WD 03/ 023077 PCT/ AU0O2/ 01260 1 Zinc Recovery Process Field of the

I nvention The present invention relates to a process for the 5 recovery of
zi nc fronmwe ozgiom»7ore usi ng a hal i de-based | eachi ng sol ut ipam/AUDR@®126MVENt | ON
also relates to a method for renoving manganese from zinc and ot her netal
hal i de solutions, and especially zinc and/or |ead halide solutions.
Further, the invention relates to a method for 10 renpving silver and/or
mercury fromnetal halide solutions, especially zinc or cuprous chloride
solutions (eg. in a hydronetéaiprarReeavepy oREQge$dr zinc or copper
production). 15 Background to the Invention An existing process for zinc
production involves roasting o zing containing ore, followed by acid
sul phate | eaching and then eLééﬂﬁ§ﬁ¥iﬁ§Eiéﬁﬂﬁﬁﬂﬁhég zinc fromthe

| eachat e. The ro@kei pgepencessvenovtionesesatphuto 29 paseskspofdnittdt gases
whi ch st v fr m h o] n ur, X dition, if

t he orgycon?§9%§g9 S@ zﬁ% % Sm 5|%%§?|§résu$§§§ %aﬁggfver%e égaffect t he
eIectrolysﬂ@aéhdnguspﬂyt@bn2|ﬁbepnnﬁanéuonF@lSexaﬁb&ées hany weHeodres

contain S'QBEf&%%Bblﬁgaﬁbhbbﬁésgff%ém”&ﬂﬂé”ﬁﬁ@ offHerexé8i1l NGa PIOEESS i'S
constrained inits to treat zinc nlzera concent rat es cont ai ni ng

S|gnlflcanﬁoﬁﬁﬁdéﬁéseangseﬁﬁécﬁﬁﬁéﬁnééﬁclé&é g% 1fed PRrel9feachate al ong

wi th the zisagudndneanmoi-theref taet nﬁeéMt1bﬁméﬁdte%ﬁ©a@eﬁ@t1¢<&ﬂlsb§rprObI ens
in the zinc 30 electrqlytic_recovery step n the anodes as
w02 16 AGSTPHEFEn ShavERt SEROG06TEYREL By GE0R: TRRRt BARIES dovel oped a

mul ti - st agedleadbnsg pspeessliygl konedobycupkeutr chysrsdéosotheiomsovery of

copper . Conyersely, Wyaiande 2974l dhsploses arBrogess v cbhisefecovery of

zinc using hIor| eachi ng y el ectrolysis. The present
i nventors @@WQQ§§Dd|scovered that, when WO 03/023077 PCT/ AU02/ 01260

15 Background to the Invention

An existing process for zinc production involves
roasting of a zinc containing ore, followed by acid
sulphate leaching and then electrolytic recovery of zinc
from the leachate. The roasting process produces sulphur-

20 based pollutant gases which must be removed from the
roasting furnace exhaust. In addition, if the ore contains
high levels of impurities this can adversely affect the
electrolysis and purity of zinc produced. For example,
many zinc ores contain significant quantities of

25 manganese. The existing process is constrained in its
ability to treat zinc mineral concentrates containing
significant manganese, as the manganese leaches into the
leachate along with the zinc and cannot be effectively
removed. Manganese causes problems in the zinc

30 electrolytic recovery step by depositing on the anodes as
MnoO,.

In Australian Patent 669906, the present applicants
developed a multi-stage leaching process followed by
electrolysis for the recovery of copper. Conversely, US

35 4,292,147 discloses a process for the recovery of zinc
using chloride leaching followed by electrolysis.

The present inventors have also discovered that, when



2 certain conditions are maintained in a netal halide solution, manganese
does not deposit on the anode during electrolytic nmetal recovery fromthe
sol uti on,wegpeezicat |y w th solutions derived fromthe | ea®hirmgioof12sdnc
and/or 5 lead ores. This allows for the manganese to be renoved fromthe
solution by other means. Furthernore, in hydronetallurgical processes that
have a high solution halide concentratidn (eg. from200 to 300 grams per
litre NaCl and 10 to 50 grans per litre 10 _NaBr), it js desjrable to renove
del et eri ouSeThPURi EPRILL HPidrate TREMA RS obi rihi TRL BF i%Bus netal s such

ais zi ncI OéoEQDD@ﬁ,iﬂﬁaﬁ?@nﬁé@C@éés M yde P i tdestieannbele efonviedy from t he
el ectrolyte,solutiops of these processgs by .a st isep | Ust t and
precipitat?%ﬁc%gaﬁygbct%eg? uh oﬁ%r% %ST ?Rﬁwﬁé#ﬁ%%ﬁRTﬁééﬁgéga%a d mercury
are not sowishdsbyutiensvéeriysd, 1dn 37 di satloses Qfmzimﬂnﬁnﬂ/Qﬁ silver
froma . cupLoysoehLorifiesel eeLiol yoe.  Narely, COPDer o Bt alerSyeddded to the

electréiyte to reduce_cupric tons to cuprous 20 1ons followed by contact
with an anBrg@ntifatotREhangeys athaBtBEa®dr the silver. The amalgamis

formed from nercpaych&Bhdle W {h r Sthe €OPPEFqi FANCoBSced o S erably
soci ated. wi.th mercu

hot ted tal ., Th I i
separat e pPOUBCEI BROTY BLRFIAD 2o phySi CarC S8 LREHRR al?8n ST 196 Tor cury
and copper 30andrthsspes 1ttunbeNsOheanddleoupl X, gnaids nget ol ttwee cost of the
proce ) VNMQF%S’C" Ekoﬁﬁvgggﬁggﬁig%”¥§$o$$e{ieP8t89989st?m Jﬂfw?{é)scess and

cont ac h the si aring electrolyte, Increasi e conplexity
and cost obriginfAgthRecpeotrewinningSpfmaryieonstHetahgePtDMS eH1¢| r st

aspect, thgyPreppat HAVEALI PRoRESN] defafy PHOGBEEiEST chheps esaNeFya of zinc
netal froma zinc mneral _1ncluding.the s%egs of: 35 - leaching the zinc
p

mneral i nfZCoFOE GASFREPLYFRgSALUhaPRaeCSpelifES PEPABESFF o tTw or nore
di fferent bakbdese pHoalgaebmbhe ahdcpratopibetsohufegqn;up to around

15 pH 6), however, both silver and mercury are not so readily
removed.

US4,124,379 discloses the removal of silver from a
cuprous chloride electrolyte, whereby copper metal is
added to the electrolyte to reduce cupric ions to cuprous

20 ions followed by contact with an amalgam that exchanges a
metal for the silver. The amalgam is formed from mercury
metal with one of copper, zinc or iron, preferably copper
shot coated or associated with mercury metal. The amalgam
requires separate production, requiring a physical

25 association with the mercury and copper, and this is
cumbersome and complex, adding to the cost of the process.
In addition, the amalgam must then be added to the process
and contacted with the silver-bearing electrolyte,

increasing the complexity and cost of running the process.

30
Summary of the Invention
In a first aspect, the present invention provides a
process for the recovery of zinc metal from a zinc mineral
including the steps of:
35 - leaching the zinc mineral in a solution including a

halide species formed from two or more different halides,

to leach the zinc into the solution;



WO 03/ 023077 PCT/ AUO2/ 01260 3 - electrolysing the zinc-bearing solution to
yield zinc nmetal and to generate the halide species; and - returning the
el ectrol ywed3szdoat i on i ncl uding the halide species to thecCraambiomgostep. 5
The present inventors have surprisingly discovered that halide species
formed fromtwo or nore different halides have sufficiently high oxidising
potential such that zinc (and other netals such as |ead) can be directly

| eached into solution in a single stage without the need 10 for a

mul ti-stage eéachiragyepegat henz{horbexaipd esohst 1o sep agbel d re e

appl i cant” 5opust sahi 88 9ahepl: 860806ka1: d¥Pkisablyst hendal i de species i

anodically forned (ie. fhe anode) in the el ectrolysis st %Plcally
the halide §ﬁéer@énasth6rﬁé805¥05h8%§|a%%v%hO%o%%ﬁ%V%}n$o ‘hakidfian t hat

for the fogpatien 6b aneyleAsnlinyl ecéprns of inpurities in the solutlon.
ot ent 131 1 oner - TERaRYERAEC 1 D1 REROEncee i OTHEL TP LY ChB L Titb
inpuritlesthatbhamadatapaedesnfsuhediﬁanandotheanEﬁDdeﬂfQﬁemton1the

ol uti on, n - - at e bly th
sol uti gﬁgfe'r Hal kNPt i L0 efe 36PA1 AN oﬁfg?%?t?o%&ggﬁtlﬂeéfé y the

two or nore ent es are rine and preferably the
hal i de spe&has izdncy §6ﬁuQFéeﬁaWPHéléoﬁBFbxa$oiﬁéé)aFthEea%bﬁ%Ct%ﬂch as 25

Br C12-, alnaa@%@dBﬁﬁhogealﬁayoal§a hesha medsaagetheehaﬁedtheSM@@dspeCIes
have been i scovered.to gg hg OXIdISIn inc nlne %and ot her
i

m neral) £8%t Ral™ohfy S5 Pﬁg@p?Fﬁgl?Eaéﬁ?ﬁgeﬁ?ﬁe % required.
Preferablydhhelbeadhungthé hbglﬂtaatab Aastaalhahapeden806bg9@6bataIyst,

which typrcally aapabusey the geidationcele the mhoatalaby thenbalide

species. In this préef € ca s ane
as copper ,(ighi it d;él@ l@éIOpheésem thﬁ ehectirnéysie skepnt Tmm@@bllm @ t he

| eachi ng prRAEsR (B@cids RAN FbeHkal §:CARPBLiHAtdon3Botkh8last 8gRet-eachi ng).
Preferably the | eachi ng process i s conbined with
than that for the formation of many insoluble forms of

impurities in the solution. For example, typically the
halide species is formed at an oxidation potential lower
than that for manganese dioxide. This enables the
impurities to be maintained in solution, and then removed
20 from the solution, either in-line or in a separate removal
stage.
Preferably the two or more different halides are
chlorine and bromine, and preferably the halide species is
a soluble halide complex formed at the anode, such as
25 BrCl,”, although BrCl gas may also be formed and then used.
Such sgpecies have been discovered to be highly oxidising
of zinc mineral (and other minerals) so that only a
single-stage zinc leaching process is required.
Preferably the leaching of the mineral is facilitated
30 by a catalyst, which typically catalyses the oxidation of
the mineral by the halide species. In this regard,
preferably the catalyst is a metal catalyst, such as
copper, which can be present in the zinc ore or introduced
into the leaching process (eg. as particulate copper in a
35 first stage leaching).
Preferably the leaching process is combined with

other stages to enable zinc leaching in a first stage and



ot her stages to enable zinc leaching in a first stage and WD 03/ 023077
PCT/ AU02/ 01260 4 renoval of inpurities in subsequent stage(s). In this
regard, pwefoanzdlry at | east two additional stages are coepiradioroizhe

| eachi ng process; so that the process includes a first stage for zinc

| eaching, a second 5 aeration stage and a third sul phate precipitation
stage. Preferably air is introduced ithe second stage to oxidise and
precipitate any iron present in the zinc mneral. Preferably when sul phur
i's presentTPROYAE Af neFBPTififBsiBnBUPLCEURRY FRRIRES Y hi 1Ry %Rﬁﬁe to

preci p: tat ﬁeé@réw phaterapsy bt Rgeéé@nw?ll@atg{twmahswgef@ ahl‘kehfl Irst "
stage | eachin S ate, Prefera ate fromthe | eaching
process ha§°Y 8%3@ tgoF58 g% FBP?aPE%C%%%ar%? %h af%ﬁr%ﬁﬁ%ﬁﬁ? prior to
el ectrol ysisgladysgel iaat ptagenfiorgroonp bedahsng PGV sgcddd present therein

are prq{erggggt 8H0¥€Q anﬂgsﬁ'EHlkges%iﬁﬁgPé ﬁr&éf% @%%% YRt g gar bon

(typically a co Her €0 to adsor s onto the carbon.
Preferably pr|orP¥©f@¥éE1YoPy§|ssth@t¥@%%%%@elmst¢$mﬁﬁc?ﬁﬁﬁﬁﬁP3Q)%Pserles

of Ceﬁentabkealeéogﬁasg§ebmpmha§e Z2h{CirdR gusteht YPhCahdyzigkng a portion
of zinc produced_in_th Ssis process) is added,to_the | eachate to

tro
cenent ouFlﬁﬁya&opBEF%e gngw BaguiRubt her PFRPERT t iRsRF BEME T2 n t he
| eachat e (asmastesasl tsobdhedngnprheenhirad sh&gentoepaé¢1p25aﬁéeferably

prior el ect S 1 f e a assed to a
furtheiréjlronE LQ & r%gﬁg %ang?éﬁs%ﬁ?éﬁ%gaéﬂ§?ggﬁ8ﬁn&ﬁﬁ#% ?ﬁ%@tone and a
hal i de spe@tegefﬂ@ﬁphhegelé@tpéﬂyép@ suéphate.added to oxidise and

precipitate ironpagebhbh§ Qébéﬁatgr€£8ﬁ395¥ §Qabﬂ1ﬁ§' rS§@88s shage, the
| i mestone and halide species wll oxidise and preC| ate at |east a

portion of thR&Ee RRAJENBIECPPESBRFSaseRARGARRESE haFELFEE. apfief B 4BF ytQ
portion of etibetebegiiiel yaeg soldt kad playphaml yospemetaathobgmes)is
removefs and BLoges 6Ly 39" STRYE,TBIYRERS,LACES oML BrelRLabl v said
leachate over activated carbon (typically a column
thereof) to adsorb the gold and PGM’s onto the carbon.
Preferably prior to electrolysis the leachate is then
passed to a series of cementation processes in which zinc
20 dust (typically using a portion of zinc produced in the
electrolysis process) 1is added to the leachate to cement
out any copper, silver, lead and other impurities present
in the leachate (as a result of being present in the
mineral) .
25 Preferably prior to electrolysis and, if necessary,
the leachate is then passed to a further iron (and
residual metals) removal stage in which limestone and a
halide species from the electrolysis step are added to
oxidise and precipitate iron as ferric oxide. Preferably
30 in this same stage, the limestone and halide species will
oxidise and precipitate at least a portion of the
manganese present as manganese dioxide.
Preferably a portion of the electrolysed solution
(typically spent catholyte) is removed and processed to
35 remove manganese therefrom. Preferably said portion is a
bleed stream from a cathode compartment of an electrolytic

cell for the electrolysis process, the bleed stream having



bl eed stream from a cat hode conpartnent of an electrolytic cell for the

el ectrolysis process, the bleed stream having WO 03/ 023077 PCT/ AU02/ 01260

5 added tweroahzsolT nest one and the halide species froman paemad®2oepart ment
of the electrolysis process, to precipitate nanganese dioxide. In the
manganese renoval stage, preferably the pH and 5 Eh of the solution are
regulated in a nmanner that favours theSformation of the nanganese di oxi de
precipitate over the formation of a precipitate of zinc. Preferably the pH
i s regul at @addpg¢ thereher éimasaPneadadt ton belide FPaesEPNEre™® 3ai se the

sol ution pghbgeacodBakerehrabrwhheheiber b1 ga0sbsrbfssgased by the halide
species to a |l evel at or above mgéch_ 02 formation is favoured.
o]

