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Potential toxicity of bioleached residues from Pb/Zn smelting slag
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Abstract: Shaking flask experiments were used to study the bioleaching of heavy metals from Pb/Zn smelting slag under
the optimized conditions, which are determined to be pH1.5, 65 ‘C and pulp density of 5%. The residues from the
bioleaching were analyzed by scanning electron microscopy, XRD and three-stage BCR sequential extraction procedure.
The results show that the heavy metal contents (As, Cd, Cu and Zn) are sharply decreased after 3-day leaching, from 5
055,20.7, 10 718 and 29 681 g/t to 1 107, 2.5, 410 and 4 821 g/t, respectively. However, the lead mainly deposits in the
residues as lead sulfate and jarosite-type compounds. As, Cd, Cu, Pb and Zn in the residues mainly exist in residual form.
The environmental availability and potential risk of heavy metals are significantly less than those commended by the
Standard for Solid Wastes From Nonferrous Metal Industry of China (GB5085—85), proving that bioleaching can
effectively reduce the potential toxicity of Pb/Zn smelting slags.
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Table 1 Changes of metals content in bioleached residues

during bioleaching process

Metal content/(g't ")
2d 3d 4d 6d 9d 12d
As 1001 1534 1107 1117 1271 1414 1674
Cd 48 34 25 26 29 29 30
Cu 1068 513 410 425 416 341 406
Pb 4930 5420 5534 5546 5585 5821 5965
Zn 9579 5683 4821 4251 3808 3116 3448

Element




18 B4 12 ) e X S Po/Zn MR EYIR SR R R R 2293

2.1.2 AEWrE R R R AT AR R E

MR & JE AT A E 2%, FEEAERS
(VR OIS AARDITT, 5 S SR WINEE L Ak
WA 5 T S U A TR S A SR Y, £
EYRRHAIA d), AR SRERER, PR R
AW ik FOBCRB N LI 1), F4G i [,
PR AR R P IR TE R R AT TSR
YL 2)o ENADrE P H(2~4 d), P rh s
BRI H AR R Pk B 2 B I if
{HFR4 P WAL PR ERLYTIE T, fd45 B bl
SR ARBR R o B PR 2) . TR AEYR 6
dJa, oL, smAgRRM S S (%
A, DEERER)ET Y K 2), Hkae
HORRIBAY UL SR Cus Pby Zn BRALY B
MRS Ei& XRD A SEM-EDX 73 b7 45 S 1,
AW BB Po/Zn YRR E T AR AL A5, AT
HHINEERT . BRI R . BRI R Y SRR
VUL BE TSRS P ESERH, KRBT
R As. Cd. Cu Al Zn 558, SZHURHE 45>
4 Ja (1) 2 ISR R 1 I Ak b B

22 £ HERELBAESTL
JUE Pb/Zn 1RIIE T As. Cd. Cu. Pb F1 Zn

6 & 10 12 14 16 s
Energy/keV
P

6 8 10 12
Energy/keV

e - a's e

B 1 ASFII IR B ) SEM-EDX

EH R IC R M RER o S k4 & I AR AR S
BYB R A, HEZOUR SRS LSS
ECOAE (S = E R RN RZChS s =D B2 v sy Ok | S
o HUR AR e AT R B Pb/Zn 16 H4 IR 1 As
Cd. Cu Ml Zn f i, {HIRH W R4 RIS otk
BUATSH BB B Pb/Zn VR AV A 0 s 1
R BE RN — A PR AR

=12 At T EES R TR AN S
TR AR N R AR . AR 2 WTRUE RS
J T As FRIB AT EIAF] 95%, H i T As &
RARE, HXIB B EA T 2. R
HETHAO~1 d), EEIRRA T As ) As Y HRE
sk, FEPESR RIS IR R RS
FVAT & B i SR ) 5% 3] 61%, FREE As
SURIBRG. BER MR, BT Fe’ kg
e S A ER LR T AR B, PR P iR R As
PO BT A R B TR A R Bk (Fe AsO) B L e 21 3
BRERLRY T R, T AE As (R PRBEVE Mg i A
ZAERt 3d)E, As IREAEEIAR] 89%, X il
PR AR As [ RS PRI, R REAEIL
TER B ORFFAS T , As X FREE M G 5 L& PR F
—ANBARIKT . JEE Y Cd AEWIEH 3 d JE, 80%
DAL EHREH, RIS Ak A ] A A

8
Energy/keV
N | S

Ca

KA i an

1 2345678910
Energy/keV

Fig.1 SEM-EDX images for bioleached residues during bioleaching process: (a) Slag; (b) 2 d; (c) 4 d; (d) 6 d;
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Fig.2 XRD patterns for bioleached residues during bioleaching process
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Table 2 Changes of contents of toxic metals in residues during bioleaching process

Content of toxic metal/(g-t ")

