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Separation properties of ion to cobalt and
nickel in complexation-precipitation system
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Abstract: The separation properties of ion to cobalt and nickel in complexation-precipitation system were studied. The
relationship between metal ion concentration and pH value in the complexation-precipitation systems of carbonate system,
ammonia system and carbonate-ammonia system was simulated by the thermodynamic calculation. Combined with the
experiments, the carbonate-ammonia system was considered as the best ion-removal system, which can guarantee a high
iron removal efficiency, small amount of cobalt, nickel lost, and is conducive to the subsequent separation of cobalt and
nickel. The results show that the optimal ion-removal conditions in carbonate-ammonia system are determined as follows:
(CoNi)/ Fe*" concentration ratio of 1.5-2.5; ammonia concentration of 1 mol/L; Na,CO; concentration of 0.01 mol/L; pH
value of 4.0. Under this condition of (CoNi)/ Fe*'=2.5, the ion-removal rate is over 99%, the cobalt loss rate is about
11.4%, and the nickel loss rate is 10.6%. This ion-removal method has the advantages of high iron removal efficiency,
favorable filtration performance and good application prospect.
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Table 1 Chemical reactions and equilibrium constants in

complexation-precipitation system”!

Number Reaction lgK
1 H,0=H'+OH" -14
2 H,CO;=H"+HCO;" -6.352
3 HCO; =H'+CO;> -10.329
4 NH;+H=NH," 9.246
5 Ni*+OH =Ni(OH)" 4.97
6 Ni**+20H =Ni(OH),’ 8.55
7 Ni*+30H =Ni(OH) ;~ 11.33
8 2Ni*'+OH =Ni,(OH)*" 3.3
9 4Ni*'+40H =Ni,(OH),*" 28.3
10 Co*+OH =Co(OH)" 3.3
11 Co*+20H =Co(OH),’ 9.2
12 Co*'+30H =Co(OH); 10.5
13 Co*+40H =Co(OH),> 10.2
14 2C0*" +OH =Co,(OH)** 2.7
15 4Co**+40H =Co,(OH),*" 25.6
16 Fe*+OH =Fe(OH)" 5.56
17 Fe*+20H =Fe(OH),’ 9.77
18 Fe**+30H =Fe(OH); 9.67
19 Fe*+40H =Fe(OH),> 18.58
20 Fe*'+OH =Fe(OH)*" 11.87
21 Fe*'+20H =Fe(OH)," 21.17
22 Fe**+30H =Fe(OH),’ 29.67
23 Ni*'+NH;=Ni(NH;)* 2.8
24 Ni*'+2NH;=Ni(NH;),*" 5.04
25 Ni*'+3NH;=Ni(NH;);*" 6.77
26 Ni**+4NH;=Ni(NH;)* 7.96
27 Ni*'+5NH;=Ni(NH;)s>" 8.71
28 Ni*'+6NH;=Ni(NH;)s>" 8.74
29 Co*+NH;=Co(NH;)** 2.11
30 Co*'+2NH;=Co(NH;),*" 3.74
31 Co*'+3NH;=Co(NH;):*" 4.79
32 Co* +4NH;=Co(NH;),*" 5.55
33 Co*+5NH;=Co(NH;)s*" 5.73
34 Co* +6NH;=Co(NH;)¢*" 5.11
35 Fe?"+NH;=Fe(NH;)*" 1.4
36 Fe?'+2NH,;=Fe(NH;),*" 22
37 Fe?'+4NH,;=Fe(NH;)*" 3.74
38 Ni(OH),(s)=Ni*"+20H" -15.26
39 Co(OH)(s)=Co*+20H" -14.23
40 Fe(OH),(s)=Fe*'+20H" -16.31
41 Fe(OH);(s)=Fe¢**+30H" -38.55
42 NiCO;(s)=Ni*+CO5*" -6.85
43 CoCO;5(s)=Co*" +CO5> -12.84
44 FeCO4(s)=Fe*+CO,> -10.50
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APESEETIRESHW pH AKX R B 0.02
mol/L Na,CO; % 10 mL, S5IEA 4 @RI 0.25
mol/L Co*"+0.25 mol/L Ni*+0.1 mol/L Fe’")10 mL &
A BEEE, PEAY pHARON 3~5, Ulie. HIE. Pk, H
B 5 45 3 AR R 1 R 6T A (ICP-AES, Optima
7000DV, PerkinElmer, USA ) I 3 1 5 v 1 4 e
BT, VPRI R B BRI . I 2
mol/L & /K 10 mL, S5iEA 4 @RI 0.25 mol/L
Co**+0.25 mol/L Ni*'+0.1 mol/L Fe'")10 mL J&4+ #i
PE, AT pHAE N 3~7, DliE. W¥E. PRE, UK
PR B BRIMPTIE R . H 3 mol/L %7K« 0.03 mol/L
Na,CO; %% 10 mL, 5iRA 4 EAR(0.25 mol/L
Co**+0.25 mol/L Ni*'+0.1 mol/L Fe'")10 mL J&4+ #i
P, FEHERPEKIKE N 1 mol/L, [CO5*1=0.01
mol/L, VY pH {HN 3~6.5, DliE. L. Wik, it
ARG B BIDER,

