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Table 1 Main chemical composition of secondary zinc

oxide dust before and after water washing %

Kk ZnO  K;O Na;O Fe;O3 PbO Cl HiAthy

KYERT 57.54  6.84 1.51  6.23  3.35 20.46 4.07
KPR 73.57  1.07 — 7.88  4.37  7.99 5.12

R2 REALEMLERBLOTEEAMK
Table 2 Composition of rare elements in

secondary zinc oxide dust %

In Sn Rb Ga Ge Ti
0.018 0. 206 0.202 0.013 0. 005 0. 005
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Fig. 1 XRD spectra of secondary zinc oxide dust

before and after water washing

Hi B 1 AT AR B 2R P Y Zn 2 DLAT
BEW (ZnO) F B AR A A1 (InAly (ZnO) ) 778 ; Pb
1 YA R AL ES (PbO) , Fe LL R85 (Fe, O,)
HEsIn FELPIS BSR4 (InAl; (ZnO) ) FTR
A (In, O WY ARIE AFAE . HAE KBRS 183 24 vh
KR IIHE T KCL, NaCl (#4157 57 000, 336 B K 3B
53 KCLAFI NaCl B A moK s ma L. X 5
K I1GRYE,
1.2 RBWEESAZX
1.2.1 REHEE

SALIETR- B 8 DES i@ i IR YA i — 1 &
FaE—4r A0 4y B 09 P [R) BIL 06 R R A B R L
H' KT DES 5582 P . 50 7 il 4 s S Ak 9 ok 52
A rh 2 4 i 20 O3 00 R R R PR R . i

BEERANER BT .

Fe,O,+8H ——2F¢e*" +Fe?!™ +4H,0,

AG=—9.162 kJ/mol [@D)
ZnO+2H"—Zn*" +H,0,
AG=—14. 421 k] /mol (2)
PbO+2H" +2Cl-—PbCl, +H, 0,
AG=—24. 438 k] /mol (3)
In,O; +6H —2In*" +3H,0,

AG=—18.725 2 k] /mol (€Y)

In, O, +6H" +6Cl- —2InCl, +3H, O,
AG=—17.408 42 k]/mol (5)

ER MW Fe fin 5 GO B
AR PE R R BRI & W) (AN [ Fe (C, O )5
Zn®" Pb* TR In’t PN FE Y CLEAL. B AR
[MCL, " B A% Can [ ZanClL, > L[ PBCL, J*
[InCL ]~ %), 1 F 8%, 8% 50 52 £ U fik 5 A A%
(ZnC,0, « 2H,0, K, & 1.38 X 10 °; PbC, O, ,
K,~8.5 X 10 ") ™ 5@ o A i i K, fiff
COI ZXBEHEE AR EGY i & & i
A, 43 8 BB R B R R R B DO YE AT MR . X T
BB HERESY (N[ Fe(C, 00, " )
figt FEE 45 0 00 FH 4 A0 O BRSO 5 R R Ak L A
YRk E R R R N L Fe' iR il Fe' o,
oE A R R R R M R R T Bk U0
( FeC,0, » 2H,0,K,~3.2X10 ") Hrh?,
AT 52 BB B R BR B 7 1Y ar AP D0 UE 5 AT 3K
Gy . TRV In® PR 7 R P K TR AR TR AR
E WA AW, I B A WO . AT SE B
BE,



- 54 - kiR %

2026 4F 2 A

1.2.2 REH*

IR 3 ds v 50 1) i 4« 4 046 I 88 CChCD) |
TOKAHRR(C,H, O, « 2H,O)7E 80 C K A28
T8 2 h, T 5 09 S8 A0 I B RN B R LA A ) I
==l (= [ O = i ) RO s RIS VA ) 1 2B A A O
BRIV A W30 WA TR R R IR S A
A

2) B B UL 2R 25 K R
FE KRR E TR b IE IR 105 CL TR
JHEREEDLAE S 2 200 HUA R RAF &, BL5 g
BE S A B 4 9 DES thgf 7R e . WK
RN HF XA & B o R B IR AUR
M), 6 B AE K Th A7 0 A 2 ) o [T A FRUB
N 6/1~15/1(mL/g) & K 40~80 °C  Wf
[/ 2~7 h,

KGR R I A RS HAA B 10/1
mo W B A KB K, IR AR
(25+2)°C,LL 300 r/min FEERE IiFE 1 h. 2
J5 10 min; i@ of B il g (0. 45 pm PTFE
JEO WA AE P B DT B, T (105 £ 5)°C F E iR T 4
2 h SR 36 BE SR O B 5 200 B B SE AT 0 A R
it . U WCR A UV 175W . 365 nm [ & H R AT
HEAT BEST, B 5 8 44 0. 45 pom 8 4 B 5 I B3
W4T ICP-OES 43 #r .

2 RBEER5ITE

2.1 BRHEHKRE
2.1.1 #FHEERRELLIREMRNF N
FEWREE 70 C R BT 3 h 4544 F . B 4K
& B & X ChCL-OA DES 8 H 4 & 11 5%
M, G5 2 fron ., ATLAE .4 Fh 4 s i
HH 23 35 YA T A R B B ORI T s I A
MR E 12 mL/1 ghit,Zn . Fe.Pb 1 In 7
24y Rk 95.4%.87. 8% .78. 6% .88. 8%,
I EI RS € S O > e ol o 4 S Bl L R A
JoT R bl 3G O R R R R B K B AR E IR R I
AT H W B AR R = e 4k 224 & 15 mL/1 ¢
BF A B bR 2H 43 Pb 2 R i — L 4R I, (i &
B AR5 PO Fe82 [ ni 435 30 Pb of B g L i
a2 In (e BEVE 43 B AR .l X E g AT IR
AR 5 2 0% AR, 0 3 R R PR RR BT B
ItA 12 mL/1 g,

100

80

B H /%

6/1 8/1 10/1 12/1 15/1
W E AR R & H/(mL - g7 ?)

2 REGFRREENEERHENZIN
Fig. 2 Effect of liquid volume to solid mass ratio

on leaching rates of metals
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Fig.3 Effect of leaching temperature on

leaching rates of metals
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Fig. 4 Effect of leaching time on leaching rates of metals
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Fig. 5 XRD pattern of white precipitate
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Fig. 6 XRD pattern of yellow precipitate
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rates of metal ions in solution
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Table 3 Mass fraction of metal ions in leaching solution

before and after stepwise separation process
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Abstract: In order to efficiently enrich indium (In) in zinc oxide dust and realize the directional

separation and recovery of associated elements,Zn,Fe,Pb and In were leached from the dust by choline

chloride-oxalate dihydrate low eutectic solvent, and the “hydrolytic removal of zinc and lead —

ultraviolet light reduction iron removal” process was used to remove impurities step by step. The
results show that the leaching rates of Zn, In, Pb and Fe can reach 95.52%,88.91%, 80.82% and

89.13% ,respectively, under the optimal leaching conditions of liquid volume to solid mass ratio of

12 mL/1 g,temperature of 70 °C and time of 6 h. Zn/Pb is removed by hydrolytic precipitation, and

then Fe is removed by ultraviolet reduction precipitation. After the step-by-step precipitation and

impurity removal treatment,the mass fraction of indium in the solution has increased from 0. 03% to

1.5% ,successfully achieving efficient enrichment of indium and directional separation and recovery of

associated elements such as Zn,Pb,and Fe.

Key words: deep eutectic solvent;zinc oxide dust;indium;cascade extraction;leaching;separation;recovery



