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arseqo yrite, -a d Narretalk minerals (barite, and wastq mjnerals). Novel ftechnologies are uriler developrent ithln =3 f ‘ 0 ' -
p%o ct fof the EOM-ry 87 4l Yaluabl etalsm thisWiry comple;?(m bl i " \ ok Q:zf‘ch:]n .Of lead -sulfate: S:L ratio = 120 NaCl 0 g/l; [temperature 80 Cleaciwl\ng—tme =
The wark! comphs'; - theZfurther treatment of solid reS|due thalned after (fu and Zn extrac on py bioleaCh 1 the .7 ”'* Ife rghinjgeg;[g I antj silver- StUEa L ' 1:5: S,0.# concehfratign: 50 all actlvatorconcen"gltatlon, b &
subseq ent‘r covany ofiPb ¢ \éFthe! precious metals Ag an Igne 8 - 'i) 2 Dj@ r
The residue isfitst freatedl with, a saturated sodium chlorig t'ltio -,.Iwﬁ_e' - hlcr e splution of lead (NaPbE3)is | 1 &4 éyst = tratlog 2.0 g/l; lixiviant concentrat erature: 50°C; leaghing time: 48 h.
obtained..From thetchlofidg solution, Jead was_deposited-in the form oFig m nate, followed by reducti melting, | H -Electr ? D0 gil, Pb 100 g/, OrgarQllc.at}dltiveS.
g féupon lead anodeswas-obtdinéd. Elecylytic refining of the leadafiogle, using & sol(tion of PbCO3'ip{ méthane |/ 4 i«lfy t errle QWCOU 0 g,Ll tempe\rature 20- sity:1.5-3.0 Aldm#. &, ]
- sul Iphohi d*'(I\/IS>A Methgnesulfonic acidf min 99.59%.CH,05S, densi B‘kg/gmi, Manufacturer:-Carl Rath) as'an | V.- Electrolyfi Iphate 50|Ut'0h. 4 ,
electro ielded refined-lead cathode. If should be néted.that, aftes‘ﬁreclpltatron and epa(aklﬁn of lead [carbonatej '~ Iectr AE. =,
| -J»thejsodi m chloride solution \ s original comp05|t|on by | the acldltlon of make vp eagents and rhed for _- : 3 urrent dens ol
another lead-sulfate leaching 4 ~ s y Y\ I L |0ngrfam‘- ] :
The solid residue. obtained after-teaching lead- sulphate' eachedjn thlosulphate solu n, \with the addition of an~ —— —&f o9 & || : e
activator, a catalyst and lixiviant for gold, to yield a thiosulphate solution of gc?l'd silver. Since the content f gold~and=—— e S T I _ P
- silver in solution is low (below 1 mg/dm3), they are first lelectrolytlcally concentrated on sté athod\e_ and then retlned to\\ g :".-;- ' - / 1o f“"“ | y
pure mefals using well-known chemical methods. - = e . lA e mlc]  veom
after the electrolytic separation of gold and silver; thiosulphate solution is recycled to-the ach|ng st P. ”'\{-’_ﬂ l' e 3 & - o
T . | — ’ i L Leaching Au_ Ag l [ Sedimentation PbCO, | -
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INTRODUCTION o m T O 3 | 1N e A s
In the MMI Bor, laboratory- scale blol(eachtng testwork was carned out on the polymetallic "SEDEX"-type of E=2 S04 50, i | [ | -
polymetallic material, bearing more than 10%-ofvaluable. non-ferrous and preeious metals [1]. In addition to ki | mlm e Lomn Lm0
copper zinc and iron, which are extracted biologically Was, it also_contains' other useful components which e | = '
remain in the solid biological residue (namely lead, gold and S|lv‘er)\"‘< ol e j e Phchetoe
MATERIALS AND METHODS B — T— . C »meﬂ
The biological residue was processed in two phases: \\\ \ }\A, . 1%&“
: : e ty > 3
1 — Chloride leaching of lead-sulfate s \ =< g ==
A solution of sodium-lead-chloride (NaPbCl;) was obtained by the chloride leaching of the bioleach residue%\”f - | = ‘ M:mjtum
After filtration, lead ‘carbonate was precipitated from the resulting sodium-lead-chloride solution using A ~ _ C | _ -~
saturated sodium carbonate solution, while gold and silver remained in the solid residue [3-6]. N Figure 1 — Technological scheWMue treatment
After separation of-the lead carbonate sludge, the pH of the filtrate was adjusted to its onglnal V RESULTS AND DISCUSS[ON e e
recycled to the lead SLTfateleachlng step. The lead carbonate sludge was melted with the a n of flux and i e Sibioleach solTe f‘\” ™
reducing agent, whereupon élementary lead was obtained which was poured into anodes. During the chloride Iere |tm|L1ary eguits DERioieach sol SLdue\treatment ICARC) :;\,\\
leaching of lead sulfate, small amounts of other residual metals from bioleaching (Cu Zn, Fe and others) are Llerasl q gh:tso?:le Alitv 99 95% Ph B, l B = T
also leached, and a fraction of it follost\the lead during preclpltatlen and melting to end up in the lead S Sia (j'u ¥ 2SO . S : T
Caroudle: o Copper-sulphate, quality 98% CUSO,x5H,0 D e
To obtain pure lead from the cast lead anodes, a- Lead c( hode of commercial quality was obtained by -Goll)dppowdgr qual?ty 99y9% AL RS ~3 o .
electrolytic refining. The electrolytic refining of lead anode\s was carried out in a methane sulphonic acid Silver powder, quality 99.8% Ag. ~
(MSA) electrolyte (a solution of lead carbonate in methane SUIfon'C»‘?‘_:'d) [7.8]: During thiosulphate leaching, recovery of gold and silver was over 90% and 80%, respectlvely &