Element Fraction Smeltir{g
slag/(gt ) 1d 2d 3d 4d 6d 9d 12d
Acid-extractable 30.9 80.6 46.6 17.0 10.1 39 2.2 2.0
Reducible 87.0 300.4 80.2 23.8 20.0 17.8 12.5 13.1
As Oxidizable 123.1 232.1 350.1 77.4 67.5 48.8 40.6 36.9
Residual 4814.1 387.9 1057.0 989.5 989.5 12005 13585 16222
Acid-extractable 2.88 0.04 0.12 0.14 0.12 0.04 0.01 0.03
Reducible 3.78 0.04 0.17 0.06 0.06 0.14 0.01 0.12
« Oxidizable 5.34 4.68 1.96 1.10 0.67 0.42 0.20 0.58
Residual 8.37 0.24 1.11 1.36 1.36 2.25 2.75 227
Acid-extractable 12.3 136.2 54.0 40.9 22.0 9.0 6.8 9.1
Reducible 6.5 62.2 26.5 7.3 6.5 5.4 4.5 4.6
c Oxidizable 3468.5 817.5 197.0 46.8 43.8 37.6 349 29.6
Residual 7230.3 151.2 235.6 316.0 352.5 364.1 294.5 3623
Acid-extractable 255.0 167.4 48.5 449 334 15.9 9.1 10.1
Reducible 319.1 1990 630.4 792.4 559.9 408.8 285.1 274.8
o Oxidizable 2 400.0 1697.0 876.0 594.5 3153 142.3 62.0 66.5
Residual 1703.9 10758 3864.6 41017 46379 5018.0 54644 5613.1
Acid-extractable 3579.6 468.4 67.6 233.3 145 45.0 24.6 30.8
Reducible 1466.4 214.7 35.0 8.8 9.2 4.6 3.0 3.0
“n Oxidizable 8210.0 6350.0 3228.0 654.0 543.0 302.4 117.8 104.1
Residual 16 425.5 25456 23521 39253 35543 34555 29703 33104




18 B4 12 ) X 5

Pb/Zn 1R BAE R E RIE R EREE

2295

BRI A P SR AR 4d )5, BILE
W Pb Bk AT LU T 80%, Pb MG D4R
o R Cu Ml Zn SIES: 3 d AEMRH, 4G
5y Cu fl Zn Y il, BJGEE S Cu. Zn iEME41 04
FEAEATDO RS I BARIK, FRIEA S &40 A T7%H
81%, HIBAEIAEE KBS 2RI,

23 EYRBBNERHSBESN

MR A T A i th 2P 7y s
FriE(GB5086—85)) AN (5 0.4z @ TV [ 44 1 1 Jis
PRI T AR UE(GB5087—85)) S 2k i thi v vh
4 R AV R A A 1 ol ME A T AR 56 . &5 R
KW, Pb/Zn {RHRIKE T As. Cd. Cu. Pb. Zn %5
SRR R & ) — MR R A d)—
FREQ~3 d)—FE@~12 AR FEULE 3). Kl
H Cd Al Pb 7EHEA R i R P e T (e 8 s
Tl 44 e it #5 PEB vHE (GBS 085—85) M By ik,

(o]
L

—a— Ag
200 0 Strandard

Level of As in leachant/(mg-L™")

2 4 6 8 10 12
Bioleaching time/d

~ 300
I

—— (Cy
—da—Zn

""" Standard

250+

200

150 |

100

50

Level of Cu and Zn in leachant/(mg-L

2 4 6 8 10 12
Bioleaching time/d

B3 v v H SR B IR KT B AR A I T PR AR £

Cu. Zn fEAEWIRM 2 d JGEI A EIbRuE, As MnT7E
Al 6 d JEIA R g E Tl [ A4 R i a1
Frife . AW A ) pH EHZ) 2.84+0.1, LG 48
TSl [ A% R 4 0 ol 1 B ME (GBS085—85, 2.0 <pH <<
125, RN FE R BRI Po/Zn 1 BRI 4
A iE 5 R v T AR b — MR A P A AL

ZE LB, Pb/Zn 1Mk As. Cu. Pb. Zn
BAMR BB iE Tk 78 AR HE U R o 52 W o9 Ak
SN FAATVERT, PR 4 O R TR B B b5
AR AR B> Y A2 HAERR Pb/Zn
BHIE AR S5 M, AR B HF Asy Cdy Cu Hil
Zn HELJEICEY, SEYRH 3d 5, As. Cd. Cu
1 Zn 32 R 5L F] 78%. 88%+ 96%F1 94%, FES:
B Cu F Zn A& e 2 AL, [FE
PR Cd Fl As B8 REMERR 1) FE 46 1) 5 PR AIL 2 48
AT o R 11, A=4035 ab Rrh P (38t S ORER AR,
e TADR AR BRI R, KT Pb 7E

0.5
T:l —— (Cd
- 04
%’3 ----- Standard
3
B 03[ =-=======mmmmmmmmmem oo oo
2
3
=
i 0.2
@]
LT
5]
= 0.1
5
-
2 4 6 8 10 12
Bioleaching time/d
5
-,:-\ —— Pd
4 = Standard
en
£
=
R e G CEEEEEE R PR,
1
]
g 2|
=)
-
T—
=]
5 1r
%
=
0 2 4 6 8 10 12

Bioleaching time/d

Fig.3 Toxic levels of heavy metals in residues during bioleaching process: (a) As; (b) Cd; (c) Cu and Zn; (d) Pb
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