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Abstract: In order to study the precipitation kinetics of oxalate, the nucleation and crystal
growth kinetics of cerium oxalate instead of plutonium oxalate were studied. The simple
method was proposed to determine the dilution ratio in the experiments of nucleation kinet-
ics. At the temperature of 25-50 °C, the nucleation and crystal growth rate equations of ceri-
um oxalate were studied respectively under the conditions of cerium nitrate concentration of
0. 030-0. 400 mol/L, oxalic acid concentration of 0. 250-0. 800 mol/L and excess oxalic acid
concentration of 0. 100 mol/L in mother liquor. The results show that the dilution ratio has a
great influence on the measurement of nucleation rate during nucleation, and the optimal
dilution ratio is obtained when the S, value defined is 1. 65. The nucleation process of cerium
oxalate is divided into homogeneous nucleation and heterogeneous nucleation. The nucleation
rate equation can be expressed as Ry =Ay, * exp[ —E,/RT] « exp —Byx/(ln S)* ], where at
Ane=3.86X10*/(m*® » s), E,=67.4 kJ/mol, By =>55.3 at homogeneous nucleation; at
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heterogeneous nucleation, Ay, =3.10X10%/(m’

crystal growth rate equation can be expressed as G= kg

+s), E,=19.1 kJ/mol, By=11.5. The
e exp[ —E,/RT] « 6* (t), where

ko =4.81X10° m/s, E,=80.3 kJ/mol, g=2.09. The crystal growth of cerium oxalate is

dominated by the interface reaction process. The apparatus and method of measurements can

be used to study the nucleation and crystal growth kinetics of other oxalates.

Key words: cerium oxalate; nucleation kinetics; growth kinetics; activation energy; dilution

ratio
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apparatus for nucleation studies
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Table 1 Experimental conditions for determining dilution ratio
o (Ce?t)/ 0 (C,05 )/ S s, . o (Ce?t)/ 0 (C01/ o s, §
(mol « L™1) (mol+ L™ 1) (mol « L™1) (mol » L™ 1)
0. 357 0.735 32.2 1. 36 789 0.167 0. 450 17.7 1.37 360

1.41 718 1.43 324
1.47 646 1.50 288
1.54 574 1. 64 235
1.59 539 1. 69 217
1.63 503 1.75 199
1. 68 467 1.82 181
1.74 431 2.00 145
1. 87 360 2.25 109
2.05 288 2.66 73.6
2.31 217 3.01 55.7
2.74 145 3.99 37.8
3.
3

.69 73.6
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Table 2 Experimental conditions for determining nucleation rate
g/ C co(Ce")/(mol « L™1) 0 (C20°7 ) /(mol » L™ 1) S S. n

25 0.033 0. 250 6.53 1. 65 48.1
0. 050 0.275 8.13 70. 8
0. 067 0. 300 9.61 93.5
0. 100 0. 350 12.4 139
0.133 0. 400 15.1 184
0.167 0. 450 17.7 230
0. 200 0. 500 20. 3 275
0.233 0. 550 22.8 320
0.267 0. 600 25.4 366
0.333 0. 700 30. 4 456
0. 400 0. 800 35.5 547

35 0.133 0. 400 11.3 92.6
0.333 0. 700 22.8 227

40 0.133 0. 400 10. 6 78.6
0.333 0. 700 21.3 193

45 0.133 0. 400 9.37 59. 8
0. 333 0. 700 18.9 146

50 0.133 0. 400 8. 77 51.5
0.333 0. 700 17.7 125

2.3.3 &Kz iz % 340 mL 0. 750 mol/L 1l
JiZ +-0. 100 mol/ T B ) SRR A FNIA AN 1. 39 mL
0. 800 mol/L BRI A 27 £ A ) 4k =X S it
ZA,25 C FER 20 min, LA 60 mg R 4ili 4
Flr (AR Dso R 9. 15 pm) L 75 30 s, i, IR
FAA 1. 39 mL 0. 30 mol/L A& +0. 400 mol/L
i T2 i 5 9, 1 o B 2B 4L 43 51 T 30,60, 120,
180,240 s Iy URE 43 A i R Az J32 1B v 4l 2 1
TR RE I B PR 2 4 B R AR K S IR kL B
AR EE M 25 "CH| 50 C, FH G4 B AR K g
ISR I NS he U S el s DO (R <
i 9 ARG R O R A A RO

3 FR5iTiR

BERWHNARE

25 °C B}, #£ 0. 250 ~ 1. 500 mol/L 4 & +
0. 100 mol/ L R iR ¥4 Vi Hh 75 1R 4l 145 iff J32 B A 1R WAk
FER AR T 2, AR EE T 0. 750 mol/L il
fiz +0. 100 mol /L HE R 17 W 5 R 4 75 ik J3E B
AN T 3. R A A I R R I A e R e i TR VA i
3 MG K. 25 “C L AR5 i FH i 1)
PRV M 2l 2. 98 mg,

3.2 ERWREHNEFE

3.2.1 TRBAREC WU TR RS B R A Mk oy

3.1

0.030r

0.025F

0.020F

2 0.015F

f#NE/ e

AT

¥ 0.010F

1

0.005F

0.000F

0.200 0.400 0.600 0.800 1.000 1.200 1.400 1.600
¢,(HNO;) / (mol = L)

25 °C
2 0.100 mol/L B/ ¥ L HH il B VR
o VTR i A% ) 5 T
Fig. 2 Influence of nitric acid concentration
in 0. 100 mol/L oxalic acid solution

on solubility of cerium oxalate
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Fig. 8 Relationship between temperature and nucleation kinetics of cerium oxalate
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Fig. 13 XRD of cerium oxalate sample
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