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Preparation and identification of solid solutions of Ni-Co oxalates

ZHAN lJing, YUE Jian-feng, ZHANG Chuan-fu, ZHOU Di-fei

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The Ni-Co oxalate coprecipitates were synthesized by liquid coprecipitation reaction using soluble nickel
chloride, cobalt chloride and ammonium oxalate or oxalic acid as raw material and ammonia as pH value regulator. The
coprecipitates were characterized by X-ray diffractiometry (XRD), scanning electron microscopy(SEM) and
thermogravimetry-differential thermal analysis(TG-DTA), and the results were compared with those of mechanical
mixtures. The results show that when pH<5.0, the cobalt ion enters the lattice of nickel oxalate and forms a substitution
solid solution. The obtained coprecipitate is a single-phase solid solution with characteristics which exhibit distinctly
different thermal decomposition behavior from those of the mechanical mixture with the same stoichiometry. However,
when pH>5.0, the coprecipitation process of nickel ions, cobalt ions and oxalate ions is a fractional precipitation process,
and the obtained coprecipitate is a complex mixture with uniform component distribution, not a single-phase solid
solution.
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Fig.1 XRD patterns of various samples: (a) f-CoC,042H,0;
(b) a-NiC,0,2H,0; (c) Coprecipitate with n(Ni*")/n(Co*")=4:1;
(d) Mixture with n(Ni*")/n(Co*")=4:1; (e) Coprecipitate with
n(NiZ")/n(Co*")=1:1; (f) Mixture with n(Ni*")/n(Co*")=1:1



1772 A O E AR

2011 7 H

Y, B LRI 5 55 T E AT AH ) 4 8 5 1 R R LG
) PR B AN B RR A WL 54 . R LR e AT X
S ERAT S AN K T LA B0 T 4 iR

1) BT HIBER AP X AT RS T4 20=
18.8°, 20=22.7°F1 20=30.1°4 B [IFT S U6 AH % v S5
iER == dSia e 1) A0 S S 1 11 (W
FRIAT ST B 10 Ky 20~18.8°, A f-CoC,042H,0 5
SRATHIIE(20=18.788°) 55 a-NiC,0,2H,0 HIHR #E AT 5
g 20 = 18.833°) | & T B . HnA, BT 5
S-CoC,042H,0 HIFTHFIERT a-NiC,04,2H,0 [T S
7 20=18.8°, 20=22.7°. 20=30.1°. 20=37.7°.
20=47.7° AL B E AN, PR SV AT IR
B-CoC,0,42H,0 ' 0-NiC,0,2H,0 T fiTifig, b
P PIIATHIEZ o TS, PR R AR AL

BRR A FEAN S 5 DERATAT AR ZS 1 24k, MRS
TRE T PRI B IR L & B SRR i A 258

2) P B SLUTUE P W R AT A e S LR
HYRIAT A BT AN R, TS K BRI R,
0-NiCy04 2H,O  FIFL R P03 7 WA I A7 B 377
TERTS Vs SEUT0E = I AT S A 26 FH S IR EE d {535
T4l 0-NiC,042H,0 Al f-CoC,042H,0 Xf WA B 2.
6], W SEUTUE ™ ) HAT S AUROR S0 W) 8 AN 8] )
LR o

2.2 pH<S5.0 £H T Hl &R HITEFMANERES
89 SEM 247
2 i pH<S5.0 2544 1 il £ 1) — /K R IR R
TOKEERRAL . FLUTIE ) KA AR AR T EE R LI

2 REYT T SEM 14

Fig.2 SEM images of various samples: (a) f-CoC,042H,0; (b) a-NiC,042H,0; (c) Coprecipitate with n(Ni*")/n(Co*")=4:1; (d)
Mixture with n(Ni*")/n(Co*")=4:1; (¢) Coprecipitate with n(Ni*")/n(Co*")=1:1; (f) Mixture with n(Ni*")/n(Co*")=1:1
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Fig.3 TG-DTA curves of different samples: (a) 8-CoC,042H,0; (b) a-NiC,042H,0; (¢) Coprecipitate with n(Ni*")/n(Co* =4:1;
(d) Mixture with n(Ni*")/n(Co*")=4:1; (e) Coprecipitate with n(Ni*")/n(Co*")=1:1; (f) Mixture with n(Ni*")/n(Co*")=1:1
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Table 1 TG-DTA data for thermal decomposition of S-CoC,0,2H,0, a-NiC,042H,0, Ni-Co coprecipitates and mechanical

mixture Ni-Co oxalate with the same molar ratios

Sample Decomposition stage Endothermic temperature range/’'C ~ Endothermic peak temperature/'C
Dehydration 160-210 190.09
ﬂ-COC204’2H20
Thermal decomposition 370—-400 388.41
. Dehydration 200-250 231.21
a-N1C204‘2H20
Thermal decomposition 330-380 363.29
Coprecipitate with Dehydration 170-250 22545
n(NiZ")/n(Co*")=4:1 Thermal decomposition 340—400 365.56
Dehydration [ 173.54
160-250
Mixture with Dehydration II 221.81
n(NiZ")/n(Co*")=4:1 Thermal decomposition | 354.85
340-400
Thermal decomposition II 390.35
Coprecipitate with Dehydration 180-250 219.55
n(NiZ")/n(Co*")=1:1 Thermal decomposition 350—400 379.71
Dehydration [ 182.97
160-250
Mixture with Dehydration II 220.52
n(NiZ")/n(Co*")=1:1 Thermal decomposition | 354.81
330-400
Thermal decomposition II 388.90
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Fig.4 XRD patterns of as-synthesised nickel oxalate complex

salt, cobalt oxalate complex salt, their coprecipitate and
mechanical mixtures of cobalt oxalate complex salt and nickel
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Mixture of fibrous nickel oxalate and cobalt oxalate with
n(NiZ")/n(Co*")=4:1
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