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lL'l\IALYSIS OF CO?PE:R-PAJ"Li~DIUU-·GOl,D·-SILr.E;:H COlJCElT'rRATES 

1 
:By C. W. I\'Wis 

A coppc:~r-pa1l8di\;m-~cold-si1vcr ore i8 beh,g minod at Sal t Chuck, 
Prince of Wales Ir;lancl, Ala£',:m, from which a concentra":.e ~,s 1)l'o~_ucod that con­
tu:i.ns 40 to 50 per cent copper, nud considor.nc,1e c.llnovnts of pDJladiurn; gold 
and s il vcr. Tl:ere has been much ciifficul ty in o1;tainine: (lcsay s fo:!.' palladium, 
gold and silver from the mine, sr.1elter, S:UJlp:~er, and ur:~pire that check within 
reasonable lir::lits. Yihile the raoul ts for cOp},or content h[J.V8 not boen \1Jl.­

i),oual, tho re::;ults for pallQ":liu:n have varind ns rr.nch as 0<8 oz. on 3 oz. 
material, resultfJ for Gold differod by 0.1 oz~ on 1.6 oz. mater~a1£l, nnd for 
a silver content of ? 03., rcr.u1 ts diffor,ed by as nT'...lch as 4.0 o~. 

The Bu1'8!.lU of JUnoo W."18 requosted to detcr..Ylino t!10 Ca\J.sos of Vllria.­

tion in the rorm1 ts of tbe different afJsayol's, and to dovelop a. satisfactory 
procedure for an3.1yz:i.ng such oro. 

~11rfle c~llnpleG of concentJ.'[lte were received for anCl.lyds, t';IO sma11 
lots that hnd pr8vio~J.Gl~r b('On assayed by the va rious labol'["tories, and one 
~arGe samplo. The largo s::1.rnple \'I[l.S dried Cl):d ground in a ball mill, put 
through a loOo-·mesh screen, [lnd t'hen returned to tho ball mill for tl:orour;h \ 
lnixi:1g. The small sru~plcs v:oro ground to pass a l50-mesh screen and then \ 
mixed on a mixing 'I';hool. 

The larGe stlmple (No.1) W3S analy zed by five difi'er(311t procciurcfl, 
one of the [1TYlall ccuH..?lcD (No.3) by throe procodures f and tlle other (lio. 3) 
by two pl'ocodu:;C8s (t:1e two SID.:111 se:nples being too ST:!all for furt-hur tOG ts) • 
~ho difforent procod'J.res tried and the 1'03u1 ts obtained 0.1'0 prosented 0010'71. 
'Ito Bf'..Js,)lcs cf concentrate \701'0 from .ore w5.ned amI milled 1y the Ah,s}r...o. 
Pallo.diurn Co. at Snlt Chuck. 

,,' 

Sample::.\ of 0:10 assD.Y ton '.','eTO ro[)otud Dt GO(p C. for ".;'710 hours, then 
digested with (J.: 10) 1:2804: j, Ii ttle Ho.C1 ~7(tS Cid:lctl ii'Bh stirdn{;;, folloWGd 
by ~ fO'l{ drops of 1:1 Bolution; leL~d acebto \7~':'S intj:'od'..lced. v.-ith stirring, 

--\-------,--~--.--------.--.• -----.. ----.-~.-.-.--.--.:.-,---.. ----_._--_. 
1 .~ Asso(,':iato cho::list, :?are e.:1d PreciOUS Metals E::pedmcnt Station, . 
. (:aen6, nev.), ]3ure8.u of l,anes, Departmunt cf Corn::10rce., 
In cooperation with the l"f3.c)~ School of iHnes, Ulliv(Jrsity of JJevada,Rcno, 

l~ev • 
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and uftor nett} inc oyer 1iC11 ~ trle oolut.ioa w.'ts fil tor cd. ~':1c f:i.l tor )Jnpors 
wHh rCGidue were placed in aana.;:,· cl·uciblcs to ;.'hieh 3 assay tons of :.t'r:O 11ad 
beon addod, and the fil tel' paper Vll10 i6ni ted at a 10\7 tempel'ature; G ihor 
chlorido wns ncldcd to a1:. but O~le of tho eb::u'C83, fol1owe(1.D2' -ool'ax g'J c,GS, 

~oda., floll.:', und s iJ.1.co.. Mter: thoroW71 mixir.g and coYering wi th borax ::.;13.3s, 
the ckl..rges were fused ar (1 pOl.1.recl as usual. 1:ho load tuttonB wore thGn 
acorified and. cupcl1cd. 

