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Method for Determination of Silver

G. K. FAYE'and W. R, INMAN*

Department of Mines and Technical Surveys, Mines Branch, Ottawa, Canada

B Radiochemical experiments using
silver-110 have been performed to
evaluate the fire assay method for the
determination of silver. The losses of
silver during crucible fusion, scorifica-
tion, and cupellation have been meas-
ured under o variety of experimental
conditions. The major loss occurs in
the cupellation step and it is difficult
to reduce this loss Yo less than 2% of
the silver present. In experiments
with pure fluxes the loss of silver to the
slag during crucible fusion was approx-
imately 0.2%,; that to the .crucible
woll was-approximately 0.5%,. The
loss may exceed 29 in the fusion of

charges rich in copper and/or nickel
sulfide materials or with charges giving
viscous slags. Lloss of silver to the
slag during scorification of impure
lead buttons was approximately 0.2%.

LTHOUGH mcthods for determining

the precious metals by fire assay

have been in use for many years, nu-

merous problems still exist in the

accurate determination of the platinum

metals (£, 2, 4, 10). These methods are

successful for gold and silver, although

few systematic studics have been per-

formed to provide a sound basis for
their acceptance,

Radiochemical Evaluation of Fire Assay

This laboratory is engaged in a sys-
tematic investigation of the behavior of
the precious metals during determina-
tion by fire assay. The accuracy of the
silver determination was cvaluated
first, because it is the most common and
abundant of the precious metals. It
was decided to use radiochemical
techniques to trace the silver, as these
would provide a direet and sensitive

means for determining the losses en-

countered in erucible fusion, scorifica-
tion, and cupellation and these studies
would be valuable for developing tech-
niques whiclh could be applied to the
rarer platinum metals.
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Despite the great sdvantages of us-
ing radioisotopes in this field, few such
attempts  have beeh made.  Theirs,
Graydon, and Beamish (10) used ru-
thenium-106 for studying the behavior
of ruthcnium during -its determination
by firc assay. Nakamura-and FPukami
(3) used silver-110, to measure the loss
of silver to bone ash-cenient cupels
during the cupellation, at a fixed tem-
pernture, of lead bhuttons contnining
very small quantitics of silver. The
lose varied from 5 to 309 with heads
weighing from 2 to 0.1 mg., respee-
tively. By analyzing various portions
of the used cupels they showed how the
absorbed silver was distributed through-
ont the cupels.

The present work deseribes experi-
ments using silver-110, half life 270
davs, as a tracer to determine the
magnitude of the losses of this metal
that may be eneountered im the various
steps of its determination by fire assay.
Under certain eonditions (often used
in practice) the total error due to
losses may be as high as 5 to 109,
However, with eareful control of con-
ditions the error can be minimized and
should seldom exceed 3%. ‘

Chopin (3) and King (7) found that
volatilization losses of silver during
fire assay were negligible. Therefore
this factor was not investigated in the
present work,

APPARATUS AND REAGENTS

Stock SiLvER-110 TrACER SOLUTION
was prepared by dissolving radioactive
silver wire, containing approximately
10 me. of silver-110 in dilute nitrie acid
and finally diluting with water to give a
sollution eontaining 1 mg. of silver per
mli, ‘

Frux ror FusoN or SiLvER-BEARING
Test SampLes. Except where other-
wise stated, the composition of the flux
used (standard flux) was as follows:

Grams Weight 9,
PoO 90 53.9
Na,CO, 36 : 21.5
NagBoO'x 18 10 .8
Si0, 20 12.0
Flour 3 1.8
100.0

Preser Timz  Scaner, Model
S8C15CST, Electronic Associates, Ltd.,
Toronto, Canada.

Grass ENverore IMMERsioN-Tyrp
Gerger-MtLLEr Tuse. Type B6, man-
ufaetured by 20th Century Electronics,
Croydon, Surrey, Fngland. The tube
was fitted with a glass collar and a cell
capable of holding a 5-m}, sample when
fitted around the tube.

Temco portable pyrometer Model 50.

