5543 255 2 ) 7 ¥ I ## Vol 43 No2
2023 4E 4 A MINING AND METALLURGICAL ENGINEERING April 2023

SRETEUKREZESRARTEPERM

BLEE FRIL, EMX, I, Z2E, FEA, HEL, FEL, KER
(LHPHERE A ESEARTEAR ) 7Y fP 547204; 2. PRI R G4 SEEEBE, W1 K1) 410083 ; 3 AEMIE TR/ 7406, )16 79T
530001)

B E RMERE L AR R Dk B T T A R A B T L B pH (AR AR S5 A I 4L 1R
NG R BRER B 0 PR A7 DX 0], R B 548 T pH (| TRLBE 55 R 3R R 20 R A e, 25 SR 3R 0T T B o) 4k 46l 25 R 23R 5
AR, pH X B RBRFR B , FR— A R I LBk B8 DL AL S 4500 S B IREE 50 °C LRI ) 140 min Fhi4E
R 400 t/min BIEG pH {8 1.6 5 pH {8 4.0~ 4.5 BREKBFEHIF AL 0.62~0.64 V BRES BEEHIHLAL 1.08 V, AR T AT LI IR A 5
VDR SR IEE 0.4 mg/L 1 mg/L LATF 86 B ZERFIEIE 100% , 383 T E N FEA 7 SEBRAE PR B R R br (&8N T
1 mg/L &4/NF 2 mg/L) ki FE R IR 20 0.5% .

KA BUAW FIAPERTR S BRER; BRER; SR

hESES: TFI11 XREFRIEAG: A doi ; 10.3969/].issn.0253-6099.2023.02.022

XEHS: 0253-6099(2023)02-0097-05

Removal of Iron and Cobalt from Nickel Sulfate Mixture Solution
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Abstract: The impurities of iron and cobalt in nickel sulfate mixture solution were removed by oxidation with chlorine,
and the varying pattern for the potential of metal ions and pH value during the chlorine oxidation was investigated. Based
on the thermodynamic analysis, the proper potential range for removing iron and cobalt was determined. Meanwhile, the
effects of pH value, temperature among other factors on impurity removal were also investigated. Results show that the
reaction temperature has little influence on the removal effect of iron and cobalt, but pH value can bring great impact. It
is found that under the following optimal conditions, including reaction at 50 °C for 140 min, agitation at a rate of
400 r/min, pH value initially at 1.6 and maximally at 4.0—4.5, potential controlled within the range of 0.62-0.64 V for
the stage of iron removal and at 1.08 V for the stage of cobalt removal, the content of iron and cobalt in the solution of
nickel sulfate mixture can be reduced to less than 0.4 mg/L and 1 mg/L, respectively. It indicates that the removal rates
of iron and cobalt approach 100% , meeting the requirement in the actual production of a domestic company (with iron
content less than 1 mg/L and cobalt content less than 2 mg/L). Furthermore, the loss of nickel in this removal process
is around 0.5%.

Key words: nickel solution; simultaneous impurity removal ; chlorine ; iron removal ; cobalt removal ; oxidation with chlorine

BRSER R BORRL, R R TR IR DRI ARER BT, W ER BRI R B
TR B B IR S SR T H AR BR 1 77 1 2B RO A g kT

@ WA 2022-10-27
BEWE . FEESUIEHRITH (2022YFC3902001 ) ;7 PURHE E AT (HARF AA22067077,2021 AB26024) ; S A iR HIT0 H (5274 20220601)
EEE N DEE1970—) B T BN S TR, FEAIET7 10 bk ORI R AR
EEES . HFR(1972—) B VRO I, REFRTT MG & TR SR,



98 7R

T 543 %

WEUT HENRALTE FEBOR Y L N O BR A —
PR PR A 2 R SR ZE R 1 rhRIK ik 2
DA RA SRR S B AL R 4 DL CoOOH TE
UTTENT H T KBRS A B W —f8 R P507 1B
RFEBGA] A P R B TR