Sanples of 0.2 assay ton were mi:xoG. '.vith 70' grn. Pb and S &.1. of bornx 
class and covered with 35 on .. of Pb in scol'i:icrn and a plnch of silica added. 
(Silver cnlorido ,:as ad.c.lod to nll b'c'lt fivo 0: t:'108e chargee.) fme cha).'ges 
were scorified as uSl:E.l. The lend buttons \'101'0 scorHicd together untn oach 
button reprenenteo. n11. D.ssay ton sample; tho scol':i.fic3.tions being repe[l.ted wi th 
the addition of test load and s:1.lica until triO scorifiers shotled only [1 tr[l.ce 
of green color. Tho finnl .1T~tt0!18 wore enpolled. 

Smnples of 0.5 af.,Hw .. y ton wore mlxcd w:i. th 250 gm. of Pto, borax gIns s, . 
and ~odium ca:::-bo:w.to (a p:!."'ellmi:1ary tost sr.owed t.hat it W8.S best to use no 
ni tel') , and. covered wi th borax 2:1<183. Silver chlor ide VW.3 audel to .;111 but two 
of tho or-arcos. '.:'013 Ctlr-).l'f~(.)S \:0;0 fluxod emd pOUl'C'd as "-Gual. 't1;e lend buttons 
Viera f'irr,t [lcorified sbtd;::; ~hen b pa.irs to r::J.](c each reprecent an acs[13 r ton 
smr.plo m:d then the Gco:'ific[l"~ion ropeGtecl till ftee from copper. ~hiG Y/D.S 
follo\',cd by cupe11otio!1. 

'I'his vms pori'on18d as in Ho~ 3 oxcept that 90 gm. of PbO was used 
instead of 250 E:::m~ Tho first lead button ",CtG much sr')a110r th2 .. n in No.3, 
was too brittle to pOlJ.nd~ Lead wo,s Hdded {md the bottons scorified bice 
sinely o,n1. thon in pairs, followed by a slagle scarification and then -by 
cupolla t ion. 

and 

'rho smne charce \"3.S usod as in 110. 3 nnd after pour:i.:"lg, tbe leud 
button wa.s 112.:nrnerec.. and then melted for 10 minutos with a chargG cc:>nsisting 
of 250 e,rm. PcO, with n 1.::' ttl0 Gada and sil ic:J., then poured og[l.in. The reBul t­
ine leo.d butto:J.s worc firDt scorificcl togot1:or, then sinGly, E'.nd thon cupolled. 

Tho beac.s "oro woi~)';ed ancl parted ClS "\;.8"1.J ..... 3.1 with dilute ni tric ac id. 
It \?as fO"\.illQ t.hat tho gold from thone samples 1;0 which no silver hac1 oeon 

.adclod cO::1.tained. pallo.cl:ium so thot they were .inC'},uartD.ted and aca\n parteel. The 
gold beads wero 8.:mo::J.J.od. O:1d ~·loi.:;hod. The n:i.lver waG pl'ecipitated from tho 
solutions with E01: n1torer. 3.ncl '"lashod t;ith hot 7,'atar. (1" test phowod. that 
t~e silver cl~loride did r.ot oec1u(:o r.10ro thun a trace of palladium). 'me 
fil trates were cvo.porr.teC: to d.:'~'TIoSS wi ~h :1Cl t,,6cc on a ';';ater bath, cooled, 
moistoned with a cO"'J..91o of drops of HC1 an1 .:1 li~tlc \'later added, then filtered 
and [l 1 HUe dimo~hJ'l~~lyoxime [)olut. ion (1% dlI:1otiw1C1yo;:ime in 95% o.1coh01) 
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adc1ed in the cold with stirrine. After settling for about 5 r:ainutoG, the 
precipi tD.tes were collected on cut~(iown o.shle:~s fil tor pa,;J0rs (u.uing Cllt·-rloym 
fmmels) and warhed Witll cold wo.tcr. ~'he fll':,cr pCl:;,Jorn a'1(l cont0n~s wore 
heated, gently at first mid thon ignited in air and finally redJ.ccd by t.ydrogcn 
in an annealing cup using tho clay '~ubG of a rOBO crucible: but with a nickel 
cover thro'\l0h which tho clay tu'bc p:lBced sm,'gly. In usinf~ tiJis nrrr'J1gc:2.19:1t 
the clay tube nas first passed thro~:';h a hole in tho nici:cel lid., then ".;ho 
hyd.roGen issuinG frofll it r;3,S :teni ted; and then tho end of tho tube ')Tas put into 
the a:mealing cup coataird.!·lf, the palla:iiU:~l, tl':.e nic1.<.81 CO\c!' fitting over the 
top; heat Wo.s Gunlied to tho bottom of the cu~ for B few mirrltes 2:1d then 
removed; finnll;: after ahmt 5 mbu.tcs the }ly~lroGen \,as t".1!.'rod off: 'Ihis per­
mi tted tho pnllHdium to cool in a reducing A.t~110s1)1~8rO [, .. ,Ed r.hus prcvent reoxi­
dation. Several testG showed that if t.ho 1.[;ni ted paJlac:iur. were hot roCiuGcd 
w1".;h hydrogcn~ tho results under'the conditio!H; uEed woc::.ld be ELbout 0.03 f.";g. 