Pref er abl yPERELIBHDBRE BRNPRRESEOMHECHUTRd is Iess than the stoichionetric
amount required fartMORafhganatéonemosaithsthge, | pssfofabhe ZhapH sand

precipitated. 15 Preferably prigr_ta Lning_th cirolyse | eachat e
P the 7 oathi 8 Brocsol tudnl pr el edulgHa L% R E AR VP S F o o
(typi cal | ythkatormawhpohofnehgamesgahasebdenxidaopedcihetateopyers passed

to a nagngﬁgugbggggygh_g%agepggcm@gggtélggegihgne is added to 20 firstly
remove any zinc (which is returned to the | eaching process) and then to

remove the magneBrBfPEIPAYnEYReBHUMT BRPWE2PPACPYi EREelngRefeRre?E, in a
second aspgghiithenpbgsent AweBtbas tprexigdesthRemebhadibarptiheor gnoval of

manganese froma 25 netal hal ide solution that i jected.to el ectrol

(o yiETa oReer 2horBohbt GG, 'nEraPRo LRECPERarsl Lne TR1ipE o
el ectrol ysispecdashodi ealleyeleetveri RhovhewbnehoMnOpof @rmat abrs whi | st

anodi cal | ¥ (LQfii-ag . 2 phalcedBpiReehes anb LA bE010heBPbRILAAERCHL Dabides at

an oxi dation otenti al r than that Tor the formation of manganese
di oxi de; - tb@@o\iglﬁgséoéﬂ‘timté‘ﬂct RECYBFurPraR1ZRE HPECHBS: NPT IP r enove
manganese thehekha®l 18B¢ off @her Bing tBeppeespssadenortion to the netal
halldelS Preferably prior to returning the electrolysed
leachate to the leaching process and, if necessary, a
portion of the catholyte (typically that in which
manganese has been removed therefrom) is passed to a
magnesium removal stage in which slaked lime is added to
20 firstly remove any zinc (which is returned to the leaching
process) and then to remove the magnesium as a magnesium
oxide precipitate.
Therefore, in a second aspect the present invention
provides a method for the removal of manganese from a
25 metal halide solution that is subjected to electrolysis to
yield one or more metals, including the steps of:
- in the electrolysis, cathodically recovering the one or
more metals whilst anodically forming a halide species
from two or more different halides at an oxidation
30 potential lower than that for the formation of manganese
dioxide;
- removing a portion of the solution and processing it to
remove manganese therefrom; and
- returning the processed portion to the metal halide
35 solution.
By forming a halide species at an oxidation potential

lower than that for the formation of manganese dioxide the



35 solution. By formng a halide species at an oxidation potential |ower
than that for the formati on of manganese di oxi de the WD 03/ 023077

PCT/ AU02/WD28023067 manganese can be mai ntai ned in sol uti onpcandioehizsot hen
enables it to be renoved therefrom typically in a separate stage.
Preferably the metal halide solutionis a |eachate 5 resulting froma

| eaching process in which a mneral coficentrate is |eached in a halide
containing solution to |each the one or nore netals |nto sol ution, nost
pr ef er abl y"angpResRaFRraebEemahaf 81 ReEM BhEC RE 5PN asPREt ERFF fR9TbI y t he

| eachat e i enh@dekoithecebectepbystisthdPest6R, asypliesllpl yheaand, after
electrolysis, is returned to the |eaching process for further |eaching of
the m ner SFPESAEENEFEPE. 1 n this regard, preferably the manganese renoval
nmet hod of the presefitrab¥gnthenmesal chatlude esdoast pant infaaleddsate | oop

m nerals | egelng . ald ehantl eSEBBhXBngESg%Sr¥np&858ﬁ a RLRLELADlY the

port|on of "sol utio Fenove rocessed to renobve nanganese
t her ef r om icongepitgede dsr dgachedminha bﬁésé@ fevpaiihegapol ebtdn nge and

el ectrol yt 1/ 8CQ¥Rr ¥nRl eceadreWheR 18t aaM Es1hetghNedote 20 that process
after manganese renoval . Preferably_the Ieac?Eﬂ OLEnlneral is facilitated

by the an@EQQ%Q§FlVOPn§&nﬁaPP&é §pé€?€§atﬁh r SFEPRbRFPETRL ur ned
with the eIectrobybeekabubetheaabaﬁgapéomesSedPtefehabéyetheolymlgr nor e

di fferept halides are Qri_ne an romyn ref La | h hal i de
speci e 8 %fpégluﬁﬂgcﬁg ngcgﬁpr a% %rngg SF ?Eg 25 bdg gﬁ% a§d BrCl2-,
although Bm@ qmﬁ;hﬁ@phaMSopm@C@§§dfO@réﬁéﬁébryleﬁehneachfngth the mnera

s faC'"t%¥%gnzhyc%n%%5%&$%% w%'%ﬂlgygbgakhy §§E§é¥§g§ythﬁeOXIdatlon of

30 the mneral by the halide species his re preferably the
catal yst i Sagsiefie caMeVpdt "ehdwdadic bpsePreRRr h1P¥eBFé§€n%S|n or

i ntroduced dgHdaudthal |8A¢Rirg ofPE0ee%Sed loop mineral leaching and
15 electrolytic recovery process.

Preferably the portion of solution that is removed
and processed to remove manganese therefrom is a bleed
stream from the closed loop mineral leaching and
electrolytic recovery process, which stream is returned to

20 that process after manganese removal.

Preferably the leaching of mineral is facilitated by
the anodically formed halide species, which is preferably
returned with the electrolyte to the leaching process.

Preferably the two or more different halides are

25 chlorine and bromine, and preferably the halide species is
a soluble halide complex formed at the anode, such as
BrCl, , although BrCl gas may also be used.

Preferably the leaching of the mineral is facilitated

by a catalyst, which typically catalyses the oxidation of

30 the mineral by the halide species. In this regard,
preferably the catalyst is a metal catalyst such as copper
which is present in or introduced into the leaching
process.

Preferably the mineral includes zinc and/or lead,

35 Dbeing the metal(s) yielded in the electrolysis step.

Preferably the manganese in said portion of solution

is separated therefrom by the incremental addition of an



Preferably the mneral includes zinc and/or |ead, 35 being the netal (s)
yielded in the electrolysis step. Preferably the nanganese in said portion
of sol utiwp mBs2m®eparated t herefrom by the i ncrenental addiPCiravvoodizan WO
03/ 023077 PCT/ AU02/ 01260 7 al kali reagent, preferably a reagent that
causes the nmanganese to precipitate as M102. The MhQ2 precipitate can
then be separated fromthe portion of s@l ution before it 1is returned to
the netal halide solution. Preferably the 5 portion of solution is a
portion of ad&eHd! yeasensm pireferhbdir 8l yspgestephatypreaffytBpent

cat hol yte. nRrRfelcal! ¥ ot Beedlikakhteeagenhol s B Qikly gikapatiace Waan the

nmetal to be_recovered also _has a tendenc rec%gltate wi,ith the addition

to
of an al kalfiPSedFeseragaheds tremc 5PEi BRFEAPBoRL: 8°¢BHICBURRTAES 24 he)
pref er abl y itsheeahdealed toeapeninettalatideéddensanuatount PkeSsrahap the

stoichipnetric . amunt, for .Mn02 faqr Lon. Pref I oX reagent
s al S0 S TS Wit ERLEEAME G Habrsk a8t Sht rar ot VERe el HEEN ot
sol uti on t eledtevdlysilsi sitepavoups ceRéyf speati eathslgtenvn02. In this regard,

preferably the hixgh seedex.reagentivahs theghaki dg specien £9fnéngaseous form
thereof) anodically forned in the electrol )éSI s step. Alternatively, the

hi gh redox &dydhe @6Fet® RPPEEFCIETEE GLSOhPBSbPoRPRECREYt EPsuch as
cal ci um hypacigridag)e Wiah ithe2@daddednt oft Aa poOkkilenrehgsaktukihen asget her

br esents | IRTIEh TRUTRLE. o Wt UG 8 PHECY cHOFAF 8P FakbRnesE™ From a
met al hal i deesggEnt iien added vilm @m amousds fl esise timnalk h2s stancheopeelkied,
| nel uding theysheR:Oing, EBOHLALLAY bherELBNY Ehnplnlheasel lifnd n a
manner that favours the“formation of a manganese diOxi de precipitate over
the formatiih dfsa gided pix dnETeRsehéhgt oNidastopn@orensralard Boe-
renovi ng t e renganagsed@iide g eciieivieat &hfilcdmebReursokuel @BrmREebar abl y
the le%S Q%Q%&%i?dlgythgg %282% ,négéferably the high redox reagent
is the halide species (or a gaseous form thereof)
anodically formed in the electrolysis step. Alternatively,
the high redox reagent can be a hypochlorite or
hypobromite salt (such as calcium hypochlorite) that is
20 added to the portion of solution together with the alkali
reagent.
Following from this, in a third aspect the present
invention provides a method for the removal of manganese
from a metal halide solution from which at least one metal
25 can be yielded, including the steps of:
- regulating the pH and Eh of the solution in a manner
that favours the formation of a manganese dioxide
precipitate over the formation of a precipitate of the at
least one metal; and
30 - removing the manganese dioxide precipitate from the
solution.
Preferably the pH is regulated by the incremental
addition of an alkali reagent to raise the solution pH to
a level at which the Eh can be increased to a level at or
35 above which MnO, formation is favoured. Preferably the
amount of alkali reagent added is less than the

stoichiometric amount required for MnO, formation, such



addition of an alkali reagent to raise the solution pHto a level at which
the Eh can be increased to a |level at or 35 above which W02 formation is
favour ed.wBregfzabl y t he amount of al kali reagent added iPETIAg®g/01d68N t he
stoichionetric anount required for M02 formation, such WD 03/ 023077

PCT/ AU02/ 01260 8 that |less of the at | east one netal is precipitated.
Preferably the pHis raised by the addi8ion of calciumcarbonate, and
preferably the Eh is raised by the addition_of a high redox_reagent as per
the first &$Féctless PﬁeF@FaBFylﬁﬁétaPnFe§§FaénéSn@?ﬁglP%t?Fﬁ@'and/or | ead.

Preferably the seohuéffieeably the phHi 1d aspeed by the adlicetlosto®am of the
second aspect.. .Preferab al sq_t.he

. I ol ution_of e.thi ct.is the
| eachat e fromthe 165 ggéﬁﬁngaﬁfloggggegekFNet cr EF‘ éé‘pgé S (ﬁﬁﬁg ?%%rth
aspect t he agidésen iofvenhiigh pedexdesagentetbogeirorheefdyengadpssol ved
si lver and/or merRGury LE9M @heMmiah chati 958593%9895 phgeeaffgopetal is

capable of formng a cenéent with the silver r mercury, the 15 nethod

i ncl udi ng tY88Sst eps of: (a) decreasing the Eh of the solution with a
reductant to a | exelfetdah ycausesopueebpi tat tas ehikheaspetal is(bheaddi ng an

ionic species to the soluytion that 20 reacts wth th ipitated tal

| mnner A SEARRG ok o TEPAGFOF Cror SHPY SEBORSY AT ACcERENt i ¢ h

t he preci @dlattedmetfaltheandifd) aspeotri ig the demehtteTlieomothati on of a

nmet al Q?ecilpé' th}i%ilgjdrg&%ga%c}i ttih%nfig__gtogsggcitoni C species results in a
SI r

cenmentation o and/ or mercury that 1s unique to the present
invention, W thd@t & feuxesd aspesr n®refsent| Anveatéenapsepadasea

amal gam  The tmRid a0 frdrRr ifrRUIdiR R3IRRE LiVRieGalant /BrOvedesry38rbal a
conbi ned silver. and nercury renoval and has np%ratll cul ar %Rgl |O%at| on in the

treat ment dtetE g3 delSs UM d&hiarsy the 1s capa

forming a cement with the silver and/or mercury, the
15 method including the steps of:

(a) decreasing the Eh of the solution with a
reductant to a level that causes precipitation of the
metal;

(b) adding an ionic species to the solution that

20 reacts with the precipitated metal in a manner that causes
the silver and/or mercury to form a cement with the
precipitated metal; and

(c) removing the cement.

The formation of a metal precipitate and the addition

25 of an ionic species results in a cementation of silver
and/or mercury that is unique to the present invention,
without the need to form and then introduce a separate
amalgam.

The method of the fourth aspect typically provides

30 for combined silver and mercury removal and has particular
application in the treatment of chloride solutions derived
from mineral ores containing both silver and mercury
(which frequently naturally occur together in many as-
mined ores).

35 A most preferred application of the method is in
relation to zinc and copper chloride solutions (such as

result from a zinc or copper ore leaching process). In



frommneral ores containing both silver and nercury (which frequently
naturally occur together in many as- mned ores). 35 A nost preferred

appl i cat iwp 0df0230he nethod is in relation to zinc and coppenr/Alkotricoe
solutions (such as result froma zinc or copper ore |eaching process). In
WO 03/ 023077 PCT/ AU02/ 01260 9 this regard, the netal is zinc and/or copper
and the halide is chlorine, and the ne¢hod is preferably inplenented when
the copper is inits cuprous form In at |east preferred forns of the

met hod, deshigblrggsicivethanuesaiet surynarandfopvedrne ¥ haRtetpe eci pi t ati on

of only a painisERk cABERYBL 1AL, CRRRCERESMERhEAEL Abre HOEEHTRT ter Eh val ues
are presented_ wth reference’to the standard Ag/ Agd emfctrode potenti al .