S FE UL PR O B Y (A 2% e B 5R B A AL
PIxH R SRR = S s TR A R R A s E T2
RARSEFFIIK A | B AR B BR B, P Sl R R B
BT AR BB K, ARSCHRIR AT
WCHEAT [R) 2D BRERBREGAIF 5% , PR W Bk A 2 s
MIFEZEL mg/L .2 mg/L AR,

1 Sese JsORHS 07k

LIS R
S I RO A [ N 3 T A PR TR A R AR A TR,
HR sz 1 iR,

1.1

x1 RABRBRTESE g/L
Ni Fe Co Cu
77.20 0.50 0.23 <0.001

S HIAGI LA OK SRR B LK SR L
IKETRBRIE R AR R ERR JC/KBRIR N  JC/K L1

45 Y ot
1.2 ERFE
B 200 mL £ S B AT 400 mL 75 fLIR EBEAR

o3 Sl ARLRTH R B (845 232) A HLAR Lt
S A pH T (H15 ST 2100) ., 7F DF-101S 4E
PR TR ARG R A PO AR R B — i R S
AL OV ZS SRS B i uE B XRD A
HEYIAH BT, 30 52 25 500 7€ 51 ICP (iCAP-7200Radial )
SYPTESIRER B VBRSO A R R
A - CM < Vy
T x 100% (1)
Xy WERERR, % A W RBRAEEG C, o 1CP
B4R M ISR, mg/L; V,, HATE M R A
FLmL; €, AR AR M VR, mg/L; V, HHILR
WAL mL,
i 5286 R J7 F 26 (VICTOR 70/86) 45 Ha {37 Ay
TR H R AR A A7, FLSEBR L 7 By T S5
E=E, +E, (2)
K E NSEBREAL, VL E, S5 7 F A5 B
Vs Ey ARATH SR AR AEAS R B T AR e, V,
FEHN, M FNH R B HAE 70 °C I AOFRIERRA 4 0.21 V,

’)7:

2 LREEREE

SEEWFe(l) BE, K pHEZLNME
FEVSWORLEE 70 °C Fe® W E 0.1 mol/ L s Jif i [i1]
50 min $FEER 400 o/ min PI4G pH {H 1.5 F4F T, %
2T R RIRIR R T Fe (1D 284N Fe (D) B9 E, K
pH {ERf AL RG2S Ak 25 R & 1 B, AAE 1 T
AT, FR PN H IR R -4 R A5 1 U R SRR BR R Y
IR E, 7 0.41~0.43 V(vs SCE) Z[f]

2.1

12 6
0o} 13
14
0.61
Z ; E
= - N
S 0sk =
2
0.0F 1,
03 I I I l} I I 0
0 700 1400 2100 2800 3500
AL /s

FeSO, - 7TH,0 {8 % E, (vs SCE) X pH ESEHENXE

70 CHEASES Fe( 1) B FRIE S N @-pH & FR
VLR 2, miE 2 "0 pH H KT 2 R B ALK T
0.4 V RITDKE Fe( 1) A & A AL IE LA FeOOH FE 23T
W, HAR R WL (3) .

2.0

1.0

0.0

o/V

o/V

pH{H
(a) CI-H,0 & %; (b) Fe-H,0 fAR
70 C HESEWX Fe( 1) BB R o-pH X &

& 2



520 YRR R AR S A B A 99
2FeSO, + Cl, + 3Na,CO, + 3H,0 — 20
2Fe(OH), | + 2Na,S0, + 2NaCl + 3C0O, T (3) 15
ME(3) ATRLE Y, Fe () BYIE R4S ¥ W Y Lof™

OH MR FEA ¢, M 1 A, e g ook 7% v 3t fim A L 05
Na,CO, VAT pH i 4 Y, SIE pH {HFHI7E 2.0~ S 0o
5.3 ZIa), % H P 2 S B, v A2 AR UG X B pHL B i 04 05
W Fe (D) AWr5 OH S A2 i Fe (OH) 5, 10k co
VAR AL 38 B B AR R R AN Bl TR 2 Fe (1) AN As——t—