1.3 HREERZHELR

X A R AN R S5 S HOHAT S S . 1 5%
5% 5N [R) 4 g B 1 IC LG 4 SR DT R I R, 403l
HUR A 4@ B(0.15 mol/L Co*™+0.15 mol/L Ni*'+
0.1 mol/L Fe**. 0.25 mol/L Co**+0.25 mol/L Ni**+0.1
mol/L Fe’"\ 0.35 mol/L Co**+0.35 mol/L Ni**+0.1 mol/L
Fe'")10 mL, SHREHW(3 mol/L % /K+0.03 mol/L
Na,CO3)20 mL V55~ #iikE, W7 pH=4, JiiE. LI,
Pk, THABRERRE. B BT R, RIFH
KR <52 JBUTTE A 520, 7371 3 mol/L 2 /K
5. 10 Al 15mL, 4 0.03 mol/L Na,COs % 10 mL Fl
VB4 4 B AAL(0.25 mol/L Co*™+0.25 mol/L Ni*™+0.1
mol/L Fe’")10 mL 45, #54l pH=4, P, €. ¥k
o VPEIREM R B BRUTEE.
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TP SOV P O B e e A, i
P SR B AT LA AR R & S N AR C R, iR
H[C]=0.01 mol/L{k IR AR 251 i), I H Matlab
IR P A B IR A R I 1g[Me™ | —pH g ihk
(WL 1), B 1850, £F NayCOs i —E I T,
W &8 S IR pH B IR I gk,

o Fe¥"7E pH=3 I, IKJE <107 mol/L, SZEL5E4C
U, ARG JE 5E A TE 1 pH AT KT 5.5, Xt
WAEE S BAE pH 3.0~5.5 41 F, Fe'' 5 Ni*'s Co™ %
BACR, I Fe REES Ni** Co™ 4r .

TEWRIR AR R T BT BRER S I0 I0 R . 18] 2 Bl
BRI IE M 0.01 mol/L I BRI 1A & 4% 42 B YU K —pH
S ik, HHIE 2 WA, ERRIRIA R, 7E pH (A
3.4~47 JEFEW, Fe'IEARPIIESEA, YERB KT
98%; Ni* Ml Co™ [YLIE B pH AR [¥I 14 i if 38 i,
pH=2.4 W, B PTIERN 27.3%, HiMIIEHEN
35.5%, MpH>4.6 i, h. BLUIEHRE >40%. X
BRAESERR IR A R T, BT RRBRAR MO B . B k3%
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Fig. 1 Theoretical IglMe* —pH curves in carbonate system
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Fig. 2 Experimental metal removal rate—pH curves in

carbonate system
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Fig. 3 Theoretical Ilg[Me*"]—pH curves in ammonia system
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ZUKIREEN 1 mol/L I 27K AR 5 & 43 JE T vE %—pH 5%
g ahek. W 4wl fE pHAE N 4.0~7.0 G, K
% pH HHK, SEE. SABMTTE R,
FUh BRI AR E 94% LA [ pH=4 I, BRI,
FITTIE R A 5.16%A1 9.25%; pH=7.0 I}, HLFI4E
FITTIE 20 51 19.8%A11 23.0% . X 15t B AE R T pH 11
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Fig. 4 Experimental metal removal rate—pH curves in

ammonia system
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Fig. 5 Theoretical lg[Me*]—pH curves in carbonate-

ammonia system
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B, TR XS NiF Co® BN TERE 11 A BT 25 5+
FAFEREA R A BB Z KA R TIFE I e
B G et maRAI S ER, R E
BIROR

