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a¢fPt,51*5ppm, Pd Ei.ﬁpnm, Rh 1? Sppm) was ach;eved affer
. short low-temperature reasting and subsequent leaching:
'*tgwlth &, zinc chlnr;de based Ieach reagant cuntazn;ng nitrlqﬂ

. V5 Af : :

A png’ stage,%e 5 tnﬂﬂlhnur 1Each"?esulted ;n theffallawgngfﬁz'”___;
-’E“traCtlﬂﬂs_ﬁ_ﬁﬂ' R R i TN

ﬂPlatlnum 90193% Palladlum 79 #6% ; Rhndzum BD 12!
;f'The zinc chlnr;de based laach reagent allnwed fnr the uﬁe
Co of & higher leaching temperature than which is. found in.

- Aqua Regia. This higher lsaching temperature resulted in

| the levels of éstractions of. platinum, pall adlum and

ijrhadzum baing :nmparable mith one: annther. f- S

: ”fExtract1nns were nnt effectad wzthxn a zin: chlnride:“
3;cnncantratinn ranga of EF ta 6M.;:_; . _

._°:n155 an ux;dant cnncentrat;an range uf 5 43% ta 24‘97%
-;eresultad ;ﬂ similar degraas af Extractinn- ;, SRR I

'“th Was established that the main 1imiting factur fur fhe L
. dismolutios of the platinum group metals waz the - 0

~ . accesgibility of the leach reagent towards. platinum, RN
;;;palladium and rhndzum This was uVEr cume by ross tiﬂG- S
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~“'The PIat;num ﬁraup Metals_zumprzse nf Platznum (Pt), _

o~ Palladium de),”Ir;d;um (Ir), OQsmium: tus}, ‘Rutheniom. AR L
- and: Rhediom (RBYY ALY are analogots with s1ilver and- guld

'-jfand are znvariahly present as_natzve ailaya ‘af. the :

_ ta . _

. well as & crude platinum-gold-atloy, in which pl&tinum -
 nuggets were hammered flat and soldered’ together wifh -

'ﬂ;fmeans llttlei511ver and regarﬁ'

._f jp1at;num s firsE d;scavered in Calumb:a andz_
TUint 1778, Rich platinum placers were found- in the Russisn

-ﬁcnxieat piatinum nuggets % prnducé'primitxve articles &s

'3fmn1ten gold . The’ 5panxah named platiﬂum, platzné,"whxch
) 1t B ad impur;ty.‘*’

_ing began-_'___ i .':

o Ural mountains in 1822, Platinum was found ‘in tﬁa-BushveldgififT_"

- complex in Transvaal, South Africa in the latter part of Q;gf;;ﬁfa

198y on the' farmiMasndagshoek and’ named aft&r 1ts L
jﬁdiscuvarer the Neransky REef.?E’ R IEREES P

the warlds mined primarily: platinum grnup metals.

" Bouth ﬂfrzca, Rusaia and- Canada accnunt fur nearly 311 nf i

. Bouth ‘Africs and Bophuthatswana posses approximately. 70A i fﬂ:?“'
- of the world's’ reaerVes of platinum group metald and _"'_,,:: o
currently provide an estimated 83% of the westarn wnrld' S

. annual pruductiun.;;qw,,_ﬁﬂn i

: fSnuth ﬁfr;:an depnslts are termed the Buahveld IgﬂEﬂUE

.';area af 650 000 aquare kzlnmetars in the :entral
,.Transvaal. .

© .- Complesxs & stratiform fntrusion that tovers an astimated

It is bEIlEVE&Itn be the warld 5 largest knnwn regosztary;gﬁ;[fj-“ﬁ

- of platinum group metals containing an estimated reserva
’ ;ﬁuf more- than eoo mxllann =3} nf platinum gruup metalaq S




_latlnuﬁ\G'f‘l:lu_ Metal RE!: VE- .

*iTh cunv&ntxonal methnds us& {fur tha re:uvery af platinum;. 3

-ff .gruup metals. involves prlmarlly pyrnnetallurgical
L procesaing, teshnigues. The flatation or gravity
L contentrate is preparad from the' trushéd araiy’ Thasur

' covicentrate iz the fed ints & smelter, from which & matte'

'ﬁ’ff?ha advantage ot th'

.ot . base metals is abtained. The. platinum group” metals are

© then recoversd from the:base. metalﬁ matte by known
techriiques, for exampl; pressure 1wa;h1ngg ele:trn_-_ 3;
_'refj_nlng QB’Q&? DR

y supplies part of the fusi-energys

. However, S0s Ieaﬁage into the atmnsnhera i prahibited
T oresulting dna conflicting situation betwean energy

’ '_cnnsumpt1mn and env;rnnmental prnbiemsg P

inBut, the hlggégt prmblem of thls :ﬁhvaﬂtimnal smelting

; = process ligs within obtaining & suitable concentrate.
- The' grade. of the concentrate as well.as its. :ampasit;na

" has to confors to certain. spa:ifxcatlmns in urﬂer fnr it
. to ke suitable for smalting.__u_:

- 'ﬁpyrnmetalluglcal prﬂLESE is that, atj"q

. smelting temperatur&s, ‘the ore minerals lose their. e

. ddentity in'a moltsn mass. Accordingly,” Ehermodynamics,’ B

T roomass. transferkingtics: and: phase separatznns-ﬂrﬁ the ma;n '

=Hﬁ,1:factnrs which’ nuntrol the process. | R
- In. the smelting process, sulfur (from. the 5u1phiﬁic mres} o

";Fnr example: I1f the chromite cuntent o’ ﬁhe concentrate 15 §!?1V7

_too high, it can result in the formation of infusible slag

"~ whith contains a high proportion of unrecoverable platxnum,ﬁg:""'

‘growp metals. That is, the tendency af the chromite to .
f“freeza“ within tha slag and build up 1n the *urnace-

'Thus as a rarult nf th;s tenden:y, lt is nft@n na:eaaary .

to sarrifice some recnvery during the flotation or gravity fﬁ7;” 

acn:entratann process in order. to achisve the grade nf
cuncentrate that will be suitable for smelting. .-

. 'This sacriticing.of recavery during the concentration jlfﬂu
' f.prncess resuits an 1955 uf platinum graup mEtQISu '

*As an alternat;ve tn the cnnventmunal pyrnmetallurglcal

. protess, & hydrnmetullurgxcal process after preparation af 3"

the flntatlnn or gravx;y cnncentrate is prupnsed. .




In Euch E-% prncess the valuabla canst;tusnts in: thﬁ

lucmncentrate, sueh a8 ‘the platlnum group matals as: weil as s

.base metals, could be éxtracted by .a. .suftable lsaching:

" 'reagent. Resulting in ‘the formation of a salutien of thesa'”"  o
- metals. This gnriched ‘soluticn can- than be aEﬁarated from

. the- remaining gangue material,’ partlculariy the . insnlubla_g;75gfif 

ﬁ”chrumite by szmpia fiveration,

L Tha platlﬁum group metais and des;ﬁed hasa metalssccqld .ﬁ ;-*“

.'Tfﬁthen pe recovered from the leach solutisn by using

'*ugf'cunventluna113

o *jﬂne nf t & - main reasnnﬁ why su:h a chlnrade .

?:hydrumetéllutgiaal proeess has not bBeen mxplu;ted tn any

 knnun hyurametallurgical technlques.fﬁﬁffj:ff fffT:¢

© 0 large degree,-is dus grimarily to the fant that it is jfﬁ S
LU awtremely difficult Yo $ind A suitable leaching reagent
:-:fthat will dissnlva the p;aulﬂﬂm group metals. in the T
: nncentrate. The platinam. group. metals are prasent in the T T

';can:entrate as a numbér of mineral compounds, some of

. which are inspluble, others are encapsulated within uther '  ;L'

'.f.mznerais su:h as pentlandita nr chalcapvr;te.; B

- H review uf :hlmriﬂe-bh-ac 5ystams dn’ hydrnmetallurgy
indicates that it has bzen used for the treatment and.
‘recovery of precious metals for a number of yearsl‘ﬂ’

’3;*The earliest use of chloride ions . in metallurgy sees ta'

- - appear during the sixteenth: century for the amalgamat;mn .
of silver. The next imporiant process was the diract
,decumpasitinn of silver sulphiﬂe by cuprnus thlnrlde, ~T”

- developed in 1840, <2

- This van bs considersd as the 5tart uf d;re:t ':ff:?fjjfﬁﬁ“

- -hydrametallurgy of. suiphzdes, V-wm

'_rhe usage nf chznride chem;stry in hydrametallurgv has
~ eafferad in its application due mainly to the. highlv
ceurrosive charactar of ‘the chloride ion, which can

 penetrate normally passive layers on a high-alloy

- nicksl-chromium steel. P2 Huwevsr, with the adVEnt af new S
- materials this prnblem can’be solvad and the. passlbility
ot applying chlnrlde :hemxstry presants 1t5e1f 1n new

'_-The attractlve features nf chlcr;ﬂe-hased hydrametallurgy if':

. can ba summar1 ed as fullows‘**‘ﬂ’--j:_

-(i) ' qany metal chlcr;de salts have & hlgh ﬁﬂlubiiity,_€:  _“”'

thus allowing for the use uf highly cuncantrated
etal 5o1ut£nns~ _ ;



'”f!]7fi¥§~ High cmhaentrated salutmuns nf mugt metals of

.':Jf(i;ltTThE fnrmatlnn Df matal chlnrn:umplex ians ln
L U setution Enables a pumber of. important’ metal R R

_Lﬁeparatinns to be amhleved mnre readlly in. chlarldaj;__i: 

'fisnlutlnns. ;_;g_.: S R EARRTTI A

?j’fiiii Hyuro;hlnric acid is. aften more read;ly recaverableH ﬂT“f“ fii
sl fram chleride 5nlut10ns, thus.allowing regeneration . = - 7
'Tjand recyclaﬂg ‘of the chiurade thhmn the pra:a55‘ j1ij'““-'

“interest in non-ferrous metallurgy can - be abta;ned"ﬂﬁ'; L
thrnugh :nmplaxatimn by uhlnride iqnsa-_~_'__ o {=crfjbgsﬁ,

'1 ;§)”?fMu5t alactruchemicai reactxnns are more. réadlry
B £1¥ rever51b1e in chlmr;de smlutxnns.f_;¢x;_:f .

S T Lea:hing nf 5u1ph1de n;curﬁ mare Eas;ly Ln ;hlnr;de:jjng-
SR %?anlutinns.;f:~'-. . e L o

”’ﬁ;eadvantages

'_ fiji;gch1ar;de saluﬁ;ans are currasive,f',- ' e
U However , this can be ‘matrhed by nhanaang suitable-;ﬁ~u~%»'
'cmatnrlals far equxpment.' ' e Gel

CLAEAY Snlid residuas shnuld be thuruughly washed bafnra   .;;'
L being dlﬁpased as wastes ‘or env;rnnmental - SR
' ;prate:t;an. : : S S R

'}Chaica nf Leachi_g Salut1nn

The leaching snlut:nn needs to be based on chiuride
~ compriunds which will be nan-vnlatale undEr the 1each
'cnndxtlnns._;;%..u,._ o S e

The, de:ampusxt;an nf plat;num grnup mﬁtals, the;r o U
‘refractory compounds and the formation of soluble chloride
complexas .in solution depend on threa ;mpartant o
parameters.s_. : : B = -

1. Tempatature. s GRS '
o Tie kinetics of platlnum grnup metal dissnlut;an,
their llberatiun from refractory. minarals and the: R
~ kinetics of platinum group metal Eulphmde and arsanlde St
_;uumdatxnn are hxghly dapendent nn temperature. ,.,;_..,.w_



L ._Hizsu 1utinn . :
- ‘chlpride’ ion voncentration in an acidic salut;un, tagethar-
T with the prasence of a suitable nx;ﬂant.. S R ST e
- Gueh cnn¢1t1uh5 exzst when ﬁqua Regia is uﬁad as A N
?Ieaching reagent. Agua Regia is & mixture of cun:entratad e
.fhhydrn:hlnr;c and nitric ac;ds 1n the prnpnrtlan of' Do
THC11:[HNDGT 31 $I8 ggggH .‘ e e .

3. T?pt anﬂ Fffactiveness nf Uxidant._ f;f¥f'

E ﬁhlmr;de Enncentraflnn.; f “"F

Any veaction in which the anluhle :Dmpleurﬂhlarideﬁ  _.:_

f" are formeéd with dissolved metals will be driven '
o towards cnmpletinn by. the preésence of a high CthTLdE
}; Emncentrat’mn 1n the 1eaLh snlut;an.__ IREER

y ;platinum grmup;metalsﬁrequires & hlgh

"”anweverg ven Ak & ralat;vely fow. temparature {70=Cﬂ90dC},7“"

Cleaghing with Aqua Regis is axtrmmely difficult dus o the
. dnstability of the smlutian, which is marked by a nigh

. partial priEssure of gasesus hydrogen chleride: (HC L dgvd and?ffE-fi g

. substantlal nibrie acid decompesition. resultzng in
f__avalutinn of gwsemus nitrmgen nxidea. U T

:J;The main prmblem of 1E¢=hlng w;th ﬁqua Regxa is the lnss
- of the volatile sgurce of chloride ions, namely gaseous.

f:hydragen chloride, which arg essential for the fnrmatxnn
- of snluble plat!nmm grnup mertal camnlex dons in snlut:nn. S

”Thxs Insa nf chlnr;ﬂe 1nns is detr;mental ta fhe 1aach1ng

- efficisncy ina number uf ways._ S

'Namely F

[_1. Raduatiun in. 1aach1ng rate.