Fe(ID) AL, 24 Fe( I ) &AM Fe(ID) )5,
WHALRZ EIHE] 1.1 V(vs SCE) , A5 UA TIKAE M
AR TR AL,
22 SREMHCo() B E, R pHEZHHE
TEHREE 70 °C  Co™ e 0.05 mol/L S [E] 59 min |
PEFEHE R 400 r/min K46 pH {H 2.3 &4 F, B2 TH
SHEBRIR IR R T Co(T1) AN Co(TN) 1Y E, S pH
HASE RO, 25 R 3 R,

1.2 6
15
1.0

. -4
E 0.8 %
- 3 =

0.6 \J 1,

0'4 1 1 1 1 1 1

0 700 1400 2100 2800 3500

AL /s
B3 CoSO, - 7H,0 i&i&H E,(vs SCE) B pH S
SURERX R

M 3 KB, &AL Co( IN) RN E, B
=4 1.15 V(vs SCE) , % &S R iR 25 | 1% HL A % 0 55
SAENEE T E AR A,

4 4 70 CHE Co-H,0 R RGN o-pH K FR
Bl HE 4 AL, pH {H 4~ 6 B F5 il s o7 B A 7
0.78~1.2 V Z ], BI AT AAIEHE Co( T ) AL Co( ),
FEHE L CoOOH , HAR S R WL (4) .

2C0S0, + Cl, + 3Na,CO, + 3H,0 ==
2Co(OH), | + 2Na,S0, + 2NaCl + 3CO, T (4)

I 3 RO ad R pH P 2.6~ 5.2 ZJA],
AT pH B 9 UK, 4306 1 9 A~ HLA M0 | 5 Bk ik
FEARIA], Co™ 5 OH™ RN AE B UTVE I ™= A= H,S0, , 3L
VSR A T B SE sk 22 R pH (B B LA
Co™ &P A Ty Co™ H-UTTEFR 25, LI WL A |
FH BN E UK AR AL

B4 70 C Bf Co-H,0 IREBIE R o-pH X FH

23 SSEWUNi(1) BE, B pH ETHRE

TEIRFE 70 °C Ni** #)JF 0.25 mol/L S W] 62 min
PiFEH AR 400 v/min W4 pH H 5.2 55T, B8 TH
SmmiA RS Ni( 1) E4k o Ni( D) 9 E, & pH A
AL, A5 R A 5 R

1.2 8
10 17
-6
0.8
2 15 &
< 06l =
44
041 13
0.2 1 1 1 1 1 1 2
0 500 1000 1500 2000 2500 3000
AT /s
5 NiSO, - 6H,0 &i&H E,(vs SCE) K pH{ES
S EMX R

H I 5 R PERIE R AR AL E, 75 0.90~0.95 V

(vs SCE) , [F] sy X b fc i25 pH {EAE 5.5 VA LB, Ni** FF
AL IR R A TTTE DR TR, E 1.215 g,

6 2470 °C \Ni-H,0 RSN o-pH K], HE 6
AL, Yl PSR AT KL @ 2970 1.36 V
W pH {H 4.4 24788 Ni** S8 AL TUTE 2R i NiOOH,, 4
pH KT 4.4 w2 KA LUT RO .

2NiSO, + Cl, + 3Na,CO, + 3H,0 —
2Ni(OH), | + 2Na,S0O, + 2NaCl + 3CO, T (5)

N T RIE Ni (D) A6 AR I A BETTTE 1Y
ML M pH H, R 225500 Mo A - SR e s &, i AT
TR,

B 200 mIL ¥ 0.25 mol/L ) NiSO, + 6H,0 &
FRBFEA T FEIREE 70 C R HFA] 79 min SFEHE
K 400 r/min W4 pH (H 5.5 51FF , %2 T HRIRIK R
HONi(CTD) 48046 o0 Ni (T ) F9 3 YRR A7 728 R 1 450 1 pH