Pref er abl y iRéSMeRtEE WhensEhGt FBRPFE dBctBakkd ?BPB%V% HheEn can
10 be decreased b@e&éﬂr@w a&:rﬁippbﬁXtﬁatﬂéyhoaQOstﬁhb1§ sslradt yakécr eased

to aro - 150NV ty rous,,chloride cess_egl rolyte has an Eh
of aroﬁ%d ET%GHﬁy 3%8 ?ﬁ@?ve§h§n9§o h?lgre%ﬁplgagégﬁeggeﬁﬁi% 150nv an
extra 300mdiofimadi emegntooéecbppetrhespretdpneaaion of 15 silver is nade
avai | abl e. PfefeggQ%Xna%E%rEﬂh'§a9885eé?Sd?P¥s@H9é89w£9htP@feﬁéﬁé@'&9 a

reduct ant sel ect romone or nore of um ni um net al zi nc netal
metal |ic i &, SeAngares A0/ PAGdr PdectBeAshpaEEEE1BE - di PREBAFRRLY THAS nost

preferred %@ b&d%%ba@blh%1@hUﬁbndé&k€EbéH b@CBé§@wlme$ chst eef égsti ve,

readrIY bl e, auses the formation of 4 o & iLy filtered
Conent 10 Sodiey REGEERRON £2 26 A8y BeanPEEaR (BRE5 o ALRRT, Bt Hbtr case

sol uti on Emsuedfliyodaldrypasiethta tirvahddecteave i A tgbiEhlbeupgoashi eved by
sodi um bor alydi e CiRecdls EiR-end 10t of ResFndgar 825L0g,8keRY sofly USing a

non- copper Uctant  any mercury present in the silver removal is not
af fected Bpdaltheys, nghsint Bolatgen Ehoaﬁt§e§reé§9§eﬁ0 PLePBYab®) the ionic

speci es ad@%@ﬂésjd@ﬂNCOEEHQH%Mng3on&eeEbBeEh@rpQ@EHpQEaH@bﬁUBQUS or
et Curig St aitl%ser( |_1|%( made available.

Preferably, the Eh is decreased by adding to the
solution a reductant selected from one or more of:
aluminium metal, zinc metal, metallic iron, or a metal
hydride, borohydride or dithionite. The most preferred

20 reductant is aluminium metal because it is cost effective,
readily available, and causes the formation of a more
easily filtered cement.

Sodium dithionite as reductant can also be used to
decrease solution Eh, optionally with a final decrease in

25 Eh being achieved by sodium borohydride (ie. at the end of
the Eh decreasing step). By using a non-copper reductant
any mercury present in the silver removal is not affected
by alloying with larger amounts of copper.

Preferably the ionic species added is ionic mercury

30 in either or both of mercurous or mercuric states (Hg(I)
or Hg(II)). Other ionic species include ionic gold etc
which is less economical. The use of an ionic species such
as ionic mercury is preferred over the use of mercury
metal for the problems identified above in US4,124,379.

35 Typically the cemented mercury is removed from the
solution by passing an inert gas through the solution so

that at least some of the mercury is removed therefrom



or Hg(ll)). Qther ionic species include ionic gold etc which is |ess
econom cal. The use of an ionic species such as ionic nmercury is preferred
over the weasot3omercury netal for the problens identifie@#Cabaneoizo

US4, 124,379. 35 Typically the cenented mercury is renmoved fromthe

solution by passing an inert gas through the solution so that at |east
sonme of the nmercury is renoved therefrdf WO 03/ 023077 PCT/ AU02/ 01260 10
with the gas. For exanple, the inert gas can be sparged into the_solution

and typi caMifhakhengas -gadosuekasBeni thegeRers 8apl 658 dPEi ePaFRAuse of
its avail ahinltiot xh@nélollb@w&0§hh. tHpAELBLyT Q@Yﬁérfrgﬁst@?cﬁoih@t:con, t Be_
inert gas i s, typically scrubhed.to renpbve nmercury therefrom befor ei ng
recycl ed t8lFﬁ€é%8I&ﬁ 8Wpﬁ8yeaugfﬁér ﬁggPSFnOFhﬁgg ?Xaé?%?l?%gyi% ?t gas
can be scrubbedositth a cupric solution (ie. containing cupric ion) to

remove gecover edabd gELauEy Al Nershr oy CLBGEiK! denks: suen assTRLCUri C
chloride can be useg to scrub the mercury fromthe nitrogen. Carbon
di oxi de mayYRise 3y eeplubped. tPureReVRoMercuny EFBABFAFOBf PAEPEEry net al

fromthe splidg ersandee cenhasced1by ibaatbrgrikensel yséon te eause 15
addi ti onal nercggy netal to vaporise nert. gas renpval process is
e

When i
used, the X &hﬁhﬂﬁﬁFtoﬂa§a58Pi?@dscﬁﬂggﬁﬁywﬁﬁpa? FYPthls entrained in
t he gas. Aldcdnmdidnveliye. mentaiyingt aupear hen)enovedmbrenrtheveseduti on by

passi ng,th 0 j i cti . 0 a Jry nmetal is
adsorbg% on€?4ﬁ1 3g?q§%£“€bih¥?h?g 8%??%5%%t?3§8 %Ee%ﬁggéﬁgé can then be
removed fr othlidrd dectdarathed vsgdbbe Byrplsshegmersesyndrewl theon over the

activated %rt%%;eﬁ.he 8T s3elkybiomajarh Ry ae ghlpﬁ.B?Edi.s hi gh enough to
y

transform the adsor bed nercur¥ into ionic 25 nmercur o0 thereby dissolve
into the second $3THIHTOTeThicEeaFEBPKALi @& MEFRYAY] BREZLI tE&Pf th® ease of
in- line i mdlamEsmtdaan Bnénhsanclds byasieat ihg e¢haneptualibseto Eausexanple a

col um, gont Al g the et v3t 69" b -4R8 CTRhOYeds 2Rd.Loguged B
removal process is used, the increased amount of vaporised
mercury metal is thus entrained in the gas.

Alternatively, mercury metal can be removed from the
solution by passing the solution over activated carbon so

20 that mercury metal is adsorbed onto the carbon. With this
alternative, the mercury can then be removed from the
activated carbon by passing a second solution over the
activated carbon, the second solution having an Eh that is
high enough to transform the adsorbed mercury into ionic

25 mercury to thereby dissolve into the second solution.

This alternative method lends itself to ease of in-
line implementation and is fhus easier to commercialise;
for example a column containing the activated carbon can
be employed, and reduced Eh electrolyte (eg. at about -

30 150mV) can be pumped through the column in a continuous
manner. Once a limiting amount of mercury has been
adsorbed onto the carbon, an automatic switch over to pump
the second solution through the column can be employed.
Dissolved mercury can then be readily recovered from the

35 second solution. o

A typical application of the method of the fourth

aspect is with zinc and/or cuprous chloride solutions



30 150nV) can be punped through the colum in a continuous manner. Once a
limting amount of nercury has been adsorbed onto the carbon, an automatic
switch owsp oBo23omp the second sol ution through the col ueTedn2/0€260

enpl oyed. Dissolved nmercury can then be readily recovered fromthe 35
second solution. A typical application of the nethod of the fourth aspect
is with zinc and/or cuprous chloride sdlluti ons WO 03/ 023077 PCT/AU02/01260
11 occurring in hydronetallurgical-netal _recovery processes. pi cal Eh
i n hydr omeP&FPEFdREalt phyeEsssEalt FTPsFaY metieh g%%‘f%vﬁspla%e%?? r to
silver andAoty@EbémrEhreﬁnngaromstabbufgtééﬂnp%oéeﬁﬁeefu£b5£$1mg|on of the
Dr awi ngs t hst andi ng_any_ot her mﬁthln e scope
of "t he pr eSORT FRIBRECBR SBHoPEHPECCP o oF FHE/OF USHTYER TP Hbw be
descri bed, 1byah@ytoﬁléﬁmﬁple and 10 also with reference to the
acconpagying drawing in which: Figure 1 shows a schematic process flow
diagram illustrating a closed Ioop Z|nc Ieach|no and el ectrolytic
recovery process, incluBragss E AYENg £ 2 shows a
Pour bai x di agr a”NBQl’Nﬂ:HQtM:ld@hg"Qﬂy ééhéysfﬁﬁhétwﬁ5&1 rEaguwlB wmanpl ot of
silver and rcury re %P galnst ﬁess and ?uref4 IS | ot of the
renoval of “h&r 8GPYSwi i g F?BH] g 088 ePEELFEF§Ee BETﬁgoﬂ tP9gen
spargi ng. i2@eliidesn Moﬂlcabmybagdéhtrﬁbedlnbanapnonenamﬁ&eDV&n@ A
preferred % LQGEss 2 r V. nis
schena%?ca%ﬂgghggﬁgt%%xeg &Egu?8 %ﬁg gkgggbgﬂggggs§£§§§H nkgfﬁﬂ ?g process
wi || now be nadeFipuire ﬁeﬁép@ﬁcé sehemghie Er0¢ﬁ§8pfb@ﬁsélﬁﬂ§a@e5|gned to
produce hi gh 1RWErbY i%igNG JTBkel Leep ¢onel exaphxed ahActheadrsuitide

concentrat es
recovery process, including a manganese removal stage;

Figure 2 shows a Pourbaix diagram for the Mn-Cl-H20
15 system at 25°C;
Figure 3 is a plot of silver and mercury removal
against progress; and
Figure 4 is a plot of the removal of mercury with
time from a cuprous electrolyte using nitrogen sparging.
20

Modes for Carrying Out the Invention

Zinc Recovery

A preferred zinc recovery process according to the

present invention is schematically depicted in Figure 1
25 and the description of this process will now be made with
reference to Figure 1.

The process was designed to produce high purity zinc
metal from complex mixed zinc/lead sulfide concentrates
derived from zinc/lead orés: Lead and silver were

30 produced as cement by-products while gold and platinum
group metals (PGM’s), when present, were produced as
bullion.

Concentrates containing significant levels of iron
were readily treated, with all leachable iron reporting to

35 the leach residue as heamatite, while sulphide sulphur was
converted to the elemental state. High levels of

contaminants such as manganese and arsenic were also
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iron were readily treated, with all |eachable iron reporting to 35 the

| each residue as heamatite, while sul phide sul phur was converted to the

el emental state. High levels of contadnants such as manganese and arsenic
were al so WO 03/023077 PCT/ AUQ2/ 01260 12 readily accommpdated, with

arseni c r epBRELhY RECPHECHRERA. VRGP RESERIE HECRE FRFAINENt S‘esatcgbl e iron

arsenate aﬁds1daéga@esnereneﬂf@ﬂmentaasﬁpatabferfﬁmmumrssnmanganbse
di oxi de (descrlbed bel o

electrolytlln%n %%%§|¥e6% t?g fie cg%§%%££t$ ﬁroc pur y %§§§§%ron:ge

purified sédbuidehldesdeibedodelavbr oni de electrolyte During the
el ectray nni ng S'Eﬁgepré‘fg%éﬂepﬂ?@&é§5wé{‘§15ba§&§‘ec5§t@6’e'é‘lé&x’ﬁ'ﬁlcat the

anode. This species was a nmM xed halide species, such as sol uble BrCl2-
(her ei naf t épPOBifgiaR" t trh@ %EEP%% %&hhb?alflela%b%ﬁwq%%%%g

characterl§hr@§1@be§oa§uma§h1@2na§uLa@@dlﬁ@ bf@ﬂidén§D@¢f@blﬁm@C6ntrate
feed. The referrgﬁ8 %? s i ncl uded t hree 15 1 eachi ng,

purificati HIAHa hAYAGES Eh3AR | %th}gé?esﬁec%%%‘wgﬁchlng step

included agenaghEeﬁeanhsngut$baget(thacanoﬁeanﬂhMasspemb¢$mmbwmah a series

. h
SUP&eqH?QESish@?é?eéﬁ@SEQ%S) u h”&scg%ﬁﬂiéaéﬁcpzu” ?@re%b?@@& (the

hallde speci es) were eachin g I catlon consisted
of cenent af'HaAeHAd - aFRQIEpeﬁﬁéélsﬂbabiéﬁdsP@ﬁgr EleteaeM PBi ng enpl oyed a

nunber of cdhgpbragikeebkswibhhith@agpibenréQlaceat tdULHSaPr DikisHing enmoval
in dendritic formor tgge roduction of a conventional cathode plated with

zinc. 25 EFBEEFBFYELS n (El ectrow nning) Electrow nning was an integral
part of the prefeheefdrefepeedsprdtassnehaludad eheeé roabon $tems pufi fi ed

15 1leaching, purification and electrowinning, as shown in
Figure 1. The leaching step included a single leaching
stage (reactor) and was combined with a series of
subsequent stages (reactors). Zinc concentrate and an
oxidant (the halide species) were fed to the leaching

20 stage. Purification consisted of cementation and alkali
precipitation steps. Electrowinning employed a number of
diaphragm cells with the option for continuous product
removal in dendritic form or the production of a
conventional cathode plated with zinc.

25 Electrolysis of Zn (Electrowinning)

Electrowinning was an integral part of the preferred
process. Zinc metal was electrowon from purified
electrolyte, which had a composition of 100 gpl zinc, 50
gpl sodium chloride (common salt, NaCl), 50gpl calcium

30 chloride (CaCl,;) and 110 gpl sodium bromide (NaBr). All
other constituents, including ‘equilibrium’ levels of many
other elements (manganese, magnesium etc.), were regarded
as impurities.

Electrolysis involved the passage of electric current

35 at 500 A/m® of electrode area, to form high purity zinc on

the negatively charged cathode. The feed electrolyte zinc



el ectrolyte, which had a conposition of 100 gpl zinc, 50 gpl sodium
chloride (common salt, NaC ), 50gpl calcium 30 chloride (CaCl2) and 110 gpl
sodi um brwoiode230MaBr). All other constituents, includi ngPCeguiokioined um

| evel s of many other elenents (manganese, magnesiumetc.), were regarded
as inpurities. Electrolysis involved the passage of electric current 35 at
500 A/n2 of electrode area, to formhigh3purity zinc on the negatively
charged cathode. The feed electrolyte zinc WO 03/023077 PCT/ AU02/ 01260 13
concent r at iIGGREE GaY HA (vage plrettdd ¥ FemLEG6% 5199 8P, tOwRPcAPhas t he
steady st atuhicGeH itd @t Rfdyt e atel lconcEhe r@¢iidantb £( khxi veant) The spent

cat hol yte conti nygusly . errrea(tLedit‘Hro gh a 5 woven cloth nenbrane M
positioned in anﬂgﬁge@ééﬁ!%—s—éé—l—aﬁ%—( Figure 1). The cathol yte perneated
to the positivel yheclsgreged celtdoillytee coatodepusPyeperakbyedhkbrodgh(&€1-) and
brom dec( Bry r 3@1.' Iygé'- Nondid 1hence ot here ;@ pLeherential
10 formgti O“F]C)‘{) .tcﬁ‘gtﬁgﬁtlﬁi e 55%(;?@ Brl%lz,o-n ?dl—lziPlexg N I—b\A/e\(/)\g??th her hal i de
speci es werEE afiigurse e f dheedatinilytspasirasa teofsicd®redtayedychl ori ne
nol ecul e helhided A1t ARAY (ahddni de ion and was observed to be a very
powerful |ixiviant at oxi di si, paotential (Eh) . of 0Q nV (vs 15

Ag/ Agd ). The resplﬁetf%rﬁa%lrié(l &bﬂﬁéd%%ng(céo u??gn}gr‘?é’rgﬁt }g}’gt &€ om t he
anode conpasitemnit (iandolte)ioms andg debrfoer tiheard eachiangreffezientisdl fi de
concentr.at e e [ ta idlc Loncent n an ' fromthe
20 el ef:lltb r oI@cjslf%}tpirabggeés}g t\%}eer g_leafléd&t oscpa s%nrggl e sfag@%@ﬁ' ?ﬁw rl_'r st

cont i nuous|gthey rhral darfpaciag ove CSHRe itp Hegdcrmer). Thie EFER1GES

operated atyal nmSPhEid Lo L5 W@ 13 e nd 1RAY e HIHTRS AHRR 18 bhe
solution (electrolyte) of 85C. The |eaching (oxidati o%“ire% %g}on initially

proceeded 25 R¥Q n AhMASHERSETRT HP & § MSTed air))
until all halexviantdand {Brdotidti)swas mansivied. @iHgnidi QMo niw drrs

di ssol l‘.JLtSI OnAgaP]gg&( )I d ati‘k(l)en Pe];suslbgé]:rlltd%{a Ce%‘:u—rbre%drilnng tsQ) ution
(electrolyte) from the anode compartment (anolyte) was
used for the leaching of zinc sulfide concentrates.

