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Table 1 Main chemical composition of zinc kiln slag (mass
fraction, %) v
Fe Zn Si S Cu i
33.24 2.71 17.96 4.74 1.26
C Ca As Ag
10.18 6.79 0.76 204.8 g/t
X EFEAEIET XRD 2087, HERWE 1 FR.
fh 1 1 T B 1, B B BRI A FeS \Fe,Os. :

Fe;0,%F, HWIAHFE R CuS. CuFeS, Al CusFeSs. X
BEZE AT SEM-EDS 40 #7, g5 S anlE 2 A1 3 Fiw
2 FI 3 T LA Bl AR B R

20/(°)
Bl 1 FEAEER XRD i
Fig.1 XRD pattern of zinc kiln slag

2 FEEAR SEM 1R
Fig. 2 SEM images of zinc kiln slag
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Fig. 3 SEM image(a) and EDS spectra((b), (c), (d)) of zinc kiln slag
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Tk, B EHE AMMIRAE A, C. Fe. Ca. Si 5%
HRAEHIL LA R A AT AR 06, L rp i o B DA Ay
12, KEMERE. W, wikamaaEmk . 5
SE IR BRSSO, FEEE M LB EIR .

KA TS BN = r L) BHAPRTIIR R 50
HACZ2 R AT AR 2 a3k 2 AT, SR
AR, RN R R IR .

R2HRITEE S

Table 2 Main chemical components of waste acid (g/L)
H,80;  As™
172.48 8.12

Ast Fe Cu Zn
8.56 0.26 0.25 0.20

Ast: Total As

1.2 SCIJRIE

F Fe-Cu-S-H,0 /K&, Fe Y&+ Cu ¥
MR, 4R AR Cu R iR A 1E, 1A
AP RN BRI AL, W 4 Fos. mHE 1
AL, BEENETR) Cu K2 DLERALYIARIIE AP 1E .
DRI, S SAA 2R I A 75 B4 8 =, AR &R
MR, HET A FRE R R AR BR ALY, P20 Cu 1

1.0

2+
- o Cu
Cu®" Fe™ HSO, HSO; Cu?*
08¢ FeOH), | SO
¥ Fe HsO;
0.6 ) \
- et so;”
> CuS HSO, Fe 4 e
Cem—— | T <
CuS . 2+ o
Fe 2-
02 S SO; _cus Fe2*
\ZM
;
0
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Il 1 1 Il
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4 Fe-Cu-S-H,0 &) p—pH fL# X
Fig. 4 ¢—pH dominant area map of Fe-Cu-S-H,O system
(298 K)
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W Fe® Fe? ViR B S5 AU i IR P s g 5 A SR F -
9=0.77+0.0651g[ ¢, - /¢;o | (1)

(D AT, TR R EULIE SR AL S e

AT MR AR R, (0I5Bt LA (03 72
B H,0; MM, FREH 7 1 Fe B AL
B R, (e, fop BIK, B TGS
B

e B A 1 AL R RN

2Fe*'+ H,0,+2H'=2Fe¢**+2H,0 ()
2Fe’ +Fe=2F¢*" 3)
2Fe* +MeS==2F¢’ " +Me**+S"° 4)
CuFeS,+4Fe* ' =Cu*"+5F¢* +28° (5)
CusFeS,;+12Fe*'*=12Fe*"+5Cu*'+48° (6)

1.3 KWHEREE

H# 500 mL {SEREIN = 1BeH, 7 HH-S28s &Y
PR K IS B (G342 T KM B SRS T A2 ) K i
B, M E B R EECN 30%HH Hy0,, SHEEREHTEAL .

I JE6001 B! HLFR-F(Mpe—Fe R 238 1
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WAL, SHR HBGHEATERE T, B HEEE ek
J&, BT DZF-6090 %Y B 2= AR HAH ( L —E R} 2
IBH R AT A7) H, 78 75 C 644 FIEIR 12 h 41,
FREILFIF T

14 SFRNSITE

SR FH R B R A V2SR T P ) Fe® R Fe™™
WRE, SKF ICP-MS IAME B R+ HY . Zn®* Cu™,
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FLHHA TR AT o T AT T R A R M R I SRR
Ji HLA
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2.1.1  {SERTEAL S
SR EE KEEHEN A, A H0, KiE
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AT LUK S B AT B O BRI AP, AR
SCHFFE T HL0, MR I X V5 R H 1 As™ 8L fr 2,
HAERINE 5 fim. HIE 5 W&, BEE HO, I &K
W, SR AR EEREZ 98>, M 8.12 g/L b
1 0.004 g/L, 24 H,O, MM F TR RN 16 mL
i, FGERTN AT EEARY AR AN AS® . ARSCRA
WAL 5 TS5 R A e A IRt SR BRI HA 771

