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Ag. B 1 PR atsn XRD R0, ASgh
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o WO ATEE KA, SR P FH 0 2 v RS A b
g, b 80% Mk biE /AN 74 um, LT
BEANALHE, WEBH TR

R SLEPUTBAEE 10 12 oy
Table 1 Main chemical composition of iron concentrate used

in experiment (mass fraction, %)

Fe Zn Cu Pb S Si0, ALO; MnO Ag"
564 251 251 099 475 461 1.85 128 265

1) g/t

»  e—Fe;0, magnetite
+—CuFe,0, copper ferrite
9 =—Fe,0; hematite
4—Si0, quartz

20 50
260/(%)
1 SEIG AT RS 1) XRD 3

Fig. 1 XRD pattern of iron concentrate used in experiment
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1.3.1 R SEs

L 1000 mL — @R EM SRR T 1 L =1
b, RIS, JFENRE, PR R e R
& FRELC100 g AR IS Bik = i, T
iRt RN . B2 IR, BERE 30 min BURE—IK, 4
FIRWRSY o IRV 120 min Ji, 4551013 HIS28s, Y

Iy, AR O i, JEIURE BT
1.3.2 B PS5

o6, BEI500 mL T 1L = HEY, HE
BikE, HFHER 60 CJa, MA—E =L gk, KM
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FHER B ES, IA—E EmAre, KN—E
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Iron concentrate

]

HCI solution
[}

HCl leaching

v
Leachate Leaching residue

[ Replacement with iron powder |

Replacement liquid

Cu-Ag precipitates

| Sulfide precipitation|

Pb-Zn precipitates Precipitation liquid

Spray pyrolysis

Returning to
leaching process

HCI solution Fe,0;

2 BKE LR A s AR P
Fig. 2 Process scheme for comprehensive utilization of iron

concentrate
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330 C N ERRRIR N PG T2 EAL IR A (1 5
Fig. 3 Effect of hydrochloric acid concentration on leaching

rate of main metal in iron comentrate at 30 “C
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Leaching rate of metal values/%

40t
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Temperature/'C
4 HCIIKJZ 6 mol/L N il FERs ™ I 241 73 th
e
Fig. 4 Effect of temperature on leaching rate of main metal in

iron comentrate at 6 mol/L HCI

F il 2 R BG I G o, T SRR LAY 3~6 mol/L
AR, X Cus Zn A1 P (iR R K. fEdR
MR AR R, BIoRBRUB ST IEAA 4, ]
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T3 Iger—c - MAATERESLCOLE 5). 5 w51,

B Pb LASE, BEESE TG, Wl isigasm
SR B TR BN iy, A SR AR DX Y
/N e T ENEYR AR Bk, B e
BEERR L . SAIE Ao, XA E A
Mo 3 J7 I, R RSN, HouR R AR
PR o M ERIRIR I 6 mol/L, ¥ 60 °C
i, AgPb.Cu.Fe 1 Zn [1]3 H 2 737 nl 15 £ 99.95%
99.34%. 95.07%- 89.44%F1 57.92%. Kl 6 Finliz
i XRD #% . fE 6 nI%n, =R YN

PbCly(s)

AgClI(s)

lg[cy/(mol-L™h)]

-4 "—Ag
*—Cu
-5 +—Pb
_6 -
-7 . . . .
0 2 4 6 8 10
cer/(mol-L)

5 298.15 K It} MCI1,-Cl-H,0 R f414) 1ge— o i 25

Fig.5 lgc— ¢y curves in MCI,-Cl -H,O system at 298.15 K

+—FeS iron sulfide
=—7nS zinc sulfide
4—Si0, quartz

10 20 30 40 50 60 70 80
20/(°)
6 60 CF 6mol/L iR ) XRD i
Fig. 6 XRD pattern of leaching residue obtained by leaching
with 6 mol/L hydrochloric acid at 60 ‘C
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222 HkEH

MRAEFRIEE S L ATT A, B Zo® LAAE, 32
) Cu®'. Ag'. Pb™'. H' NI 54 Jmum & A4 B
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Fig. 7 Concentration variation of Si in aging desilication of

leach liquor

B8 WAl ikt F s R P 2 T KR AR A
Fig. 8 Concentration variation of main metal ions in aging

desilication of leaching liquor

N o ASEZEG BT AR U pH B, A 1S A2 A, DAL
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HR P R ROV AT, o SR
WP E T RN RS R Aghs Cu®' HY.
Pb*, H Ag Ml Cu®5 Fe (¥ & J b A 34 8 K —8k,
DG, MR B, SRAER B T2, gk
o, nEFEMEHE S Cu. A