2 - Thiosulphate leaching of gold and silver from solid residue ™, Reagents consumptions:
The solid residue (obtained after chloride leaching of lead sulphate) was leached in thiosulphate solution, L. For Cu regeneration from cathodic-deposits is consumed 0.5 cm® 96% H,SO,peEg CuSO,x5H,0,
with the addition of catalyst, activator and_lixiviant. After completion of leaching, the resulting solution was 2. For Au regeneratlor; from cathodic-deposits is consumed: G T
filtered off, and the electrolytic deposition of gold, silver and copper on a steel cathode was performed. The -HCI (36%2)6-0 cm %er g Au,
remaining thiosulphate solution, after electrolytic deposition of metal from solution and after adjustment of its -HNO; (65%) 2.0 CT pergAu,
composition by make-up reagents, was recycled to gold-.and silver leaching [9]. ; I':C6|2‘8O6 (pa > 9?_-5 /;j)’ aSCOtrE'CdfaC'C?’ 1-1% per g Au. "
The cathode was dissolved in 30% sulfuric acid and the insoluble remnant contained a mixture of gold, silver ' ﬁlr\log r%%e/neiaolon Jrom C""‘A\ OdIC-UEPOSILS IS consumed.
and residual non-acid-soluble impurities: From this, silver was firstly dissolved and refined to commercial -N CI3 5(990/ 0)0'7 cm peta\g 9,
quality by known chemical methods, followed by the similar extraction and refining of the gold content. ) Ca (O (gé O%% Sgit?osge 1.0 g per g Ag. : | |
-CeH 1,06 - A
BACKGROUND OF Pb, Au and Ag RECOVERY AND REFINING 3 3 Based on the results from this work, we suggest the Scheme of bloleachm%sﬁltd residue tréatment for
1 — Process Chemistry 5 =~ obtalnlng high grade Pb, Au and Ag which is presented in Fig 1. g ﬁ—; *
Lead occurs in the solid bioleach residue as lead sulphate (occurring in the ore as lead sulphide Je CONCLUSION 3 ’
B oxidative bioleaching process). Sodium-lead-chloride solution [2] is obtained by chloride leacisgit L.. " Lead was recovered from the residue of a polymetallic ore, aftéf e extraction of copper and zige-Hemgit by
V1ol cording to the followmg [eagtion: R L — bioleaching-At-least 90% lead-extraction-could be achieved-usingsghlosde=selution. F £
' o == 2gFollowing the precipitation of lead carbonate from the solution, if was pestored with make- up reagents and
-, ' :’f‘ recycled to the lead sulphate leaching step. - BT
\ (1) From the solid residue, after lead-stlphate removal, ai mlnlmu-m of &% of éé‘lgl and 80% of silver were
h{be val"nzed as several product such as lead _extracted by thiosulphate leaching. (,~ E« 1 E ’] ]
=% 4. After electrolytic deposition of metals (Au, Ag andgu) from" the=thiosulphate: solutlbn-msulphate E
NanCI + Na,CO; — PbCOy l a (P [2s S solution was recycled for gold and silver leaching aft dition of Tmake- upreagents —— —
PbCO; — PbO + COAL| v R ) ] v § | 5. Copper sulphate, which is added as an- gﬁi/at’qr = %Hg—m —
2PbOi C  Pb+ CCZ) I ? g W1 ‘@r) ﬂ ”' ~*4 L regenerated and recycled to the thigsulphat Ieacl'uh%{ e
21 L ol "3"!'-";”‘ The results of this-work offer one possible routefor tFTe g€ |due'>fr,om SEDEX typ ore.
Cathode lead is obtained by the electro?sns térdﬁle Ieéd (Wthh IS obta|ned by‘the#eduCtIYLe_nL‘l'trng‘“f’ “Thls-attlcte addresses the extraction-of three AJor valuab e rdet Is.(by the xtractl,pn and reﬂmn% oij—
lead oxide), accordlng to the followmg»r acti ' —and Ag, and Au by chemical methods) H| h ewténts*of Teco ery a( !chle ed Ey using environ tally —
Cathode: pb(CHSSOS)ZJrZQﬁ “"‘-«;03 o a;td'human friendly technologles. | 54 = =SS
Anode: H,O— %20, +2H++2 %‘:;;D o )Q&; WL@BEMENTS ~ i S 5 ) =
Electrolyte for electrolytic reflnl g!?. d is obtalnekﬁ%ysd‘ ss:olngead “This wo‘r‘l'(\ arose - frd the results W|th|n th - HOIQZ pea ' Project, .}IntMet, "Integrated
methane sulfonic-acid, accordlngl l%’.._.f llowmg reactions [7]: Innovatwe—lVle‘tallurglcal System o t‘\BEneflt omplex and Low Grade Ore and
I -,f 1_”;., Concentrates“?(:ontract No "689515>-The er is published wt e permission of IntMet consortium
PbO + 2CH,SO,H|—"Pb(C soggﬁ N P P { PRMIST
, ’ﬁ‘ | /,,»—” < T participants, I\7I|ntek Randburg SQuth Ktrrc'a ar}d Mining and Metallurgy Instjfute Bor, Serbia.
After the chloride leaching o ead/ $ulphate t ncentratlo/ of »u'f'- A e so:lmlj-readue |ncr REFERE,/QES r > ' ‘g: ’ S _
. and the grains are opened faft ec,blbjeaehtng Bf_coppef, zinc | chlonde R;,aohl % ~ L. ~Coni¢, M. Rajéic \KUJaSInOVIC Vi Tru@fév Cvetkovéki £ . e, and Iron Blgyeachlng A
s sulphate), so that it is possib hie *é;hh.l‘gh extept oldFaRaSilver, & Sulphide Concentrate TransaCtlcns‘dl‘ nferrous Mete omety;;) ina, 24 (2044) 3688=: @5,ﬁ N
— Iead—sulphate the thlosulphate Ieachl,ng ofg Pesovski, V- Cvetkovski OjeVIC SlmSl&S Dwgu ovi¢, D.Si @owc ST >