2. Cnnsiderable redu;tinn in the dEgree ot recnvery nf the

more *refractory” platinum graup metal such as rhud:um.  ”"

Owing to the relative slowness nf chlarocumplex o
_ _furmatxon. - - o -

3. The process requlres speczal;zed installation af _
equipment for the absorption of the toxic gasenus _
' praducts of the decnmposmtinn ot the raagent.n

4. The prncess requiras for the laachlng i be carrled nut’ .

in & hermetically closed reactor, aften undar‘.
_ Cundltlﬂﬂs of elavated pressure. . L

As a rusult ot theﬁe cnnd;tlona, Aqua REQLa 1eaching is an:

_extremely costly procedure which doss not readily result -

in an acceptabiy hlgh recmvery of platinum grnup matals. ;




-_g_ﬂuﬁt a%ten a’ tntal dzssalut;nn is nmt achzeveﬂ, nnly a  1-;_" -
?;ﬁff,PartlaI separation betwean: the prlmary and secondary L
v platinum group metals result. This partial separation is T
Lo enly dchidved at the cost of ieaving & substantial amuunt
s afprim@ry platlnum group matals undissolved within tha
..n;-gangue material ‘?* Further reﬁ'very 19 uften necessary.

:1535Fur tha alterqative prncesa prnpaﬁed, an ac;d—chlarzde_
% leach under axidizing. ‘conditions is used for- the. - . ",g.a
- avbragtion of - platinum, palladium and . rhudium. ?hat a,

. Agua - Regia based. system. is- psed . as ‘the leach reagent,
T However o gards nf the hydrochlorie: acid componesit of-: the
. leach raagent is raplaced!ﬁubst;tuted by the dissolved

metal cHloride salt. This dissolved metal: ehloride ﬁalt -
.*5~btogethaﬂ;wlhh “the remaznin@ hyﬂrnchlnr:c acid portion, .
U artedag the source of chleoride fons whzch Ara assantzal .

-,:*ar tha dxasolut;an nf the platlnum group metais,;;_- LR

" This subst;tut;nn wuuld mura impnrtantly pruvide for.oa-

- reduction in the ambunt of gasecus hydrogen chiloride,. a““*.l-=r;;;"a
- hence veduce chloride loss which results in the reductiun"_adﬁ___ﬁ”

. o the “leaching rate assoéiated withk the use of Agua. -

a_-rT%Regxa. Algay, at high' ‘eoncéntrations of dissalved metai

~, ehigrifde salt, it:ig pdssible to aperate’ the. 1Ea:h1ng at SRR

'"::~tamﬁeraturas much  higher: than that Pnsﬁzble under normal -:‘aﬁkf-"~-
'_;ﬁqua Regza cunﬁltiung. U o e _

- A simxlar type nf system was prapcaed and su.:esafully
L :-usad for the extraction of platinum group metals from Ce
o ;'-5crapped pellet and hnneycomb autumut;VE catalysts “““‘“’_¢~. L

-”_'Aiﬁﬂ, :urrent research canmernlng the partlal raplaaament R
ot bydrochlaric acid by less valatile, solubls metal L
chioride salts,- cunducted in the Deporteént af Metallurgy
‘at the University of the Witwatersrand has indicated ‘their
: ';effe:tiveneas as’ & chlnriﬂe ;ﬁn sgurce fnr prEtiﬁUB metal o
'V:alea:hing. - g . _ - RS RO R
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f :'P1at1num Brnuﬂnﬁetal_chi %f “;ff’5”' "

o The ‘Bix mewbers af the platznum group; ruthEnzum, rhadmum,,] -
- palladium, osmium, Iridiun and platinum exhibit 55 '

- distinctive properties including. resistance. ta':hemlcéi

ﬁ?5fah111tv +o ratalyze chemical reactznns and. stahle
Ccelpctrical propertiss. o0

attakk, excellant. trigh temperature characterist;:s, the

v - Insight dinto their: chara:teriﬁtlca aan he nbtazned by
'”exam;nlng thelr pnsitlnn in the per:nd:c tablen -

"ﬂPlatinum Ernup Metals are’ the sanund aﬁd thzrd trlad mf

| greup VILI or transiticn group. The platinum metals in thaff:'7 ;;
©two triads differ marvkedly in atemic weight, that dis, the -
- setond trlad is nearly twice as heavy as. the CGFFEEPG“dlﬂgfﬂ;:T”;:;ff

elemernt of the first wriad. However, the physical and .

_'f‘;:hemz:al prnperties 6f -each metal are very similar. ta
o those of the corresponding member inthe other triad.
. For axsmple; platinum and. palladium are similar in -

O duetility and chedical properties. Similarly iridium- and

rhodiumy and psmium and ruthen;um an be :uupled

7 ;tpgather s

”];fns memhers ta the transitinn element serzea they d;splay
" all the properties associated with transition metals. .

- Various schemes for the grouping the platinum group- met31' “"3”'“".

“include melting pa:nt and atnmic wezght hava besn IR
-prgpnged u.a—uar R . I

“Platinum gruup metals have a versatiie and cnmplex o T
. ehemistry, Their nobility iz shared to a large degree wlth'

. both gold and silver, and it refers to the reluctance to-
.-:dlﬁEDlVE in medla that will corrnde any base~meta1. ;: -

_A cumhinatimn uf kinetlc and thermudynam;c factnrs are
invalved as falluws‘**: : : L _ :

',(a) The hlgh pntent;al of the reactinn |
f”ﬁ"f3—-> Mﬂ*ﬂ + 'ne* 1' fwkarp M—metal} {1}

'(b) Tha tendency nf the metal, when ox;d;zed ‘to fcrm a. ?_fﬂ'
“kinstitally inErt layar nf nxida (nr :hlnride) at 1t5
- ﬁurface, and ' oL _ O

"(c) The 1nherent1y slnw kznet;as nf the reactinn 1n CI}.-

The 1ast o factars aperate strungly in the :ase uf the

rhodium (Rh)y. o
Generally it dlssﬁlvea much more. slnwly in A chlnrade_ :
. madium than  the primary platlnum grnup metals, platinum .
_ tPt) and palladzum {Pd). L o L



“3fThe range n* nxldatlnn atates (0 tn +E) shnwn by the

. khan that found in other transition: ‘elements, and: their

: platinum group mebals in an. aguecus medxa is far greafaﬁ ﬂjVilyéﬁf

'.fi}ﬁtahiiity af the. hzghér'ox:datlnn states is graatérw:=“-51”"”

-Jifg:tn & targe extent on ; the namplexing llgand==1n the
'v“eulutiunu : SRR ST o

. However, this relative stability of these states. da;ends

the manipulat;un'af the axzdatiun states that is cne;;;;pﬂﬁ_f

Sl et the most important technigues. uged fnr the aeparatian qui**'“

"ff'uf the plat;num graup matalsa. e

: ':KPChIarxdefcmmpleang Nlll be meurtant nnly under h;gh
7 oxidizing and acidic conditions. In.salutions’ where

75-: f£Aqua 1nn) e

T L1y OM, the predominant chileride complexes. of platiuum*{;?:'ﬁy
‘and @ iadium. will be PiD1.2~ ‘and Pdclqﬂ“'Ln he T T
wtamparature range nf aﬁﬂc ta at laast QOQ‘E ‘*”‘-;3;;53 T§ '

: _Pmr uhlarmde media, the cHEMistry bf the aqua ions are T
- insignificant except ir the case of RRUIII), Usually there. - .

are several species present dn equ;lzbrium with one. AR

~ another and can be- repreﬁented by the ganeral R
'1equat£nn‘*’ :;;w;” S e S e e T __,&”~‘

twhere M=meta1) CE) F'

" “The pua;t;nﬁ nf the equmlibraum depends on the nx;datznnff}]]f7

stats, however for Pd and Pt the eguilibrium is almost-
- always completsly @n favnr nf the ahlnrn:umplax under
acidic conditions. _
- The situation, however is mora cnmpl;cated fur the _
. seeondary platinum group metal, Rh(III) Nhlﬁh usually

--_“exists as mlxed cnmplexes.

. fch1nr1de ions. form relat;vely strcng cumplaxes wmth Rha* e
but-the unususlly sldw kinetics involved have lead to 5ame_ﬂ'

- gquestionable estimates of their stabilities.

fKinet;c stuﬁxes nn buth the fnrward and reéverse reaCtlnng. 3 
. Rhclb -4 Hao aaa RhClaHaDa“' - cl-:-*_{:_ﬁa}_f

~:have prnvxded the mnst reliable est;matas n? the AL A
__equilibrlum fnr Rh{III} 2ol _: S _;jzj*j;_ R



'f=fThe platlnum grnup mﬁtair Pt, Pd aru Rh ara, xn gan ral
L very resistant to acid d;zsulut;ane Dnly a ve y strong - -,
-}=;hydrn:h1ar1c acig-solution is’ ablé tn sluw y ﬂzsﬁuiwe them
. under non-aiidizing cenditions. .
-7 Howsver, the. presen:a ‘af a suztable nxldant strnngly
'-g*prnmntes the;r dl&ﬁaiutiﬂﬂ-g- R _ SRR

 fff? Based on’ thms:
'wﬁggrmup metalﬁzanalveftha use nf chlor;daa plua ux;dant;

”afiﬁli of the nxiﬁantg belnw ars capable nf axzdiz&ng

C for thedr. TEROVErY ..

aimast all pru:ess chemlstry af plat;num.i

“platinuin: group metals and can theuretiaally be. utilizedﬁ;ﬂﬁii s

. Standard redustion” pdténtxala uf :ummnnly used axidants;fﬁ_ﬁ_3“l*

'fff;are aa“fnllnwﬁ‘ﬂ*’-_=ﬁ_

:._ZC1"_3':.5-‘:}__“"'__-_.:6&-!-_'?‘-'.._-"4-" '6'9—-5‘_ esﬁ-* c1— + SHQE} E=' ;,45\;-_._..:: ey

'TT7beCi:¢+W>H#}+ aa” EFE ﬁl* e Hanfbh

o '?‘"“19“9 o w B E.é eo1- f.'_::-::_. fi .&35}‘.’. R s
L Hﬂna 'i" EH.‘. :.-k EE" . ‘_ EHEE e . Ea 1l‘73v | _: . {?} ._ . .: w -

--;-f"i'.--._'arma, + EH"" _[+_téa a.=é Br . EHat}._ “Egm g Hav ca; e
C N% .*. I}H""; .1;.-:?&*- @ Ng + EHBQ,._ E“ 0. 95,9 €9 ¥ U




S agggugaamrs_ﬁgc_m&wgmd un_end At hodu -

 L7The Gommon OXIdatIQn stateh fur platmnum ate II and Iv,

*fffThea xidutive reactlons {10} {IE} and Ciﬂ} are &lﬁ

*:':reactinn whzmh pecurs’ in smlutian..-;ﬁs.,_

tor palladium 11 and for vhodium I and III.

P the'ir dissolution fhedr ‘standard putentlala ;ngaqggngéifjf¥ff;

: ?:hlar;da 5n1utioh5 are as fallomstﬂt’-_
5 : _ O “ffPttlﬁﬂv + Ee—‘

in{PtCI*

‘ f7Pﬁc1“B-75+?éé4“’“Eﬁfwa,a?vif i"ffhi:“ -

”‘leséulution reasctions while' reactlun {115 is a radnxa;ﬁ . ¥  f=V T

 The: Ptﬁi4 - hlmru:amplex foh is unstahle and can L
,_'diaprnpnrtiunate to the free mﬂtai and the tetraValénﬁ'ﬁf
'“._cnmplax C : - _ . : : . s

ﬂf; D1ssu1ution nf platznum grnup metals raquirea & h1gh U
© . chlaride ion cun:entratinn in an aridic snlutxnn, tagetherjc;;"g n
*-;f,with tha presence nf a" auztable na;dant.¢;a, - LR

. Bugh CandltJuns ex;at when ﬁqua Regza is used as a

f_ﬂfleachlng faagentu

o Ginee the ahemistry of Aqua Regia is not fully understnnd Gl e
S it is difficult to determine which redox reaction(s, and

“thedr :nrr&:pundxng standard pntent;alts) takets) place ;n;?'

" the eblutien. -

< It ig generally stated that tha redu:t;nv reactinnﬁ of
-{nltric acid are-as fmllnws‘a*’~?g*-: R .

Nﬂﬁf_1 + 4“* * 3%‘ %=é NG + EHEE Eﬂ o; ?ﬁv'f ;{isjsz'

"3fjemu= + 4H* +! Ee-; = Nang + ang E=".90v e17y

':ffThe E° uf all thrae rea:txnna, {15} {lﬁ} and {17} lﬂﬂlcatB  a_

that they will Be able to disssive tha piatlnum gruup S ,_jy{757

o  meta15 af platinum, paiiaﬁlum and rhudium. -



”'”'ff P1atinuW Grnup Element Nineralagy

' 11In & platmnum gruup eiement deasxt, the platlnum group

"fff meta1s fall into two categnr1e5‘="a~;

bﬁ?fPlatlnum gruup mlnerflsﬁmay be cnnﬁldered as“ﬁhase

*ffﬁ:ﬁ dxscrete platlnum grnup mmneralﬁ, and 3f7+7"ai*5*ﬂ 5.

{li?“thpse hnsted'“mnv;51b1y“ aa impuri_lea withln
- zather m;nerals.,' e ' U

-+ mingrais in which platinum group metals are an aaaentzal”ff“

.?€1Far examples :umperite fPtS)'-T;*.”s

'“ [gruuP ‘metals are hosted as trace. ezements and ‘areg’ nat _

:"part of. their atnlchlnmatry and deflnzt:an-_

*ffThe'iecnnd gruup refers to- thase in wh;:h the platlnum

ﬁi_detarmlnatzve ‘tom the definition of the minerals.
*:-Fnr example, pentlandite {tFa,Nliqsg}.- SRR

'iAbaut nns thzrd nf the platinum grnup minerals can ba

"“?.-gruuped s matals; alloys and intermetallic compounds nf :§;=T7d”"
- platinum group metals with Sn, Fe, Ph, Hg, Cu and Ni.