TEWR AR T RATRRER S IR 18] 6 il
KRN 1 mol/L Bk FE 4 0.01 mol/L i fil Z {4k
R&GREITER—pH LI th4. & 6 w41, ftpH
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F2] 94%LL b5 pH>4 B, JUEEJLTIA 100%; B
MAEEHIPTIE AT pH=3.6 B3 31h 9.1%H1 9.3%, 1&
pH=6.0 B 43514 18.4%F1 22.3%. X Ui FH7ERYE pH
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Fig. 6 Experimental metal removal rate—pH curves in

Removal rate/%

carbonate-ammonia system
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22,1 T L RS e

K 7 B N &KIRIE A 1 mol/L. BRERIKIE A 0.01
mol/L pH=4 INBRZE A ZR 5428 BTl %5 (CoNi)Fe'

WREELLR R MLk, I 7 v, fEmaEk R,
(CoNi)/Fe® ¥k F& LU AE — sz 0 Fl Py et 46 a8 e 6 11 5 i
AR, {HBfF (CoNi)y/Fe’ IR FEE LU, #2. B, B
(DTTE RGN IE NN, 3K PR Ry 0 P AR Rl 1) R 5
KIS 2THAESE Z MG ), AR SE AR S UTUE, [R]INHE
Bl ERE R ABAE F S DT K. 24 (CoNi)/Fe™
WIELEAN 1.5 $8mE] 2.5 i, &h. SRR R B
13.4%F1 10.7%48 L E] 12.9%F1 10.9%; 4(CoNi)/Fe**
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Fig. 7 Effect of concentration ratio of (CoNi)/Fe3+ on

removal rates of Ni**, Co*" and Fe**

222 KN
8 i ATRIRIKIE A 0.01 mol/L. % pH=4
IR Z R R % B O R KR B R O R i 26

100

951 n—Nj2*
e —Co*"

S 90 4+ —Fe¥*
2
e
= 85=
>
=]
g 20
[} :
m

10F

O | 1 1 1
0.85 0.95 1.05 1.15 1.25

¢(NH;)/(mol-L™")
8  GUKIKEEXSR. B BRUTIE A
Fig. 8 Effect of ammonia concentration on removal rates of

NiZ*, Co*" and Fe**



523 %5 11

P, A MAVHERRPERER . BN AR 3223

HHIE 8 WA, fERE AR, BAG ZUKIRERHE I,
WP R AR TTE 3 R a4
IKHEE A 1 mol/L i, BRUTIER N 97.5%, Hhiffyiie %
H12.9%, HITEERN 10.8%, M/ Vel R A5
EHHREM AR RS, PRI ZUKIKR N 1 mol/L.
223 BREMA BRI
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FEHIE LS. ek AR R BRI R, e
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ik, X%F NaOH YTuEvERR 2k Kt 2 14 22 B Bk I 8
WHEATT SEM Z3#r, LAud B 7 uk 1k e U7 i
e e A NaOH YTUE V2 bRk Bk 2 74 22 B Bk 1 vty gk
1T SEM Z3#fr, 45 Rt 9~10 Pros.

K1 9 P oA NaOH PTUE VAR kI8 SEM 4 ) EDS
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E/keV
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Fig. 9 SEM images and EDS pattern of Fe precipitate by
NaOH: (a) SEM, low resolution; (b) SEM, high resolution; (c)
EDS pattern
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Fig. 10 SEM images and EDS pattern of Fe precipitate in
NH;-CO;” system: (a) SEM, low resolution; (b) SEM, high

resolution; (¢) EDS pattern
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B, HAMTIREEE B0 &,

2) MR AT S, B T R R R BRERI

BHEAEW R (CoNi)/Fe M EL g 1.5~2.5, /KK
[E24 1 mol/L, Na,CO;#JE24 0.01 mol/L, pH fiih 4.
ZE(CoNIYFe IR EELL 1y 2.5, HAt &4 Ay e 4 1E 1)
BRERAE >99%, FHIMAHEA 11.4%, IR ER
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L I g RE

15 NaOH JiE ik bR EAH L, Meaa th R B AT
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