Leaching Stage

Zinc concentrate and Halex oxidant from the
20 electrolysis process were fed to a single stage leach (the
first continuously stirred tank reactor (CSTR) in Figure
1) . The CSTR was operated at atmospheric pressure and to
impart a temperature to the solution (electrolyte) of 85°C.
The leaching (oxidation) reaction initially proceeded
25 without air sparging (aeration (or introduction of air))
until all halex oxidant (BrCl, ) was consumed. Significant
iron dissolution and oxidation of sulfide occurred in the
first CSTR. |
Second and third CSTR’s were introduced for further
30 aeration to reject iron as a ferric oxide precipitate. Any
arsenic present was oxidised in the first CSTR and
subsequently precipitated as the environmentally stable
iron arsenate.
Recycle copper cement (ie. from a subsequent Cu & Ag
35 cementation stage) was added to the first CSTR to enhance

both oxygen uptake and metal extraction. The copper helped



first CSTR. Second and third CSTR s were introduced for further 30
aeration to reject iron as a ferric oxide precipitate. Any arsenic present
was oxi diwedsizsorhe first CSTR and subsequently precipit @Ce&h@ag/otzie
environnmental ly stable iron arsenate. Recycle copper cenent (ie. froma
subsequent Cu & Ag 35 cenentation stage) was added to the first CSTR to
enhance both oxygen uptake and netal e raction. The copper hel ped WO

03/ 023077 PCT/ AU02/ 01260 14 to catal yse the oxidation of the zinc

concent r at &hyatid ysiraltinge oggicieitdon Wheliheeadhicngonasnesaprebe Fhfest one
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(reactipn) |rre a Iowfor |rru re|p| n nd sul phat e.
10 Puri fi cation drz;gedl' Iea hra)e}ES| ue%wag se ra eglgfsl%ﬁlqtﬁg Zinc-rich
pregnant sdiaitarngechyr e Igerrmna@noaln@fvv@sﬂ@@ube’toaeldl gposakesndt] ahdfill at

first soli dsjigid o%ﬁrﬁ%rtaltdno'lr?tt@lte' 1 rskStirr . 1opYABR99L d20EREM S wer e

pr esent theal were extracted (oxidised) during |Ieaching and wer e recovered
by feedi ng C%He Y gratt A8 ch ¢ s dingihess e Pﬂeé‘l}&ﬁn&ecdlrﬁﬁﬁtﬁ8ﬁél RdgM&ct i vat ed

carbon and 0 G MWW Edhengalnthra i REYis avebr oFdsebbedndTluspaatbon coul d
t hen be separately el t%(% Wt 20 an elutant to recover the gold and ot her

PGM s.%fhe zi nc- was then further purified via a series
of cementation rédet ilershnirtds iziuec wiisstsepreagend frdhi sheagiactwoebt age CSTR

facilitate aroeéq{ﬁ Lt PR AR H KR JRIBdamARRLLY diegRyed [n the

first 25 st oper at tenperature o econd
st age, excets% ]zqr}ﬁ,flddstatvvafslraﬁdcﬁ?]{léiﬂémw«@ HePaneEARionistg til®Ppuri ti es such
as cadm um (4 gad, nickel,

15 When gold or PGM’s were present they were extracted
(oxidised) during leaching and were recovered by feeding
the pregnant zinc solution through a column housing
activated carbon and onto which the gold and PGM’s were
adsorbed. This carbon could then be separately eluted with

20 an elutant to recover the gold and other PGM's

The zinc-pregnant solution was then further purified
via a series of cementation reactions with zinc dust
reagent. This was a two-stage CSTR facilitated operation,
with copper and silver predominantly removed in the first

25 stage, which operated at a temperature of 85°C. 1In the
second stage, excess zinc dust was added to remove the
remaining impurities such as cadmium, lead, nickel,
cobalt, thallium etc.

After two further solid-liquid separation stages, the

30 now relatively pure zinc laden solution had added thereto,
in a CSTR, a small amount of halex vapour‘from the
electrolytic cell anolyte, until an Eh of 700mV was
achieved. This ensured that any remaining iron was
oxidised to the ferric (Fe®*') oxidation state. A

35 subsequent addition of ground limestone to raise the pH to
4.5 precipitated most remaining impurities (eg. Bi, Fe,

In, Ge, etc.). These precipitates were removed by
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detail shortly in the following text for the subsequent

manganese removal circuit (for a spent catholyte bleed

stream) which also makes use of limestone and halex for

this purpose. It is noted that, in the bleed stream to be

20 described, typically the manganese concentration in
solution is higher than it was in the present CSTR
purification stage.

Any impurities now remaining were observed to not
contaminate zinc during electrowinning and were removed in

25 either the manganese or magnesium purification circuits.

In particular, because the halide species was formed at
the anode at an oxidation potential lower than that for
the formation of manganese oxide, this metal did not
contaminate the electrolytically recovered zinc.

30 The purified zinc solution was then electrolysed, as
described above, to produce high purity zinc and to
regenerate the halide species lixiviant for recycle to the
leach. A zinc product was washed and dried under an inert
atmosphere prior to melting in a furnace. Some zinc dust

35 produced from zinc in the furnace was used in the

cementation stages (described above).
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descri bed above, to produce high purity zinc and to regenerate the halide
species lixiviant for recycle to the |I|each. A zinc product was washed and
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stream | i.nest one and ex u ed in_th ganese CIrCUIt and with

sl aked Iln%qﬁggd ?ﬁeFWe glﬁg h Ogﬁréﬁ%tsa%ﬁfs %?%cess Was observed to

be gener al mpngppkiseabliecuiin, tlaedt weahnsihakaﬁ himerasedoheeblne at es

cont ai N 1 TRRAANGS €+ rLQlithe present zinc recovery process the nanganese
| eached into~the eacﬁate was renoved in _equal 10 proportion (ie. renoved

at least at the Féﬂé BrOress paacAPA§rVAdotPhike| seePhr b} Y tPRDI SN t s

accumul ati QR ithe theapneaessrsalidkiran. cb’ﬁcbﬁt@aﬁ@él aunt @{n26840 of -the total
solution flow throughgtgﬁﬁelectrolytlc cel was _drawn off as a bl eed
p

15 st ream BSUEAGM Ehe E§Fﬁ8p§téln?thch?EﬁnPﬁﬁge??eﬁ?%d with Hal ex
vapour andnbm@aab@@e1bacpedcuptbathetheachangaweseramonadganee@udlOX|de
Mh02. The L-RLesYLe x .ab h t t observed to
be terrp(gra %% ggegldzlr%t % 5‘Ha7lﬁ§ vg g\érgSE gt kgél Héké Y\ggnm sted of
Brd gas. iW@CMEm@an@§@ ﬁbﬁoﬁéﬁcbﬁé@és§0|§I§N§ﬁtcaFEyaéébméiéﬁlobe¥@m/|n
equations (£} %ﬁ: s Waere itkhe Halex vapour was assuned to be Brd. 25
Mh2+ + 2H20 ¢ 02 + 4H+ + 2e- (1) Brd 2e- g Br- (gi 2H20 +
M2+ + Brd 4 Vh&P Fopgp. m@xepum+o£H;O(3Pf the total solutlon ow

through the electrolytic cell EC was drawn off as a bleed

15 stream BS from the spent catholyte. This stream was
treated with Halex vapour and limestone to precipitate the
manganese as manganese dioxide MnO,.

The vapour pressure of Halex above the electrolyte
was observed to be temperature dependent, and the vapour

20 itself likely consisted of BrCl gas.

The manganese removal process is chemically depicted
below in equations (1) to (3), where the Halex vapour was

assumed to be BrCl.

25 Mn®* + 2H,0 & MnO, + 4H" + 2e° (1)
BrCl + 2e & Br -~ + C1° (2)
2H,0 + Mn?* + BrCl = MnO, + Br  + Cl° + 4H' (3)
2H,0 + Mn?* + BrCl = MnO, + Br + Cl1° + 4H' (3)

30 2CaCo0; + 4H* = 2Ca?* + 2C0, + 2H,0 (4)

Mn?* + 2CaCO; + BrCl=>» MnO, + 2Ca®*' + Br™ + Cl™ + 2C0, (5)

The electrolyte composition in the spent catholyte

was approximately 50gpl NaCl, 110gpl NaBr, 50gpl CaCl,, and

35 50gpl Zn?'. However, the manganese removal process was also
able to be performed on the process electrolyte prior to

electrolysis. When using a bleed stream from the spent



2H20 + WMh2+ + Brd 4 WMn02 + Br- + - + 4H+ (3) 30 2CaCO3 + 4H+ 4 2Ca2+ +
2C2 + 2H20 (4) M2+ + 2CaC3B + Brd 4 Mh02 + 2Ca2+ + Br- + - + 202 (5)
The el ectwologizsoconposition in the spent cathol yte was appcoiuvanelsy 50gpl
NaCl, 110gpl NaBr, 50gpl Cad 2, and 35 50gpl Zn2+. However, the manganese
removal process was also able to be perfornmed on the process electrol yte
prior to electrolysis. Wen using a blleed stream fromthe spent WO

03/ 023077 PCT/ AU02/ 01260 17 catholyte of the zinc el ectrow nning cell, the
manganese CREVELYER 96l GhpoRlBEpBhBEEr OWIERENGUERET ¢ yERR IBFRIRISTHD

sol uti on andvkheisi ze1Qtibhedbperdedt baaPhgohignt Oc Ml edei@¥aintd The

present inventors demgnstrated that nganese was__conpl etely renoved from
t he bl eed EPEEgﬁPESagénShﬁeEézed? xFdg8 %@e? esaﬁﬁ?‘{‘i%%P%? 218k vapour
t hereto. Themowkeéctrol yt e-vapour reaction was di scovered to be extrenely

rapid ig the presgncs, af.i0Ck gUBALBLLYaaHded: SIBLY A duptiddiase Qfa

| i mest one. The mangaﬁese preciprtati on as manganese di oxide IS predsl cted
by the PoufpaEPtedrayr armeHednfranFrgar bloedastrean de BRRIENPRMganese does

not preci pytiaikedat bhedheabdqredsyx get galerl vapbit eheverdH 7Tad. At high
redox 15 potential, 600-800nV vs Ag/ AgCl (300- 1000 VS SHE%faand D 3.2,
however, t FfeSTnganESeVaRPEr e PRETRA0YAEt AbFFPYGEET ehf o ati ¥aihhl e to

be precipi rapad asn Whe2prAsemakl ofimdnatenénzabtywaddad sempikci pitat ed
durin ot hgag%%gt%qg%eonfeﬂ%glstoggy\ever, the present inventors 20

denonstr at I"ésszinc was precipitated at | ower aqueous zinc |levels
(eg 25gpl Zn2+ i Abeendngfngggpprea2pjtation ahemandenesardi oncdaass

i ncrement alh v added iy Rl bou2BRYR 8ihGrARI Bhall anPHighraroungds3. 2 (as
opposed to~ precipitafting the manganese™in the presence of a 25

st 0i chi ometAc bEx 8688 oMANPRBEEENEPESTRAS, PEFCHBEhgte 2heRtutEthol yte

cont ai ni ng r2Q0@H pofetianduhbdpl abbze, pw vhst hatshoghaddébkon of | i nmestone,

only 7, 8% of ;118 1Z1C ¢lofd -3BLHY 98 W8FaSR1P (E6LRLHBbEY Y5 Bur) and p
3.2, however, the manganese entered the MnO, stability
region and was able to be precipitated as MnO,.

A small amount of zinc was also precipitated during
the manganese removal. However, the present inventors

20 demonstrated that less zinc was precipitated at lower
aqueous zinc levels (eg 25gpl zZn®*' instead of 50gpl Zn?'),
or when the limestone was incrementally added in small
amounts to maintain a pH of around 3.2 (as opposed to
precipitating the manganese in the presence of a

25 stoichiometric excess of limestone).

Thus, by using a spent catholyte containing 50gpl
Zn®** and 15gpl Mn®' with the slow addition of limestone,
only 7.8% of the zinc in solution was co-precipitated with
the manganese. For an 8% catholyte bleed stream, this

30 equated to the loss of less than 0.7% of the total zinc
production to the bleed stream precipitate.

Examples of successful manganese removal experiments
are shown below. As can be seen, complete removal of the
manganese was effected in the first two experiments, while

35 complete removal was not attempted in the third
experiment. It should be noted that the intermediate zinc

assays in solution were only an approximate guide, as the
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Non-limiting examples of manganese removal processes

will now be described.

Example 1
An electrolyte comprising 200gpl NaCl, 150 gpl NaBr,

30 gpl Ca®?*, 25 gpl zZn** and 5gpl Mn®' was prepared as a
typical bleed stream from a lead/zinc recovery process.

25gpl CaCO; was added to the electrolyte in a reaction

vessel at the commencement of the removal process. Ca(0Cl).

was added directly to the electrolyte to oxidise the
solution. The temperature of the solution was maintained
at a typical process electrolyte temperature of 60°C to
65°C. The results are shown in Table 1 below.
Example 2

An electrolyte comprising 50gpl NaCl, 110gpl NaBr,
50gpl CaCl,, 50gpl Zn®** and 15gpl Mn®* was prepared as a
typical bleed stream from a lead/zinc recovery process.
85gpl CaCO; was added to the electrolyte in a reaction
vessel at the commencement of the removal process. Halex
vapours were generated externally and pumped into the
reaction vessel. The temperature of the solution was
maintained at a typical process electrolyte temperature of
60°C to 65°C. The results are shown in Table 2 below.



