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XA WL RS . S IR R AR P 26
w, Z TRBE SN, (BRI EOR B R . T
VERREFL R 4 T 1) e B ARG 4R,
FEAT AR IR (R 2R . B SR A0 8 3 55 A- AE IR I B 4y
BERE . B 2) NI IR AR (N, o
THIE-p 25T IR SV DTTE BBl o 1P ALIRRE —
BERM—B B =BOMNBL,  H bR A A iR
M B =Bagfeinds, (Hata il 7iks)
TREETF BRI RUR, R Bl

LR EPTA, FEACER AL TR R IR, SR B
ELIREREG L E, AR R, Bl A R R
Az RRAE AR R BE R YA I e FH 5 R ) 8 ) R
W, AR E T, S A, RS
HHELBR G A M, 3 LS BB AR ARG L, 45 %8
NEEIRIE TG BRI . R, IR BIR P
i H T, BUR BLa 2 R 2 BUR R B 3 T 23T
BRI 2Bk . ARSUAEE RGHUTT R v Bl R R VA VR P B
R BRI LT, BE T R B
BN T AINFRIF R S0 o PR A S L N [ o ok
BEAISEM,  DOWSEELES PR AL, SO B R .

1.1 AR
BN B 0 PR 1 FH AR R () AR R R T T
B JFEOE R SR Y, AR R BRI N
Zn+Co*'=Zn*"+Co (1)
X N bR HE EH B RERAE N
AG® = -2x96500x(—0.763+0.277) = 93798 J (2)

-93798

lgK = ~16.439 3
8 = ) 303x8.314% 298 ®)
a +
0™ _ ) 7479x10' )
aC02+

BEMON TR B N, RN, BT
T FE S AES) )% F 5 i S N BE R Ak, RAE
W1 EEAR TR AT . EFRHEIRE T, Bt
SONE AN AT DAARSE T =hn B3
Zn+Co*'=Zn*"+Co 5)

AH2®98 =-981.36+887.01 =-94.35kJ (6)

TAbnseky ket 248 85 CLmdher, KBNA
MECE, XA HEAS R AN, P AT B
AHAE AH R &, ATERF—A7 BT 2 20T LK 1%
LN - L

K -94. 3 -
o Kass _ ~94.35x10 (358 298)___277 o

Kyps 2.303x8.314\ 358x298 )
lg K5y =—2.77 +1g Kyog =—2.77+16.439 =13.669  (8)
K;55=10"°%=4.666x 10" 9)

AT LG, Bk B IR T R 2 1R
RIFRE . P H SR B O T i R %, (H R R
MREAKR, R T 3 A EER . HEBRIEH, 6
BHRM . SRA ST, B B RE . &
LRI A, DA 2B R B A it

MH, TEEERRE D, B O B B s 7
WREERIIEIN, B SN IR B 7 R B R B I SR
BT BB ELAL I PR R A U S U R AR
FESE . XIEMIEY B shid fE v, AR 5k
KA FENH AT, BB Ree
AHBR BN, UERBREATT Co® ik %F] 60 mg/L
FEAWE, BRES R R RE R ARG, i
Pi, Co*" M 60 mg/L 42 40 mg/L, FFM 40 mg/L f& =
20 mg/L LA S 20 mg/L %% 1 mg/L AR IW3) )% 5%
PR AT R IR B A S A EAR R B e g . ]
PATAUAL, B35 Bk B 1) Co® 8 o TR B TV b LR AE
RIREBER RS % .

1.2 kiR

8 A R R I A e e — B e 0N
JEORE, I A ANTEA, EENEKG B R R (2
Hréaf), VEOMRE R EHERT, HRr & EwR 1
B, Bk R TR, EEORLEE A K AR 2
IvIE

£ W R A IRl E S -390 %)

Table 1 Main components of pre-purification solution

Element Content/(mg-L™")
Zn" 150.80
Cd 53.56
Cu <0.1
Ge 0.256
Co 58

1) g/L
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Table 2 Main component of zinc powder in electric furnace
Grain size distribution/% Content/%
>125 um 75-120 pm 45-75 pm <45 um Zng" Zn Pb cd
1.7 59 6.7 83.9 93.67 87.18 2.6 0.1

1) Znt: Total Zn.