The remzining platinum group mingrals are plat:num gruup{ f fTTﬁ’u

mﬂu"metals farmed. w;th B ﬂs, Te, Bx and Sbu -

' :ﬂ1at1num group metals whach are fnund 1n badrack 1nﬁes

© . mainly exist as platinum minéralE. . -~;- L
o Thet platinum elements plus gold, silver and Lertazn base_sf'”
“metals serve as cations. in :umb&natman mnst nften with o
" arsenic and suifur, . e
- Sgerrylite, PtAss, is tha mnst w;dely u;atr;butad nf all@ T
- the platinum minerals- Rt
ftTable 1. Cummnn Platlnum And Pallad;um Mznerals)

-' ¥The mcst ;mpnrtant depnaita are relatad tn hasi: aﬂd L
ultrabasic rocks. Major world eccurrences of platinum’ o

o group metals may be characterized as “tollowseEs>

'_'Ili)_j'Platznuwabearlng sulfldea af cappar, n;ckel—cnpper” ] :
-+ or copper-cobalt that are generi:aliy ralated o
. 'basic or ultrabasic igneous rocks. - . LTl e
'1Fmr example- Sudbury dlEtrLCt ﬂntarlu, Eanada._._j ,j{f o

:{2),';P1atinum~hear1ng n;ckel*c&pper ores amncentrated in _ -
w7 ‘pabbroic and ultrabasic rpoks. The platinum minerals, S
~ pecur mainly. in sperrylite and.. :npper;te in the PR
. sulfides.
“_anr exampla* MErEﬁﬁky znna of Buahvald Ignenus_
_ v Dnmplex, Transvaal, SQuth Afritu.'

T -'_'Natwe platmum metalﬁ that are dzsaemmat&'d m
'j]yjfdunitEs..--" ST
“iﬁ[rFar euample- Ural;um depﬂﬁltss USSRes__,g,:Tfjﬁ



- Formula

% Prapertm&g.T: 

o iBrittlen

)
bllT1n~Wh;tE i;*f ;-* '”'

o _Steel~6ray 'Tetragnnal
=;JMeta111c }_:__. A B

tPt,Pd,Nz)QtSt&elwﬁrey iTetragunal‘

PE. 53—504#;*
Py 16~80% .
NE B-a%

’faNat;ve q.=1ﬂtfﬁtV' %aright~white1

R iMatallic 5 R

Cubac if

— -v -‘1& |l ....,

Pt’70~9 o%

Clgae

l‘"': e
'.
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r¢fg7The Herengky Reaf;ia buunded_by uppsr and lmwer
“W-Fchramltltms (Fzgure Jyraar oo e
0 Ona macrn oscaley s the dlstrlbutinn af platinum gruup

r:f:element valués peak in the-chromitite layersi Hawever nn alﬁfﬁ_T'
T micro scale; they are: mastly aasac;ated with the o S

 base-metal sulphides,

oA significant proportion of the
~:,,Hcan He aceounted for by platinum group - minerala (4T% )y - S
o0 dlthough' they are mainly’ (50&) hdsted as traea elementa in];f$ }gm'<
-zy.ﬁhase~weta1 sulphides.* L o0 L e A

?l}The magur;baﬁe—meta! 5u1ph1des are in ardar nf dEureasingnﬂjfffgw'5

'fatinum grauﬂ-alenents

Piabundanze, pyrrhntite, pentland;te, chal;apyr:te and.

platznum grnup metals are ncrmally found 1n

ufaésmCLatinn with the sulphides as inclusions or: ainng

..3'{su1ph1de/5~licate grain boimdaries. They .alse nccur, £/ N

 f¢.snme ‘extent, as ipclusions in szlicate and 1n clnse
- association with @:hrnm;te. D S |

L _It must be nnteﬁ that the Merensky nre bndy 15 remarkably ;
fg»tcunﬁzatent in its composition with the domxnant platinum

. group ‘minerals being cooperite (PtS) and T
" braggite {(Pi,Ni,Pd)S} with ﬁubnrdinate amnunts uf “45
-”J-sparrylitﬂ tPtﬁﬁgJ.-f B EL el e

Figure 3
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L tD

T the a55a51at1un ‘of Platxnum grﬂup metalﬁ "‘th the

":ﬂchrnmmtxte layer nf the Bushveld ﬂmmplex 1§ well

'ﬂ;knnwn s ;-;_

?=The plat;num grnup metaia cuntant anﬂ the nature nf the

_TThE plat1num graup MEtals are nnt d;str;buted eveniy
“,thrnughmut the reef. - : R T e .

 s;ﬂ]p1at1num araug mlnerals in the UB—E chrumitite Iaver is asf
“53Lf0110w5*35"f ﬂ;;. L : SR L

'QThe platinuw grnup metals ara prednmlnantly aasaciated
~with base-matal 5u1phides Hr petur clase by AS discret9-3
'mlnerals Enclnsed hy sxlxcatas.:-ﬂf=a T e T T

'fThe amnunt af plat;num grmup metals encicaed (uccluded)g
F;wlthzn chromite grazns are generally very Iaa. pe
u:(LEEB than 12%) S :

;:The must cnmmun platinum gruup metal aﬂclnsed in : -
ghromite is. laurite, RuBE, cmnta:ning small amnunts af'
fflridium and osmlum._;f' : i C

*Cnnaiderahle lataral Variatjan in platinum group
: mineralogy af tha reaf axxsts._,_-__” _

fThe platanum grnup metals are extreme‘y 5ma11, o
- -about Sum whilst the assa:iated base—mstal 5uiphid93
;,~arg up tﬁ SQum 1n dxameter.. ” : : :

'_jV'Tne Beeurrence nf mos & nf the platinum graup\metals
. between ‘the c¢hromite grains and their assgeiation w;th

base-metal sulphides make it possible for these mlnerals

be Ilbarataﬁ by grindxng befnre being :ancentrated.   :f=




lifg'pf ta;lzngs. a._,_ﬁ

: ”»fﬁiii}hEraln ElZE; RN

| Beveral factors ;r;_f-;_m;ﬁ_:g :ﬁhé..ﬁ:ﬁ.j.;itihﬁ?ﬂj{ group metal contenr. .

ﬁ grea_ter 'Separatic?m af Lhramte and E:L'Ill:ate lead
<7ty higher platinum group metsl cnntent. : .
' “s%&ﬁﬁflaaat dcuble the ”antant) o _

L A ding fraction.of the taniznga reaul 1ﬁihigﬁéfﬁ 3”°
'3leat1num group metal content. '
T4 is belisved that the: platinum. graup metals and

--fi#the fine fraction of the. talizngs during th&
B ﬁr,saparatimn nf the chrnmzte._n* B e

  ~(1§5 Lateral variatinns in. the platinum gruup metai
~a:r-,ﬁcantent uf the 1ayEr.“;'ﬂfﬁ L R

"fcalculatlnns 1nd1:ate a’ rESQurce in tha ta;linga dump mf

... associated nickel and ropper become: cnn:entrated in ;Tjs"u

7 close to S0 000 oz of platinum group. metazs, w;t1 £s value.?  f'"“':
T _nf more than RESO milllnn.‘ﬂa’:;”__ _ . : .

 :81ear1y, 1t is Evidant that an- 1ntegrated apprnach in

" which chromite and platinum group metals are = S
S simultansously extracted  suld éontributs s;gnzfihantly tn{.”
“the profitability af m;n‘ 4 tha chramlte 1ayer5 ;n the- '

_”Bushveld Cnmplex..

- No 1nvest1gatzan nf the platlnum graup mpfa$ car ant af
cthe LB—6 or - main. “hromitite layer bas baen danes - -
Howsver , if the infarmation gatherad’ for the MB- 1, MB—E
. and UG-8 chromitite layers alsg applies to ths LB~6
chromitite - layer, then it follows.tihat ‘these platinum
group’ metals should become concentrated in ‘the 511icate_j
tailicys during. the purification of the friable :hrnmite
ore wlth spiral concentrates. Cumpletely llberated
- platinum group metals and base-metal sulphides, althaugh

. they have a considerably higher density tham the Chrnn;tg,jf *r
should also be washed to the szl;cate tazl;nga hecauge af

- their minute grain size.

© ThHe amount of interstikial- s;i;cate in LG4 :hrumltzte

layer: is. approximately 5 to- 8%, a pure silicate sepdratlanl;.

from the chromitite iayer shaula therefore- cnnta;n mnre __-,fL}f

fthan ngt platinum grnup elemenﬁs“as’ R



““ivuzatiix zation of 1mpur1ﬁles that could interfere

." 5ff:ii£ifﬁﬂ1terat1nn of aasncxated mineralg 8a. that thew dn

¥nut eﬂter into the dassnlutaan pracess.

'”Qf?fiii)-mpening nf the m;neral ﬁtructura sm trgt the leach
-*F~i-:sn1utian can penetrate.;,yfr._w : S

CUCivY BcE a8 & source of 1eathing raagent, =
. oFor example; sulfation to prnduce aulfur&: ac;d in
,gg:apper nraageanhing., S : oL S

”Jff‘v§ f“As51stancE o grind;ng‘:_u L L
L ;:Roasted ares are usuallv Ea§1Er t“ gr;nd.

*-:5w;th the chemxstry nf metal d15$a1ut1nn nr Ln the ﬁ_fﬁ}f

Huwaver; the ‘main dtsadvantage of ruaﬁtzng a sulphide are 5 '77°f‘.
“br concentrate. is S0s Praductinn, which ia aasnciated w&thp;uj o

envxrnnmental pallutimn.

S;n:e all primdry depns;ts nf platinum grnup minerala are
usualiy associated with 5u1phiﬂe pres,  the typical 0
‘reaction for nuid;zing sulphzda m;nerai uancentrat&s must'
_be - cnnsiderad."_; _ o _ SRR .

The QEneralized rea:tlnn Can he representad aﬁ fullnws.fi: f j'""

RN : - : (Nhere H metal

Hawever, two other impmrtnnt reactimns which alse n:cur_V N

Cduring the roasting of sulphides must be congidered jin -

addition to reaction {183}. These are SD; praﬂuztznn andﬂ

metal sulfate prnductzon,,na. . . _ _ A
Represented generally as:

'f ema - aso,- + ﬂa E?ﬁ* ansnﬂ Caey

| _ (Whers Meaetait
asoa + ne asé& asna ’i: {203 |

Brth fnrmatiun ‘and dacompaamtlun uccur read;ly, and depend  ;,f} g5,

on the- temperature Qf rmasting

'~;_£;17*+.._



- . ;:zr'ucess .

© usually decreases the gubsegquent dissalution of the

'_{}'impruvea their Iea:habilityu

";;Ferrita ﬁype cnmpounda are alsu fnrmed'#Qﬁ:ﬁﬁ;th&frﬁagkiﬁg‘ff;;kﬁ"T

. '.'_.-.REPT"BEED‘EECI l:y'.

:?It'xs genarally agreed that'ah nxidizhng rnastHW111

smpcondary platinge group metals, whers as.a raﬁuring rnast§ f;r*7*“

___.-.'j__‘:"rnis effect is possibly relatad ta the fnr‘mat:.:m and e
“-fgremnval nf.refractury auzde layera on thazmetai surfacea;_,___ Dt

'}M“Previnus reﬁearch has established that far an nxidat;ve L
- thloride leachy, 5agn;fzcant ;mprnvements ‘in the extract;nn[jﬁ
Cos L of platinum resulited when the consentrate was roasted ks
-.g=remmve the: 5u1phide5 pricr to :hemzcal 1eachzng *Eé"-_jﬁ;“ o

":fﬂaast;ng ag a pratraatmant fnr guld E“trartlnn 15 a;sn -

. well knnwn.‘ﬁv‘ SRR




E.,.PE.!'..J.-!!?.F-‘_‘.LE?..L

’3;Leachxngs nf a plat;num gruup métal enr;ched refractnry_”_J o

B talllﬂg znntentrate were carried out in & stirred: 91355;;.”““"
. rgactor having the necessary staﬂdard lngtrumanﬁatimn SR
(Figure 4), to establish if it was pusslble 0 use. thE',-"”

Hn*.prmﬁaseﬁ altyrnative. hydrumetallurgzcal process for thef[ff,

Coéxtraction of platinun group: metalﬂ, spec;fiﬁally
-platxnum, pailadzum and rhndiumu ' e

- f;ﬁn aC1d-ch1nride 1each under nxldizlng cnndxt&ans was

';used. That iz, an Agua Regia based system was used. as tha

'-}@'1each reagent. Huwever, part of the hydrochloric acid -

- tomparent of ' the laach reagent was. raplaced{suhstituﬁed by
the digsolved metal chloride salt, zint . chloride..

;;i‘Thls Hissalved metal chloride salt, ftogether with. the T1""""”' h
S0 remaining hyﬂrnchlnri: acid portion, scted as the sourge. -
ot lehloride ione which are eﬁsantial far *he ﬂ155913t;ﬁﬁf5j].'_;'3_

1nf the platznum graup matals.i:buw

.”21nc chlnr;de was’ utxiized ‘as the metal mhloride 5a1t, _
- being.whosen due to its High stlubitity in sqUeaUS madia
S and its relative 5tah111ty at high temperatures. -

' ‘f:N;tric amxd waﬂ used as tha axidant. e

"ﬂnt high concehtratznns af dissnlved metal ﬁhlnrade salt,_ ' “”'

- it'was possible to operate at temperatures which are .