Ik, 7E R NELE K 30 °C HiE R R 2 300 r/min,
WG pHAEA 1.5, kit & RECN 1.25 &40 T,
Z52 T NI Ag. Cus Pb B BRI, &5
HE 10 Fros . B 10 v M & ROk 1.25.
SN E] 2R 20 min B, Ag Fl Cu [ & # 26 35114 51 98%
DA b gRSEBE IS BN R Cuy Ag B8 A K,

-10
Fe+Pb?*=Fe?**+Pb e
5 30t
g Fe+Cu?**=Fe?*+Cu

< 40t
@
O
<

_5 0 -

Fe+2Ag'=Fe?*+2Ag
-60

1 1 1 L 1
280 300 320 340 360 380
Temperature/K

9 Pk E LR E A R N ) A
Fig. 9 Thermodynamics calculation results of main chemical

reactions during displacement reaction of Fe
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40t s—Pb
20f
0 20 40 60 30 100

Reaction time/min
10 BB RECH 1.25 W WA Cus Ag F1 Pb &
AT
Fig. 10 Effect of reaction time on recovery rates of Cu, Ag

and Pb at stoichiometric ratio of iron powder of 1.25

B TR 45 min B, Cu (UEHRG IR, X
Al RE MR G I . AN, BB — e 1
R, AHEHAEEAL, U8 5%t . %183 Ag. Cu
(1D, Bk B A0 i ] 451 E 30 min 24 .
223 FeS#EPb. Zn

BoR B LT T LU BR AR Cuy Ag /DRI
Pb, HIWEEF T Zn JLFEA RS . %83
WA IS FERRASL N, SR I BRADTCUE PR 7 3 AT R
HHATIREGEA . AR NARFR T K S v i
AL 1ge—pH KR WA 11 Fios. &l 11 /%0, 728
PEVEH, FeS MIFRE X /T ZnS. PbS. Ag,S Fl
CuS MIFEX . 2 pH<-0.18 I, JRMNAEZR PR
VUE R JEINT 4 Ag,S. CuS. PbS. ZnS. FeS;

FeS

ZnS L

lg[epe/(mol- L)

pH

11 298.15 K i M,S,-H,0 R4S 1ge—pH K
Fig. 11 1gc—pH curves in M,S,—H,0 system at 298.15 K

11-0.18<<pH<4.38 I}, S WAk R P Piiie ok
A A CuS. Ag,S. PbS. ZnS. FeS; 4 pH>
438 B, [ WA ZR BRI B 58 B S R <

CuS. AgS. ZnS. PbS. FeS; il &ii, 7rMMEW
WM FeS, PR Cuy Ag. Pby Zn RSN
Bro JETIX—JREE, BT HA PR b & 5
H Cu. Ag. Pb. Zn [BERACA, Hai K 12 Pros.

100} .

S gof

oot

g

w 60

o

g "—Ag
= 40‘ o—(Cu
3 +—Pb
5 20} M

0 05 1.0 15 20 25 30
Stoichiometric ratio of FeS

12 FeS FEXEM BT Cu. Ags Pb. Zn JBiBR

T

Fig. 12 Effect of stoichiometric ratio of FeS on removal rates

of Cu, Ag, Pb and Zn

HH I 12 A4, SN FeS 4Ry B 5 H Cus

Ag. Pb. Zn WIBEBRACR o> W2, JUBEBRIU t 2%
WU Ags Cu. Pb. Zn, XAHE 9 FRyHE
58 Y FeS HENHEWHEM 1.5 51, Cu fl
Ag MIERZETTIA R 96% LA L, ¥k J5 I 1t Cu.
Ag IR EAG T 1X10 % 24 FeS JH&H 1 Bt H & 1)
3 f&HF, Pb Al Zn MIMEBRZEATIAS] 96% LA 1. b5
W) ICP-AES 45 KW, WAl fERm, As D
500 mg/L, 3X— &5 0] i SR Bk i IR 4 B
T RUFEEA.
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ZAE. BB E . FeS R HLALE G, T3k
13 R S 1) FeCly Wi - A IS 55 44l T2, K FeCly
AL A Al s AR, s HCL )RR fiUs 12
MR AT, FERN A
4FeCl,+0,+4H,0=2Fe,05+8HCIt 1))

K 13 fin ol FeCly4H,0 76755 H 1 TGA-DSC
oyHT 2k . B DSC gk A 4 AN 1Sl
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Fig. 13 TGA-DSC pattern of FeCl,-4H,0 characterized in air

atmosphere

TR JE 81.47 CHIBLE — MR FAIE, & FeCly4H,0 K
FPAGE KT B4 131.25 CHIBUEE AN A
g, 4 FeCly4H,O ‘K25 = A4k T8 ARG
179.91 C HILEE =AW, /& FeCly4H,0 K225
DY/ K BTEL . Bl S AE 404.13 °C HUEL—AN /N FRDCR