too high per uJ6. of palllldh:.rn pres!?:nt, on 1l8C,:)"u.D.t of o~nd8.~~iono ~rho ig!1i ted. 
pallatlium Vias 'blU8 on t:no sl~,rf[!'co, whcn~on8 tho rOltucod Jialladh~~n ,,;J.f] s~eel gray. 

An explanation recently ghron by R. Ao Cooper (Jour. OhClllo Met. & 
Min. south Mr1cn) po 29G, /lpril, 1935) I for tll0 oepf.'ration of prtllnclinru from 
platinum by d:i,l:lOtl1y161yoxi::ne 1s worth repeatinG' 

palladhll':l and plat inmn {)O th fOlm co!npo'lJlds Vii th c::irocthylglyoxime 
that nre insoluble in cliluto Hel. Tnoso compoun~ls are only fOl':'Qcd, :towcver, 
vihen the clc;:lOnts are in tho rcducccl condi tioD. PallacUu:n is redt:.cecl oy 
evapora t'ing to c.rynGsG vii th HOl on a wa tor bnth I while platimun is not reclucod. 
Heatbg to a hit:her tOJ:!:pGrature, as on a bot plnte, or hoatinG a solution 
oplltain:tng dimethylglyo.xir::o will pnrtly roduce platil:1JJ:1 an(l C,;'U80 it to bel 

,partly pl'ccipitnted by the clyoximet hence tho rGrtSOllS for the cleta:i.1s of tho 
pr?coclure. 

Solutions fron tho be:lds of 10 - ai3f:ay ton samples of concentrate:] 
were testod for platim.;';;J. Only 0.: trace (not a detere,inr',blo ill:10UYlt) was found 
by a delicate color ~eaction. 

Of c ou.re e, sinc 0 t1p~)roc in 'ble pl'Tt; bUD is [lo:] cm,t, the pc:!.ll[.<di'CYn r.!ny be 
precipi tded directly n,s the motal b:,.- boilinG with for;nic acicl or reduction 
wi th magnosiulll or othOl' r:leta18. 

T.'ne followinG table [;ivo<) results obtainod by u::;1n6' tl~e d.ifferent 
proce(lur08. 
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RC8u1_tl?~9btainod i!1 . ...P..:.~§!]..Y.~0.Lj:.hc J2if.fol'e~UL..Pro()ed-'ll:g~" 

~-.------.-----.---.---~---.-.---.-~ .. -----.-- ---_.-.------------
S1~?LE 

No. 

1 
1 
1 

Proced.ure ~eot. A,rr, Oz. Auo O'z. Pd. Oz. . ~. " 

Ho. No. P .... 1' ton 'Dcr ton por ton Rrm.:J.l'ks 
.'-='----_.....-=: -.~ .-.---:"--~-•. -----.-.----------~-

-1 
1 
,I 

1 
2 
3 

4.01 
4.92 
5~81 

1.61 
'1.65 

• 90 

1~ ud10d &'welg11t dedu,cted 
do.' , 

No l~ ~lclded • 
, , 

--:l-~-2'--' 4 :1:'8-3"--' -·~-,7-5-------i:n·----}~ ;{0~d&;G igh t;(lOd~~'t ee;. 
1 .. 2 5' 4097 . ..72 1.75 <.10. 