- higher than that of a normal Aqua Regia solution. This

- high temperature resultad in increasing the averall .
leaching rate and allowed for the intrease in extraction
of rbodium to & level which was :nmparable tn buth thnse
- of platinum and’ palladlum..:~

This incresse in +the rate of rea:t;an, as a result mf the

-increase in operating temperature, will also. provide for 3 :':”

decredse in the size of the reactor. Hence reducing the
cap;tal cuﬁt assnc;ated wzth plant canatructlmn.,_

Zine chlnrade, ZnCla, was used a& . the. metal :hlurlde salt
due to 1ts prnperty ai being entremely saluble.‘aas

Zntla smluhility 'y QBEg per 100g HgD at ESGC
. ' 6149 per 100g HaD at 100=C

Thus allnwxng fmr a- Iaaching snlutxnn tn have a- high _
concentration of chluride ions, which . were neceﬁsary fnr
the platinum group metal dissplution. '

The ‘dissolved retal chloride salt, zine chlor;dé, pravided;f lf 

tha chloride ions needed for the dissolution of the - & -
platinum group metais through the fnrmatann af tha;r-f_' R
_ dmluhle :hlurn:nmplexesg L R O T

- i9 -



u_«_Tha use af a z*nc srlutian alsa Lnsured that the leaah e
L. reagent was stable..The pyrﬂhydrblyams raa:t*nn af z;nc .“;g o
:hlar;de Ls as fullows T T S Sl P

ZnCla + HeU e;ﬂﬁ Znﬂ B EHCI ; (EE}

~fﬂFHawevar thms unly nmcurs at temperatures nf ahaut
ﬁﬂj;Hence under +the, ;hnsen lea:h;ng cnndltluns nf 103=B tn f*]__}gq
W.IEO“G the 1each reagent was stable._, A I

.A “Zine :hlnride snlutian is also acidlg, pHﬂi‘o fur - éM ;2,\..

- solution; which is. dgslred far pla* i grnup_meta; e

"af-dlasulutman.‘a*’

'_Var;nua :nncentratlrns of *inr thln 1n ”unJun:tlnn

'f”niwith nitric acid were trisd in order tn estanlish it th15

- type of leaching reagent could be utilized for platinum -

| group metal extraction, withaut being detrimental to the

averall prucess. e s
‘The amount- ot hydrnchlnrlc aczd uaed remainnd cmnstant 1nﬁ_

_all leachingq.,

:Fnr the extrautznn nf plgtznum, palladium and rhnd;um fram
the tailing concentrzte, undér an. axidative chloride leach

“eondition, the following reactions can. be ssen as. g;_:__”;t;;ﬁ,--f

.'f dESinbiﬂg their d;ssalut;nn.- ;

3Pt + 4HN05 + 1ch1 > BHAPEEL, + - aNg -+ BHEU r23§
.BFﬁ +.EHNDQD+IIQHCl.ﬂFﬁ>_$Hﬁpdqlﬁ ENO + 4HgD f84}$ :'
CRh 4 HNOg 4 &HE1 ——> HaRHC1e + NO + 2Han {as;:_,

In the system the use of the metal thlarlde salt, zin:
‘chlaride, provided the. chloride ions which are used to
forn the soluble chloride complexes of platinum (PtCI¢E ),
palladium thClqﬂ*), and rhad;um (Rhclﬁ o 29 o .

It also pravided fnr free :hlurlde ions in the final
solution and provided that the metal chlaoride .~
concertration was high, it prevented and/or teterred any

logss af the platinum group metale from the leach sulutxnnf ],_~

through formation of precipitates. 3
That is, chloride ion congentration in the Ieach reagent

was high thergfors ensuring acceptable levels of plat;numl;; _'
group metal dissolution, as well as preventing their loss

from the solution provided that the aczd;ty nf the fxnal,'
solution was. relatively Jow. _ e

~ 80 -



~g;y Rmasting nf the cnnmentrate, priar ‘to 1ea:h;ng was a1sa"fﬁ;”
ooteded to determ;ne it it had any’ effect on -the extraction.

'V'iand rhndium._:

.ﬂ;‘;gqualnegla Ieachlng'af both. the griginal and'the raasted
U coneentrate were carried out furhcumparisun
S 1:h19r1de baaad fEath reagent. o

ot ptatinum- group. metals, 5pecif1ca11y Platxnum, pallad;um  ,¢.-FLﬁ

-with the metal*

.. Ta Gas Trap

o Stierer Meter i g

-

Thermometer .

" Heating Haﬂtiﬂ :

L starrer




4ﬁﬁqu gg g Leachlng
: ”3;ﬁeff5ctlve leachant.df platinum grnup metals.? ;n L

;_;k;iﬂn h?wtzn” ﬁqua Pegla, &t Lnstantaneouﬁ and Energetzc
L reachion

'fﬁglt is. knnwn that a m;ufure'nf hydrn:hlmria acid (HClJ and ﬁff
-ndtric acid: (HNDz), commonly known as Aqua Regia,-is an

'fegua Reg gecumpusltim

akes place asso:iated with the fnrmatinn nf

ﬂ;;ﬁrsd*brawn-fumes.fﬂ°’ o

. . Bince there are Tew EPECLflt data o Aqua Regia':¥ :

- decomposition, it is difficult to sstablish the exact e
deconpesition: rea:t;un. The- fullnw;ng raprasent a; number j{“ﬁ'

. a.f Hqua Reg J.a- (E‘L ,

"*;uf reactions that: have hean_P'nPnsed fur the ﬂe:nmpus;tmnnl{ 3 }:ﬁ'

aHm * kua - 'a.==§ Nect + Cla*EHaG Cceay

| ar—m + HND:: ?ﬁHqu+ma+H30 CeEmy o
Sida rea:tinn = S _ oEL T " :

| Cla + Hs;f.'l g————*'—“:_f HCl + HI: w L eeey

Hence dependxng ‘on whxch daanposxtiun reactznn fur Aqua

‘Regia is assumed, the dissclution reactions of platinum &
graup matals can: be rapreﬁant&d in a number nf ways.__ﬂ



ff ;the equipnent that was used: fnr the:axldatlva metalr-“
o chleride leachings s tFigure Gy : SR
u,_'The fu Inwing extractznns were nbta;nﬂd.xg

ﬂig;Resut_s Df_IQHL ~EQ a Leaﬁblﬂﬁ f?ﬂtz”;

[fﬂqua Reg;a leachlng nf the ¢dncentrate waa carried nut in“

L'Pt 1_ Pt Rh Fe z >

'-.',[ .

_13.&4 13 97 &0:18 aa,f’*

-n-ia--pnl_-n- e .' T

4 va,77xaa.9a 46,

'r& Nnta Leaah Temparature ca 109=$, Tame E‘Ehr. r"w:f

::'Aqua Ragna ieaching af tha :un:entrate resultad mn

,;ﬂgatxsfactnry platinum group metal extra:tinn, uhile
- lpaching of the roasted concentrate lead- to an imprnvement
2 dne platdnum-group metel extraction. 0

- “Thess results can be compared to thase achieved whan using

the: zing chlnrlde/hydrachlnrlc acidfnitric a:id iea:h

. ;;reagent--

1
e S A
b
i
¥
*

"*fi7.aauav,axﬁs7;79 aalﬁvﬂas‘va 43{:3 151”_,jﬁ“' B



.'*igfﬁetal Chlnrxde Laa:hlng

LA predeterm;ned amnunt uf'zlnc"chlnrlde, by we;ght, was
S disstlved in ‘distilled watar to produce tha desired :

concéntyration of metal chloride soluticn. Cuncentrated

Cae hydrochlorie: ac1d(34£ _and_cmnc sntrated nitric ac1dt55£

Lo were added- to the zine ehlo;
[ gesired leagh reagent.’ _;Q : S
C. . The! cnnuentratlcn ‘ot hydr chlnr;: a:;d in aIl leach -

- ¥eagents was 1s OQM, and it provided a prupartlun af" the

e_snlut;mn tn farm the L

{5fchlcr1de ions requitied for the platinum group metal’ Lo -
_,;:dxssulutlnn Theé . zinc chloride sched. as’ the ma;ur chlnriﬂe;q};q,yfﬂ
'jg;nn tarrzer AN the leach reagent..aaa_ R L . E

'-,The reactnr was ﬁeated, w&th slow stxrrlng untml a f "

 [ﬁ;temperature of appraximately 75°C. At this point the..f*VQTﬁf_QT;f3
“desired amdunt, by weight, of concentrate was added ‘to the

~leaching” reagent 1ZnClg con s /HC1/HND= ). The mixing rate was -~ . -

 increased, up to approximately S0Orpm,” in order to Prevent;:_,:.,,

gijaedimentatxnn of. the €olid during leaching ‘and thus allow’ o
- for: optisaa extrartion of platinum, pallad:um and: rhadlum.*'z__,,.
' Tha: time of cmn:entrated add;tinn was. taken as the Zerg . 0

T dime faor the. Ieach.wg

'.ﬁleeatzng was continded nntll the leaah reaqsnt was bn;l;ng.f}f] =”

f condensor pravzdeﬂ for the return of any evaporated _
witer to the leach solution. Since HCl gas is extremely
soluble: in. watar, it would be: rapldly tissolved in the
:nndensed water and ‘also be recycled to. the reactor. . o
‘The gas trap was noeded for the collection of NO gy wh;:h L

.i. resulted frum the de:mmpaﬁitlnn af the nxldanty_ itri; ﬁ _,”.T,_
.i:aﬁld-~5u-__ . _ _ e _ _ _ -

- On cnmpletxow nf the Ieach buth hﬂatlng and stzrr;ng af

SO0 the reaction mixture were 5tﬂpped and. tte reaction m:xture{*f' o
~allbwed to cool. Du*;ng ‘this period of time sed;mentatzan IR

‘oF the 'solid occurrad; thus Yimiting any further .

___extra:tion of the platmnum group metals to a minimum. LT

" At a temperaturs of &05C to &5eC, the reaction mixturs was

" #iltered using a . buchner vacuum filter. This allowed for a R

rapid 5eparat1nn of the res1dua1 snlid and . 1each snlutznn.{[ﬁ![ _]'

The res;dual snlld was washed fzrstly Wlth an aczd wash

(HC1/HaO 1:1), then repeatsdiy with distilled water until j'~f~'*”“

- Ehe end flltrate had a pH mf 4.,

- 'The ‘soiid Was even drled, tamperature S0eC to 7oac,

_,Tnvernxght and a purtlnn taken fnr d;gest;un._ L

'igfgﬁi::ﬁ 



-~ Note i .

R/Snl ;.d = Ftns.;dual t':‘al.u:l

— R/Salids f—

Snlid Residue:_\. R,

5 6.

Tmmﬂ ﬂa@cﬁan Pmﬂi&@;,, :

Wswmhm (”C)

S Leach Soly .

———3 1t Water Wash Sain

o

—% — oy .
. Timw (minukg)




f fD1ge§t1nn Bf RESldual Snlld

~f:An accurate wetht oF snlxd, was, d;qested f;rstly w;th
- eoncentrated. perchlurmc acid (70%),-followed ty -an ﬂqua
.- Regla digeatlnn, The: resultlng sorilution was sent’ for -

'fi,analysiﬁ tngethar with lesch and wash salut;ans. 3 ;- TJ

I;Q'Thls typa af ﬁigeat;nn pracedura was fnllnwed in order tn  ;=_
© 0 ensure that there was :nmplete splubilization of any S
'qf;-rENa;ning platinum’ group metals. Thus allowing. far an
T socurate determinatmnh of the Hegres of’ platinum,.ifﬁ

ﬁ5? ”Q§Ly515

_g*ppalladxum and rhodium extraction whzch accurred ﬁurzng the
'1_ﬂx1dative chlurzde Isach,-;_f __,,__ S -

;; ;Materia15 cunta;nxng platinum grmup metals are nated tn ha R
- notorigusly’ difficult to amalyze.sd1-8as

 However , because of their high average atamlc numbers, = EEE

'Vaplatlnum group. ‘metals are easily detected on a

back-scattered elsctron image of a scanning alect%an 5 3. ” .

© - microscope: (SEM) or. ele:trnn microprobe.: .

CThe R=ray’ flunrascen:e thin—film sample’ presentatiaﬂ

: te:hnique hasg. been. applied for. platinum group metal-

- determination. Combining with: f;re—assay te:hniques, the

" thin-film technigque provided a relatively simple = - L
:analyt;cal methnd fnr platznum grnup metal determ1natinn.;_=

'V-Inductlvely coupled’ plasma—mass spectrnmetry ‘ICP—NEJ has

f'1im1ts for determining individual piat;num graup meta15 as_,f.w
zluw as ten nanngrams per nram.‘”” E . N SRR

Analysms were carried uut by the Caunc11 far Mzneral
Te:hnalagv fMINTEK!, Anaiytzcal Scian:e DlViBlUﬂ-}hh'

. Snlutlon ﬁnalysis

Cnn:entratinn ‘ot Chrnmlum, N;:kel and Irnn wera determined
by ICP-DES, while the- platinum group metals, Platznum,
Palladium and Rhudlum uer- determ;ned by ICP-MS.. :

35a11d Analysxs

'Cnncentratlnns nf th@ ;nd;v:dual platxnum graup metala

wore determined by atomic absorption on. the "prill® -

- enllected by fire aasay in hoth urzg:ual cnn:entrate and

- rusidual solids. o
_C%.nmium, Nlckel and Iran were determined by IEP—DEB._-:.'"grA



“3f”increa5ed (Table 3 Flgure 7)'-- _
” jTh1s 1ass in’ weight as rnastxng'temperature 1ncraased can

'3 f;the formation of S0a dur ing: the rnasting prgcedure.f---
- Ever ‘though the concentrate wWas oven dried prior o

f'x;TGBStlﬂg can not. be excluded.

'%’ fi;tEMperaturE-3_ﬂ-~c."~-~*

”?N ght Ln5= ﬂn Rnasning

3 f{ﬁ systema*;c 1ncrease'in'*he lass nf weaght nf tha
ﬁmnncentrata a:currad #s- the. temparature nf rcastlng_;

. be.attributed to the increase in loss of sulphide through . _":”'”q

.:'Lruaﬁtxng, the loss of tightly bound water mulecules dur;ﬂg '

~ Reasting time was 1 to 1.5 hours ét thé desired

- m s + Ertect fqteww on Maight Loss. .~

We;ght Lnsﬁa -
Leach %)

Rnast Tamperature Nezght Lussi
(“B) ' Buaﬁt_{?)