Chromel-Alumel] thermocouple.

Assay furnaee, 15-kw. Globar-type.

EXPERIMENTAL PROCEDURE AND RESULTS

General Experimental Procedure.
The test samples were prepared by

mixing approprinte quantitics of flux
silver-110 stock solution powdcrc(i
silver nitrate carrier, and in cortain
cases gold or mineral sulfides. .. The
samples  were placed in 30-gram
glazed fire-nssay erucibles and fused
at 1030° C. for 45 minutes. The
melts were then poured into conieal
steel molds and when cool the lead
buttons were separated from the slag
and then either scorified or cupelled.
When scorifieations were performed
sufficient lead foil was wrapped arounc

. the buttons to bring their total weight to

about 70 grams, The buttons were
then placed in 3-inch scorifying dishes
and scorified at 980° C. for 30 to 40
minutes (until the molten slag covered
the “cyve” of the button). The melts
were then poured into conical steel
molds and when cool the buttons were
separated from the slag. When neccs-
sary, the scorification step was repeated
until the color of the slag indicated
essentially complete removal of impuri-
ties (iron, copper, nickel).

In tests involving cupellation, the

* lead buttons were placed in preheated

cupels of various grizes and shapes and
eupelled in the furnace at known tem-
peratures ranging from 895° to 1010° C,
to give silver or silver-gold beads,

Because of the difficulty in determin-
ing the temperature of the molten
buttons, the temperature of eupellation
was arbitrarily taken to be that of the
average temperature of the air in the
furnace ' during the cupellation period,
The air temperature was measured with
a Chromel-Alumel thermocouple placed
about 0.5 inch from the side and approxi-
mately at the same level as the height
of the eupel.

After some of the cupellation tests,
the eupels were ground to —100 mesh
and cautiously added with stirring to
about 150 ml. of concentrated nitric
actd in a 600-ml. beaker. After the
vigorous reaction had ceased, water was
added and the beaker and contents
were heated until the insoluble matter

- has dissolved (a slight suspension of

silicon dioxide remained). The solu-
tions were finally diluted to 500 ml.
with water and the silver-110 eontent of
a 5ml aliquot of each solution was
measured,

~ To determine the silver-110 content
of the slags from erucible fusion or
scorifieation, all the slag was pulverized
in'a steel pereussion mortar and then
thoroughly mixed with a weighed
quantity of powdercd silver nitrate and

' a suitable quantity of flux plus flour.

This mixture was fused in the original
erucible, and the resulting buttons were
cupelled at 895° to 900° C. to give
reassay silver beads. The beads were
dissolved in warm 1 to 3 nitric acid and
the resulting solutions were finally
diluted to. 25 ml.. The silver-110
activity of a 5-ml. aliquot of each solu-
tion was measured according to the
procedure - given below.. In eertain
tests, the slags were assayed a sceond
time by the same proeedure as above.

Salting of Fluxes with Silver-110
and Radiochemical Measurement, In
all tests, a weighed quantity of
powdered silver nitrate was thor-

oughly mixed with each charge to act
as a carricer for silver-110.  Approxi-
matcly half of the mixture war then
transferred to a 400-ml. beaker, A
measured aliquot of the stock silver-
110 solution was added to the center
of the bed in the heaker. The remain-
ing portion of the charge was added and
the beaker and contents were heated
at 110° C. in a drying oven for at least
2 hours.

A standard reference solution of silver-
110 was prepared at the same time as
the test samples by taking the same -
quantity ‘of powdered silver nitrate
and stock silver-110 solution as was
used to salt the experimental charges,
and then diluting to 100 ml, with 109,
nitric acid.

After the test samples which had been
heated in the drying oven had cooled,
the lumps were broken up in a mortar
and the material was thoroughly mixed.
They were then carried through the
various steps of fire assaying that were
under study. The final product to be
radiometrically assayed was either pul-
verized cupel material or silver reassay
beads. These materials were dissolved
in neid and diluted to a known volume,
The radioactivity in a measured aliquot
of the test solutions was determined
with the immersion Geiger-Miller
tube and scaler. The amount of silver
present in the solutions was caleulated
by eomparing the radioactivity of the
test solutions with that of the standard
referenee solution.