An el ectrolyte conprising 50gpl NaC, 110gpl NaBr, 30 50gpl CaCl2, 50gpl
Zn2+ and 15gpl M2+ was prepared as a typical bleed streamfroma

| ead/ zi ncwoasO23®ry process. 85gpl CaCO3 was added to thePperaateoizve in a
reaction vessel at the commencenent of the renpval process. Hal ex vapours
were generated externally and punped |9nto the 35 reaction vessel. The
tenperature of the solution was maintained at a typical process

el ectrol Efxg ﬁgggrature of 60C to 65C. The results are shown in Table 2
bel ow. 77 PCT/ AU02/ 01260 19 Exanple 3 An electrolyte conprising
50gpl NaCl, 110gpl MNaBelesbygplyCaCiomrsdgpha Zn2gphdadbgptl Ml was

prepar ed \@3% asfo}_{;B'lC@BcQ%eeﬂo 1 eai+f pam §Sb?§dﬂdﬁpﬂ%arse%ﬁ%ﬁé¥eﬁr agess. 5
CaCO8 was added to the efectr te in i on vessel smal | doses
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preci pi t ategref lg@meaaamﬁl exzewatslllardded pomped Hintpetbe dem:heqoal i sed wat er

In a reacid{ V%%e|temg%§%u‘£@5 ogdded. sg'ﬂﬁtl‘é}ﬁ%&% ﬁ\é?n%@%‘@d' Qetable 4

15 bel ow. Exanpl e 10 precipitate from Exanpl e were added to 1.0
litre of adéYPicral PYegeRst SLechrelyEscEFBROVESEER. Oﬁlaﬁ@fzc tapbarfs- were

genef at edrextreysmaldsy aged spimedn Thdlthe B@i1bgacti on vessel . H2SO4 was

added. Tge regults are shown in Table 5 below Table 1: Results from

Experi ne } pH Eh Mass Zn Mh (min) (nv Ca (OCl) 2 Abs % Abs % vs
Added Renpved Renvgedf AjeAgenpapngpelPrécipd8ate [008 B¥Xa®@PYe0% was

added to 1.0 litre of demineralised water in a reaction
vessel. H,S0, was added. The results are shown in table 4
15 below.
Example 5
10.0g of precipitate from Example 3 were added to 1.0
litre of demineralised water in a reaction vessel. Halex
vapours were generated externally and pumped into the
20 reaction vessel. H,S50, was added. The results are shown in
Table 5 below.

Table 1: Results from Experiment 1

Time pH Eh Mass Zn Mn
(min) (mv Ca(0Cl). | Abs % Abs %
vs Added Removed Removed
Ag/Agcl) | (g)
10 4.7 480 0 1018 0% 297 0%
25 4.5 470 2.2 1018 0% 283 5%
40 4.4 520 4.1 1015 0% 265 11%
55 4.4 570 6.2 1016 0% 257 13%
70 4.3 550 7.9 1011 1% 227 24%
85 4.3 570 10.1 1010 1% 206 31%
110 4.3 560 12.2 1010 1% 186 37%
120 4.1 610 16.4 1009 1% 147 51%
135 3.9 660 25.9 1013 0% 73 75%
160 3.8 690 32.3 996 2% 16 95%
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Time pH Eh 3235 HC1l Zn in Solution Mn in Solution
(min) in (mV vs Added to (AAS Abs) (AAS Abs.)
Reacto | Ag/AgCl) | Reactor Abs % Abs %
r (ml) . Removed Removed
0 2.0 470 0 361 0% 821 0%
30 4.6 390 3 339 6% 791 4%
60 4.4 500 10 340 6% 726 12%
110 4.3 520 20 331 8% 661 19%
170 4.3 550 36 311 14% 460 44%
210 4.2 540 46 305 16% 336 59%
255 4.3 560 62 306 15% 173 79%
280 3.7 750 72 290 20% 66 92%
310 3.6 790 72 286 21% 5 99%
1320 4.4 770 72 291 19% ND 100%
Mass Zn Content

Residue 53.6g 16.5%
Zinc Loss as Percentage of Total [1.5%
Production
Table 3: Results from Experiment 3
Time |pH Eh HC1 CaCoO; Zn in Mn in

Added to | Added to Solution Solution

Halex Reaction (AAS Abs) (AAS Abs.)
(min (mV) | Tank Tank (ppm | % | (ppm | % Rem-
) (ml) (g) ) Rem- ) oved

oved

0 1.0 520 0 0.0 51.1 0% 16.3 0%
25 3.8 600 6 1.3 52.0 -2% 15.9 | 2%
45 3.2 710 12 1.3 50.4 1% 16.0 2%
55 2.9 750 15 1.3 51.9 -2% 16.4 -1%
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I
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Mass Zn Content
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Table 4: Results from Experiment 4
Time |pH Eh 9.8% Zn in Zn Mn in Mn
{(min (mV vs H,S0, Solutio | Dissolv | Solutio | Dissol
) Ag/AgCl | Added n (ppm) | ed n (ppm) |ved (%
) (ml) (% of of
Start) Start)
0 3.5 390 0 - - - -
15 6.6 230 1 <10 <0.6% <10 <0.4%
20 6.0 280 3 <10 <0.6% <10 <0.4%
30 5.7 390 6 <10 <0.6% <10 <0.4%
35 5.4 440 9 41 2.5% <10 <0.4%
45 5.1 450 15 97 5.9% 13 0.5%
60 4.3 530 21 228 14% 51 1.8%
70 3.5 630 27 529 32% 214 7.7%
80 2.9 710 33 808 49% 410 15%
180 2.1 830 40 1020 62% 562 20%
Mass Zn Zn
(%) Dissolv
ed




Mass Zn Zn (% Dissolv ed WO 03/023077 PCT/ AU02/ 01260 22 Residue 4. Qg
7.9% 82% Adjusted Zinc Loss as Percentage of 0.26% Total Production 5
Tabl e 5: Weswloesn7from Experinent 5 Tine pH Eh 9.8% Zn in ZeTMun2znidda (mn
(mvV vs H2SO4 Sol utio Dissolv Soluti Dissolv Ag/AgC Added n (ppm) ed on ed
(% (M) (%of (ppm of Start) Start) 0 5.0 295 0 336 - 55.2 - 15 3.4 810
4.0 578 <0.6% 77.7 <0.4% 25 2.9 860 220 607 <0.6% 80.4 <0.4% 35 2.3 900

/o 1 (eXo] 2 fal A0/ |
6. 0 646 <6-6%88—+<64%—45-1-9-916—316-6-6962 5% 883G <64% 5516990

15.0 587 FeDiodwd. 0 0.5% 60 1.4-®20 25709460 1488%5.7 1.8% 75 1.4 920 45.0
208 32% Wi hskedboind FBsdl As Dpeididntagdiasdue 4. 19, Fo4% §3%
Adj ust ed ZI%C Loss as Percentage of Total 0.710% Production Manganese wds
thus competadly PERAWGE3PBm the hleed stream as mangahese diodide by the
addi tion of Halex 10 vapour. The el ectrol yte-vapour reaction was di scovered
to be extrenely rapid in the presence of small quantities of |inestone. A
smal | anmount of zinc was al so precipitated during the manganese renoval .
However, less zinc was precipitated 15 at |ower aqueous zinc |levels (eg
25gpl Zn2 instead of WD 03/023077 PCT/ AU02/ 01260

5
Table 5: Results from Experiment 5
Time |pH Eh 9.8% Zn in Zn Mn in Mn
(min (mV vs H,S0, Solutio | Dissolv | Soluti | Dissolv
) Ag/AgCl | Added n (ppm) | ed on ed (%
) (ml) (% of (ppm) of

Start) Start)
0 5.0 295 0 336 - 55.2 -
15 3.4 810 4 578 <0.6% 77.7 <0.4%
25 2.9 860 4.0 607 <0.6% 80.4 <0.4%
35 2.3 900 6.0 646 <0.6% 88.7 <0.4%
45 1.9 910 10.0 696 2.5% 88.3 <0.4%
55 1.6 900 15.0 587 5.9% 91.0 0.5%
60 1.4 920 25.0 460 14% 95.7 1.8%
75 1.4 920 25.0 508 32% 109 7.7%

Mass Zn Zn
(%) Dissolv

ed
Residue 4.1g 3.6% 83%
Adjusted Zinc Loss as Percentage of Total 0.10%
Production

Manganese was thus completely removed from the bleed
stream as manganese dioxide by the addition of Halex
10 wvapour. The electrolyte-vapour reaction was discovered to
be extremely rapid in the presence of small quantities of
limestone.
A small amount of zinc was also precipitated during
the manganese removal. However, less zinc was precipitated

15 at lower aqueous zinc levels (eg 25gpl Zn®' instead of



23 50gpl Znz+), or when the linestone was added increnentally in small
anpunts to maintain a pH of around 3.2 (as opposed to precipitating the
manganesewpn3nte®7pr esence of a stoichionetric excess of PCregioNEr0 5
Thus, by using a spent cathol yte contai ning 50gpl Zn2+ and 15gpl M2+,
with the slow addition of |inmestone, only 8.4%of the zinc in solution was
co-precipitated with the nmanganese. F&@3 an 8% catholyte bleed stream this
equated to the | osg of less than 0.7%of the total zinc 10 production to
the bl eed SPBRAMZPT Boi it athen |the HéMPRGRBSI WRsr 8R0S 1proedsatadbynt

cathol yte ifrematiheafengaBese meiBvalinpsopessthadouhd a.se(aes of CSTR s,
sl aked (or caustidc%: i e added thergﬁo to cause the ﬁreci thaéi onfi n the
first two CBPRS§9FO,PRECIPATELIET,FAE NRBITHERC r dPuFHBAPT B THe" 1 @achi ng
process, tygpistaliichioaettrie kexnestoné addettonestage (as shown in Figure 1).

Then, in two fur 1N . mr d.Lj : o t he
preci pi ?ati on of %ﬂgéhgylﬁgéx d_g %gﬁt@hg%{é@ly\%ée_ggﬁteg%ﬁgn%w up of
magnesi um iZn°t rngridals MIThj wixd tdeowdionws peslivderomity liggsirag .

interm ttepfhy, ghagavsetdt slike ganspalitYohows: LevpkecobitmEEgSHUFRI N the
zinc mneral. The treated spent cat hog%lie waﬁ thcein returned to the
| eachi ng prroCeS@NIgRsSEal FPrt 8™t e FRFEPLYESCRI BEFRAM25 Hh& economi cs

of the prefeefuae@ddzitac thecQvesy ofif aeessthan whi7geholHaktker wasaansincal |y

f ormed re_noted.be sit S i_fi Far nee te producer, the | oss
of O. G%f P ﬁlé:%ﬁroéldégt ?’gﬁa :%g%gdr %Eﬁﬁ?}mogr%?rﬁég?%gfemval (especially of
manganese) repredentde magngsitinczrmol6li pproeeaentrentr cpEhotyaet snel ter

losses, whehe, apRy el 4%Rlatihereeatai Rad, ziAcwasrdedusked before
cal cul ating the payabl € netal content. However, where higher zinc

recoveri es G5TR'Ife FG&ess (W8 &2y&SirabllémesREe o NERELS RE BRBEFDI t at ed
from sol ut i Wridtildie dmrganesehds fuastr eaovesas’ By ofezshurr yhig the bl eed
ves abPe. s PR e SHER SoproR narery ndodrestest rpyoally o
at the limestone addition stage (as shown in Figure 1).
Then, in two further CSTR’s more slaked lime was added to
cause the precipitation of magnesium oxide and thereby
prevent the build up of magnesium in the process. This
20 removal step was only required intermittently, because of
the generally lower levels of magnesium in the zinc
mineral. The treated spent catholyte was then returned to
the leaching process, typically to the first leaching
CSTR.
25 The economics of the preferred zinc recovery process
in which Halex was anodically formed were noted be site
specific. For a concentrate producer, the loss of 0.6% of
zinc production as a result of impurity removal
(especially of manganese) represented a significant
30 improvement over prior art smelter losses, where
approximately 4% of the contained zinc was deducted before
calculating the payable metal content. However, where
higher zinc recoveries in the process were desirable, some
of the zinc precipitated from solution with the manganese
35 was recovered by re-slurrying the bleed stream precipitate
in water and acidifying with sulfuric acid. The zinc was

able to be redissolved with approximately 90% selectivity.



WO 03/ 023077 PCT/ AU0O2/ 01260 24 Allowi ng for the higher bleed streamratio
required to account for the partial redissolution of the manganese, the
zi nc | osswaioBl2zohe bl eed stream precipitate was reduced POCTAWAW IOt ot al
zinc production. 5 An inportant feature of the preferred process was that

all inpurities including manganese, nercury and arsenic were either
recovered as sal eabl e by-products or st%bilised for disposal to tailings.
Anot her equal ly  inportant feature s that heat was rovld the 10
exot her mi c AeQURTLeAOE bhe. hiAPeT Pﬁgﬁﬁeﬁtﬁﬁﬁﬁ fRklog ﬁ???Bﬁ alr to the

| each, evapecated fetrethangatrbenebyedissolatned bbetmatman@ama@@e at
neutral such, there I i fluent Si.ly cury Renopva
15 Pr efer'rA\es’ R ngﬁtssw\gf% P‘v bﬂ% me%’%ﬁ‘r“ prSﬁ%@éﬁét% WMfJé now be
descrlbed\Ma@@Cﬁdf@ne@cé/t@fatoupﬂo@snchpcpddetibeachate but it should be
appr eci at ed tats hher L ANENEd M £k haydisat ML PRI JlaClilarl de

sol utions (|nclud|ng zinc chloride). 20 In e eI ctrol tlc producti on of
copper, th@-tyﬁmﬁﬂr1EHesoﬂn§1@GﬁP6u§a§6PH?FSm mﬁrééﬁYaEP wrtRehnefal lic
copper Wwas we@les efi\ed rt Qelaeve&eunas+é5@wbaeeby gbAgea; oSur prisingly, it
was found pﬁfi)gje to che .cal l%ld crg ﬁ .the E ?ious sol ution
to -150mVv (CAGFA d?ﬁqmﬂﬂ¥ TSPREP L 25 p PR PP i HOBPeﬁe?gF? Ycopper. This
al | oned anJﬁ%ﬁ:ﬁtaIGOGmaaumredma$|ngatoheetfwastpeopndedpbyathen of silver.
In addjgio ven il ve rcur mati on was not
greatlyéregﬁ%%gﬁ% (igﬁéﬁ %%ﬁfﬁEBE &hqg goxgﬁggsg?g%d£§%

co- preC|p|ﬁ§@§§NQH1Qﬁu?K¥)Q9 W@érﬂﬁéﬂ@urFV§@§F§§ﬁﬁbH?tﬁﬁeaéﬁnﬁh@r@byCu in
the amal gama itRSindéE) B eRsebuadnice be hedlrafi .the aueHNt charéhe

resi due of prior art roce thereby maki ng recovery of silver and
mercury nu E%Fﬁbggﬁq ﬁQMQﬁ?%W%E the renoval of silver, it was found 35

possi bl e t @irleraw & MacesyRemeivadry fromthe cuprous solution by sparging
with nigrogen. ‘ﬁ&é?féﬁ%@éyéﬁ%bdﬁﬁénts of silver and mercury removal

will now be described with reference to a cuprous chloride

leachate, but it should be appreciated that the invention
can be used with other metal chloride solutions (including
zinc chloride).