F ..-'

'
1
"*0#997f17~:*rn7ih'ee.7asf’f b
o bheger st
N BTN - B S R
R 2NV R X7 R
W 11‘10 R

™0 m:'-”
. £y
[

F
!
I: .
{.
&

1 - Percantage wezght lnss during raastxng.-:'_ 
2 =~ Percentage weight loss on subseguent leaching..
Leaching carrled nut under sxmllar cunditinnz._ o

' The Aucreside in”percéhiaée'&éight';u ing the

~5ubsequent leachzng p? the roasted cunrent*ate can be -

- explained by the formation of insolubls’ material during.
. the rpasting procedure. The. hzgher the roast temperature,ff"

. the greater:. thE fnrmatldn nf 1n5n1uhlﬂ, nan-extra:table :

' "material.

" This insoluble material prnbably consists of iron and/or f_ a'"'
chromium g whith both show the trend of decreasad el
h:extractzun as the tEmperature nf raaqtznq was 1n:reaaed. S
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. ehloFide 1each1nq proved to. bea banefical for the.

:”E_ﬂf}Rnast Temperature.” Percentaqe E“tfaﬁtlﬂh

STHnastmng cf the aancEntrate prinr fa. the nx;datzve

fextractzqn of platinum” grnup_metala, aape:;'lly 1n the}ﬂ;f3¢ {_*Zﬂ_

'fg“case af’ Flatxnum,:iTahle %y

= Haagting Tgmperawre vs DegrEE uf Ex tra:tinn . C

)t PR Pl RRLFe tNT- :,gfn

e J_ _I_ $

ﬁ:_;g_.”~f;171 3179, 3 63‘9 59.&:37 1B
L 1786 HER 1 EB 01T LS 9L 8L

Ll 1E3,0178.5166.3151 219531 &6 1

50 _._-__._193 4! 75‘0}32 2t 4. HEI'? X 8'3‘_'--.5: .
*:,750;;.gg~~~<159’i.aa.e 58, 0145.ﬂfaé.33 B. 7¢“y:a

a3 _ﬁm___-;: S
a8

’7f7T.N§tE' leaching carrzed nut ubder ElMllar cnnditiansu

o EInGlel 3.8729M; HMDm 10-12.5% (we/vael) -
-*v:jﬁﬂleach temperature 103-105=0Cy Time 2. S~3hr

'€~-Liqu1d/sa11d rat:n 3 9—4.7 tml/g).__ 3».~.:c.i
.-1This imprnvement in . the degree af plat;num Extract:nn :an ﬂ*
be expiainad in iun ways.-.aw SR : _ . R

Tha rnasting nf the :nn:entrata, prinr *b the uxxdative f:fV""”7 3
ehiloride lgasch vesulted in the removal of sulphide: therehy}

- ereating a more. reaﬂily acce&sibie platinum rnmplex for

- disazlution. it
:That is, the farmatinn nf the platmnum nulde, Ptﬂn-”,-ﬁ

aPts e 303 ;——-> dPtB +’-esae {30}

.,nn heatxng, that ia undar raaﬁtzng LDnditinB, the fnrmed
platinum pyide, PO dissocisted,' thus liberating' the -
platinum and thersby. making it more available far '
extraction though. the furmatxun af its suluble

: chlarncumplex.g S T P o -

EP?” > EPt - ag:gr f_@f{ngg;;gﬁ'vf~“-

heat

' f-Hnwever, i$ the platinum was hut in the farm, Fts, 1n the'.

L concentrate the reaction (303 abnve wuuld nut Laka place

fﬂ_dur;ng the ruasting._h;-;.._

¥f %~Eé_5 55:'



'5; Hquver, since the :mn:entrate was. A sulph‘dic minaral R
. ;“cnncentrate, ‘the general type . nf react;an that w;ll nccur R
o :dur ng the rnasting prncedure wnuld be A

f-cancentrateq

twhere M matgl)  i;;fV

. ,1h1s type of reactxmn wc-ld ‘cause an apening af the- 3f-f77'”'"
L. mineral structure, therey resuit;ng in a greater .
‘panstration. of the leach resgent.

This increase in accessibility of . fhe 1ea:h anlutxnn

- towards the platinum group metals, especially ﬁlatanum,m;]_f'"“'

© would resull in a graater Eatractmon frnm the roas ted

'"‘f;Either oneé. nr hath cnrd;tinns nnuld therafnra have el e

‘resulted fn an increase in the dissolution and hence

inEreased the degree of extraction of platinum from the

;'¥Jrﬁasted cun:entrate on. its subsequent ax;datave chlnr;de

'"-IhéfréiétiﬁﬁéhipfbeEweénfﬁhe.ruéétinéfﬁémpéfatuFE'énd[#héff-?

 7-deg+ee'uf platinum group metal gxtraction, particularly

- for platinum, indicated that a temperasture nf QSOﬂc an&
- above . results in-. an. 1mprnved axtractinn._ . _

' -:If the ax;de, Ptﬂ, wWas fnrmed dur;ng the rnasting it wauld-ﬁ

'nnly dissociate o the frae metal at temperaturaa graater
than 2009C, =S

:f.Thxs can explain why there was na ;mprnvement in . the
 degree of platinum extraction during the subsequent .

_1each;ng af the cunnantrate whlch Was rnasted at EQO“C. _;-w
The apparant denraase in palladium ERtractinn in rmlatinn B
~ to. the roasting temperature is passibly eapla;nad by the -
“farmation of the palladium owide, PO, during rnarting.u
.~ The nxide, Pdl) ia inscluble under agidic conditions and
- only dissnc;ated tn the free matal at & tamperature af
8250 . ‘39’__~.

' Ginte the' maxlmum raasting temperatura used was . 750*6, the:f]‘

Qissnclation of PdO would therefore not have taken place.
Hance the decrease in the degree of extraction observed. -



LA
V.

ﬂThe fnrmat;an af”the metal nxzﬁe, HU and lnas af SBB”_ f- SRR

guring roasting is supported by tha fact that, when

" ‘roasting of the concentrate was perfarmed uﬂﬂer ¢and1£1dns;~:“'7””

_;{nT reduced oxygen muncentrat;un, at 4502, tha emtraction o
-of. platinum: group metals by. the’ 5uh§equant ‘axidative -

" chioride leach gave results which were comparable to thuse: f?“Euﬂ:

U tountt during “the dirett leaching of the cnncentrate,-" ﬁf-!“ry;]-f*
L For. mxample- Platlnum extractlﬁn was bahQ%.g::-- T S

CThat 35, unﬁer cundltinns of redu:ed nxygen cnntent

TV_rnasting, the formation of oxides and iass of SOa 15_}

cinhihited, Th:.5 resulted in a situation wHich could be |

"'tcampared to the’ use. nf a nmn~ruasted runcentrate.e_"“

The abmee result :1ear s :.nd:.::ated that tht—: an'matmn m"

""jthe metal oxide, Md, during the roasting procedurs was the

©eause of the enhanted ‘platinum extraction rather than that{_ "”L'

'of asimple Tracturation of the minerals within the . R
- concentrate, uhich cnuld have nqaurrad as a result of h:gh"gffg].ﬂy

'5 tempPraturE5.

3*Frnm ﬁhe resultq (Table 43, it 1* mvident that thera was a ﬂ“f;f;w'

- decrwase  in’ irnn axtractinn as the rmast;ng temperatura
;intrwased._, .
. This decrpase as ruaﬁf temparature in:reasau :an be
_explalneﬂ as fullnws.. ' s

Tha iran axide, Feaua, can he furmed by heat;ng irnntll)  .{ .

sulphate, irant(II) oxide and’ ruastang 1rnniII) dzsulphide L
(pyrites) in air or -oxygen.$9®> - S
Even though, Feslz is essentzally basi& 1t reacts nnly
slowly with acids.

 Thus as the rnastlng'tamperature 1ncreaged ‘thera wmuld be'  ﬁ;Q[1T

greater furmatznn of FasDg. This would reault “in. tha
lowasring of iron extraction due to the much reduced. _
' d;ssmlu?inn nf Feaﬂs 1ﬂ the a:xdi: Ieach raagent.{,H- o

For N;ckpl eutractlnn the reaults tTablE 4 1ndicated
that thers was an. apparant th;mum extractiun at a-ﬁ
reasting temperature of &4950=C. - .

This wptimum in the extraction of n;ckel at a rcast
temperature of 4505C was also established by Shukla‘“ﬂ’
who stated that "for good nickel recovery from a sulphmaa

concentrate the optimum rnasting temperature waa betwean;*;:“-V"'

' #EOGC and sommc far acld leaching .

.'Reld*“%’ fnqnd a simllar result.



_ - main minerals in the concentrate are most likely ta hel
pdoperite tPS)-and braggite ((PL,Pd,Ni)E), sinck the

fﬁFrnm tha'raauita dlscuasad, itpiﬁ clearly evidant that tha!; fa :Ji

‘of the. réducaﬂ axygen-content rossting lead to a2

”-ﬁf' dPérea=af extraction of platinum, palladium and rhodium ufﬁﬁﬁjf"7f 
. which were comparable with thoss EstablmshEd far leachxhg '

'.? _nf ‘thé Unroasted concentrate. -
S This. i
aafthe werensky“ﬁaef“”

‘pohsistent. wlth'the+sdur:e'uffcnncentrate heingz"




C uset as aw inditator - to its: cnn:entratxun.;u_-"'-

. Mepea by ‘measuring the dehs;ty, one could readily’ i

S determing the ‘zoncentration of the varisus zinc chlar;de
“solutiong which were utilized fur the Ieachmng af the .

.qr__:onmﬁntrate;tTable 5, Figurs 8% : : ,HNJ
L In this way the effect of cnncentratinn nf the zxac §

- tehloride . based leach aclutlnn an: the uegree nf ﬂxtract;an
f,”:waa detarmznad.::g__ S o _ G . ;

'*wn fTab1e 5 Relatianahip Eetween ﬁanszty rnd cnncentratian
Y ' q_Fnr anc Bhinriﬂe SDIutaans..f_:_ O S

Far 40°C
:-ﬁeﬁéi'y"';zncznzﬂ

Fnr ﬂ0=C

Denszty*"[%nﬂlmza

L4 B Sa.fﬁ_'“
4 3.45
4 4.10
| 4.90
"._511.1 .

T 1.351¥
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44+ Density ot ZnClataq) glem®.
'-_,_.EJ—:ancantratiqn-df'Zpﬂ;gﬂ"ﬂgﬁf“”

_Huwever, ;t must be nated that tha dens;ty nf the zxnc
“ghleride solution is depandent on the solution .
- temperature. Consequently-all denmity determinations. had
be done at the same temperature in- order to achisve & |
~eorrgct valuse for the concentration of the zanc thlurfﬂe
C. - melublions- used for-the IEachzng._ o o
'_ZI'All densnty mea&urements wera dnne at\ruum temparatura._'.1 :.,
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”; :TE._E*fe:t Of Matal Chlarlde Emn:ehtratzan Dn Extractlun ;1; f73 .

~5'T’DLrE:t leaching of the :ancentrata'uslng tha lEﬂCh s
" veagent, zinc chloridetad)/hydrachlaric’ acldfnztr;c ac;d.=

'*fﬁﬁ;(Tab1a &y

Dlrect Laach;ng Df Cancentrate --"7:'

Lo resulted in: the fnllmwzng extractians'~~;
'1gures - 12) Lot AR

Table 6 _ Effent af Zinc Chlor;de cnncentratiﬁn L
“'“{_an E«tractiunqlvgj=r___ T e

f"Eéﬁéiﬁyfl Percantaga Extractlan N }ﬁ% Wé;gﬁt'i"Tﬁw.'
azen® 4 Pt 4Pt R A NLEFe or Losst

} !
t i
i s N _ =1
-ﬂ1g;g299;;377 0*81 e 61 6 195, 7 54, s.-;ﬁir;-9;47-'” i
CULRRR 188.9186.3167.71 22,343,311 .41 20, 1401
L 10359 1 53.918R.8161.4194.8161.9 11748 0,96 b
o 1.368 180, 7i81.21465.7189.1 150.4114,.8! 20.53 I
U 1u376 179.21492.0165.8194.2159.81148.56 ! 28, 29~‘. i
V1,391 168.8148.9052.8196.7156.51 g4t B3 1
171,396 180.0179.9163.5197.4161.7! 12.71f23,40 t
1 10514 179.41756.0064.51727.8156.60 2, e:;ao.eaﬁ. 1
D 1,480 47B8.6184%.21463.3! 97‘6 tot G 117.41 B8, 18{3:'5
1 1.495° 184, £4.4178. 6187 .6196,.8! 72 3151 81 19,45 t

Note s 1-~ Per:entage Neight luss on. leachlng.?' R "“'f*”'
. ”, 2. —}g?rangmgs resulis - due to analysis. prublemsu;
. PGM analysis Is difficult particularly when =~ . . o
.- the concentraticns are low. The pressnts of or _
- can aldgo lead to errnneaua results due tn_ﬁ,- n
. ' interference. T
' All lea:hmng were carried mut undar s:m;lar cund;t;nns.-~ LT
 Nitric scid 9.99-20.81% {(wt/vol)s Temperature 1oa~c-110=c L
-'lTlme 2 5—3hr, quulﬁf9011d ratin 3.55—6 .9 - (ml/g).; e S

o The dlqtrzbutlmn nf results is. pr;mar;ly due tn
' the fact that the concentrations wzthmﬁ the S

‘refractory concentrate were low.. B A R
Parti:ularly far plat;num, palladium and rhadzumf;,--ufﬁ.w“u'txvﬂ“'

-_Average extractiuns excluding the errnnenus results are
S Platinum (Pt) 78.84% . S -
Paliadium (Pd) 81.03%

_ Rhodium -~ (Rh). &4 .50%

CNickel o (Ni)} 9S5.47% 0 . o

Iron - (Fe) =9.48%

. Chromium Z(Cr)f’14.93£ T " T : '
_.Avarage percentaga WELght Ioss nn lea:hing : EE 23%

B
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gffect Df Hetal Chlnr;de Emncentratxnn_ﬂn_Extra tinh_ f{;g¥ffi”*

Lea:h;ng nf Raasted Eancen*rate

vf LEa:h;nq of a rnaated cancentrate using the’ leach rsagent,'ff"ﬁ
C.zinc chlnr;de(aqifhydru:hlnr;c atid/nitric acid resulted

lﬁ the fnllawlng extractlona tTable Ty Fxgures 13*19)

‘ide Cuncentratlnn }f  B

Table 7 Effe:t ot ZLhc Ehl
S L on Extractlan.‘:m' o
fj#Dénéity:} Percentage Extra: bion e
log/ce® 3 Pl Pd [ Rh D NI LFR }Cr i Losst o f

A Ratantran s Mol .th_m f G o i o i i e ]
SR < 1= N __EBE.'?IBJ: 8167.7172.31453.3111.4) 18,81 . .
11324 194.1181,5188.5188.81 46.2;,&;&&31339?'-:;:
CF 14891 0 195.4180.2186.5192.4150,51 3,41 20.00 | 4
C1L.E05  193.63171.7189.0488.3145.11 7.41 17,410 -
b 1.410 0 183.03173.8166.3195.38151,31 461 18,43 7 L
b 14310 IB9.118B8.2148.0186.3145.31 B.71 11,10 0
© 11,449 7.189.4177.6173,.5185,4141.91 B8.71°456.89 1~
S 146380 198,8180.1183.0193,9151.5 —~=! B0.5C¢ . -}~
C31.465 1B6.3172.5181.1181.,0180.0114.31.14.50 |
11,468 193.4175.01BE.9189.2146.11 B.31 1562 - 4
U 14940 193.9177.1159.9174.9186.47 3.11 11.55 . 1
| 1;515”-&88 1185.7180.4179.4135.1 140 273 14,901
11,520 4 2.91853.9184,3179.7148.8114.821 10486 1

1fia570af197 1 1H9.0190,0188.9144,71 5.31 16.67 = .
b 1.e10 1BBi7176.9177.4178,5181.2) &.61 17,38
”i I.bEQ*:{9E-0'7E 4'81 E'?&-E'E?-Bi‘l_Z{-ia 06 1.

