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Figure 1 — Cu, Zn and Fe recovery vs. time
(with pulp density of 10% (w/v))
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~ B Fe extraction is significantly lower using this process, Cu and Zn losses wi subi,antrally Iower aM)ét_stage—ef bloleacmn e better opeg artlcles Will be and a Ies remaining quantity
resuli of .Fe co-precipitation. The solutions obtained by chemical leaching a broleachrh can be
co rned and aftperl pn precipitation be treated by solvent/extractlon and eIecgtrewrn lng ’g Of Cu and Zn-for' bioleac 9d-Bue O Dalps peruce pregnan‘t bfleffh §O|U.'[IDI’1 ;he »
‘| Keyfordsh \ . i - s | WHC ons will be less. i = - m . |
__~~ Polymetallic ore, Sedex: type ope, acichleaching, bioleaching, At ferrooxidans | The solid resi fur er treated : |oIeach|ng rocess in-reactors | d -wrth39‘K
'y - | nutrrent medium at p , lum and using 10% (W v) of-pulp-density. The cumulative
INTRODUCTION ‘"“‘\--.f AAl Son = recoveries recorded Were 95%, 85% and 12%- gr Cu, Zn and Fe; respectively-—Fig. 3. —
In Serbia, the polymetallic off-balarice Ore-that-contains: copper, ziac, lead, gold and silver occurs The results of all these conditions gave the less total untymecQtate of ferricions, due-to a =
in quantities that meet and even exceee\chh\e\n’eeds of the country. Deposit of the complex smaller amount of leached iron. The precipitate of Fe/(OH); was less, ’and.c(m@uently the
polymetallic sulphide ore deposit “Bobija“ located in WestemS{rbra consists of several-ore bodies less quantity occluded ions of Zn and Cu, what would riepresent a loss. S— | 4
of differential morphological and structural texture characteristics. ~-. - Total duration time of both leaching processes Is somewhat Ionger—m comparison with the ;/
Polymetallic paragenesis is mostly formed of sulphides with a huge corntent of pyrite. There are " ~Separate acid or broleachrng but-this_is all for reason‘to Increase the Zn recovery and to reduce ‘
lead, zinc and copper with addition the mixture of arsenic, antimony, gold, silver, bismuth;-calcium Ieachmg of.Fe. F \}(
minerals and barite. An analysis of the massive sulfide ore samples has shown a high content_of- it'is considered that.the acid treatment step, opened the crystalline lattice exposing the the -
the basic metals (>10%Zn and Pb) as well as the precious metals contents. mmeral grain to the-attack-ef.bacteria. Measured grain size specific surfaces of solid before
Bioleaching of these ores or concentrates is an attractive alternative treatment option, especially e after chemical treatment=acid 16 showed 0.243 m?/g and 0.318 m“/g respectively.
for low- g\adQ ores or complex minerals [1-3]. The processing of polymetallic concentrates SpeC‘TIC surface | JIncreasing of about 30%;.afte leaching, shows on better grains surface
bioleaching can-.have commercial benefits compared to the conventional pyro urgical liberation for subsequeanloleachlng Process. -
processing method \[Zﬁ\ In acidic medium by using aeid_leaching. with mtroductlorr 02 from\wssrble chemical