100 om LR 43 %
(B 5N 7 BT W = —
2.0
—=—Fe
NiOOH 80 —e—Co
—A—Ni
< 60 -
S
> 40
=
20
of 1 . —
NLH 3.0 35 4.0 45 5.0
T S R TR PR ¥ PHIA _
pHA B8 AR pHETSSENBREHELRE
B 6 70 °C B Ni-H,0 ERIBIE R o-pH X FR
25 REMNSSENBREKENEN
1.2 8 =1 e YA N . RN
T 200 mL R, 76 SOV B ] 105 min 4 2
10 17 400 r/min ¥J45 pH {8 1.6 e pH /M T 5.2 444
s 16 T, LT R B S AR R ROR B e
z \ |s & LUK 9 B,
= oek |1\ AN = - . ——
|\ ,\ | \\J 14 100 = §=
v [ Is =
—A—Ni
0‘2 1 1 1 1 1 1 2 60 L
0 500 1000 1500 2000 2500 3000 =
SALII/s B
B 7 NiSO, « 6H,0 &k E,(vs SCE) R pH{ES
SR ENE R 20
op 4—A4——+—+—

H & 7 AN, S i AR T 3 YRS pH (E & 5.2
ZiAn WA A 0.97 Vi 2 5545 pH (A 5T 5.0
I HHLAIAE 1.0~1.17 V(vs SCE) ,iZ &M F w41
FEARGRFRGEEY], IREHLTFREH 0.014 g, SRR
R,

SEBRA e R RS ER A S  PRITE R A AR
FREk Ak R b N ORERE pH (EAN T 5.0, B 1k Ni( 1) %4
FEUTTEHEA AR
24 pHEMEEARFISEUBRE T

T HL 200 mL %, 76 SN [E] 105 min 48 34
400 r/min ¥J4H pH {H 1.6 &AL 70 C AT, B5T
pH R A A R AR B ORI 5 i, 25 5
Kl 8 Fr

Il 8 FI I, pH =3 I BRELAR 99.3% il h & i
M 540 mg/L [ % 3.4 mg/L; i pH (HTFE, IS0 ek
P2 BRAR, pH {8 3.5 B, A 8K 0.2 me/ L, BR
B 99.96% , e T L HLERAE ER . pH E/N T 3.5
I B SEACR SR 255 B pH (B T, V00 v il 7
TGH AR, 24 pH {8 4.0 B, K45 % 99.10% , 75 1k 4
WPEN 1.2 mg/ L, RETH A2 FL AR AR R

50 60 70 80 90
g/ C
B9 ARERETRSEMBRKHEIR

FH & 9 AT I U TR BR AR AN SR 1 5 e AN
K FESERNEFN , BRECRIZIT 100% , R4 %55 99.97%
Db VA Ak il R AR AR R TR AR
R AE 0.5% A7, ERREALIERE N 50 C.,

26 MRUEHEZEH

X 200 mL ¥R, 7E SN IR FE 50 °C | g A ]
140 min Na,CO, ¥ 100 ¢/L( T3 pH {H) |
PEFEH 2 400 r/min HI4G pH {E 1.6 F i pH H/N T
4.8 M, 5T LAk S T i kAR G I sk
Je g5 mE 10 B,

ML 10 W1 ZERARARAE T, BRAgk B v i 5t L o
E,=0.40~0.43 V(vs SCE) , BISEBREA E=0.61~0.64 V,
Bl S bR B A AR R 1.08 V DL FRIRT, FReZik gl 2:
PR 100% , 56 42 /2 Az 7= 225K, [] B 8 460 2K 78
0.5%7E A7, IR R IE A DUTE I | T B
BREH . 20 TRV R B ICP i R oc R i, 4
I 2 FiR,



52 1 L 20 AR R AR TR A B A WO R A 101
125 5 FEHIHLA 0.62~0.64 V BRELBAZE Gl 1.08 V, LA
Ll LKA A BRI B B 2 AP HIFEE 0.4 m/ I,