20 In the electrolytic production of copper, the typical Eh
of a cuprous solution in contact with metallic copper was
observed to be around +150mV (ref. Ag/AgCl). Surprisingly,
it was found possible to chemically decrease the Eh of the
cuprous solution to -150mV (Ag/AgCl) with minimal

25 precipitation of metallic copper. This allowed an extra
300mV of driving force for the precipitation of silver.

In addition, the effectiveness of silver-mercury amalgam
formation was not greatly reduced by alloying with Cu.
Some Cu was observed to co-precipitate with the

30 silver/mercury amalgam but the amount of Cu in the amalgam
(residue) was observed to be 1/20 of the amount in the
residue of prior art processes, thereby making recovery of
silver and mercury much simpler.

Following the removal of silver, it was found

35 possible to remove traces of mercury from the cuprous

solution by sparging with nitrogen. After sparging, the

nitrogen was scrubbed with, for example, a cupric solution



nitrogen was scrubbed with, for exanple, a cupric solution WO 03/023077
PCT/ AU02/ 01260 25 to renove the entrained nercury therefrom The nitrogen
was t hen weagotmwd’to the solution for further nercury remeTaU02/01260
Silver/ Mercury Renoval Exanples 5 Exanple 6 An inproved process for the
renoval of silver and nercury fromchloride solutions was devel oped using
an inproved reductant, nanely, alum nidmnetal, which was observed to be
a cheap and readily avail able reductant 10 over those described bel ow and
over zinc FSSESFOVRetdl ientraiged PRTEHEYt FRrefheMuseTBE BFLRAPAPEM net al
caused t he wafsormin e Bic1a S pengeel skeutapperopr €airphkat Reroueppper
chloride sol uti ons whi ch, after subsequent cenentation of 15 silver and/or
nercury, was €asier to filter than that arising fromother reductants.
Further theidven/Marmurgs Reamtviedi Bedmpdeshi s preci pi t at e whereas zi nc dust
was not g %ﬁcum nium coul d thus be renoved fromthe solution wth
the cenent. c iron devel oped a skin of copper 20 and its core did
not react, thus AEndERnRYSd PressssefpectingerggoyateaficEahver| anghe

i mproved prRGRSS GrddeHigmwl ofl usiibver ward deRRneper hLeeaychhori de
solutions, netall'ic alym niumwas .added in srmall anpunt Eg{gg ggé 0.3 grans
e

per litre ofMIVELAFBISHI t SAN5d Yal & 8 TE&GsinY ase in the
sol uti on ElbHaerdsD to bd Z0rhears ahgl AgEldli ]l yardaifeeltepireduicoanof hi gh
surface.area ¢ er.. Thi QRRET d._to b relagi .coarse
sponge‘-iloi keoq’eplgg’(%}opsl éiges.scflt Was],D \ﬂ?é'hlagll&rs(;%é’\cé?i vzé?lv(\:/i t%#%tthg)gag%\égﬂrré?cury 30
ions, and capabl e of forming an amalgamwith a chenical conposition in

whi ch there was aRpulqdhia%rsi IR useORFeh 1 WA LAY rkkam 2a%sER £8e50% with
t he bal ance nmercury. The amal gam_formed through al um ni um addi ti on was

al so of a NoYEord Qlerft SRAPIforld K SARRPT PHSSRIHEE LS5 1FaFPPERE si ze.
This represeilieeh d dSTRIOMRIE MhIAEI 4fted subsequent cementation of

15 silver and/or mercury, was easier to filter than that

arising from other reductants. Further the aluminium was
entrained in this precipitate whereas zinc dust was not,
and the aluminium could thus be removed from the solution
with the cement. Metallic iron developed a skin of copper

20 and its core did not react, thus rendering it less
effective as a reductant.

In the improved process for the removal of silver and
mercury from chloride solutions, metallic aluminium was
added in small amounts (0.05 - 0.3 grams per litre of

25 electrolyte) to the electrolyte, causing a decrease in the
solution Eh to -120 to -150mV (vs Ag/AgCl), and
precipitation of high surface area copper. This copper was
observed to be a relatively coarse sponge-like
precipitate. It was highly reactive with the added mercury

30 ions, and capable of forming an amalgam with a chemical
composition in which there was about 7.5% silver, copper
varying from 10% up to 50%, with the balance mercury.

The amalgam formed through aluminium addition was
also of a more consistent and more readily filterable

35 particle size. This represented an improvement over prior
art processes for the separation of the solid and liquid

phases.



art processes for the separation of the solid and liquid phases. W

03/ 023077 PCT/ AU02/ 01260 26 The nercury levels in the solution exiting
this stepwowenz3037 m | ar to those descri bed for Exanpl e 8, pamctiobe1268ane
mercury renoval steps were used (nitrogen sparging or adsorption onto
activated carbon) as descri bed bel ow. 5 The inproved process was tested at
the bench scale before being proven o a 48-hour operation at the pil ot
scal e at a continyous process so;utlon %Io ate of 201/ hr. The €I|Ot
plant was oper at &t RFSGYRYT 66VC26 IRt FBS fiPt1byeR- SPAriRd tahksStSRth

al um ni um fweire adéead airn tbhagkote aeatrabddsfag Eatepdé 8, 0&nflotle 15 grans

per litre f <& t y lto Lh a o] r . cur ous
and nercur%c nlk%%i&%%ég%ggvgé Fg &éfe ngf Qﬂggggé # ¥p§?$hn?ﬂg£5|lver
feed (1. Sgﬁﬁﬁprpth@neb@@pr@byﬁ@atedeaa@bocbnaaudeaceeh@énbeh@Wons of 75 gp

CQu', 289 gpl 15 h%h%%%%aggko%gg Abs3BCst EhOHE et Be SHOMEN t Hiea By Er age
sil ver, nercury and Eh'results for the 48 hours of  operation. Figure 3:

Profile ofbﬁIqﬁﬁ'QQéﬁ@véFCWe?aﬁW§rL?q6§rh@Bﬁp@EPFPBHOPnaélFU%rPF%ﬁBvaI
Pi |l ot Pl antsdail@uert GO&ﬁQ&hbm@ﬂsl@erb%%rsBQHE!ah Pibat rRtanbt (10- May- 00)

(1000001752008 0 Seat B treae i sl abr el DL, o
0 mc nitrogen- sparged tanks, with aluminium foil added in tank
10 1 at a dosing rate of 0.05 to 0.15 grams per litre of
electrolyte (1 to 3 g/hr), and ionic mercury (eq.
mercurous and mercuric nitrate) added at tank 1 at a 3:1
mass ratio with the silver feed (1.5g/hr). The electrolyte
treated contained concentrations of 75 gpl Cu*, 280 gpl
15 NaCl and 28 gpl NaBr at 35°C. Figure 3 shows the average
gsilver, mercury and Eh results for the 48 hours of
operation.

Figure 3: Profile of Silver Removal v Tanks
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20 As can be seen, the average silver concentration in

Tanks 3 and 4 throughout the 48 hours of operation was
1.5mg/L, with a minimum concentration of 1.2mg/L. The

mercury concentration ranges observed were as shown in
Table 6.
25
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Tank 1 Tank 2 Tank 3 Tank 4 Stock 20 As can be seen, the average silver
concent r awpD®n/023077 Tanks 3 and 4 throughout the 48 hours offCopananion was
1.5nmg/L, with a mninumconcentration of 1.2ng/L. The nercury
concentration ranges observed were as shown in Table 6. 25 WD 03/ 023077
PCT/ AU02/ 01260 27 Table 6: Range of me&rcury concentratl ons across the
pilot plant 48 hour run. Tank No of Average, Rang sa ]gfg/ L) (g/L)
s 1 6 631178Pde. 634hapge0f T?QS“E%7°°n2%6ra§18na6%°§9%s e P1le% 320 277
- 388 5 Epxaapke-74Bnhblrsrananpl e the reductant was sodi um bor ohydri de

but it was observed that other reductants could also be wused such as

sodi um di t hi oni t e—anrgd—retal—hydrdes—{eg—psodiuvm-ant—caltei um hydri de,
optionally and i|nTeokbi natN@no£0 Wiverage unRa@lgfhydrl de tlo reduce the
anount of borohy@gi de us 1t ef { met hod| i nvol ved

enpl oyi ng sodi um 1gibt'hi oni ?aggsf:%ép( f}g&ﬂ?h FL%I of  Eh reduction (ie.
typically down tio a liniti$g level) with t e final Fh reduction being

performed by sodj um 15 borghydri dg3Yi®e. to pghiseve a4|:7roezj erred | ower |evel
around -150nV (Ag7AQCH))

By comtr Tot T alamnium netal as
reductant, sodiu hnrnhyrrq de cau he pr gro’lf’rmﬁg@ f tan ultra-fine
copper sponge and3 wth thke addi {i4a98 of 275 - 773
4 6 322 277 - 388

5 Example 7

In this example the reductant was sodium borohydride
but it was observed that other reductants could also be
used such as sodium dithionite and metal hydrides (eg.
sodium and calcium hydride, optionally and in combination

10 with sodium borohydride to reduce the amount of
borohydride used). A more cost effective method involved
employing sodium dithionite to perform the bulk of Eh
reduction (ie. typically down to a limiting level) with
the final Eh reduction being performed by sodium

15 Dborohydride (ie. to achieve a preferred lower level around
-150mV (Ag/AgCl)).

By contrast to the use of aluminium metal as
reductant, sodium borohydride caused the precipitation of
an ultra-fine copper sponge and, with the addition of

20 ionic mercury, the formation of an amalgam that was
difficult and expensive to filter and that was less
stable. Also, the borohydride species itself was both
expensive and unstable in water. Unless stored at high pH,
the borohydride species rapidly hydrolysed, causing

25 wastage of the expensive reagent. Similarly, the fine
amalgam formed after addition of the mercury and sodium
borohydride had to be absolutely protected from oxidation
or it rapidly redissolved, releasing silver and mercury
ions back into solution. Notwithstanding these diffulties,

30 it was also possible to use sodium borohydride as a



20 ionic nercury, the formation of an amalgamthat was difficult and
expensive to filter and that was |l ess stable. Al so, the borohydride

speci es iweaBf238@s both expensive and unstable in water. PORIAR/0sA0r ed at
hi gh pH, the borohydride species rapidly hydrol ysed, causing 25 wastage of
the expensive reagent. Simlarly, the fine amalgamforned after addition
of the nercury and sodi um borohydride<fad to be absolutely protected from
oxi dati on rapi dl redlssolveg rel easing sjlver and C i ons
back into §8@HFF%ﬂt hBPénWh%PaﬁB?n@ Thele dP ¥ f 1P ReT e%ﬁPY¥n§g% | so
possi bl e t eruHg ( BDﬂ;umébeuﬁhydroﬂemescarﬂm)ﬁééﬁ@@ﬂfﬂef&ﬂVAiﬁﬂﬂﬂiQ60 28

reduct ant, %Qg thtQS addltlo fg% |ggac ff&gyr% ékg&}%edor Hg(I'l),

mer cur ous or rcur|c re eCt Ve am of copper, nercury
and sil ver ragvlt dngedn thesuemoﬁg |ﬂfth@themgngmrbfa@@t%lh@&tuﬁwm@nd si |l ver
from & sokyt,pRenSi | ver Renoval 45ng of NaBH4 was added to 1.5 litres of
reduced copger el ectrolyte containing 22 ppmof silver, causing the Eh of
the sol uti m +120nV to -135nV 10 (Ag/ AgCl). 65ng of nmercury as
nmercuric nitratesvms addrdpH! vddhadleerttoly be landesavsedetineetevel of

silver in the sol tign &g drog Eron122p£g1to 4, fp n. 40 _m nut es.