CESULTS AND DGR S\I SioN 2 reactions sulfides are (1-4): \‘\\\‘\\ =
| Cu,S +4H' + 0, - 2Cut + S° + 2H,0 B Chalcoc’te ) S
In previous experiments it was shovvn that without adaptatron of the mixed culture, maximum 7 94 9 1 Y R ey,
recovery of 83% Cu and 89% Zn could be ‘achieved over a period of 40 days, with around 60% Fe FeS, + -0, +H,0 - Fe™" +2803 + 2H Py'_“t? A (2) 2
extraction achieved [5]. In subsequent experiments, a bacterial culture adapted to grow on the Fe‘t + i—oz + Ht - Fe’ T+ %HZO | ;
concentrate was used In the bioleaching expe__rimeﬁts [6]. Bioleaching of a pcIymetaILic sulphide FeS, + 2Fe;(S0,), —» 3FeS0, + 25° 2
concentrate (from the Bobrj_a open pit, Ljubovija, west Serbra)\_‘\rvas c_a_rrred out at 30 C In three CuFeS, +0, + 4H* - Cu?* + Fe?* + 250 + 21,0 Chalcopyrite
aerated bioleach reactors in the presence of the adapted mesophilic mixed bacterial culture i 0 _ -
containing Acidithiobacillus ferrooxidans, Acidithiobacillys  thiooxidans, and Leptospirillum CuS +350; + Hz804 —» CuS04 + 57 + Hy0 Covellite
ferrooxidans, with the _addition of heterotroph_ic acidophi!ic culture Ac_id_if_ilium cryptum. T_-RFLP Similar reactions will oroceed for presents zinc sulphide minerals‘..‘»
analysis was used to identify the heterotrophic acidophilic culture. Acidifilum cryptum efficiently formed. i
metabolizes organic compounds, facilitating the growth and activity of L. ferrooxidans [7]. The In acidic medium by using bioleaching with introduction O fro'
fourth reactor was not inoculated and run as a control. The bacterial culture was isolated from acid reactions for sulfides are (5-8): 2 S
water at the sampling site. The reactors were filled with, 9K nutrient medium and have the following
composition: (NH,),SO, — 3 g/l;, KClI — 0.1 g/l; MgSO,x7H,O0 — 0.5 g/l; K,HPO, — 0.5 d/l; FeS, + 3,50, + Hzomthmx'dansandmfermmdanspes(h.|. H,S0,
Ca(NO,),x4H,0 — 0.01 g/l; Na,SO,x10H,0 — 0,15 g/l, 10% adapted culture and the pH_of the At.ferrooxidans
solutior?)adjus%ed to 2. Thge concentrate was milled toga particle sizg of 80% d < 30pum, ap"j, , 2FeS0q 4 0’52i+ HZE?“ ot 1:,62(504)3 +H20
to the reactors at a pulp density of 10% (w/v). il SLOE 7 CuFeS; +4Fe™™ — Cu™" + SFe™ + 28 -
The bioleaching results showed that over a period of 12 days, maximum recoveries of !; & | s°+20,+ H;0 AL TooXda™ JHT + S02- ’ )
- Fe, of 88%, 70% and 30%, respectively could be achieved (Fig.1). The recovery =i | s ’ p ._
relatively Towand-eiely not exceed 70%: ﬁe recovery-of-about-30% that.occludes.in pree BHAHSRr— _CONCLUSION 3w 2 &
and Cu and Zn thus rfeducing their reqgven; e pH=8.5, g 300C) 32% Zn and 39%Cu. V\7ere “,f“ ﬂ e g it
occluded. On the pH= (t=30°C), 13. g% €u were occluded. , )lerng a combination of acid and bloleachrng It was demo trateg“that ﬁ’g‘ﬁ’i'er’ Curédnd Zn reco-
In the control sample {acid leaching), {§iCieai n lysistias confirmed recovery pf Zn,.Cu and ﬂverles could bé achieved than using only broleachr or biol€achiffy follof hy acid leaching.