1.3 R HE

TRI6 b AR P AR R B R R B VA VR 2000 mL 7E Tl
E A T IHAT AL, BREMHEMMAT R, i
PRI SR AN I ) A A DR 20 B B
BT B A BRES ROR I o 1 25 RS e SR L
WOl 85 B SRS E, B2y
EIR

1) e Wi Baik, 722 90968
FEVHIGE ; 2) #E00MIE : RN 2 5 S REE, 722
S FEFEETIE s 3) BEMIIIE: EDTA 461 ik
4) HRFIER I . SR IR RS, TP-2 AR
AR o

2 HFEREDH

2.1 BEEEMREIAN

PR 85 °C, #3# 75 r/min, Sb,O; & A 21
mg/L(E} m(Sb):m(Co)=0.3:1), CuSO,HEN 80 mg/L
(26 B Sk B0 — Bas R ES s, e
SR wE 1 PR

BT RTEL, MRk FHE—ER, 30 min LUE
A JE W B A I TR R T T . R Ah, ik

3.0

N
W
T

—=—3() min
——90 min
—a— 120 min

SO

L
(=}
T

—_
(=]
T

Cobalt content in
purified solution/(mg-L™")
o
T

e
W
T

5.8 6.2 6.6 7.0 7.4
Addition of zinc powder/(g-L™")

Bl 1 BB R X R ) FE

Fig. 1 Effect of zinc powder consumption on cobalt removal
at single stage (85 ‘C, 75 r/min, p(Sb,03)=21 mg/L, p(CuSO,)=
80 mg/L)

AR EREN (A — e I, B BRI, st
HiorE BRI RE T m &S . S HEN 6.5 g/L
i 30 min PN EE AT AEESFR A 1.0 mg/L AR, 244868 H
B EH 7.0 g/L 0, WGP EES S, BEEE
P T RRRER,  £R G0 7% 18 B B IR PR A i R 4%
HEERY BN 6.5 g/L, FREGHT ] 30 min. {H2, K
B R BRE AL EE AV, B R R, R
BE— I AR B E L EW T

22 FEERMRNE
22,1 Bk O R B e it B Al 1 s e e

FEHIIEE 85 C #43E 75 r/min 4514 34T H BL%
RS, 58— B b 4 RS UL Ja O34T 58 — B
PEBREE G, 25— B%H] m(Sb):im(Co)=0.3:1, CuSO,
N 50 mg/L BIZAE T 5 SER FHEXT BRES s 26
TR — BRI R b, sk e s —
B ee &, #% m(Sb):m(Co)=0.3:1, CuSO,
430 mg/L HIZAE T, HETHE BREHHEN A
TR R g2 o I E 45 3 7 il 2 pos .

M 2@ 51, SE—BUALBRERI, Mk &
KT 2 /L B, b5 v bl 2 s ] P S 4 1
I, BB 22 B B IR] A 38 0w P, MR =N
2.5 g/L I, A i v Hh e B R B N ) P e K T
RPES G M, DR T RESE AP I BB e, 28—
BUeeky FHEAEHITE 2 /L NHE.