Anot her 65ﬁﬁp8Frn§E88 Yo abaBa a8 Her etrFR™n g%e and SWEh% 20

m nut es t hehkee®bl obf tbel selubadndtopgedpt broppri2dBVThe preenpitated sol ids
were fJ étefig,/ gelsi“ °d=aado }%ercﬁ /yngstaefeai%nnztéa(e@dq £ aq 40

contents of vary ance nercury.
The proces&onk er6%65F§81M§?n@n§oP§Hﬁ?@|Fh?oﬁ?Y@ltﬁf athyevelEnthevel s | ess

than Ow, @b&ﬁtﬁbﬁ EbnanEhfggmdQQbFﬁSEObEI@ﬁpﬂCbheﬂedmbﬂu§Q§l|er anount s
of NaBH4. Exa %u&é Renova hg cyprous el ectrol te fromthe
Silver Renﬁ@QF Ex&ﬁﬂﬁe ECHEY u¥P8d203°9 188 VP hG 1 AYd Rt R ediR Y ant 25

such as al witthinmeor milaBHést haeefleveTho$ shifeedhtfiedusppéd to lppm.
15 The precipitated solids were filtered and dried and were
found to contain 7.4% silver, and contents of copper
varying from 10% up to 47%, with the balance mercury.
The process was repeated using soidum dithionite to
achieve Eh levels less than OmV, with the final Eh
20 decrease being achieved by smaller amounts of NaBH,.
Example 8

Mercury Removal

The cuprous electrolyte from the Silver Removal
Example 7 was adjusted to -150mV by adding a reductant
25 such as aluminium or NaBH, thereto. This shifted the usual
solution equilibrium (ie. between mercury metal, mercurous
ion and mercuric ion) towards the formation of mercury
metal. Nitrogen gas was then sparged into the so-treated
electrolyte for 1 hour. During this period the mercury
30 content of the electrolyte was observed to drop from
0.29ppm to 0.037ppm. The removal of mercury was observed
to be increased by heating the solution during nitrogen
sparging.
In a second test, an initial mercury concentration of
35 16000g/l was reduced to 1500g/l in 60 minutes and 1000g/1

in 120 minutes. The results are shown in Figure 4 below.
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15 The Eh of a cuprous electrolyte from the Silver

Removal Example 2

containing 500ug/1l mercury was adjusted

to around -150mV (Ag/AgCl). This solution was then passed

(eg. pumped under pressure) through a column packed with

activated carbon,
20 three hours) and t
The metallic mercu
carbon, reducing t
55ug/1. The metal

activated carbon b

of the column in t
subsequently recov

The above de

30 that very effectiv

able to be achieve

per the prior art).

to implement. The
readily to being s

35 continuous impleme

at a rate of 4ml/min (for the first

hen 20ml/min (for the next 2 hours).

ry was adsorbed onto the activated

he solution concentration to less than
lic mercury was then separated from the
y passing a second different solution of
25 high Eh through th

metallic mercury i

e column, thereby transforming the

nto dissolved ionic mercury to pass out
he second solution. The mercury was
ered from the second solution.

scribed experimental procedures showed

e removal of both silver and mercury was
d without the need to employ copper (as
Also, the removal processes were easy
simplicity of the process lent itself
caled up to full commercial and
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The zinc recovery process according to the present

invention had the

following clearly identifiable



25 high Eh through the columm, thereby transformng the netallic nercury
into dissolved ionic nmercury to pass out of the colum in the second

sol uti on.wOhg/om®rcury was subsequently recovered from t heCsaamadizsol uti on.
The above descri bed experinental procedures showed 30 that very effective
removal of both silver and nercury was able to be achieved w thout the
need to enpl oy copper (as per the priotOart). Al so, the renpval processes
were easy to inplement. The sinplicity of the process lent itself readily
to being sGdvVédtggaso Vg themPEiCiraPrando3stédRarRUBLSCEFRBY&ReREREI on. The
zi nc recoveginbdyNcess arHIdimariomehe 1preseal pkBvessesn had the fol | ow ng
clearly |den fi aBZJ l03/ 023077 PCT/tAU02/0 8 0 advant ages over the
prior art d&?fvgl & tho8R OPeRE t 1h80 888 CaRd SQhSPS Jdronet al | ur gi cal

pr oc_esses lﬁcgme‘nycwﬁ lprecdvers optedtsi ig ahd edpict dkacbstsrcuiRecovery of
pr eci oug S A e FLNGIBAGRLIEC UL 1Bn(80ncl RebRgsPULELI cation of

t he non Z|nc utlon the recovery of eabl e cop 8 | ead
and silver sqiattalan,( e ,@cq&@rafn@fpé;aﬂ@aﬂl@ copearat L6Adanad BAE¥ERIi tation

stage of Fipg84l))cu,” APl Qf@eqe [ize |191thl'éa@%n@ﬂ(d.a dbht ¥ngconcentrates; 10
- Low ener consurrptl on; - o(#n uid em_ssions; - No production of noxious
[

gases; - TF OFr A lﬁﬁlcﬁﬁ‘?@e{ 1(9F‘rleo érrperature and at nospheric
pressure; 15 To N aeed tj‘d)rlc&olg\t@nie exid adtiirey” adthicenhNeraregyi rement for
pure oxygen i i-n L.aerati gﬁ,nr% V\hl | st the invention has been descri bed

W th reference t0 4 er o pr&erred enbodi nents, it should be

appr eci at ed tNvatlidweid mrerasdiomscan be enbodied in many 20 other forns. WO

03/ 023077 P—Wcﬁ%&ﬂ@t@@)n e dAMRIs gases;

- Mild operating conditions of low temperature and
atmospheric pressure;
15 - No need for solvent extraction; and
- No requirement for pure oxygen in aeration stages.
Whilst the invention has been described with
reference to a number of preferred embodiments, it should
be appreciated that the invention can be embodied in many

20 other forms.



1. A process for the recovery of zinc netal froma zinc 5 mneral

i ncluding the steps of: - leaching the zinc mneral in a solution including
a halideweopaorams7 forned fromtwo or nore different hali de€I/Auoe/oizwach t he
zinc into the solution; - electrolysing the zinc-bearing solution to yield

zinc 10 metal and to generate the halide species; and - returning the

el ectrol ysed sol ution including the haPlde species to the |eaching step.

2. A process as clained in claim1l wherein the halide species is
anodically forned in the electrolysis step. 15 3. A process as clained in
claim 2 wherein the halide species i gLhamMged at an oxi dation potenti al

lower than that for the formation of insoluble forns of inpurities in the
solution. 4. A process as clained in any one of the preceding clains 20
wher ei n t he. twopoocess ef o f flae erecdrat 1 dest azine hegrd nef zowl a brigid ne and t he

hal i de ;spegt I I [ nptex. 5. A process as clainmed in
clain1£§mhg%§?ﬁé?hgnﬁgT#g%§ 2%%6%%?&?3 BrCl12- and/or Brd gas. 25 6. A

process as-clapfbéngnthayzbne BineRel piecds gttt At MRCMHEY i t he | eachi ng

of the m nggalabyspbei bal FgenSREEr&E twS dAGhdFd ad BFf dyerde Gaialgesd, whi ch
cat al yses the oxidatgon .of the mneral. 7, A process as clainmed in claimé6
wher ei n t hECcAParstiPszing LhRt EPe 8o ht§E hich is either present in the
zinc mneraklectirslyaingdubedzimt eb¢heihgasdlugi g doessieBd ZApr ocess as

ol ai meg I nygl 8 MLBOF o TodNELE 0 Lhe noplalyshel SoL0PRGT . 9. A Process as
clainmed in any oné o tfe preceding clains _% ﬁ%ereln_the | eachi ng process
i s combi ned ®etHroihgrtBeagbectrolepedl eolebtdn nhn¢ Hding rihe &nd

renoval of ghapykekt Egsth8 sUBsROMENEtspage(s). WO 03/023077 PCT/ AU0O2/ 01260
32 10. A process as clainmed_in claim9_ wherein there aﬁe at. . least three
stages in £heP BEERERG PFoctaimednitygiaymal wherein the halide

species is anodically formed in the electrolysis step.

15 3. A process as claimed in claim 2 wherein the halide
species is formed at an oxidation potential lower than
that for the formation of insoluble forms of impurities in
the solution.

4. A process as claimed in any one of the preceding claims

20 wherein the two or more different halides are chlorine and
bromine and the halide species is a soluble halide
complex.

5. A process as claimed in claim 4 wherein the halide
species is BrCl, and/or BrCl gas.

25 6. A process as claimed in any one of the preceding claims
wherein the leaching of the mineral by the halide species
is facilitated by a catalyst which catalyses the oxidation
of the mineral.

7. A process as claimed in claim 6 wherein the catalyst is

30 a metal catalyst which is either present in the zinc
mineral or is introduced into the leaching process.

8. A process as claimed in claim 6 or 7 wherein the
catalyst is copper.
9. A process as claimed in any one of the preceding claims

35 wherein the leaching process is combined with other stages
to enable leaching in a first stage and removal of

impurities in subsequent stage(s).



first stage for zinc |eaching, a second aeration stage and a third

sul phate precipitation stage. 5 11. A process as clained in claim10
wher ei n awo 0382307t r oduced i n the second stage to oxidi serPamAypreCiopi t at e
any iron present in the zinc mneral, and linmestone is added in the third
stage to precipitate sul phate, resulting from sul phur oxidation in the
first stage, as 10 cal cium sul phate. B2Z. A process as clained in any one
of the preceding clainms wherein | eachate fromthe |ea h“gg rocess, prior

to el ectroff§sid, PRASCHRY2HoF 42 ARG pt At FHAHT of ot et e 2% herei n
removed t heegkt othbye pasagag ihetheatbatieidd pvetesdet | MatBiar kon to

adsorb the gold apd.pl gLinum, ojoum,ELals onLg. 8 hee SALBAD ol Aps ocess
as clainmed in~any one o t he preceding”’ cl al e er €l n Teacha fromthe
| eachi ng peotkszd priphateoprtetpibhysdr, stagpassed to a series of

cement & i 01 20PLP6ESSESab Nl fBaZiRC-HMsh 16 @eldedid oafheid eachate to
cenent out any copper, silver, lead and other inpurities present in the

| eachate. iBtTadpredesd BRecParmBd FRAIRYT M bEl R RERFHRY 2t ns
wher ei n t henl,eagbat présentt hg traching PiNEESs, 2bdplimestonelaetrol ysis,

i s passed taga furtPEr L%on re vaIt sta e.intmhich inegtone and a halide
speci es froAfERe eFBEt FBEYSi 8EePEpTar BT AGHRHCE 0 oX 1 425 %nd preci pitat e
iron as feresuloxndefrdd. sAlphoressidatidni medtha Anystonetadet hes precedi ng
30 cl ajos waeLeLR guggﬁgkgn of the electrolysed solution is renoved and

processed to renove nanganese therefrom 16. A process as clained in claim
15 wher ei n13ai & pEPERSA aPschapmeddiBt ABENPRE off atkat Poeecdbrpart nent of an

el ectrol yt cGagekl whbrtha ebgehhekYEkemPtRECSSacihl pHEc85s bl pethbst ream
havi ng added tgereto | i mest pne and thgghallde eci es from an anode

s
conpar t menfCof ERETBLEEL Pol 2Fs 3Ny 8. s?n§opﬁ?EngWt%f%uﬂam%% e di oxi de.
WO 03/ 0230prfeBERtALB2r81R60Bem33ed7thArpf norshyapastangethe nledahan d 6

mhereiﬂsth%veg g@giggted carbon to adsorb the gold and platinum
group metals onto the carbon.
13. A process as claimed in any one of the preceding
claims wherein leachate from the leaching process, prior
to electrolysis, is passed to a series of cementation

20 processes in which zinc dust is added to the leachate to
cement out any copper, silver, lead and other impurities
present in the leachate.

14. A process as claimed in any one of the preceding
claims wherein the leachate from the leaching process,

25 prior to electrolysis, is passed to a further iron removal
stage in which limestone and a halide species from the
electrolysis step are added to oxidise and precipitate
iron as ferric oxide.

15. A process as claimed in any one of the preceding

30 claims wherein a portion of the electrolysed solution is
removed and processed to remove manganese therefrom.

16. A process as claimed in claim 15 wherein said portion
is a bleed stream from a cathode compartment of an
electrolytic cell of the electrolysis process, with the

35 Dbleed stream having added thereto limestone and the halide
species from an anode compartment of the electrolysis

process, to precipitate manganese dioxide.



of the solution are regulated in a manner that favours the formation of

t he manganese di oxide precipitate over the fornmation of a precipitate of
zinc. 5 IO o0Aopooress as clainmed in claim 17 wherein the pHTIAU20ER0] at ed
by the increnental addition of the linmestone to raise the solution pHto a
| evel at which the Eh can be increased by the halide species to a |evel at
or above which M02 formation is favodBed. 10 19. A process as clainmed in
claim 18 wherein the anbunt of |inestone added is |ess than the

st oi chi onmeld?i cRarbofessreguftedmedr invnobainrhatveresucHe il 3nd Ebf t he

zinc is ppectpkt et:eQu&Q afePLO§EBSL A ﬁhaa rmahm@ratnyatoneammt@ecrw ecedi ng
15 cl ai nB %gereln or to returning.the, electro Ieachﬁte to the

| eachi ng pfB8EWEE1CY 8 rFP%nm%?g?ﬂﬁsee@e%¥t ty%EEFté ohet € ¥Font i cat hode

conpartnenfo@ﬁathen efeat pobyspstptecesSsziscpassed to a nagnesi um r enoval

stage in whigch,sla % Lige é§aaggg éo %é{ﬁt% rﬁgpgen?ﬂ% ﬁgézigc (which is

returned to the Pea T NG process 0 renove nesi um as a
magnesi um sgbdéapedchbpi theeinceementabt hdditbentde Feeolinediormrganese

froma netal;hakhdesgelit bANphihab LS184b) est egnionetgetEnl yshspdo yield
one or nore netals, |nclud|ng the steps of: 25 - in_the electrolysis,

cathodlcalPFCFéééﬁgrPHgtPﬁehBﬁé SrSpﬁﬁtésnﬁ?a?slﬁﬁ?ts?taﬂBd?%%Y?y formng a
hal i de spe@hesh MhogtfdfmaﬂlamrfscEaGduﬁgd hal i des at an oxi dation

potentjal Lawer than that fo he forna Lon nganes di oxide; 30 -
rennvi%g algdr 'BEOSFSthssgﬁu M5A &Rd° %?ocegélgg T l?ogh?eﬁgaen%anganese
therefron11amdstonetaddbdgishéepsocbesedhpostounhtomeheiqe@m¢umalide

sol ution. 224,418t had ﬁﬁocl%mltwhclatéﬁ%%et@g@ dheHmnganesg 35 is
removed in a separate stage . A method as claimed in claim21 or 22

wher ei n t h@regéparakgr-de solutlon is a leachate resulting froma WO
03/ 023077 BGT/AU%@bQé3§0a83éla1med in any one of the preceding

15 claims wherein, prior to returning the electrolysed
leachate to the leaching process, a portion of the
electrolysed leachate from a cathode compartment of the
electrolysis process is passed to a magnesium removal
stage in which slaked lime is added to firstly remove any

20 zinc (which is returned to the leaching process) and then
to remove the magnesium as a magnesium oxide precipitate.
21. A method for the removal of manganese from a metal
halide solution that is subjected to electrolysis to yield
one or more metals, including the steps of:

25 - in the electrolysis, cathodically recovering the one or
more metals whilst anodically forming a halide species
from two or more different halides at an oxidation
potential lower than that for the formation of manganese
dioxide;

30 - removing a portion of the solution and processing it to
remove manganese therefrom; and
- returning the processed portion to the metal halide
solution.

22. A method as claimed in claim 21 wherein the manganese

35 1is removed in a separate stage.