\

As>" concentration/(g-L™")

Oj_l/ 1 1 o s
02 10 12 14 16 18 20

Addition of HyO,/(mL-L™)
Bl 5 H,0, AR As™ WL 20
Fig. 5 Effect of addition of H,O, on concentration of As™

2.1.2 LD EE A 4 R H RIS

SEOG ARV A S0 g, BEAERIAN 106~150
um, {EIRE E(mL/g)10:1, NI 30 C, H,0,7K
WM 16 mL 50F T HAT IR M. o SIS [A] X %
& @2 B ER R A 6 B

B 6 AT %0, BfA M [ FIEK, Zn. Fe. Cu
(3 H R AR Rl b T3 o SO TR 1 h #8803 h
i, Zn B2 H 2 H 42.56%3 N3 48.28%, Fe MR H
1 38.59% N F 43.23%, Cu (IR H R H 24.23%1
In# 29.56%. 4 NI A 3h 5, Zn. Fe. Cu ]

55

50F
e 451
E /
< -
& 40 —=— Leaching rate of Zn
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Bl 6 S ML [) X 75 A P R iR HH AR I RS R
Fig. 6 Effect of reaction time on leaching rate of metals in

zinc kiln slag

R R IER RN T 2% . IX A KRB S 8] ) i 3
BE, ARR PRI WIEFE, R H AR EE R,
AR BEHEAT BIHESN FIAR N o

ZRBARR T Zn. Fe. Cu (MR HRAAR K,
Rl Cu, SANE] S h i, Cu HIRHRBAGES
30.57%. XTEFEEAR) Cu WIAHBEAT 204, FHa R
RIPH. SEE 1)k 3 TUEH: FRaEfm
Cu EE IR M I RALYIARAE AL, AESE R BAR R T
M LIS BRI, Rl Cu (IR HFIZ KT Fey Zn (1
R,

x=3 HEBETH Cu VAR
Table 3 Cu phase composition in zinc kiln slag (mass

fraction, %)

Chalcopyrite Covellite Others  Total

0.73 0.32 0.15 0.06 1.26

Cuprite

213 OO A R A R H R I S

SEIG R HUEE AV 50 g, BFEIE AR 106~150 um,
FEE Ee(mL/g)10:1, H,O, /KIEWUIMANEN 16 mL %
PER RN 3 ho N3 BT 54 8 1032t 2R FR 2 i P
7 Fi7R

B 7 BTN, R R A SIS IREAE R M A B
KIsEm  WR R TRIZHbRE, NERRFP S
T A A B SR AL A TR R & . U RS R IR
FEF S, A FRGEEEINREIZL, AR RN 25 R
LRI S T HCRE I £ . IR R BE A IR M 30 CiBdi T
&, Zn. Fe. Cu IR Y ZEEG N, Ao LR E T
= E] 50 ‘CHF, Zn IR H 2 H 70.05%38 13 76.93%,
Fe (12 HHZH 71.16%8 031 75.18%, Cu iR H M
42.14%F+ =3 47.15%; 48T ES] 70 CHF, Zn,

-=— Leaching rate of Zn
—e— Leaching rate of Fe
—— Leaching rate of Cu
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2830 o E A SRR 2019412 A
Fe MBS — 5 T, Cu B HEHTFE T,
R B 2L (03— 5 T8, HLO, (1AM ARV R A, 70f P
PR IR b BT, SECERR Cu A ol i So |
LAl 75 L U 4 PR S B A S 50 CHE g S 5o o Lepeing e of Cy I g
BLHNEE, RIS R, HO, WA RS, A £ ol :
SRR AT Cu O £ .l :
214 BRI HLRT SR o 4 95 1 SR B L 18
IR EE 50 g, BEAERIEN 106~150 il o
um, TERPNEEE 30 'C, HOp KIERIMAEN 16 mL
SR TR 3 o W E 4 762 H95 3 A S ) ST 0 o1 0z 05 04 of