HE 200)T 51, DU —Baf b B mA 2 g/L i)
B G BN B AT, AT B B B i S
WL, SiRE/R: BHEE 85 C, ##E 75 r/min,
m(Sb):m(Co)=0.3:1, CuSO430 mg/L, 5 - BifiL/GTR
gl B B R F 20T PR, e T
60 min, 2488 FHE A 1.5 g/L I DR 2 0.64 mg/L.
222 TR Kk FH e T B R R 1 s iR

JE I A R AR R SR R A, AR 85 CI gk
PR AT BRI EIE SR 3 gl

B 3 AT, IR AN N A B B 2O A 5
Kisgm, (MmN 2 518 sk =2, H— Bk
Ba Ak B B0 EL e EE I I TE 0.3:1, BRER S A e 42l
fE 50 mg/L Z[a]; 5 B A i Bh el bb S (45 il 7
0.3:1, B FH & fs AR 1 7E 30 mg/L.



330 B3 10 4 WIRE ST, . TR ER B TR B AL BR B T2 2413
(a) 2.4(b)
20}
. 4
: = 20t
S g 15| —=—30min s &
5% ——90 min £
= O p BORS
o= —4— 120 min S22 16}
=2 10 E
< @ —
Qo = 8 2]
S 2 S2 12t
20 E
N o
0 1 1 L L L 1 08— 1 1 1 ° 1 1
15 20 25 30 35 40 0.4 0.8 1.2 1.6 2.0

Addition of zinc powder/(g-L™")

B2 5B 5 BusiRa e F R BREs fm

Fig. 2 Effect of zinc powder consumption at high temperature purification on cobalt removal: (a) First stage; (b) Second stage
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Table 3 Data of first and second stages purification test

Addition of zinc powder/(g-L™")

Purification
Additive
Sample 30 min 60 min 90 min
Stage N
0. p(Zn)/ m(Sb): p(CuS0y)/ p(Ge)/ p(Co)/ p(Ge)/ p(Co)/ p(Ge)/ p(Co)/
gL m(Co) (mgL™)  (mgL') (mgL") (mgL') (mgL') (mgL') (mgL?
1-1 2 0.2:1 50 0.103 9.86 0.077 8.77 0.07 8.04
1-2 2 0.4:1 50 0.085 8.32 0.076 7.23 0.072 7.07
1-3 2 0.5:1 50 0.105 8.02 0.085 6.28 0.088 7.22
1-4 2 0.6:1 50 0.098 7.54 0.093 6.03 0.11 8.87
First
1-5 2 0.3:1 40 0.095 8.03 0.088 7.04 0.084 6.43
1-6 2 0.3:1 50 0.094 8.9 0.095 6.96 0.09 6.18
1-7 2 0.3:1 60 0.088 9.38 0.085 6.94 0.087 6.55
1-8 2 0.3:1 75 0.112 10.63 0.099 8.28 0.096 7.5
1-1 1.5 0.4:1 30 0.099 1.25 0.073 1.09
1-2 1.5 0.2:1 10 0.112 1.67 0.098 1.42
1-3 1.5 0.3:1 20 0.134 2.05 0.058 0.87
1-4 1.5 0.3:1 30 0.187 2.79 0.057 0.87
Second
1-5 1.5 0.2:1 30 0.088 2.21 0.078 1.32
1-6 1.5 0.3:1 30 0.098 1.45 0.073 0.96
1-7 1.5 0.6:1 30 0.095 2.67 0.072 2.02
1-8 1.5 1.0:1 30 0.105 5.68 0.094 5.24

223 ERRIMN T 2O e R bR A ) 5 e

PR 85 C #3# 75 r/min. 747 4 g/L. Sb,05
&9 21 mgL, EJ m(Sb)'m(Co)=0.3:l, CuSO, &
%ﬁh@&ﬁ%%#? R E I T 2

HEAT R R A R Bl 1

J 1 BENER AT ERE A 3 2: 86k H

IKFAEIMN: 73R 3: B KAL), Bt
TRER IS N, BRI E R WL 3 Fos o

M 3 FTLAE H,  JRAGSS M BER 72 15 A0 I 72 v
iR KT PRI, ARG RIEPRTE 10 min P RDEEHT
W Co 58 mg/L [l IR BREF A K Co &2 10
mg/L LLR, T8 R AELFR 2 30 mg/L 245 90 min
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Jii» WACIE RN T Co B3 2~4 mg/L, Ja# N 7~8
mg/L. &5 FR W, AR InN R R AT b3
X BREG RN K o X 0] LUK I TR LR 2
TR IR MR, TERT 10 min PIEHEER, HIH
BHEYEFE T —iB 08k, WA HE LMY,