After-bioleaching of the ore and chlofide leathing™® tF ld .
silver_from-the remaining residue was carried out (with the addition of catalyst, activator and I|X|V|ant) The‘

Weaclﬂ'ﬁg ongld and silver takes place according to the following reactlons
4AU0 + 88,07 + O, + H;&e;o?-g U(S;09;]° + 40H |
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¢t 4AQ° + 85,0,2 + O, + Hiq 74_ 9(S,0ef + 40H- | | ==
Slnceithe ({antent of Ie ed=gold in solution i owar‘jhan -»; a[charsy
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y 4 followmg reactions:

Cathade: [Au(8203)2]3' +e— AU’ + 2 S,0,>

[AQ(S,03)315 + e— AgC + 2 S,0,7 : ¢

Cu +2e — "' ) ‘ \'. 8 3 (13

Anode: 40H- - 4e = . \ .+ H,0 " (Pb)\ S
The thiosulphate solutlon af el ctrolytlc extractlon of metal from solution and after adjustment of |ts |

fi"k:
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composition by-the addition of ma eagents Is recycled to gold and silver leaching. Copper-sulphate is
used as an activator-in the process of leachi J Au and Ag- The electro-deposition of Au and Ag on the steel
cathodes also leads to the electro- deposmon o F CUE treatment of the cathodic deposit, Cu is transformed to

copper-sulphate again and is returned for a new cycfe Ofthiosulphate leaching (9).
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