Fe were 72%, 66.7% and 4.6% than Mac reactors. In this control sa Je also were ~— =Since the Fe extraction Is significantly lower usm'thls pr(ﬁCéSSEIS expec ed thﬁtw Zn
measured acidity and redox otentlal and their itues were pH=2.12 and Eh=300.8 V‘ iy /Wlosses will be substantially lower as a result of ' ) Y
2.1 Two-stagd biolethi ‘ crd Ieachrng il -.J:gj‘f - ; | The solutions obtained by chemical Ieac-hrng,_ _- .
| | = 5, P il preC|p|tat|on be treated by solvent extract‘on and elegtaro | nrng
With the aim to reduce the: KB&eROyE 1y, two, expertrﬁents were performed. 1@ ffie ftrgt' expertmerrtF \ _—
combination of bioleaching and-aci gﬂ a.L:“ é?wasbcarrred out. In-the secqr}dﬂ%rmeng_racd_“ AC-K‘NQWLEDGEMENT — /‘./; ,{‘f = o5 (
Rk e e i e pee. D T work arose from the resuls winjn 156-HORIZON
stage was interrupted AR N " day, Frg 27The bioleach pulp was frlteréd' (tptee_ated ,tt’movatrve metaIIurglcaI System to benefit efficie etallic, complex and Iow
s 17 grade;, -and concentratéé“ Ccntractt@’ 689515 D
chemically analyzed. The soTyd résicyie was‘Furthe@tteated in_an acid leach. uem % ' — - o
the start of.acid.leaching pH 15 ata phase ratio C)f:&L =15/ S,uifuigc*‘a' d is|c = , ‘\ e -z;' = “y
during the leachihg, so/thata“tth‘a mh | of the acid leachifigprotess bla/aluet/v‘as ) S . sulls Y ! i |
By chemical andlyses of the brdl acfl solution, it wasted 1at the[recover t 1. Fnas, C“Draz;, Q Ocan‘ﬁ L Loz no, J.l., 2002, ~“{Srl\rer gcf and lead recovery from
= Fe on Day 9 was 70%, 5k %0, respectrvet;zyamﬁrl_ the acrd le4 hrng step, bioleaching reS|dues usmg the PLINT process‘@/],m rals Engineering. 15, 817 7— 878
the cum\latrve recoveg (br Qu»Zp\@ij:Eg,was 7596, [ respec vely,_Th{ 2. /Geﬂ’?e M. uIIer H.,7 Stadén. van PicPin "‘«A"
= - stage process did not ,-, ’ ";/;I;u.‘a,nct@ recoverie . 3P "‘"’“‘ bioleaching pr cess fof /theyt atment of domplex“{(}u’" Iymet/aurc COn
- 2 2Two -stage acid - broleac‘:hmg procé‘s(?’ L < 1__"._ N7 AR Hydrometallurgy. 94, 23~ —28. ) Q& V2 AN ojeh = S
R <) =3 Neale, J., Gericke, M., Ra K, 2011. Theﬁeﬂhca@n of bi chtng'to _bgsametal .
_n Mpéstoiurther-reduce the Fe extraction-and increase Zn and Cu recoveries, a Gulfides in southern Afri rospects and opportunities [Cl#Proceedings of the 6th Southern
comblnatron of an acrd*le.a h foIIowed by—broleacht step was |nvest\gated African Base Metals Conferencé~Cape Toun: SAIMM. 367-388.
) S ays o acrd) Iear eosame condrtlon as | " recoveries-for-Cu; 4. Zhao, Jun W, Zhuang H.T., Qin u, S., Qiu, G,. 2013. Broleachlng of Pb-Zn-Sn
S i? ahned (];fa;,:ere LJ Rl . in _ank brcreactor and microbial communrty succession, analysrs ;
“meastf&d redox pete‘ntraj and hrna R 3762, . . .
~ 1 8 and 350mV respecﬂ%y Kl,_Copper, zinc, and iron bioleaching
.~ ;,Ii fof Ner-'tEerrcus Metals Society of

y , D.,
g“-_~ 01 nrsms to the poly\m};tallrczcre 016 The48t

| ry, Septel \t}er 28 - October:0t: Bo“(Serb,L_) m\

"Ws ic, B., Johnson,

bial dtversrty ofan e@'@el;r acidic, metal-ri
|a) Journal of the Se '* h mt&&@bcrety:‘_? ) 729 741

=’ Sta'nkesdt,‘,

Il v

*".M



