more distinct.
The presence of 0.03 per cent of rhodium in silver causes tllfs bead
to sprout and spit in spite of all precautions. With t,'lus and
larger amounts, the surface of the bead assumes a bluish-gray
color.

Ruruentom. — The presence of ruthenium is always indicated
by a black, erystalline deposit firmly att ached to the bead, usually
on the bottom edge. This is distincetly visible to the naked eye
even with'us little as 0.004 per cent. Under the microscope the
surface shows u distinet herringbone structure.

Osm1um. — Osmium is partly oxidized and volatilized during
cupellation. According to Lodge, if the osm.ium is not completely
volatilized, small black spots appear on the silver bead when nearly
finished. These flash off and on, but finally disappear when the
bead brightens. Bannister found no specific indications of the
presence of osmium in his tests. _ '

PALLADIUM. — According to Lodge, palladium gives the surfuc:c
a raised and embossed appearance. According to Bannister, it 15
much like platinum. Fortunately its presence 1s indicated by a
coloration of the solution in the parting operation.

Molten gold beads have a beautiful green color a.nd th?n pure
muy be cooled considerably lwluv?/ the true frccz::lg-}mmt, .und
gtill remain liquid. On solidification they “ flash ™ us do silver
beads and in solidifying they cmit an apple-green light. Ac-

~
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4 ‘ not crack, and they absorb nearly their own weight of litharge.
g : The silver loss due to absorptlion is greater than for bone-ash.
J. W. Merritt* compared the results obtained with bone-ash
i . and cement cupels and found two essential points of difference:
, 1st, Beads from a bone-ash cupel were well rounded and stood on
j a small base, while those from Portland cement cupels were flatter
and stood on a base as wide as the broadest diameter of the bead;
2nd, The cement sticks tenaciously to the beads from Portland

" cement cupels but hardly at all to those from bone-ash cupels.
Mann and Clayton,t in a study of cupellation losses, found
; cement cupels to give very high silver losses even under the most.
i : favorable conditions. They also found it very hard to clean the

' bottom of the bead without danger of loss.

Cement cupels are very much cheaper and more durable than
bone-ash, but on account of the above disadvantages should
not be used for careful, uncorrected silver assays. One disadvan-
; tage of cement cupels for gold assays is the extra care which must,
: be taken in cleaning the bead.  This is necessary because, in part-
ing, a considerable amount, of the cement would remain insoluble
as gelatinous silica: and would be weighed as gold. Bone-ash,
' on the other hand, is practically entirely dissolved.

Magnesia cupels are very hard, which is an advantage in that
they do not suffer so much breakage in shipment. They are
always factorv-made and are decidedly more expensive than
{ bone-ash cupels, which may be home-made. Certain brands of
f magnesia cupels give an apparently lower loss of silver in cupeling
5 than can be obtained with bone-ash cupels but it is a question how
| i much of this is real and how much due to an increase in the amount
: ,of impurities retained in_the silver beads.

t Magnesia cupels behave quite differently from ordinary bone-
ash cupels, and the assayer who is accustomed to bone-ash cupels
will have to learn cupeling over again when he starts using those

! made of magnesite. This difference in behavior is due mainly

’ to the different thermal properties of the two materials. Both
the specific heat and the conductivity of magnesite are decidedly
greater than those of bone-ash, so that with cupels of both kinds
running, side by side, the lead on the magnesia cupel is compara-
tively dull while that on bone-nsh is very bright.

* Min. and Sei. Pross. 100, p. 049,
t 'Technical Bulletin, Vol. II, No. 3, Missouri School of Mines, p. 33,
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