Experiments with synthetie solutions
showed that self-absorption corrections
were not needed for the activity figurcs
of any test solutions.

The castle assembly used in the work
provided sufficient shielding to maintain
the background at approximately 20
eounts per minute.

Enough silver-110 was used in all
tests, so that the sample aliquots had an
activity at least threc times as high as
the background. The counting times
were such that the probable error in-
herent in the counting data did not
exceed 5% in any test.

The silver wire used to prepare the
stock tracer solution had a specific
activity such that the ratio of inactive
to active silver atoms was approxi-
mately 10,000to 1. Ttisvalid to assume
that the chemical behavior of the active
silver added to the test samples in the
form of the tracer solution was repre-
sentative of the inaetive silver in this
solution as well as of that added as
carrier in most of the tests.

In preliminary experiments, the re-
covery of silver in the beads variced
from 96 to 98%. Beeause of the in-
herent error in the radiometric assay of

“the solutions prepared from these

beads, it.was impossible to estimate the
losses to slags, cupels, ete., by measuring
the difference between the recovery
figures and 100%. Conscquently, tech-
mques were used which would allow the
losses to be measured directly.

LOSS OF SILVER DURING CRUCIBLE FUSION

To Slag. Errecr oF BurToN
WgeieuT, A series of tests was per-
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formed to determine tlie extent of the
silver loss to the slag.and the degree
to which this loss varied with the size
of the lead button formed during
crucible fusion, In each test a 165-
gram portion of the standard neutral
flux was sajted with 5 mg. of silver
(carrier plus tracer), and the amount of
flour was varied. The lead buttons
obtained ranged in weight from 9 to
35 grams. ; The slag from each test
was assayed for silver as shown in the
following experimental results.

Button Silver
Weight, Lost to
Test No. Grams Stag, %
1 0 1.0
2 13 0.5
3 19 0.4
4 - 26 0.2
3 35 0.2

The results indicate that silver is
not completely collected, when buttons
weighing less than 25 grams are formed
during the fusion of charges-weighing
165 grams (tests 1 to 3). With buttons
weighing 25 grams or over, the silver
loss appears to be constant at approxi-
mately 0.29%. However, it is not clear
from the results of tests 4 and 5 whether
the silver found in the reassay beads
had dissolved in the slag or had been
taken up by the crucible wall during
the initial fusion. The latter phenome-
non has been observed in work with

platinum (8). Therefore three further
tests (6, 7, and 8) were performed to
determine the solubility of silver in the
slag and the magnitude of any loss due

to retention by the crucible wall during .

fusion. .

The composition of the charges in
these tests was identical to those used in
tests 4 and 5. The slags obtained
after fusion were assayed in fresh cru-
cibles rather than in the original eru-
cibles as in tests 4 and 5. The silver
content of the resultant reassay beads
corresponded to 0.2, 0.2, and 0.3%,
respectively, of the silver originally
present in the'charge. Therefore it can
be concluded that the 0.29, loss in
tests 4 and 5 was due to the solubility of
silver in the slag rather than to uncol-
lected values or to pickup from the
walls of the crueihles.

Retention of Silver by Crucible
Wall during Fusion. The crucibles
used for the initial fusions in tests 6
to 8 were monitored with the immer-
sion type Geiger probe by inserting it

.in such a fashion that the geometry

was constant for cach crucible. Con-
siderable activity was detected on the
walls of the crucibles (Table I).
However, it was impossible to relate
the activity on the solid crucibles di-
rectly to-that of the standard refer-
ence solution. To overcome this prob-
lem-the crucibles were “washed” dur-
ing the fusion of fresh flux with silver
nitrate carrier, The buttons resuiting

Table .