23. A method as claimed in claim 21 or 22 wherein the

metal halide solution is a leachate resulting from a



| eaching process in which a mneral concentrate is |leached in a halide
containing solution to |l each the one or nore netals into solution. 24. A
met hod aswoloajoz®d’ in cl aim 23 wherein the | eachate 5 is Peu/AWw20is0

el ectrolysis step as electrolyte and, after electrolysis, is returned to
the | eaching process for further |eaching of the mneral concentrate. 25. A
met hod as clainmed in any one of clains321 to 24 wherein the nanganese
renoval is_conducted as part of a 10 c|osed |oop mneral |eaching and

el ectrol yt L8aFBEBTePYOCHPHCERSWNDEN A TRPRIL LORFRTRFS T I1LFREES wherein

the porti oAnoh hs0hati @nthahihg SCTRYVESh atsl IsHsIesSed die reMIME-dTRNganese
therefromis _a bleed streamfromthe closed | oop mneral 15 | eaching and
el ectrol yt PECR&E0VRFS B?‘g'd%ég?'whi ch stream is returned to that process
aft er nangaAesA mehbudl as2dlafmeddt hwdebsic| 23 made el Gien Bmarat26 wher ei n

the |eaching 1N | . 1l Ltat he, anogi orag@tq5 al i de
speci e? V\,fL%?'cﬁglés%e%rgneé%é(@m{?ﬁi}/%&agzgg%ﬁg%%r%]f yt e tlccaﬂt%]garf%'ac i nglhprocess.
28. A net hedegsrelupied ia aayuvpedofot blee plezeding RTFI®S fMerein the two

or nore di ffeegpt habifdesgane €htohinerandeohEORt Pfse and the halide species
is a soluble halide og‘g? forned at the ano 25 29. A nethod as
ef'8i

e e.
cl ai med i n2crafninegh ﬁ{?h‘@eﬂa??d%nys%%i%g fEeEPHI 2 tO3 A nethod as
cl ai med i nwaayeonetat thagiBReld toma@valois cobadust@B as REOrtwwheh alependent

on cl aj 23 t0 .2 wherein_-t | eaching.o 1 | ] ilitated by
2ot ol ot B568n eREC B B Paks MEre R S At o S PR ST tE Y e et de
speci es. 3progessthod as claimed in claim30 wherein the catalyst is a

metal cat abyst AWREERoBS 4B €380khelNi A 1 BLLOSHCEHLBIR thbEp LR N
process. 35 32. A nethod as clained in claim31 wherein the catalyst is

copper. 33SCAUfdPRodhas dFarABAVEA aRY BReC®FSERalAsromOYD DIIFESD
03/ 023077 RGErAER2M0126@ bleed stream from the closed loop mineral

15 leaching and electrolytic recovery process, which stream
is returned to that process after manganese removal.
27. A method as claimed in claim 25 or 26 wherein the
leaching of mineral is facilitated by the anodically
formed halide species, which is returned with the

20 electrolyte to the leaching process.
28. A method as claimed in any one of the preceding claims
wherein the two or more different halides are chlorine and
bromine, and the halide species is a soluble halide
complex formed at the anode.

25 29. A method as claimed in claim 28 wherein the halide
species is BrCl; .
30. A method as claimed in any one of claims 23 to 27, or
claims 28 or 29 when dependent on claims 23 to 27, wherein
the leaching of the mineral is facilitated by a catalyst,

30 which catalyses the oxidation of the mineral by the halide
species.
31. A method as claimed in claim 30 wherein the catalyst
is a metal catalyst which is present in or introduced into
the leaching process.

35 32. A method as claimed in claim 31 wherein the catalyst
is copper.

33. A method as claimed in any one of claims 23 to 27, 30



35 or 31, or clainms 28 or 29 when dependent on clains 23 to 27, wherein
the mneral ore includes zinc and/or lead, being the netal(s) yielded in

t he el ectwolog®r®7step. 34. A nmethod as clained in any onePcfi/Adioaimso 21 t o
33 5 wherein the manganese in said portion of solution is separated
therefromby the increnental addition of an alkali reagent that causes the
manganese to precipitate as Mi02, and t3e M02 precipitate is then
separated fromthe portion of solution before the portion is returned to
the 10 nePal 3hal Pdecsaiusi 8R. 03529 AvheRhdaragderhi ARdC1A1BFaf#n B2 wherein

the al kal i 27r eggertihstgal mhiHEEAr Beaal 8c138esAziBEheAdasrci@aaprd in claim
34 or 35 er.ei n, .when

v ﬁQe neta& tg be cov reﬂ aiso.has a tendency to 15
preci pi t at €57 Bh “Phe™5H8L{ FOnY 6F L 4R aFRaE erggﬁg FO-¥YReS &FRBHi reagent is
added in aB4anﬂumEthedsaphamaamedtmhchhpnpheiofauﬁammean mh923fornation.
37. A method 8s ¢l gggﬁg\ghgﬁg@%eoeﬁ Qéi%ﬁg?ﬁsigﬁuw 261uihsheLg a high redox

reagent is al'so ad ortion tion to increase the
oxi dati on perexeitad sherrérpor byohhef iserampohatoagdieyen @fi@h favours the

formation 20%kaWi02ead@ntAchBENEduassCtabMdnbAnekal eb3grubepet arEhgshi gh
redox reagent is %he hal i de speci es Qg{_a qgéfous formthereof) 25

anodi cal | y &2 med™{ nt R MBPe &AW LS 67 N BERARGERLTOMAIERED i n any
one of thepohaiing 3T £0138ionwhbeébiet hreppbitabnol ssekutiraadi soatherti on of
cathol¥6e f&gﬁl%@ﬁigke%trolxsks step. 40. A nethod for the renoval of

manganese o a ieta Q&uﬁa i'de solution fromwhich at | east one netal

can be vyi 85ded memdloddiasgcilhemeteps oflaim Bégwhareny the pkkahd Eh of the

solution ineaJERRNgl Lhathavavhbenkhe formation of a manganese dioxide
precipitate over the formation of precipitate of the at 35 | east one

. a . .
netal ; and 36 r &nIGEERGSt RE FaAdEREsNdFdRiHe 3fr 8&i gt ¥P&TEABm YR8™ sol uti on.

the metal to be recovered also has a tendency to
15 precipitate with the addition of an alkali reagent, the
alkali reagent is added in an amount less than a
stoichiometric amount for MnO, formation.
37. A method as claimed in any one of claims 34 to 36
wherein a high redox reagent is also added to the portion
20 of solution to increase the oxidation potential of the
portion of solution to a level which favours the formation
of MnO,.
38. A method as claimed in claim 37 wherein the high redox
reagent is the halide species (or a gaseous form thereof)
25 anodically formed in the electrolysis step.
39. A method as claimed in any one of the claims 21 to 38
wherein the portion of solution is a portion of catholyte
from the electrolysis step.
40. A method for the removal of manganese from a metal
30 halide solution from which at least one metal can be
vielded, including the steps of:
- regulating the pH and Eh of the solution in a manner
that favours the formation of a manganese dioxide
precipitate over the formation of a precipitate of the at
35 least one metal; and
- removing the manganese dioxide precipitate from the

solution.



WO 03/ 023077 PCT/ AU02/ 01260 36 41. A nmethod as clained in claim40 wherein
the the pHis regulated by the increnental addition of an al kali reagent
to rai se wbhasmzdoati on pHto a | evel at which the Eh can becCTixtmeewsed to a
| evel at or above which M02 formation is 5 favoured. 42. A nethod as
clainmed in claimd4l wherein the anount of alkali reagent added is |ess
than a stoichionetric anount required¥or M02 formation, such that |ess
of the at least one netal is precipitated. 10 43. A nethod as clained in
cl ai m 41 oAl42PnwAEEBPA BEechHAimpd LB séa1By4P hehaHaini BRe ofhe i tin
carbonat e, ragd1tRedEBy kher ahsedmbyithheaaddt ibANcof an HlA1 1 edoxgéagent as
defi ned intcl aim 38, .44, ﬁ get hodHag clained.in an%.o}qetﬁf ﬁl ainms 40 to 43
15 wher ei n “Ph&3atS| E8St SBAETABIaPY 5°2~ndC8hl/ BF VBAG" 48 PA WY as

cl ai med i niagyeasedotockailewedatood4abutier ehnchh¥n@etfabrwed liche isol ution is
the bleed streamas defined in claim26. 46. A nethod for renoving

di ssol ved silver and/or nercury 20 froma netal halide solution, where the
metal is cépabPemeshoflopri Agaamednent Chirtih thewBproer hhe/ arowet cRfy, the

met hod i nclaudtiang thegehepadebta (a) 1desr eashngd LheiERihethecsghdthon Wi th a
reductant to a.level "that causes 1Frem pi t%}ﬁl on of the 25 netal; (b) adding
an ioni c spEGUEL o FPReMOBr LtPTRALHAR: FRARtS RN tHFIHLhrE ;i AEF et al

in a nmanneriehaketedudes prebkepsicbeed.and/ or mercury to forma cenment with
Cl ai mod | iR e e RePS, & PROoEn 18y SERGT 31 UF; 2 PECAEd oxiadPho bel ow
OV (wit h rdespedtsedo byh&heAghdgcCliont afidaadcehmcrprysbenpbeentandl fhe4Bh A
method as GlaiRdddn g *in® 44qukebel Brt BenElnotehhg rdageplugkon is
decreased to approxi mately -150mv. WO 03/ 023077 PCT/ AUO%/01260
defined in claim 38.
44, A method as claimed in any one of claims 40 to 43
15 wherein the at least one metal is zinc and/or lead.
45. A method as claimed in any one of claims 40 to 44
wherein the metal halide solution is the bleed stream as
defined in claim 26.
46. A method for removing dissolved silver and/or mercury
20 from a metal halide solution, where the metal is capable
of forming a cement with the silver and/or mercury, the
method including the steps of:

(a) decreasing the Eh of the solution with a

reductant to a level that causes precipitation of the
25 metal;

(b) adding an ionic species to the solution that
reacts with the precipitated metal in a manner that causes
the silver and/or mercury to form a cement with the
precipitated metal; and

30 (c) removing the cement.
47. A method as claimed in claim 46 wherein the Eh of the
solution is decreased to below OmV (with respect to the
Ag/AgCl standard electrode potential).
48. A method as claimed in claim 47 wherein the Eh of the

35 solution is decreased to approximately -150mV.



37 49. A nmethod as clained in any one of clains 46 to 48 wherein the Eh of
the solution is decreased by the addition to the solution of alum nium
metal . 50woA3mehDd as clainmed in any one of clains 46 toP¢I/AB2MmE0ei N t he
ionic species is ionic nercury. 51. A nethod as clainmed in any one of
clains 46 to 50 wherein nercury netal is ultimately renoved fromthe
solution by passing an inert gas throu@Y the solution so that at |east
sonme of the nercury is renoved with the gas. 10 52. A nethod as clainmed in
clai m 51 wiérei nAt hethadr asgasaipgdspar gy ¢pe of Helabritdorte 38 A net hod
as clalnedwher@hal élEaroelaha1581mB@bﬁlms &@@ré@@é& BASths nitrogen. 54.
A net hod as cl.ai,nmed ﬁ o? ? n? to 53 15 wherein, after renoval
from the s8PgtEdAR™ Pﬁet fiePP BE%OPSO sg HﬂbﬁﬂuTom?%ﬁ%Ve mercury therefrom
before bei 589 .r ecgchedhotioathelsohadli bn &oy béunetderclsins 566 #o ned hod as
clalned in 5 ry,0qs S ed with a solution
contalnlng §Uprg§ ﬁgghgégag : %Fﬁggcgfo é&o?éEéﬁpf oxi dant. 56. A nethod
as cl ai med5ln an sathod éBthﬁlmedtDHSQHYmh@¢e¢ﬁ b B8 yA et @l 56 s

ul timatel yyherved ket hget a0l 4ki QN b¥aPasyi PEnbheaspluhi ORe Over
activated carbon so. that the nercury netal ]s adsorbed onto.the carbon. 25

57. A net h6@14$ leRaPe RS 1EPafm 58°hhefafnt PREVUARS ERFYSOH et i¥M0%Rd from
t he act|vatadtcatbqaaby pasei bg aheememduryohutremooa@rwihﬁ el | yas ed

car bon seco d el ution aving an E tha |s h| ough to transform
t he ad%orbgg ghoﬁtgsl Eﬁémﬁgr%ﬁr§T 2ot Rer & |sso Ve P he 30

second sol uts @@arg@d Anfret hbg sslukapmed i n any one of clains 46 to 57

wherei n thegqr emdyalphoBELEUEY aTREA! 1 hr 0L Res $OLUL LoD 1S5 ephanced b
heati ng t he solutlon to cause additional nercury nmetal to vapori se. 35 59.

A net hod a$h@ dine&d PRSaAy BAETEPSB-aims 46 to 58 wherein the netal is
copper, theghal i demesholl aei Beaamdd thean9l gheoBfi §1@i®EPsOUSO CHY Or i de

SO|Ut|?E' wherein, after removal from the solution, the inert gas is
scrubbed to remove mercury therefrom before being recycled
to the solution for further use.

55. A method as claimed in claim 54 wherein the inert gas
is scrubbed with a solution containing cupric ion,

20 mercuric chloride or other oxidant.

56. A method as claimed in any one of claims 46 to 50
wherein mercury metal ig ultimately removed from the
solution by passing the solution over activated carbon so
that the mercury metal is adsorbed onto the carbon.

25 57. A method as claimed in claim 56 wherein the mercury
is removed from the activated carbon by passing a second
solution over the activated carbon, the second sclution
having an Eh that is high enough to transform the adsorbed
mercury into ionic mercury to thereby dissolve it in the

30 second solution.

58. A method as claimed in any one of claims 46 to 57
wherein the removal of mercury metal from the solution is
enhanced by heating the solution to cause additional
mercury metal to vaporise.

35 589. A method as claimed in any one of claims 46 to 58
wherein the metal is copper, the halide is chlorine and

the solution is a cuprous chloride solution.



WO 03/ 023077 PCT/ AUO2/ 01260 38 60. A nethod as clained in any one of

clains 46 to 59 when wused as part of a hydronetallurgical netal recovery
process. WO08Y02#7Tret hod as clained in claim60 wherein t h@Cpraamess60i s a

zinc recovery as clainmed in any one of clains 1 to
claimed in claim214 wherein when the

prior to electrolysis, 10 is passed t@8he iron renoval stage, the

| i mest one and hal i de species oxidise and precipitate at
the manganese present as nanganese di oxi de.

20. 62. A process as
| eachate fromthe | eachi ng process,

| east a portion of
63. A nethod as clained in any

one of claisgs AOmbendd a‘é'h@'lﬁh.ﬁ\eﬂhﬁnnﬁhfﬂ oﬁéﬂbﬂecﬁ@irh@h%\ ts dheshaachate

fromthe

claim

hi t def d
14 or cIa|HP8§GQ%4bQ%ﬁ ﬁgesﬁyggééggg%?ﬂggf%% p?%%%isrggoﬂéY%gg o;nany one

of the prepedcagsclalns

5

10

15

20

61. A method as claimed in claim 60 wherein the process
is a zinc recovery as claimed in any one of claims 1 to
20.

62. A process as claimed in claim 14 wherein when the
leachate from the leaching process, prior to electrolysis,
is passed to the iron removal stage, the limestone and
halide species oxidise and precipitate at least a portion
of the manganese present as manganese dioxide.

63. A method as claimed in any one of claims 40 to 44
wherein the metal halide solution is the leachate from the
leaching process, prior to electrolysis, as defined in
claim 14 or claim 62.

64. Any metal produced by the process or method of any one

of the preceding claims.