Nnte ¥ 1 - Parcentage N51ght loss on leachlng. '

o 2 - Erronecus _resulis ~ dup to analysis prnhlemsu
. PGM analysis is difficult particularly when

~ the concentrations are low. The: presents. nf Cr
o . gan‘also lead to interference.’ ST
ALl 1ea:h;n9 ware carried out under similar cmnd;timns.-”i~-""
Nitric acid 9.99-24.97% (wt/vol}; Temperature 103=D—1E°"L

Timeg 1.5-3hr; Liquid/Bolid ratio 3.64-6. 9 (ml/g).-_;-'
Cnncentrate raasted at 650“6 fnr 1hr. .

The dxstrzhut;on uf results ig- primarlly uue to

the fact that the concentrations within the Lo
refractory cnncentrate were low. ' S
Part;cu‘arly for platlnum, palladaum and rhndlum,; -

Average extractlnns Exnludzng the erraneaus rESths arg 2 f“;

Platinum (Pt).
Palladium (Pd)-
Rhodium  (Rh
Nieksl ML}
Iron {Fe}
Chromium {Cr)

?0.85%
79.48%

80.18% -

47 54%

8.86% |
Average per:entage wexght loss nn leachlng

_ ’T&o o

15.57%
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LfHThe results nf leanhlng when uaing ﬁ;fferant ' '
- concentrations of zing chiloride both for the” direct and ..
the rodsted coneentrates indicated similar extract;ans, ST

'uﬂpartlcularly Far platznum, ‘palladium and rhudxum._ '

 governed by the availability of chloride ions, it is the

< The enly difference between the two sets of results,

.ﬁ*]Table & and 7; is that” iraching of the roasted :an:entratef;'w

 resulted in the previously’ estahl;shed xncreased pIatinum__fI ff

f}grnup metal uxtract:unil;n~

'“Since the snlub111hy nf the piaﬁznum grnup metals will ba

 ]avai1abi11ty of the “free®, unasanc;ated chloride’ ions

. which will be the: cuntrullinq factnr n the platinum grnQp*f  fg}

i metal dissaiut;nn. -

2ine ¢11) iems are st"mg ty tcmplexed 3n chloride.

- solution. The type of jon species. in solution chath

”*ﬁ*ﬂmalnlv ‘as a function of the chloride ion

contentration. 422 The following equation. csa} reprESEnta
: tha varlaus spec;es wh;ch can’ he present 1n snlutlnn ;{ﬂ”

zna++c1— Zn61*+81“ 2 ch12+c1~ % znc1a—+c1- g zn014 -ffg-“*“

Far lnw chlnr;de tnncentratzun,_the main spec;es 1n

. solution &ré Zn=* and InCl*™. S

. For high' chloride concentration; the main species in
"5n1utann are anla and Znﬂlqﬁh'}*f _ RERE _

.'7Thus ac:urdzngly the failawing s;tuatiun alase 1n the R

;1each;ng 5uzutians :

”1ﬁt a relatively 1nw~zcncentratinn of Cl“(ﬁ.#ﬁami, zln:

.'-chlarzde eonceniration af 8.226M {(Dens ity l.alglzmﬁ), the

doninant 2'nc spacies in solution would be Intl*. Hence
the total amount of fres: chlnr;de jons wonld be frnm the
disssciated zinc chloride as w=ll as-thosea from the '
hydru:hlnrmc acid and he in tha nrﬁer nf 3 SEM._ ’

..At a relat;vely high :nn:entratinn nf c1- 111 13M1, xin:
chlaride concentration of 5.545M (Density 1. 64g!cm3), the
dominant zinc spécies “in solution woluld bé. ZnC1=~ and R
InCla®~. However, the zinc species in soglution would be in
“an active equilibrium with one another as represented in
the equation {(38) above due to the high Ci— tnn:antratlnn¢'
It it is pnstulated that at any given time, Under this
high chlnr;de ion tmncentratian appraxlmately 70% ot the.
zinc species were in thz InClz™ and ZnCle== forns, then

tHe “total amﬂunt of free Gl--inns wnuld he ;n the nrder ﬁf N

8. ésm.,_



fAt ‘a m;dﬁle nrdar :uncentratlan nf Cl-t?m}, Zlnt ;hlaride; 

' “3,:cnncentrat1un 3.9M.. ADensity 1. 44g/cm9), the zinc species -

- in-selution can be representsd. equally hy - the equat;nn"
 ;€38} Wlth na ‘single domihating SpErigs. Do
Thus at any given time, appraxmmately &0Y%: pf the tmta;lﬁ o

. ghleride ions’ present would we associated with zinc metal:

~T'lﬁ_;nns. Hence the total tuncentratinn nf frEE :hlnr;de innsyf;gfr'
'--~.wnu1d he 1n the urder af 3 E4M. : T T -

It can be zuﬁcluded that under the leaching cnndztians ufT,---:

relatively low {8.226M), medium (3.5M) and high (5.5&5M) -

'f£_zxnc thloride conceptrations, the availability of free 7
 unagsociated chloride ions’ withxn the ‘leach’ sniut;nn were-@gﬁfwf

”;apprnxamateiy equal.g ,___,v

.fﬁjThat isy the ava;lable chlar:de inn cnnc&ntrat;bn fnr the'f;idi?
Codissalution of the platirum grnup metals ware in th& rangeiu L

Lt R.85 tn 3.066M. .

C Thus resulting in the simxlar axtract:nns uf platmnum,'“*3""

:erpalzadium and yhodium which were exper ignced whan -~ L
cdifferent. :ancentratlons of zmnc :hlariﬂe were uaed in thef."'“”
-1fleach reagent-__u' S : : o ' A

"That 15, the use uf dlfferent :oncentrat;nns nf zznc

‘chloride resulted in similar amounts aof free chlnr;de innsf_f -]
‘being present in the' Ieachlng solution and thus resulted . -

“ “in similar, comparable degrees of platinum group metal ;_-_f“

extractions between the dlfferent zinc. ahlnride R

;__cancentratlans.:.'

- .For u;reat lea:hlng, the apparent dependency ahnwn by the
- degrees of extractions towards. ;nncentratinns of z;hc o
“chloride was a secondary effect.

The primary effect was the temperature dependen:y nf tha
- rate of extraction of the platinum group metais. - _
- At higher zinc ‘chloride éoncentration, leaching

temperature was higher, thus the degrse of extra:t:un fram A

the unroasted concentrate increased. (Leaching was always
carried out in the boiling state of the leach reagent)-
‘1t was this effect of the: temperature which provided far
the increase in the extra:tzan af plat;num grnup metals.

It is concluded that w:th;n this zinc :hlnrlde K N
concentratian range (2-&M), the chloride iaon cnn:entratinn--'

which was needed for the dissalution of the pi&tinum gruup -

metals through the formatiaon of the soluble
chlorocomplexes, was not a controiling or limiting: factmr _
in the extraction of the piat;num group metals from the . .
roasted cancentrate. However, the concentration did play - a

role when direct leaching of the concentrate was dane dua e fﬁﬁ”

to its Lnfluence on the laachlng tamperature. L

Lae-



"J,”This 1mpl;es that, tha ‘main anntrnliing factor :nﬁcarned*
. with the dissolution will be. the aﬁcEEEihllltY af tha
,-ieach reagent tmwards the platznum gruup metala»_i-

-.;’I_Th;b is ev;dent nwxng ta the fact that extract;nn n* *hej][

’”k_platxnum group eetals Trom the roasted cnncentrate was

. higher than that found in' the direct leaghing, = =

That is, roasting of the concentrate prior to the

- axidative chlaride- 1ea:h irsreased the accesalb;lity o1

S Ehe cleach reagent to. the pi einum group metals. Thus
':gg4resu1t£ng 1n higher degrees nf extractinna.hﬁ,;;i




'5.1 3; ﬁxldant Cnn:entratiun

”fi;a. Leachlng Of Ruasteﬂ Cancgntﬁate

ffﬁf*when the nxzdant nztrmc ac;d, :nnnentrat;nn was varieﬂ
. from S.48% to . 24, 97%(utfvnl), it resulted in a simiiar’

"degree ‘ot extractlun far the platinum gruup metala mf
'platinum, palladium and rhnd;um._ R .

-ﬁ;;W(Tahle By Figure 19)

Table B Ox;dant Cnn:entratian

vs % Extract;un. '

_: [HN[]a:g :

PErcentaga-nxnra:tinn Zt:

io%R8 80

1. l

_i;ytwtxvuxjj 3P Pd 1URAL
ek s o 3- S
RE-F 49"L;,1,598.0T1;7E;$~1 a1.a'£t;~;,f_:v¢;,;:;-a
-J¢¢_1n Q4 L9344 75,0 1 82,9 b
BT £ - 1N 73;=1~-l:188;7:&*?&@95{ T4 b
,1,434 97r-* ! b sagu o

Nntaﬁ'ﬂlz 1eaahing were. carrxed
' - conditions, using roasted

nut under sim;lar

concantrate..uaz -""”'

Rnasting ﬂnne at 6EQ=C fnr 1 hreo

;fTh;g apparEnt 1ndepandence af the degrea of extractmon

{owards the oxidant. cnncentratxnn

: can be sxplained by the BT

-+ .faet- that the leaching time was relatively short, only 8.5
o B hnurs. ‘This short time: resulted in preventing the L

-+ large. loss of. nitric acid. through its de:ompositlun.-: R
. It can be ponciuded that, the extraction of Platinum graup o

- metals when utilizing the leaching. reaqent, zing

-£hloride/hydrochloric acid/nztric
axtremngly rapid rate. - .

' Thug when - the level of natrmc a:;d, which was :nntinunuﬁly{,
reducsd through decnmpmsitznn, reached the stage when 1t '

of the platipum group.

metala, the dlSSDlutlﬂn had a;ready bean cmmpleted. L

would prevent. further dissolution .

a:id n:curred at a ;,=H-

" This. affect af the oxidant cantentrat*an being a

nor-limiting factor within the above cancentrat;nn %ange,
was highlighted when the ax;dant was added :ncremsntally

“during the leath.

When the nitric acid cuncentratlan was kept const_nt

throughout the. lea_hlng process it was. estahligheq that fLﬁ'"

the extraction of the platinum group metals were
‘comparable to thnse in Nhlch all ‘the nxzdant waﬁ added

;_inltzally..

w50 =




R@ﬁst@d C@mammte

o _1dﬁnf C@ﬁﬁ@nir@tiﬁﬁ 'Vs % Eximﬁi@n

L s ket e i i+ b e’ g+ s © iy’ R T

| | ?Q g . R o T s

EHN Qa] (%)

o mammen ¢ raames



'*VﬁfThe dlrpct leachlng of the cnncentrate shmwed &’ szm;lar

 ;:oncent tlﬁn. H j;,

- tend- of the non-depéndenc. af. the platinum group metal .
- extraction ‘towards the uxidant, nitrac acid, PO

Uxxdant Enncantrat;nn vs'¥ Extractlnn.

PErcentaga Extract;an
- Pt Pd I Rh

.“'*tHNaa
-%<wtfvn17

’hao.7. 8i.2.

110, lah-?' : rat.e.

- B0.0 1. 799
t
!

_Qr13@49}'_'
@o.s1

&3 5;-_m;r
&l

77-0 ’ Blua B S R

_ }

-r—.-q - -

SR ...;_-_-_.,-..... |

ff“ Nute- All leachzng were. carried n§t ﬂﬁaEf;Simiiar“:'
' :;_-cmnditinns._”',, Lo T

sz;one can :nncluded frnm the results of lea:hlng tha ruaated S
“and’ non-roasted concentrate; that the apparent S e

. independense of the extraction on the oxidant
Cconcenfration indic stes that the dissolution af the
platlnum gruup matals accurred rapldly.;-: -

CUIEe muat be - nnted that a large prnpartznn of tha nitrxc
' acid {oxidant) would be used in the dise calution of nther
- non—platinum group metals as wall as beding lost thrmugh
- its decomposition’ whzch was cloarly vigible during the L
‘leachings by observiig the evaolution of red—bruwn gasenus-,éa

- prdductﬁ. (NDx_— type gaseuus prﬂducts!