KPR AR 34T 70~80 CHIFALALFE, AN
IBSCAARTT B GF . FREBHRE, R4 KK
DB AR TN KBV 751 AN TG BRI VR ) 8, AN AT
PR R P47, A7 o mr e i s P RO A T TR R S
o

o))

—=— Method 1
—o— Method 2
—a— Method 3

W

—_
ol\

oo
T

Cobalt content in
purified solution/(mg-L™")
N

7.26 7.51
6.00 639 6.68

41458\ 306 S

286 296 297 376
2.92
7L 277 a3 272
0 20 40 60 80 100
Time/min

B3 BRI ATy SO B 52
Fig. 3 Effect of addition method of zinc powder on cobalt

removal

224 PHFESRE KRNI (] 7 B s B A 1 R
R
H5 A0 T T B0 S0 2% PR A T A B s PR
WG, o 2-1 FIBFLEEN 75 min, 2-2 FIHEHE
N 85 r/min, FEIREE 85 CHIZMF N AT — B
FALBREALS, BB di s, BCE—Bdb)s

BOEAT S — Bagb, IR IR 4 il

T LU T AT R R RE B K PR A
RSN, FRPESREEIE R, FT DAl bR e 1 Jd B 21
RAE, (ESEREE B 3, B R WILR ™ E, K,
FEAE P IR 24 op REAR I SEBRAE P 1 DB RLEE 14k
Fl 25 Ry S8 ) e P B T PR PR I

BAG FAg e BRes, BRI B BRI TE], A
KR W AN E I, AERRES SNV AHTHI(30 min 1Y),
Wit S N d AR, SRR B R A, ek &
AR TR 30~60 min TR BIVR SN H I,
A SR (] 2 AN I R . X FER TR
LA RE (AN AT RIS (8] (S, A H A ) L
FARPEHFERT, N EBEPESEHUIRAE R, JFORB A e 4
FLR IR B 55 R AT Yt WEERLR
L& TR, ESERERE G, B Bk RN
Bl =ty e — 5 S8 Gl L P B AR (78 i T e 2 LA
FR, TREENER, SREMEET. m
AN EEER, KB REE e s ER, (A%
Bk S IG K AP A R BBk UL, 2R
— BUF IR [ FE H17E 90 min, 25— BAHEIN IA] 60 min

LEEp T

23 EEMHE

N T SRR 7 H PR A PR T B v R R B B 2%
i, AT T EEMEIRE, BUMLRTIS 2000 mL, fE
HE 85 °C, #3f 75 v/min 1A T T — Baf bk
565, SR —BOf b 45 R 5 , B 1700 mL IR VR AE IR 85 °C,
FEH 75 r/min FSRAF NEAT S ZBUAHL, WIEdE
5 A, wHaeas BRI SR S R 194K 90 min
JE BBl Co BN 6.44 mg/L; H—Bufk
JE WA B 60 min 5, B EEKH 0.64
mg/L.

