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ANALYSIS OF COPPER-PALLADIUM-GOLD-SILVER CONCENTRATES
By C. We Davisl

A copper-palladivm-gold~silver ore is being mined at Salt Chuck,
Prince of Wales Island, Alaska, from which a concenira“e is produced that con-
tuins 40 to B0 per cent copper, and considerable amovnts of palladium, gold
and silver. Therc has been rmch difficulty in obtaining acsays for pulladium,
gold and silver from the mine, smelber, sampler, and umpire that check within
reasonable limits. Vhile the results for copper content have not been un-
usual, the results for palladium have varicd as puch as 0.8 ozs on 3 oz,
material, results for gold differced by 0.l 0z on 1.6 oz. materials, and for
a silver content of 7 oz., results differed by as much as 4.0 oz,

The Bureau of Mines was requosted to deblermine the causes of varia-
tion in the results of the different assaycrs, and to develop a satisfactery
procedure for analyzing such ore.

. Three simﬂle;‘of concentrate were received for analygsis, two small
lots that had previously been assayed by the various laborstories, and one
large sawple. The large sample was dried and ground in a ball mill, put
through o 150-mesh screen, and then returned to the ball mill for thorough
mixing. The small sarples were ground to pass a 150-mesh screen and then
mixed on a mixing vheel, ~

The large sample (No. 1) was analyrzed by five different procedures,
one of the emall samples (No.2) by three proccdures, and the other (Mo. 3)
by two procedures (bxe two small samples being too small for further tests).
The different procedures tried and the rOsult obtained arc prescnted below.
The sawples ¢f concentrate were from ore wined and milled Ly the Alaska
Palladium Co, at Salt Chuck.

Procedure ijo, 1, "Combination Assay!

Samples of one assay ton were rocsted ot 05O0° ¢. for Lwo hours, then
digested with (1:10) ¥ 2504; a little HaCl was added with stirring, followed
by §.fea drops of EI uOthlbn‘ lewd acetate wos introduced with stirring,
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and ufter settling over 1ight the solution was £iltered, The Tilter pavers
with residue were placed in assay ciucibles to which 2 assay tons of 710 had
been added, and the filter paper was ignited at a low temperaturc; silver
chloride was added to nl.. but one of the chareges, followed oy oorax glass,
soda, flour, and silica. After’ thorourh mixirg and covering with borax glass,
the charges were fused ard poured as usual. The lead buttons were then
scorified and cupelled, |

Procedure No. 2,"Scorification Assay."

Samples of 0.2 assay ton were mixeé with 70 gm. Pb and 5 gm. of borax

- flass and covered with 35 gn. of Pb in scorificrs and a pinch of silica added.

(Silver chlorido was added to all bat five of these charges.) fThe charges

“were scorified as usual., fThe lead buttons were scorified together untll cach

button represented an assay ton semple; the scorifications being repeated with
the addition of tesy load and silica until the scorifiers showed only a trace
of green color. The final buttons were cupelied. .

Procedure Yo. 3, Fusjon with Fxcess of Litharge.

Somples of 0.5 assay ton were mixed with 250 gm. of PbO, borax glass,
and sodium carbonate (a preliminary test showed that it was best to use no
niter), and covered with dorax gloss,  Silver chloride was added to all but two
of the charces. The chnrges were fluxed and poured as usual, The lead buttons
were Tirst scorified singly; bShen in pairs to makc cach reprecent an assay ton
sarple and then the scorification repeated till free from copper. This was
follovwed by cupellation. '

Procedure No., 4, Tusion with Small Zxcess of Litharge.

This was performed as in No. 3 except that 90 gm. of Pb0 was used
instead of I50 gm, The first lead button was much smaller then in Fo. 3, and
was too brittie to pound. Iead was added and the bottons scorified twice
singly and then in pairs, followed by a single scorification and then by
cupellation, '

X

3

Proccdure Mo, 5, Double Fusion with Excess of Litharge.

The same charge was used as in Mo. 3 and after pouring, the lead
button was hamuered and then melted for 10 minutes with a charge consisting
of 250 gm. Pt0, with a little soda and silica, then poured again., The result-
ing lead buttons were first scorified togetkher, then singly, end then cupclled.

Treatment of the Boads

The beads were weighed and parted as wsual with dilute nitric acid.
It was found that the gold from those samples to which no silver had becn

added contained palladium so that they were dngquartated and again parted. The

gold beads werc amnealed and weighed. The silver was precipitated from the
solutions with HCl, filtered and washed with hot water. (A test ghowed that
the silver chloride d4id rot occlude more then a trace of palladium). The
filtrates were evaporcted to dryness with HCLl twice on a water bath, cooled,
moistened with a couple of drops of HCL and o little water added, then filtered
and a little dimethylglyoxime sclution (1% dimethylglyoxime in 95% alcohol)
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added in the cold with stirring. After settling for about 5 minutes, the
precipitates were collected on cut-down ashless filter papers (vsing cut-down
funnels) and washed with cold watcr. The fil%er papers and contenbs vere
heated, gently at first and then ignited in air and finally rediced by hydrogen
in an annealing cup using the clay *tube of a rosc crucible, tut with a nickel
cover through vhich the cloy tube pasced snvzly. In using this arrongement

the clay tube was first passed through a hole in the nickel 1id, then the
hydrogen issulng from it was igrnited; and then the end cf the tube vas put into

“the annealing cup containing the palladium, the nickel cover fitting over the

top; heat was applied to lhe bottom of the cup for a few mimibes and then
removed; finally after about 5 minutces the hydrogen was turped off. This per-
mitted the palladium to cool in a redvecing atwosphere and thus prevent reoxi-
dation, Several tesis showed that if the ignited palladium were not rceduced
with hydrogen, the results under the conditions used world be about 0.03 mg.

too high per mg. of palladiwm present, on account of oxidation. The ignited
palladium was blue on the surface, whercas the reduced palladiun vAs steel gray.