_ The use nf the zlnc :hlarzde!hydru:hlar;: ac;d mlxture as - L
“the gopurce of the chloride jons resulted in the high B
activity of the chloride ions fowards platinum graup. R

- -metals complexation. Hence, prnvided that there was’ an v],“a:f“ff
- adequate amount of oxidant present, the dissolution uf

_.jplatinum group metals by :hlnru—cemplexatlnn nccurred
v-rpadxly and rapzdly.-,\v R . L L

I
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*ﬁffha, Dlre:t Laanhlng Df Dnncentrate

_ gaj;The Imberatinn mf plat;num grc
;;]fmlnarals, particularly khe kipetics of platinum grnup"'-

- metal sulphide-and arsenide oxidation, are highly &
oo dependent on the leaching ‘temperaturs. -
- This-effect was h;gnl:ghtﬁd when diresct leanhlngs mf the
';,jfcnncentrata were carried cut¢ S CR R _ .
"ﬁ(Table IG ' iguras El & EE)

S :
L (”G) § Pt + i Rh 4N i Cr
S 84«57 :_;?66 4.68.2!5? 7'57.5191n9.16
,; 303 7461801159 L 15F.6193 ik,
‘I

Leachlng emperature X ;f"“*kvV:f

B metals. frnm refractarv e

Table 10 Leachlng TemPEratura s x Extract;an.f"

Tamperature % Percentage Extraction

cﬁ_v1osw 180Ty 81.2565 71604189 8114,

Nute Lea:hlng wars carried aut under slmilar Iﬁ¢f ;;f'
candztlans. 5. P oo Do

--Qauﬁh platinum and palladxum shnwed a aubstan ial in:reasa IR
., intheir degrees of ewtractions when the leaching :
. temperature was increased. Rhodium extraction also e
- increased with: hxgher temppratures, hnwevar the affect was**- S
. lesz marked. ' Tl
. Entraction of the bage metals, n;:kel, iron and chramium -
'frhnwed na. raal dapendancy tnwards leachlng temperatura.:fﬁ--”

__;There exxsts ‘an upper temperature limit.fnr thﬁ Ieach;ng
.dué to the stability of the leach reagent.

The pyrohydrolysis reaction of zing chloride will result

- in the loss of stability of. the leach reagent, however
-this nnly nccurs at tamperatﬂrﬁs of graatar than 124=C.

B This Iass nf Btability of the 1ea=h reaQEnt wnuld nqt navE;f-; 
' - teen a factor in the leaching expsriments, since the U
- Ieachlng temperatura was always belnw 124=c. -
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:  ff4 Leachzng emperaturef;'”

“Jiffb Leachlnm Of RUagted Cnncantrate

-gy=*.rhadxum._ﬂ,-
'-~_tTahle 11, Fmgurea ES & EQ}

.?Whan rnasted cnncentrata was used and the leach

temperaturs was varied, there was no 'definite 1ncreases ;n3? ﬂ"ﬁ”

”'f,the degree - nf extractznn uf platinum, palladlum ur

Tahle 11 Leachxng Temperature ve 7 Extractimn.,mfif”:

EnE Temperature :'fﬁZPehcentage”Extractinﬁ":fif
Pty _}-Pt‘#”Pd-m Rh-1 Fe-d N1 1 .Cr b
o fEe— e g b I
o FhiOE]'.'ff!93 h:?ﬁ ,0182. 9:4& 1189, 2.-5;3}
AT 1100 iB9.4177.6175.5141,9185.71 8.7
L1100 T 198 .8 1B0.B 186 8190519851 8.4

A als T IBELTITA.9177.:4151.2198.51 4.6
:~a'a1533:z3'f19a o172, 5*81.2129 ! 7& A-§ i;?i 

'“_;'HQté Leauhing wers carried aut undar 5imi1ar .

. cunﬂit;nns. Cancantrate ruasted at éso=c fnr 1ﬁr-;f; ' "'

.°ffThis wWas. eapected since dur;ng the pretraatment nf the R
. concentrats, the roasting. prmcedure, reaultad in’ ﬂdeatlﬂn

. of the concentrate minerals. o
That is, the sulphide minerals pro sent in the cancentrate o

' were nx;dxzed accarding ta the genEral react;on -

'aMS.-f-.ane '----> enu '+ .B80a . t18Y
- L Do a (Where H—Metal)

 Thus the dEpendency ot the k11eti:s nf platinum grnup

metal sulphide oxidation on the leaching temperature wuuld_jj
no longer be an influencing factor: Hence, the® extrantinna_;;g;

of platinum,; palladium and rhadium from the roastad
concentrate would npt B affected td any large degree by
the lsaching temperature.

Pravided that the leach reagent was in. 1ts bn;l;ng state, =
_esitractions were effe:t;vely 1ndEpendent nf the leazh '
temperature. : : _ .

" Data nbtalned when plutted far the shrinkxng core madel
and diffusion controlled mechanism of leaching did not ._ﬂ;

suppart either af the two mechanisms. However the data .

obtained was’ inSufchLEnt tn establ;sh any adequate -
can:lua;uns._ o o - :
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ﬁ'ﬁ. Laach g Tlme L

' ’];fLeachlng nf the rcastad cnncentrate wlth bnlv the t;me uf .J.,_,,,

" lesthing being varied indicated that the extractien of .

':gjg'platlnum, palladlum and rhnd;um, Wi exiremegly vapid and’
inersased cto a maximum level atter 1.3 bours before

" showing & gradusl decrease, The' baze’ mu*ala, irnn ‘and o
o nickel zlso showed 'this rapid: Extractiaa e U
,{Table 1#, Figures 85 EB)'*c .. A

. Table IE Leathlng T;me Vs*%hsxtféﬁtiﬁﬁ;fiif”**

Per:entage Extra:tznn

.__:-'- Q_‘\ Lo

{ Leach Tiwe I

i (Hmur=5 R Pt f P l Rh" Fe i Ni

oo O i s
?11*1=~:r0;a$:»-  }69.3!85 5170411364, aiaq.sf“ﬁf;:'fjr,~-
SR 00800 0 1B6LBI78.3I81,1140,0181,00

T4 1UE T 195.4180.2186.5150,5198,51 e
b 8.5 ;p CI9E.0179 1183, 1569.0187.88 o o
b 3000 189,118,461 76,2 145, 1183, o.,nir!**“’*“‘ R

"f”Nﬁtéfi Leachlng wera :arried uut undar slmzlar

" conditions. Concentrate roasted at &50C fo, ihr;7;:?.:f:¢
a:i;g:chiga 3.4729M) HNOo 10-12.5%; Temp. 105%:—110=c.,;; c

”'Thzs rapzd extra:tinn, especially fur platxnum, palladium o
_and rhnd;um can be explalneﬁ by the follawing factnra o

. ,H(i)*_'Pratreatment of :mn:entrate.- S =
U Roasting of the concentrate ai &50°C for 1 hour

. prior to leaching, resulted in the oxidation of

-sulphidic mingrals and hence liherated the platlnum
group- metalsu'* : _ _ _

' tiiif K1net1cs ot plaLanum grnup metal sulphlde nxidatinnt”gfjg]717

. Roasting of the goncentrate prior to leathing
~ etfectively nullified the relative slow kinetics af
© . platinum-group metal oxidation which occurs during
_.tha dlrect leachxng nf 5u1ph1d1c m;nerals.

(iii) The hlgh :nn:entratlon -of cnlnrfde ions in- the leach;“f

- reagent drove the formation of =alub1e :umplex _-_..lvu e

chlorides to completion. -
That is, the high chloride . inn content nf ?he »
“leaching solution caused & rapid- dicsolut“uﬁ of the

liberated ‘platinum group metals via fast fnrmatlanf.fﬁ-W:'L'L

‘of the soluble chlorocomplexes.’

The platinum group metalg heing liberated dutaﬂg the”f517'

. __5rna5tlng prnﬁedur‘e* S

-0 =




.'TT;J;Tysnn and”Bautlsta‘“g’ alsa estab1i5  d' hat the rate nf

S bathoplatinum and palladium dissolotic
- wéak Agqua’Regia snlutinn was rapid and

"Tf?he_rapzd eutractiuﬂ byﬁthe zing: thlnride based lea:h

into & relatively'f .
arte" ~at a- -
f re1ativ&1y h;gh value. . L R

Creagent, ‘with the maximum level resched atter (.5 hour5"”7&‘h

alea- axplained why there was w0 apparent effect of Ehe

.'ﬂdissal tion rates. tnwards uxldant :nncentratznn Sznce “the

-g_? Cmajority being dissalved after aniy: ha? A hqqr, the:
oo inditddl oxidant consenftration during ki pEklud wbuld.s_

Wﬁd:ssﬂlutxun of. the glatinum aroup metals v:re faﬁt, th

iiﬁ"aiuays be reiativelv high. Thus result. in-a situation

S in which there was a su?f:cianﬁ nonaentratxnn of nx:dan*
e presant and hence in an. apparent non~-dependency’ of - the

- .rhodium tFigures 25 & 287),as tha leach time was: extended

t concentration’ nn the degree nf plat;num group
xtractzqn.;i_  T _ N:_ _ A

1 The dEcrease 1n per:entage extractznn uf plat;ﬁum and

is ‘& result of the estahllshment of the cuamplex equ:lzbrlafi*ﬁj ?°”

" involved for the—:hlnrucumplex farmatinn within the
. leaching solotions:

" Also the loss of chinride ions from the laeach rEagent Ean. -

" not be edeluded even through the majority of HCl .gas:

' .produced. ‘during the Teaching would be returned to the B

.freactnr vxa its ﬁisaulutian -An the cnndensed waher vapor‘-*:-i

"';'Tha de:rEase in the degree uf 1ran extraﬁt;an aﬁ 1each R
" 'hime was exfended indicates that there was. pra:ipitat;nn Tl
2o yof dron o from snlutinn, maat lzkely as a rasult nf P

o hvdrnIysls..,”'-zs._ : S o
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Three Stagg_Leachlng B

_ _a thrae ataqe leachmng,_aa shnwn in Flgure 89, wa5 garr;ed '={ﬂ:_
" out using the roasted concentrate, o
© At each leaching: stage a new, “fresh“ leach snlut;nﬂ

L {InB1a/HC1/HNOs) was used in order to obtain maximum :},3~{?* '

; extractions,. partlcularly fcr platinum, palladzum and
”~*rhndxum.g;f}:,..”¢;_-. Lo e T '

'fi:The fnllmw;ng resalts were nbta;ned :_f:_jﬁf:f'
--E(Table 13, Flgurea 30 31 S B

'“f Table 13 Three Staga Leach;ng.-,f:.

thLeath i LeachI ercentace Extractimna |

""Stage Tlme‘t PE I Pd “Rh ero [
T - SR TN z% 4:93.&:9’7 7:&.1 1:94.3. 3 4' T
13 . }_ 93 _2;91. 666 '.E 98 _6_!.125‘..‘? '

A Ganak

_f.jNute r 1= Cumulatxve Leach Time. _ T
.. B = Cumulative Per:antaga Extract;nn._-;-
S0 A1l leaching were carrled nut under similar
:_gg:nndltzans.~- : : R

The use nf "fresh“-anlut;an ’ur the leaching nf the R

residual solid resu]ted in a high overall extraction of

the platinum group metals. F1l three, ; alatinum, palladium

. and rhodium were extracted ‘o levals of greater than 90%.
Platinum 98.4%, Palladium 9h.3% ’ Rhndlum 1 ..8% after L

'lea:hlng fnr 9 hcurs._ _ S

The use of “fresh" 1each regents 1nsurad that there wauld
he & high concentration of available chloride ions and

axidant present dur ing leaching. Thus al‘uwlng for max;mum-a.f“

- platinum group metal d1ssn1ut1un.

For rhudzum 9xtractlnn, the increase in the degree of
extraction can - be attribvied to the relatlvely 10w
kinstics 1nvo1ved in ths fermation of the chlnroccmplex, -
Rhﬁlaﬂ“ t#3, a5 wall ar, to the tendency of the metal to
form a klnetlcally 1nert Iayer nf chlnrlde (ar cxide) at
its surface.

Thug a lnnger leach time wWas required for bhe dzssnlutlan
of rhodium in order to obtain a degree of extraction whx:h_
. Wasg cnmparable to that af plat&num and palladzum, e .



0 ZnCla/HDI/HNDS = 3re Stage
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| Roasted Concentrater |-

5 1st Leash Salution

———> &nd Leach Solution

| Residust sonsd ;o

| Note 1 3 Roasting at 650°C for 1 hour




SRS lﬂa mmﬁl ﬁtiv @ % Egtr@@ti@n el

Hgm@ SB
PSM Eximciim |

S 4@ e T SRR S

Cumtﬁlﬁtive Tim@ {hr)

¢ mamumen o+ mmsum (?e:}fjf
| * Rhadium (Rh) | .. S




= smmz

L "'.Sidﬁ@ L@@ﬁhing

C‘Eﬁlﬁlﬁﬂ”@'@ Timfa (hr)

+ Nwzﬂal (N s.)