8 FiRo
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Fig. 8 Effect of liquid-solid ratio on leaching rate of metals in

zinc kiln slag

P 8 mIAl, BEEME LG A, Zn, Fe. Cu
(A3 HH 2R BT K o 24 [ B ER 51 36 K3 1021 1,
Zn HRH R H 67.51%H K% 68.88%, Fe M3 H F
52.63%38 KA 56.02%, Cu FIIZHHRE 38.48%I8 %
54.23%. XK E LLBARES, BARTSER MGG
WEEARE], (AHEERD, AT &EETRIRH
B, BEAERE LG, SRS EHEEZ G R, R’
BWF RN, EES TSR RIS, B
e %, 12 AR AR B A SR EE KT 10:1 1,
B A I L — 20K, R RO B A KR
TN, IR R K S
2.1.5  HyOp BN E N B 270 T 4 R 13 th 2R [ 5 e

SEE R R 50 g, BEAEREN 106~150
um, EVRIE Eb(mL/g)10:1, SR N 30 ‘T4 T &
B 3 he HyOp KIFHIIN X 0 FK K11 R [ 52
WK 9 Fizs.

HHE 9 AT%0, BEE HOp IIAE G, Zn F1 Fe
PR H R ARFR RS E, T Cu MR HREIRE IR

Addition of HO,/(mL-g™)
B9 H,0, MG A b & Jm iR 2 1
Fig. 9 Effect of addition of H,O, on leaching rate of metals in
zinc kiln slag

BN 2 Hy0, IIANEM 0 mL 4% 16 mL B,
Zn Fl Fe (PR H B EEARREFRRE, 4EFFE 60% %2 70%
Z 18], Cu IR HZFM 10.10%BE 05 55.36%. Hit,
H,O, NN Zn. Fe MR HFEIEL/N, X Cu i H
EEEIONG-Z TR

XA Hy0, IINEZAF T I H 29E 5 YA 1t
TR, HE5 RNk 4 pral, WAnBEE HO, A S
B, B R AR TR D, 5 R
[ Fe® IZ @i N, 3% 2 N HLO, K i Fe* Ak
N Fe, AR FEIRET R, GU Pk
By, fEKE Fe' #i% ik N PR, R RBAIRTT, ¥
AR T BRI T S %A, HEmR
Cu™. A, B HO, Mishn, ik 7T KB4). (5)-
(6)HIREAT, PR RHRMN S Bes b, 425 1 52 440
TRV R, Cu BRI RS E] T M.

R4 AFE HO0p IMAESFA T A BT
Table 4 Final copper phase in residue under condition of

H,0, dose

Mass fraction/%

L0y Sulfide and

(mL-L™")  Timid  Oxide wHdean®  rotal
others

0 <<0.005 0.027 2.10 2.13
0.24 <0.005 0.0171 1.64 1.66
0.32 <<0.005 0.0158 1.52 1.53
0.40 0.0062 0.044 0.95 1.00

2.1.6  EFEERLR N A R IR R I

SEIG R A S0 g, FEWRIE Hh(mL/g)10:1,
REE 30 °C, HyOp ZKIEMIIAEN 16 mL 2644 T %
I3 ho BEAFERATN & TR IIR HE I A 10
Fi7R o
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B 10 BraERARN TG IRIR H B 2 (1
Fig. 10 Effect of kiln slag particle size on leaching rate of

metals in kiln slag

B 10 AT, BEEBEAERLAR RN, S ILER T
R RBRETIGE R, AR N 250~830 um /)
F| 75~106 pum B, Zn PR E RN 69.74%3E =
74.74%, Fe (IR R H 53.39%FF % 77.39%, Cu iR
HERE 26.22%TFE 70.79%, X2 NFEE 4 2k
PN, FCLCRTARIG O, I 6 AR [A] R g %,
FIFI2 R SN AT, PRIR R R . o
Cu MR R ZE R BRI, Wk 3 mIAl,
Cu (EBE 7 B DU S IARARLE , 10 B 20
BEAT A 3 20, BIOR T E690 % Cu WM RO 3 1
gERE, BT IEE R AT 5 A IS B AL A 15 DA BE 78 43
SRS 5 N

22 AW

M SO SRR T R AV ST IR AR
LRGSR % AR 50 g BEEWERAEN
75~106 pum, TEVR[E Hb(mL/g)10:1, MR 50 C,
H,O, KRN EA 16 mL 461 F % 3 ho 7EIS
PR AT, FRIRNSSRIRHRWRE S pral.