W, FeCl W51kl FesO40 SEAEHAE 415.42 CHIBLEE
VYA R, DRI FeyO4 1t — 4 AL A2 Bk Fey 05
DRI, HH L B AR mr s, 555 JAfidd S 46 P 75 i B2 AN e
KT 415 °C, (B S SIPPEHEmT 55 Fad7 v 45 B I ()45
Bil, W A BN EFEAMIE T 500 'CAE

Kl 14 F1 15 FioRs 5k 500~900 C 46 1F T i %
R BT~ SEM 1281 XRD . &l 14 v %1, 13
G5 ARSI ST P ) TR RURE T SRR 2 52 R . i
FEACT 700°CIF, Frfs = #IeanEc i Zeil, Rk
BORANE, RLEEMATECSE, BR TR R ERAARTRLAL,
AFAE— LB TE /N 7o il 8 T 700°C B
PR =S L sk A =, BoRR RO g, H
KERER 5] B 15 B Ime 25 44 i =4 () XRD 2
KR, 756 I 2% 22 1L Ve FEl 9 (500~900 C),
FITAS =088 R S A, FL R 55 25 FAVAR I 88 () 5 e
RIS T80, VEIRRRE S, TS Fe,Os 45
FERAT. 2% 3 B4k 700 °C R TS Fe,05 FE S fI1L 24
B Hrai g, M 3 wl%n, 700 CFPifH FeO; 4l
JERE T, ZRS AR T 0.5%, WY A B R IR R
PEMRLI 277 o

14 ANIREZ5 FURIELRE T 46 AL Bk
¥ SEM 14
Fig. 14 SEM images of Fe,0; obtained at

different pyrolysis temperatures: (a) 500 C;
(b) 600 C; (c) 700 C; (d) 800 C; (e) 900 'C
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4 4—Fe,0; hematite
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| e o4 ) et aa ©)
| I (d)
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20/(°)

B 15 AS[AI T o A 5T i (S B XRD 3%

Fig. 15 XRD patterns of Fe,O5 obtained at different pyrolysis
temperatures: (a) 500 ‘C; (b) 600 C; (c) 700 C; (d) 800 C; (e)
900 C

F3 AL AL Sy
Table 3 Chemical composition of Fe,O3; products (mass

fraction, %)

Zn Pb Si Mn Ca
0.029 0.012 0.027 0.063 0.0166
Mg Al (6] Fe
0.0024 0.0067 31.16 68.68
4 iR

1) HTSEETRIERAAER, PR e Sh IR
W R AR« M ERRIFE 2 6 mol/L, & ik
JZ 60 CHY, Ag. Pb. Cu. Fe Fl Zn 1135 H 25
L] 99.95%. 99.34%. 95.07%- 89.44%F1 57.92%.

2) W Si AT RRE, BRI A8
I 48h 5, BHIBTH Co iVl % Frik 96 h 5,
R Csi BF % 0.23 g/L.

3) RAYkn B v A3 R T Cu
Ag, [FOCETRVEER I BR AR B 22 o M N 20 2
W 1.25 f51, Cu f1 Ag B KR LI AT ik F] 99%
P

4) IINBRAL K R S 4 J v VR P A o 4
B A M FH R B8 11 3 5, Pb Zn [FBEBR %
Ak 96% LA b, ¥ SR 2 BT EEAIC T 500 mg/Ls

5) M S SR B A = T 700°C I, T IR
BIHEH 12 pm [F2EERIE Fe 05 By AR, 4l >99%.
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Novel process for comprehensive utilization of
iron concentrate recovered from zinc kiln slag

WANG Hong-jun, ZHANG Wen-hai, LIU Zhi-hong, LI Qi-hou, LI Yu-hu, LIU Zhi-yong, HE Shi-chao

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: A novel process, including hydrochloric acid leaching, iron powder replacing, sulphide precipitation and spray
pyrolysis, was proposed to treat iron concentrate recovered from zinc kiln slag for comprehensive utilization. Treated by
solution of 6 mol/L hydrochloric acid at 60 C, the leaching rates of Ag, Pb, Cu, Fe and Zn reach 99.95%, 99.34%,
95.07%, 89.44% and 57.92%, respectively. More than 98% Cu and Ag are recovered from the leach liquor when
stoichiometric ratio of iron powder is 1.25 times of the theoretical value. More than 96% Pb and Zn is removed with three
times of theoretical consumption of FeS, and the concentration of impurities of the final solution is less than 500 mg/L.
Fe,O; powder, which is spherical with mean size of 12 um and purity of 99%, is prepared with final solution at above
700 ‘C. By this process, not only the metal values can be recovered effectively, but also the iron resources of zinc kiln
slag can be converted into Fe,O; with high purity, thus, the comprehensive utilization of iron concentrate recovered from
zinc kiln slag can be realized.

Key words: zinc hydrometallurgy; kiln slag; leaching; spray pyrolysis; sulphide precipitation
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