* chmm“m wﬁ')




W

'”**}g}This increase in diran dissulutinu as the nverall tima nf

_viranax¥ide,- Fegﬂai was farmed durlng tha ronstlng
2 procedyre,
. Even . though the 1ran ax;da, FEaUag is esaentlally

”:_Rmangst the Bther m&tals cansiderad nnly n;:kel was

extracted . to. a lavel of greater. than 0%,

_ Hawever, ‘af the three base metala, it was irnn whlch

. . showed the greatest increase in extract;an *run Ist to arﬂ
”i}leachxng stage,_in:reaszng fram 4&.;% ta ‘&b, Eﬁ. , : TR

1each1ng WAS extended, strangly suppnrts the View that the

alkalxne, ‘it veacts slowly with aeids.f“”’ ‘Hence . tha need

”fnr a; lnnger raaat;nn time far ;ts dlaanlutian._;

v It is interestxng to nnte that during each subsequEﬁt ao
C 1 lmaching stage, the per:entaqa weight loss of the salid ~ + - -
f_fdecreased markeﬂly frnm ane. staoe tn the ather.ﬁrg}t_f“ T

Table 14 'Rééiduai éai;d'Léacﬁxng '. R PR
Per:entage we1ght Lnﬁs..: R TR S

.{Léach. eaah i weight Lnss.ff 1“

H L R
_-_:l'atage | TiIIIeI. f PE?ﬁeﬁtagEE = e
e s _'7,33.- oy

8 ‘8.9 o

if;anéfi 1 - Gumu;atlve Lesch Time: - S
R < B Percantage Weidht Loss During Leach._“ IR
A1l leach carried nut under Slmllaf canditimna.f

~ This indicated tha* thera was & fairly subatantial

proportion af the concentrate that was imsoluble under.
these leaching conditions. This can be related o a large:-
amount of unreactsble silicate presaent within. the s
concentrate, together with a portion of nanwsnluble metal.
oxides which were formed during the pretreatment nf the .
cnncentrate. That is, the roasting. stage.

Hnwevar, even g6 the ex:ellent extra:tlun nf plat1num,l L
palladium and rhodium indicated that there was no L
detrimerital effect caused by the roasting of the g_h_--;'
concentrate. In fact, as stated previsusly thE'_ﬁ' S C
pretreatment of the concentrate had a definite. advantage .
toward imprnv;ng the Extra:tiqns of the platlnum grnup
metals.-;.- _ _ _ R

<90 -



A typieal distribution of the extracted metals within the
o leashrand wakh snlut;uns aftar Ieaching af the cancantrate o
._C{tand wash;ng af fhe reﬂldual d-matErial are Bhamn N

' Per:entaqe Distribut:nn :
Pd Rh l Fa i Ni Y Br

"“""-.!".'?'.‘

SRR

- ”?Leach Reageﬁ£l99.?5¥89.31389 21'39 53:99 49;93,71.‘;3]f-g_=,-
0 b Apdd Wash oo 119,987 190881 9.861 9,751 9.B8110.861 . 0 L
. _lwatEr Nash 1 ! 09,51’ onbE{Ghﬁ?l .531 OQ‘EB‘ Q-‘PSI*"
t %4

Jr ——

;.;g_jwatar wasn 2 'O;lﬁﬁﬁ03¥3£ Q-3ﬁ__Q_;9{ p ;5{ p_aayififlv o

Nnta lyﬂ Percentage distr;but:an af amnunts nf
T e, .' '“”_extratted metals, oo s_;,_--
L _; ;;;{“2” _ A:ld Wash maﬁ a. Bﬂlutlﬂﬁ nf 1 1 HCI:HgB,:ua_rt

P ST It‘ir avndent that appruximatﬁly 9OA nf the extracted

AL ;1.'gf_metala, béth the platznum group and base metals, were:

T tound In- the zine :hlariﬁe!hydrnnhlnrzc acld/hitric acid
: 1each smlutxnn. }:j;; . 3 D S

-_-This waa expe:ted 51nce the hlgh chlnr;ta 1an :nntant uf
. the ‘lgach reagent provided for the dissolution and - I
omaintained solubilization of the metais, especially true";-
~ for the platinum group metals.. - LY
- The high chloride tontent ensured. that the platinum graup .
O metals wers maintained in their saluble: chlarncnmplex B
- cunflguratann in the leaching reagent-\ g]- .

':The acid wash, a 1:1 ratim HGI to Haa, :ontained o
- apprnx;mately % of the platinum group matals. This aczd _
- wash ensured that if any loss of the platinum group meteals -
-;;]ﬂﬂturred by prec;p;tat;an, they would be redissolved due . Ce
. ;Eu the applizatinn nf 8 snlutmnn cnnta:nlng free ahlnrlde o
ons. g S . : R D T T

. The water washas cantalned laas than 1% af tha tﬁtal  .Fff}j;E""
;;extracted metals._. . e _ R R




i

Bimriuie S

“ iFnr tha hase met&ls, _ SR
Cidehtical distribution pattern was. found. Again ekpladned

L complax formation. o o
.+ The, distrdbution of - the dxssalved mEtals he:ng assac*a*wdfvﬁ
Pk - the amount of chloride iong preseﬂt thereh;'allnwfng

;far chlnrncumplex farmat;an. T _ -

frffThls aystem af washing af the resldual aoliﬁ, fzrst wx h
. an acid wash followed by water wasbing had the added- B
2 benetit of enahllng maximum extra:txnns uf ths metals frumg_
o Xhe- cancentrate.: = =
U Thus, the eesdidual. ﬁalid that was tu be diﬁ"arded WESJfg
-3ngssent1a11y stripped ‘ot all-of the valuable mater1a154,=.H
”*;preaent An- tha 1nitial :nnceﬂtrate._n__, e

an;:kal, irun and :hrumium, anwalmnstg;f::'-f"

by the availability'af Chlnrxde 59"5 i“.nrder fﬂr snlubie ;: h

'fu, The washlng'prmcedura alsm ensures for env;rnnmantal L
'-jprutautinn ar the dispnaal af the sﬂlid rasidual.; BRI

,,ﬂ;-Thzs type n$ distributznn nf tHe extracteﬁ platinum, oo
. palladiumy rhndxum,'lrnn; nicksl and chromium has the_ﬁﬂ'ﬁr?'- ' '
. added advantage when tonsidering théir recovery. - 0 o0
- Bince ‘the majority of tha diganlved/extracted mataiﬁ,--'-“"'“

7 particularly the: p!atinum group metals, ooeur: inone
- eolution, that is the Jeach solution, technlques For the

recovery 6f ‘the metals: pnsslblv need nnly tn :nn:ern nne

'5;j type of qnlutian._;vfu.

- ,ﬁ PGN racavery pracass huseﬂ on the utxlzzatzun uf nnly
©one type of solution, the. tedching snlution, will™
.- defimitely ‘he much more cost 'effective than one whi:h
- eaneerns the use. nf a number nf diffarent types uf
'snlutlnns. ' . ST . R

'   §'§éL+:”:'"""'
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T Summar*y_af_&u;luﬂ_m

Plearly the use nf the zmnc chlurzde hased 1each1ng

T "reagent.was not detrimental to the axtract;nn atf- the”iJ,.;:as¢sw
Sy platinum group metals; plat;num, palladium and rhadzum: R

_3fﬁjwhen campared-to. that bf Aqua Regia leaching. '
The use of the .metal chloride based: leach reagent

iﬂvaraga'degre& nf eutractznn fur the metal chlur;de
-_based Ieach reagent were R T ,

R o - e l
'”%1_nirect;,~: J7a=a4£ i 51.034 :-ee-aox- :
e EERT A e e oy
' i qo ssx s ;9 4&5 o ao 124 y

ff;;jaaaétéai=

  pﬂresu1ted in a higher leaching temperature, hence. levelsf;’ __ L
et ‘EBxtractions of- platxnum, paiiadlum and rhndium were.y'?'g;ﬁ;a
fm:nmparahle wWith- ane- annther. R e by O

Leach f-_i Plat;num £ Palladlum +- Rhadium

--Ths uﬁe nf zinc chlnrlda:hydrnchimri: a:;d mlxture aa L
© tha zolurce of chlaride ions resulted in a high a&tivmtwaTf
- of-chleoride ions tuwards piatinum grnup metal BRI )
.:cnmplexat;nn.-a, s o
.- Provided there was. an adaquate amaunt nf nuiﬁant AR
- pressnt, dissolution of platinum,” palld*xum and rhadiumr;;;,v;;ﬁ
;fnccurred readlly and rapidly._-- : o

'fNithin the z;nc chlarade cnnCEntratinn range nf EM tn R
- &M, the chloride. ion concentration which was. required__if

. far the dissoluticn of the platinum group metals -
. *thraugh the: formation of the soluble :hlnra:amplexes,ﬁ._
.. vas not a limiting factor in the Extra:tlnn of the S
“Tf.platinum, palladzum and rhad;um. : B T AT

A
- leach was benifical for. the extraction of platmnum

”Raast;ng of. :ancentrate prlnr tn nxidat;ve chlorlde

m:agrnup metals, aspEtially platlnum. Singe i

i)RﬂaStlng rESUI‘GEd J,n ri_nmoVal D"ﬂ Sulphlde therehy

ereating a more. readxly accessible platdinum

‘complex.That iz, possible formation of PO, whlchVaQF;”- =
'w;.jdxssncaated ta the metal at temperatures greater S
- than BOOSC: - 0 S _ o o

'-g:_and/nr

_,3;;i}_The cnncentrata was a. sulphldlc mlneval Cuhcentrate“' y

" thus roasting caused Tormation. of metal orides and -

,, ;aarre5p¢nd1ng 80 release which lead to the npenlng"  .:
oot the mineral stru:ture for greater penetrat;nn mf.;j-r

'fthe Ieach reagent..-:-f




4

Iﬁ dE;TEﬁﬁE 1n the percentage wetht 1ass dur;ng
_ivthe suhsequent leaching of roasted concentraty was |
. due i ts the Formation of 1nsnluble_

_the raasting prn:eﬂure}-\f” Pl

-fawing to tha fa:t that

The lusa af wezght as raastanq tamperatura xncraased,;;":

“'was. attributed o an 1n:reased laas nf ﬁulph;gg  ,qu:;Nfﬁ~w'- 
;thrnugh Sﬂa fnrmat;nn, oo '__ R

ater;al_dur;ng

niThere wag rapad eatractxun% ﬂf platxnum, pallad;um and :7?#;ffﬁ
';rhud;um.~uhg R
PR3 4% P :BO BA; Rh Bb.ﬁ% zn 1 5 huuri.__

E ~5i1a Rmastzng of the cnncantrata prior- tu 1eaching

'fﬁﬁ_llberated the platlnum grnup mgtaia by uxzdatian..Ll;fH;“-“

;?iil?ﬂThe relatively slmw kxnetzaﬁ uf platxnum gruup

. ometal oxidation which oeour during the leacthing
0 of acsulphidic toncentrate were null;fzed by the
- ;_rnasting p?acedure. ._¢} B - _ :

 114) High concentration of the chiaride fons in tha ;f ?;f-3"

lsach solution drove the formation of the' o :
-::hlarncamplaxes nf platinum, palladxum and L o T
krhud;um.n;;.ﬁ_”“_ \ TR _ H_ﬁu_:bi__,

'The main - 1imit:ng factnr fnr the daasalutxun uf the_;'

platinum group metals was found t6 he. the accesﬁlbllity

. of the leach raagent tnwards platxnum, pallad:um and
-rhndlum.:~ ‘s . . Co 3 A

?ﬁn mxldant aan:entrat;an range af 5.48% tu R L
. B4.97% resulted in-similar degrees.of ExtraﬂtiENEtJ ;ff  ?w3:.

CiThat -isy: it was: not & limiting factaor in the =
extractions of platanum, pallaﬁmum and rhmdlum frum the

”]‘mmncentrate‘

- -pf extractions greatly increased when tne

For the dlrect leachlng n¥ the cancentrate, the dagrees

- leachlng temperature was zncreased.z 

'T Part1:u1ar1y for platlnum and palladium.:.

Pt increased from 64.4% to 80.7%

- Pd'increased. from 6B.2% to 81.2% S o |
Far-a Iaa““ temPEfature increase from 37=c tn 1oa=c._aw

: ?fi74 ; ﬁz"




__a‘ Pﬁr ‘the ruasted cnn:entrat), ‘the. degree nf Extractlnn-;f“gff__
17 was independentof the lmach temperature. This was dLe3‘{fg“-*
“D,_ta the  fact +hat*rnaat1ug nf the.. cancentrate"lead g
awidation of the minerals. Hence the depeéndsncy of the .° - -
kinetics of platinum group. metal Eulph;detnxldatlnn Qn_j.

1each temperatL:a nn langer applied. 3

Sa.4% Pd 75.0% R 82.9% for leach. temperaturs -_'LOS’-‘C LT
:t 92 0%_?& 73_54 Rh EI.EA fmr leach tﬁmperat £ :

ﬁtthrea stage leach;ng af the ,nasted cuncantrate Iead“?*:f--“'

.+ to high nverall extraﬂt;nns nf platxnum, palladium

L and rhudium. - _ R Ve e
Q'Pt 98;4% Pd 93 EA Rh ?1 &%

The u&e uf ”freah“ leach_reagent 1ﬂ5ureﬂ that thare
WaS & h;gh concentration of “fres" chidride fons.-
The tha" h:.gh hloride ion concentration drove thp
-forpation of the soluble chlnrQCumplexea nf the

o platinum graup metals._' : e
. For rhodium eutraut;un, the increase 1n the percentageﬁf S
S axtragtion as the leach time increassed was = o
U iabkyr jbuted tol fhe relatively slew Kin tz:a 1nvn1vaﬂ unf I
'";~the farmatian nf the :hinrn:umplex.; j - e L

I 1E}jH1qh ﬁhlnriﬂe ian conceutratxnn of the Ieach reagent TR
ST T rasuited AN the ma;nrlty ot the platinum graup. metara, SRR

-_;.gfapprnxzmately 90%, being present in the leach. _

s e oy seludlon. Thus: rasultxng in the advarfage af’ anly S

Lo i 7. having one-type of sclution when dealing w;th the.‘-"'

P a fg_-]'*j_ﬁT@recnvar af the platlnum graup metals.,.: o -

o IE;JThe use nf netal uhiar;de salt; ather than zxnc
. &hloride as the chlurlda ion carrier in the- lea:h ' S
.. oreagent are possibile. Provided that the metal chlnr;de L
- salt has a relatively high solubility which will L
~ result in a leach reagent which pas. a ehloride ion. =
_j_can:entratlnn in the range of 4 M to 12 M, and 1t will g
" be stable under the ;eachlng cnnd;tinns of Lo
-f';]iOSHE tn 1EO“C.,.f; PR N _ -
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