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Simulation on evolution of solution system in
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Abstract: Based on online pH value testing and offline Co concentration analysis, a thermodynamic equilibrium model
was established for dynamic simulation on precipitation of cobalt oxalate. The obtained results indicate that the
precipitation process undergoes induction, nucleation and growth period successively along with decreased pH value and
supersaturation, and increases the precipitation ratio. At higher reactant concentration the pH value and supersaturation
fall down rapidly as a result of the faster reaction rate, and the precipitation ratio is slightly larger. SEM and laser particle
size analysis demonstrate that at higher reactant concentration the primary particles generated with smaller size tend to
assemble into spiky agglomerates with larger particle size. By introduction of Davies activity coefficient into the
thermodynamic model, the higher consistency is achieved between the online pH based simulation and the offline Co
concentration based simulation, and the high repeatability in the simulation is attained.
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Table 1 Chemical equations and their equilibrium constants
at 25 “C in Co(NO3),-H,C,0,4-K,C,0, system (25 ‘C)P2 >

No. Equation lgK
1 H,0= H+OH~ 1gK,=—13.995
2 H,C,0,=H'+HC,0," 1gK,;=—1.271
3 HC,0, =H"+C,0,> 1gK,,=—4.272
4 Co* +C,04* =CoC,0, 1gf,=4.79
5 Co* +2C,0,% =Co(C,04),> 1g6,=6.7
6 Co* +3C,0,% =Co(C,04)s* 1g8:=9.7
7 CoCr04(s)=Co*+C,0,> lgK,,=8.572
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Fig.1 Evolution of pH wvalue during cobalt oxalate
precipitation at different initial concentrations of Co®': (a) 0.01
mol/L; (b) 0.02 mol/L
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precipitation at different reactant concentrations
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Evolution of supersaturation during cobalt oxalate

3.3 AIRMSH

BT pH (EAESA I 25 SRR B 5 2 43 BT s 1Y
A I RS R e 2250 TR 20 PRI 23 BT B B A
TR FE S S8 A 22 38 W A I E 10% LAPY, T s B
W, WEMmMER/NT 5%, (HAERNAWY, Ik
TSI, P 221k B 15% 40 . IX AT fg
& T RNV AR IR RAAEEART pH R, ST pH
T R R, DRI B0 T AR i i 2

HH (R I L FE 23 B AL R E B AR,
R 3 NIRRT ARl 2 R S L AT T b Ay
Bro HHEE 3 WAL, HWIAR AT IR R 0.01 mol/L I,
LRI T S ARMEZE A 18% 2545, 1T W AA TR
SREER 0.02 mol/L I, FrAEZEA 10%/i47 . PllEnt
FRIAS R B B oy A 4 R S o 22 0. iz
BOR N FEARE R, BaREE Tz, AR B
PR FERS, HAREE N, BRI LT
RUAE S AZ B B i &5 R S B 22 0] W0 T i e o0 B A

AN B S AR EE I 24 3 M7 A0 B 2 50 TR R BT 45 el TR 8 R A 22

Table 2 Supersaturation and its deviation obtained by online and offline analysis model at different reactant concentrations

Supersaturation and its deviation

Time/min 0.01 mol/L 0.02 mol/L
Offline model Online model Deviation/% Offline model Online model Deviation/%

2 6.915 6.731 —2.66 7.565 7.070 —6.54
4 6.317 6.005 —4.94 4.147 3.989 -3.81
6 5.174 4911 —5.08 2.831 2.750 —2.86
8 4.288 4.047 —5.62 2.382 2.218 —6.88
10 3.561 3.403 —4.44 2.173 1.980 —8.88
15 2.446 2.392 —2.21 1.842 1.681 —8.74
30 1.796 1.602 —10.80 1.786 1.551 -13.20
60 1.566 1.359 -13.20 1.862 1.485 —20.30
90 1.571 1.332 -15.20 1.715 1.453 -15.30

Average —7.13 —9.60
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Table 3 Standard deviation of supersaturations obtained by online and offline analysis model at different reactant concentrations

Standard deviation of supersaturation/%

Time/min 0.01 mol/L 0.02 mol/L
Offline model Online model Offline model Online model

2 7.45 10.76 9.62 10.37
4 15.83 6.95 20.40 11.76
6 31.77 22.93 12.50 9.09
8 31.49 27.22 8.02 5.39
10 33.70 30.45 6.31 7.81
15 20.43 24.88 4.14 12.18
30 7.51 12.84 2.68 16.62
60 0.66 14.75 14.39 13.61

Average 18.60 18.80 9.76 10.80
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Fig.3 SEM images of cobalt oxalate powders prepared at

different reactant concentrations: (a) 0.01 mol/L; (b) 0.02
mol/L
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Fig.4 Particle size distributions of cobalt oxalate powders

prepared at different reactant concentrations
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