RS ZOEFMEREERRLFE
Table 5 Comprehensive conditions of each metal leaching

rate

Fe Zn Cu
88.56% 80.56% 74.23%

5 ATH1, ELRE M T TSR, Fe. Zn.
Cu MR G AT, Fe FIRHRILT] 88.56%,
Zn 3R H KI5 3 80.56%, Cu 137 H I TF 2 74.23%.
12 R FE P %2 88.2 g/Le

23 ZHRERRETLZ

N TR EEEIR A, RN ECARR T
FREE, ARSCAELRA M SEIn M Eal Bk iT — Bodiimiz
H S, 78 B H IR R s R 2 A TESR S Fe
Zn. Cu R HRLFEN & EEH N Ag, T /550
[ AL B o

SEEOAE—BOR I, IR AA 50 g, BRANERLR
N 75~106 pm, FERE H(mL/g)10:1, NN
50 'C, H,O0, KIEWIIANEN 16 mL 244 S 3 he
TEOR N B LIRE EE 9:1, MNIRE N 85 °C, AR
I HL0, 260 T IR 3 h, 45 B R T IR [ 31— BriR
e HLZRAWE 11 fos, SIRgs g 6~9 fisl.

mF 6 i, fE£—Brt)E, WRHIREREE
89.16 g/L, KR [al—BuR i, #1473 MEMHR
RS, HemBmEk 7. 8. 9 Aisl, £ B
S5, Fe [FRR H AR EE F] 94.58%, Cu AR
H IR 2] 96.25%, Zn IR HRIAH] 95.64%. =i
B Ag BEWIAR| 2 fF, A EIAT] 484.7 g/t,
AR PR SR 1R SRR As WREEIX R 9 g/L /2
i, SRR N 25 g/L KA H K% UL F I RIEAE,
Cu™ B8l 1.7 g/L, Zn* WRFEEEHE 2 ¢/L, HiN &8T5 2
A RLEI . RS IRIR B R AICPE 2249 20 g/L, X
F A SC T IE TS BR R FE VG R BUNAE 20 /L LA
I

F6 —BURHRM ALY
Table 6 Composition in first stage leachate (g/L)

Fe?* Fe* Cu** Zn** As H,SO,
19.18 2.10 1.69 1.98 8.64 89.16

12(2) AT oy B R VA F) XRD . f &
12(a) 0] A1, RHEF EEMMN CaSO,2H,0, FE%
B JEA K E Fe;040 FeyOzv CuFeS, Z AN L,
PR E BB AR IS, g RR N
BEE— S, A EFIEH LT CuFe,04 1 CuFe,S;
PR SheE, WE Z  vh AT A 30 40 R R B AL W) AR
fift, AN AENE IR ML T BT AT AT, X
TR A P R R R A AL BT AR Y

X2 K #E4T SEM-EDS 437, 45 SRanpE 12(b)fn
B 13 Fras . BB 12(b) A 13 040, 785 AH 1 2 T kRS
e ZHE, Cav Sv O RILHERIVFFENTSH IE; [H
B 53 Cy Siv Fe I, 454 XRD i o] A
FER NN CaS0,2H,0. B 1 I 2 B 44 TS0
A AT L, K FER AT R . T B 2
BB S10, HARGIEME, HIMNEF I Fe
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Table 7 Metals leaching rate of countercurrent leaching experiments

Cycle Leaching rate of Fe/% Leaching rate of Cu/% Leaching rate of Zn/%
First Second Total First Second Total First Second Total
1 84.06 8.3 92.36 73.25 21.88 96.25 81.89 13.75 95.64
2 84.13 10.45 94.58 74.63 20.65 95.28 80.56 13.25 93.81
3 85.13 8.45 93.58 72.56 22.16 94.72 81.06 13.90 94.96
w8 BORHEH KR
Table 8 Composition of second stage leaching residue
Mass fraction/% Mass content/(g-t ')
Cycle -
Fe Cu Zn Si S Ca C Ag
5.68 0.15 0.34 16.66 11.24 12.04 18.61 484.7
5.16 0.18 0.46 17.14 10.69 10.34 17.65 457.2
3 5.29 0.21 0.39 17.22 12.20 10.69 15.57 464.6
&9 WRR M EIEWRAy
Table 9 Chemical compositions of countercurrent leachate
Chemical composition/(g-L™")
Cycle o 3+ 2+ 2+
H,S0O, Fe Fe Cu Zn As
27.63 25.94 2.6 1.68 1.84 8.76
2 20.58 27.16 3.1 1.71 1.98 9.06
3 24.65 23.36 2.8 1.56 2.03 8.95
Zinc kiln slag .
Leach
solution-2
e
= residue s Leaching
] Filtration-2 residue-2
Waste Leaching-1 Leaching:] Leaching-2
acid
Leach
solution-1 ~ Waste acid