-~.--_-.?-'-.-. ___ ._6 __ ._5.,.'!J2L _____ ~ ~Q. ______ ~_~~Q ___ ..1J.9_~\f'~2:.Q_dcc!_. _._. _c. ___ ~_. __ 

1 3 7 -1.68 (>'73 1~?5 AC addod & Hoig.'1t doductoc 
1 3 8 3091 071 1~70 do • 

......1.. 3 9 5e_~Q.. _____ ~.7.~ ___ ~-~1:..o.§.? __ -.Jio .A{~0:.~Lclecl._~. __ . ___ ._-__ 
1 <1, 10 4.95 e75 1078 At; r'..cldod & weight dod"Jcte(. 
1 4 11 5.55 078 L 72 . !To Af!, ilddcd. 
1 4 12 5050'''~79 1.76 de • 

1 
,1 

2 
2 
2 
:3 
'~ 
3 
3 
3 
3 

;] 

2 
3 
3 

5 
,~ 

\) 

1 
1. 
2 
<) ..., 
,., 

" 1 
1 
2 
2 

13 
14 

-.----
ti.53 
5.03 

.74 
• '72' 

. --~ .. -.. --.------,---.-----------------
1~o2' 1"-6 ad.d.ecl & Vlei&;ht deductec. 

.' 1.59 ~To Ag ad.d.ed 
, . -------------------_._--_._----------------------

It) 6.68 . loll 2.83;:\.e o.ddod & weight deducted. 
16 '7.90 "1s13 2.10 Ho Ae added .•. 
17 7.80 1.12 2 .. 68' Jl.c adcled & weight deducted 
18 8. 8·1 1~ 14 2~ ~55 Ho Ac added. 

. ______ ._19_. __ ....2_. 42 J..1;3 _____ ..?.E..Q~~ ____ 1l..'S r~?:ecL&._E.QJ;:hLdejR_CteQ 
20 4.37 1. l18 2,A-O do. 
21 5.51 1.5Q 2.87 do. 
22 30221,,52 2.82 do. 
23 5.21 1.49 2G 62· ' .. 110 J'\.e ac:'ded. 

---5.'7---------1-;-fa'·--··- 2
0
--33.-----li:ill-i;-o'--oT-V-;:rla tion -----

9.6 1 .. 14. 3004 in rot;u'ns from mine, 
4.7 L4.-8 2 0 ::>9. refiner, sampler o.nd 
5.4 1.63 , 'll!l'P ire. 

----~---'--------.. ---.-----------

The 1'8s11.1 ttl S!:OW:l in the table indicate the fo11017in;; points: 

1. iii th the 6v'Uple Grt)'\.~.nd to paos 150 rnech colld thoro',~-el11y nixed, all 
tho procod:u.res triod give chcckinc; rccul ts for gold. 

2. J_lJ. thopl'ocC'du:'E;s giYc fal:, results for nUver if no silver Do 
added to the teGts, b1:..t procod·.:.roc No.3 3,:10. G a::.'e inclined to give low results • 
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3. Whon uU-:er is ad'~.sd to the ted a.nd :t/GS '\io1c;ht dCd:LJ.('.t8Q, 

the results fOl' silver are en'f:l.~:i.c l.L1'ld 10',7 • 
. . 

4:.' . u~'),j eGG silver bo adiod to the tests, tho TaBui. ts for 
pn.lladi\1~ are [l.pt to be lO~7~ 

5. ProceC:ul'cs !Too 1 und No. 5 [l;i"re lOH resuHs for pD.,llo.dium. 

6. Procedure No.3 gives fair res"\:'.ltn for paDndh~l.n vlhen silver 
in added at the ste.rt. 

7. Procec,urcs 170. 2 and Ho. 4 giv~ sut.isf:wtory !'csul ts for 
pa.l1acliv.m when silver ic added. 

Procedura No.4 QOAr.1S to lle ':;11e most sn+'.:sf.-:ct·ny Ir.ct110l1 of t.hoRe 
tosted for the 8.op..J.ysls of the COI,C{!~1t"UtO eX~\'J:d~.'.(:(L ~'\.'I' 1'.:-.3 l~3t0..ITiii'l!1.tion 
of palladiuI!l a"bGllb J.O m.:;~ of silY8r pOl' n:~~ 01 II,:,t) 1~).11:1u.,;. pr~rt':" ... 'r) . ..:::"? as 
the c.hlorici0, should bo o.d::'ed. to th;3 ch:uge at tlle 8~D~~t. it fGN.r·ate 

sarr.plo to which no silvor 113.8 1)8Gn ad.d8(t should bG 1:W1 ::.~or silvel" 
. . 

Proce(lur~ Hoo 2 c,p1)[\.rEn~U:; g-tve::', so.tiofa.(',t.c17 t'ec"1.lts 'but is much 
more ted:ious the.a l~o" 4. - - HC.l:10~.'tS of Invost;5.g::l.tivnn, C.1.reD.u of U.1.nos l 

Dapa::-truent of CG!11::18I'<':.8o 
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