Retention of Silver on Crucible Wall
Activity of Crucible Wall

Silver, %

LA 2 CHCr— " —

from the fusions were cupelled to give

reassay beads which were then assayed
radiometrically for silver. After the
wagshing fusion, the crucibles were again
monitored with the Geiger probe. By
relating the aectivity of the crucible
walls before and after washing to that
of the reassay beads, it was possible to
determine the approximate percentage
of silver lost to the crucibles during the
initial fusion (Table I).

The results in Table I show that ap-
proximately 0.5, of the silver in the
initial charge is retained by the crucible
during fusion.

Loss To Metal Sulfides with Oxi-
dizing Fluxes. To determine how
loss of silver to slag is influenced by
variation in the composition of the
charge (flux plus sample), a series of
tests was performed in which various
metal sulfides were fused with appro-
priate fluxes to produce buttons weigh-
ing 30 grams or more. Copper- and
nickel-bearing materials were chosen
for much of this work, because they are
among the most troublesome elements
encountered in fire assaying, being diffi-
cult to slag off and tending to contam-
inate the lead button.

The slags from these tests were as-

sayed twice for silver by the procedure
described above (Table I'V),

The first assay was performed by
fusing the ground slag with 170 grams
of the stsndard flux. In the second
assay the slag was fused with 50 grams
of litharge and 3 grams of flour.

The content of the major constituents
in the sulfide materials is given in Table
II and the composition of the charge
used in each test is given in Table ITL.

The fluxes used in tests 9, 10, and 12

*After fusion Retained by were similar to those recommended by

After initial with fresh . crucible after Shepard and Dietrich (9) for charges
Test N fusion, flux, F(zundbm d ‘mt“‘l] fgsnon rick in copper and nickel. The flux used
est No. counts/min. counts/min. reassay bea (caled.) intest 11 was similar to that used by
6 364 296 0.07 0.4 Theirs, Graydon, and DBeamish (10)
7 415 343 0.09 0.5 for a pyrite charge.
8 542 408 0.12 0.5 Because the initial fusion in tests
9, 10, and 12 rcsulted in free-flowing
slags together with the reduction of
Table . Composiﬁon of Sulfide Materials sufheient lead fpr good fCO‘HCCfJi.OIl, hthe
Samp! seripti y i , comparatively high loss of silver in these
a_x:p ° Chal De.b tcnptlon Cu3,0% Ni, % ng% Ss? tests was probably due to the increased
£ ialcopyrite o solubility of silver in the slag, caused by
b Penﬁig%%tﬁ?p lus i\{:}o]ant 9 17 23 the action of copper and nickel. It is
C Py‘;ite il 41 47 also probable that silver would have
D Cu-Ni matte 13 57 4 22 been detected in the s!ags after a third
assay. However, it is unlikely that
the %nlount would exceed 0.%hto 'O._2l‘%i
i of the amount present in the initia
S I Table lll. - Composition of Charges Weight Base Metal charge and it can bg conciuded that thg
Test Sam- \{}é?é)hi, ‘Weight of Flux Components, Grams in Charge, Grams :gtg}yloss of silver in these tests was
No. ple Grams DPbO Na,C0, 85i0; KNO, Ilour Cu Ni Fe In Ot'est 11 the slag obtained in the
9 A 15 165 20 15 19 .. 1.5 4.8 initial fusion was very viscous and it
10 B 7.5 165 20 15 3 0.7 1.3 1.7 is probuble that the 3.8% loss of silver
{§ g 15 51 25 19 27 o 05 50 8% to the slag was due primarily to the
3.5 245 16 4 " 1 -5 ' ’ incomplete collection by lead rather
than to the increafsed solul'JIi‘lllty caus%d
- by the slagging of iron, iis is sub-
Table Y. Variation of Slag Loss with Composition of Charge st)crmtiated gb,,y the fact that silver was
Test Original Silver in Slag, % not detected in the slag after the first
No. 18t assay ' 2nd assay Remarks assay.
9 1.5 0.5
10 1.8 0.1 LOSS OF SILVER DURING SCORIFICATION
11 3.8 Nono detected Viscous slag in initial fusion . .
12 2.3 0.3 Three impure lead buttons (approxi-
mately 30 grams each) containing copper
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