B @il TERE R
Fig. 11 Schematic diagram of reflux leach process

(a) +— CuFe,S,
s o— CuFe,0,
v *— S
v T o v— CaS0,-2H,0
v M SIOZ
*
o 3 y
o
v
*
o A o H o vo L
10 20 30 40 50 60 70 80
20/(°)
B 12 —BORHER XRD %K SEM %

Fig. 12 XRD pattern(a) and SEM image(b) of second stage

leaching residue
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S
Ca
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Energy/keV
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(6]
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Fel [S a
Fe
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13 “BUE R SEM %1 EDS i

Fig. 13 SEM image(a) and EDS spectra((b), (c), (d)) of second stage leaching residue

PR S BREAN Si0, FEAEA AL S, DR oR B i 2
I

24 RUBERMAYBESRA

Wi B S W R WiER 8 Firdil, R
As WEEIEF| 9 o/l /i47, Fe* WKEL#L 20 g/, FREE
M 20 g/L fidi, ARHE FUITA 22 Sei9t, o4
FIFHIK 8B S B VR DT 2644 - 78 90 “C 2644 T il
NES 4 h, BT RERNREA, JIHZEIE 95%
ERMER ot R 1.7 g/L Ao A, RN B
EUTEE R B Cus FEZ I RECH 1.3 I T,
HYTE R 99%. Zn® WREEIT 2 /L, WIFI A EL
B HE R Zn.

3 Zhip

1) TEEEZVE R 50 g« RETIE] 3 hy HyO, 7K
W& 16 mL. [H Hb(mL/g)10:1. [N E 50 °C,
BERBRAR 75~106 pm 26 F T, Zn. Fe KR HEETIA
80%LA I, Cu B HZE WL 70%LA . 3T ZBdiim
RS, Fe IR FEIL 90%, Cu. Zn IR HH
1K 95% . A BRI RRI, [RGB K

HIHFE.

2) BH G Fe® Mt 20 g/L, As RIS 9 g/L
ik, BREEN 20 g/L fidis RHAZKIG R Akt
AFUTRAL R, YU AT ik 95% A b Cu® WK N 1.7 g/L
FEAT R RN B 4 SO 1K) Cus Zn® I 2 /L,
AL R ZE RGN AT & 4R

3) ¥7 i E SN CaS042H,0 Fl SiO, LA K
R, HTIRSE. B Ag 53] 2 FHESE, H
i N B Ik 484.7 glte
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New process for combined leaching of zinc kiln slag and
waste acid from zinc hydrometallurgy

ZENG Tao, DENG Zhi-gan, FAN Gang, WEI Chang, ZHANG Fan, GAN Xiang-dong, LI Xing-bin, LIU Hui-yang

(Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology,

Kunming 650093, China)

Abstract: Large amount of valuable metals are contained in kiln slag produced in zinc hydrometallurgy. The waste acid
in zinc metallurgy has the characteristics of complex composition, high acidity and large amount of arsenic and other
heavy metal ions. The zinc kiln slag and waste acid were leached combined according to the physical and chemical
properties. The effect of the combined leaching behavior on kiln slag and waste acid was investigated by the conditions,
including reaction time, reaction temperature, solid-liquid ratio, the addition of H,0,, and particle size of kiln slag. The
experimental results show that after the two stages reflux leaching, the leaching rates of copper, iron, zinc are higher than
90% for 50 g kiln slag, 3 h reaction time, 50 C reaction temperature, 10:1 mL/g liquid-solid ratio, 16 mL H,0,, 75—106
um kiln slag particle size, respectively. The acidity of leach solution decreases from 172.48 g/L to about 20 g/L and the
arsenic concentration reaches about 9 g/L, which provide conditions for subsequent arsenic treatment. The main phases of
residue are CaSO,42H,0, SiO, and coke according to the analysis of leaching residue. The silver grade is up to 484.7 g/t,
which can be used as raw material for extracting silver.

Key words: zinc kiln slag; waste acid; combined leaching; zinc hydrometallurgy
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