x4 B BRI EE
Table 4 Data of first and second stages purification test
Purification
Additive
Sample 30 min 60 min 90 min 120 min
Stage
pZn)/ - p(Sby03)/ p(CuSO)/  p(Ge)  p(Coy  p(Ge)  p(Co)  p(Ge))  p(Co)y  p(Ge)/  p(Co)
gL (mgL) (mgL") (mgL") (mgL') (mgL') (mgL") (mgL) (mgl') (mgL) (mgL)
2-1 2.0 21 50 0.090 8.56 0.082 7.36 0.077 6.17 0.065 8.08
First
2-2 2.0 21 50 0.091 7.68 0.082 5.90 0.078 6.43 0.064 8.25
2-1 1.5 29 30 0.104 3.03 0.06 0.83 0.058 0.91 0.275 1.05
Second
2-2 1.5 3.0 30 0.09 1.46 0.062 1.02 0.056 1.06 0.117 1.11
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Table 5 Data of first and second stages purification test
Purification
Additive
Stage Sample 30 min 60 min 90 min
No. p(Zn)  m(Sb):  p(CuSOy)/ p(Ge)/ p(Co)/ p(Ge)/ p(Co)/ p(Ge)/ p(Co)/
@L") mCo) (mgL")  (mgL) (mgL") (mgL") (mgL") (mgL") (mgL)
3-1 2 0.3:1 50 0.083 10.12 0.066 7.93 0.078 6.91
3-2 2 0.3:1 50 0.095 12.38 0.080 10.18 0.083 7.62
First 3-3 2 0.3:1 50 0.072 6.41 0.061 5.20 0.065 5.06
3-4 2 0.3:1 50 0.067 9.55 0.063 7.07 0.058 6.18
Average - - - 0.079 9.62 0.068 7.60 0.071 6.44
3-1 1.5 0.3:1 30 0.088 0.79 0.063 0.68
3-2 1.5 0.3:1 30 0.078 0.83 0.068 0.72
Second 3-3 1.5 0.3:1 30 0.062 0.54 0.051 0.58
3-4 1.5 0.3:1 30 0.068 0.59 0.050 0.59
Average - - - 0.074 0.69 0.058 0.64
21 3k M, BROvSR, BREIAS, BN B ER AL BR B
3 i—’ﬁi’f:\, IREFL[]. A @ viit, 2018, 45(2): 72-75.

1) 79 B v il R B T 20 v ol R A VR P 4 A
SRR, NS 35~40 ke/t B AT H0EERY Bt T
BRI N 58 mg/L FEAIKE] 1 mg/L LATR o AHX -5
B miR brel, nOCKBR e &, A o
B PR S

2) I BEEE 85 °C, MFEEE N 75 r/min, £
¥ AKCRAC G BTN T 2OA R T i bR e, S — B
Ry BN 2 /L, BhEhERN 0.3, BRERHH &N 50
mg/L, 4k 90 min J5E5 BN 6.44 mg/L; 5 B
R N 1.5 g/L, BAREGLEN 0.3, BRERHIH &N
30 mg/L, #4t 60 min 5% & &4 0.64 mg/L.
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Cobalt removal process of high cobalt sulfate zinc solution with
two stages of high temperature purification

XIE Ting-fang" 2, LUO Yong-guang?, LI Guo-jiang’, MA Ai-yuan’

(1. Faculty of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China;
2. Yunnan Chihong Zn-Ge Co., Ltd., Qujing 655000, China;
3. School of Chemistry and Materials Engineering, Liupanshui Normal University, Liupanshui 553004, China)

Abstract: In order to remove the cobalt by the conventional process for the high-cobalt-zinc sulfate solution, a two-stage
high-temperature cobalt removal process was proposed, and the influences of zinc powder addition amount, zinc powder
addition method and additive addition amount, stirring strength and reaction time on cobalt removal were systematically
studied. The results show that, after a period of purification pretreatment, control secondary purification liquid
temperature is 85 “C, the stirring speed is 75 r/min, zinc powder pulp treatment, the addition amount of zinc powder is 1.5
g/L, antimony cobalt mass ratio is 0.3:1, copper sulfate addition amount is 30 mg/L, and the cobalt content is 0.64 mg/L
after purification 60 min. Compared with one-stage cobalt removal process, two-stage high-temperature cobalt removal
process has better technical and economic indicators.

Key words: cobalt; zinc sulfate solution; purification
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