14 1 mg/L LUF 8k B R BRRIEIE 100% , 53] T E N4
o 075 - S EVSEBRA R R bR (BN T 1 mg/L, E AN
< osol 1° = T2 mg/L) LA PR A1 24 0.5% ,
025 ﬂ 12 ’2‘%3‘[@( :
S~ . NN
000 / . . . : (1] BRERK BAOMERU R HIRL)]. A GG, 1980(10) :59-62.
) 1500 3000 4500 6000 7500 9000 (2] & &, WA AR, 45, 2021—2035 4E 4 BRAR B (L 7 1
AL/ 5 SMFLI. HEFL, 2021,30(9) (147,
B 10 SRUFERHTEEDE,(vs SCE) R pH ES (3] HIGRIIBFEWE, 2 W5 G A EOE e B
S EIRNX R FE[J]. B T, 2008(1) :37-39.
(4] FHIDEJEBEE , RMIZE. RSO PR I8 IR 4k 10 25 bR 5 I
£2 MEBTZEAER(RESH) % FE[1]. Wi RF2AR (A RBI#AR) , 2014,41(1) :107-111.
: [5] Loan M, Parkinson G, Newman M, et al. Iron oxy-hydroxide crystal-
Ni Co Fe lization in a hydrometallurgical residue[ J]. Journal of Crystal Growth
13.2 24.5 54.3

NFE 2 RIHN AR AR B R 3 FOCER
i Ni/Co Fb R 1:1.9, R F R FIBRE & NisCo Eb
(3:1), XA HETT XRD 4307, 45 R WEl 11 s,

- ® Fe"'O(OH)
L] u Co™'O(OH)

1 1
0 10 20 30 40 50 60 70 80
26/°)

11 ARIEER XRD B

MNP 1T RTRI Bt v mh B Rt o i) L3 A T Bk
FR A AL AFLE  RTE XRD AT 5 18 b R LR Y
MR,

3 45 1w

RIS —UEAL R I 2 BR gk Al i A 92 46 2%
P2 SO BE 50 °C | BN B[] 140 min 358 P 26 3
400 r/min F4G pH {H 1.6 Fc= pH {E 4.0~4.5 BRELEL

2002,235(1-4) ,48488.

[6] Belous A G, Pashkova E V, Elshanskii V A, et al. Effect of precipi-
tation conditions on the phase composition, particle morphology, and
properties of iron(III,1I) hydroxide precipitates| J ]. Inorganic Materials,
2000,36(4) :343-351.

(7] XBaksr, Mg oc, FR 45, B AT Ik bRk (T]. A
J&, 2010,62(3) :80-84.

[8] Z4M8. M5640+P204+P507 ZE UL F I [J]. A 48
(GBIETRSY) , 2011(12) :15-17.

(9] k3Tl Al ML 5. IBBA 4 (U3 Zn Mn Cu Ni Co %) B
BREGLIF EZTE[T]. FEAE, 2006(2) :40-42.

[10] MR, 2= ¥, % 8,5 SR mChBRR T2 [)]. ik

2F TR, 2008(11) :4-6.

[11] @k, 1Ak, B AR, 45, Cyanex 272 ZEHU B B R 4 1
BAETIGRTFE[T]. WA AR, 2018,38(6) :127-130.

[12] HPAE =%, b, % Friskis e B R E S itiekk
EHEEA)]. HEA GEEYR, 2013,23(4) :1140-1144.

[13] PR B L. HUARANE SRR SE (1], 9716 TR,
2014,34(2) :94-96.

[14] LUO L, WEIJH, WU G Y, et al. Extraction studies of cobalt (II)
and nickel (II) from chloride solution using PC88A[ J]. Transac-
tions of Nonferrous Metals Society of China, 2006,16(3) ;:687-692.

[15]  BiEom, EMGH. BREERREA S R BRI B LA T [T ].
B (L4 )8, 2003(3) :24-25.

[16]  SRELDY, XK, PP Gels, 5. = B AL B S0 SRR IR K
ZEAENEBFTE[ ], R TR, 2022,42(4) :90-94.

SIAA: BEE, FRHL, EBRKX,F. AARY RMhERGRLE
P skAE[T]. 75 1A, 2023,43(2) :97-101.