An explanation recently given by R. Ao Cooper (Jour. Chcm. Met. &
Min. South Africa, p. 296, April, 1928), for the seperation of palladivm from
platinum by dimethylzlyoxime is worth repeating.

Palladium and platinum both form componds with dinethylglyoxime
that are insoluble in dilute HCl. Thesc compounis are only formed, however,
vhen the clements are in the reduced condition. Palladiwn is reduced by
evaporating to dryness with HCL on a water bath, while platimua is not reduced.
Heating to a bigher temperature, as on a hot plate, or heating a solution
containing dimethylglyoxime will partly reduce platirum and cuuse 1t to be

partly precipitated by the glyoxime, hence the reasons for the details of the

procedurcs

. Solutions from the bends of 10 - assay ton samples of concentrates
were tested for platinum, Only a trace (not a deteimincble amount) was found

by a delicate color reaction.

Of cource, since apnreciable platinum is absent, the palledivm may be
precipitated directly as the metal by boiling with formic acid or reduction
with magnesivm or other metals.

The following table gilves results obtained by using the differcnt
procedures.
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RésultsAObtainod in hssnyé by the Different Procedares. ..

SAUPLE Procedure. %est. Az, Oze  Aue Oze Pd. Oz, .
Ro. . Mo, No. Por ton  Per ton Per ton Remarks
1. 1 1 4,01 0.78 1,61  hg addcd & welght deducted
1 L 3 5e81 073 .90 . Yo Ag added.
1 2 4 4,83 75 1,77 Ag added & weight deducted
1 .2 5 4,97 w72 1.75 , dos
1 2. 6 5,55 W79 1,60 o Mg odded. ,
1 3 7 14673 073 1,76 . Ag added & wolgnt deducted
1 3 8 3091 o7l 1,70 . do. ,
1 3 9 5o 30 73 1,67 Yo A; added. . .
1 % 10 4495 o 75 1.78 Ag addod & weight deductec
Y 4 11 5.55 © .78 1.72 - Yo Mg «added. )
1 4 12 5650 W79 1,76 do.
1 5 13 4.53 74 1,62 Ag added & weight deducted
1 5 14 5.03 o721 0 L899 - No Ag added
2 1 18 6.68 111 o2 Ag addod & weight deducted
2 1 16 7.90 "1 13 ' 2,100 Yo Ag added.. ,
2 2. 17 7.80 1,12 268  Ag added & welght deducted
2 2 18 3. 8% 114 2,55 . Yo Ag added.
%3 3 19 6.42 1e13 2051 e added & welsht deducted
3 1 20 4, 37 1048 2040 do.
3 1 21 5.51 1.590 2,07 do.
3 o2 22 Z.22 Lo 52 2.82 . dos
3 2 23 5.21 .49 2,62 " -No Az added.
2 - — Be? 1,12 2033 Runge of variation
2 - r— 9.6 1,14 . 36 04 in returns from mine,
3 - - 4,7 .48 2,59 | refiner, sampler and
3 - e 5.4 1,63 S 344 umpire.

©

Resnults

PR B b S S04

The results srowa in the table indicate the following points:

1. VWith the sample ground to pass 150 mech end thiorovghly mixed, all
the procedures tried give checking results for gold, '

2. LAl the proccdures give fair results for silver if no silver be

added to the tests, but procedures No. T and 5 are inclined to zive low results.

Ll
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3. Vhen cilver 1s added to the teect and Its woight deducted,
the results for silver are eriralic and low,

.
«

4. Unless silver be adied to the tests, the results for
palladium are apt to be low.
5. Procedurcs ilo. 1 and No. 5 give low results for palladivm.

6, Procedvre No. 3 gives falr results for palladiwn vhen silver
is added at the start

7. Procedurcs No. 2 and Yo. 4 give satisfaclory results for

palladium vwhen silver ic added.

Ceac’nsions

Procedurs No. 4 geens to e “he most satlsfactory mebthed of those
tested for the analysis of the concentrate exarincd. For tha dabermination
of palladium aboubt 10 mz. of silver per mg. of palladiun, prefesclly as

the chloride, should be adled to tha charge at the elort. & renirate
sample to which no silver has been added should dbe run Jor silver.

Procedure Yo. 2 cpparently gives satisfactory veceldtis but is much

more tedious thcn ¥o. 4. ~ - Repoits of Iavesiigatiuns, Bareau of ifines,
Department of Ccumerce.
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