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THE DEVELOPMENT OF CONTINUOUS CRYSTALLIZER
AND OBSERVATION OF FORMATION AND GROWTH
OF CALCIUM OXALATE CRYSTALS

Koji Suzuki, Chizue Domiki and Ryuzo Tsugawa
From the Department of Urology, Kanazawa Medical University

A continuous flow crystallizer system of calcium oxalate has been developed. Crystal nucleation
rate (B%) and growth rate (G) were calculated by the formula by Randolph and Larson.

Nucleation rate, growth rate and crystal mass concentration were decreased with increase of
residence time. A linear relationship was observed between growth rate and nucleation rate (B¢

=1.58 x 104G0-9%¢, r=0.981).

Crystals formed in the solution were composed of calcium oxalate dihydrate by infrared spec-

troscopic analysis.

Growth rate and crystal mass did not change between pH 5.0 and 6.5 but increased above pH

7.0.

CG-120 and sodium pentosan polysulfate inhibited the nucleation rate, crystal mass concentra-
tion but did not influence the growth rate of the crystals.

(Acta Urol. Jpn. 37: 569-575, 1991°

Key words: Continuous flow crystallizer, Growth rate, Nucleation rate, Sodium pentosan polysul-

fate (SPP), CG-120 (citrate)
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Fig. 1. Continuous flow crystallizer system.

Table 1. Composition of feed solution and final
concentration of solution A and B.

Feed solution A %‘1‘;‘3’5’)‘“’“ B : Kohri (1989)

MV g/l mmol/! g/l mmol/l

1 CaCl2H,0 147.02 1.765 12.01 3.530 24.02

NaySO, 142.04 4.862 34.23 4.862 34.23

MgS0O,7H,0 246.48 1.460 5.92 1.460 5.92

NH,Cl 53.49 4.643 86.80 4.643 86.80

KCl 74.56 12.133 162.73 12.140 162.82

SDS 288.38 0.040 0.14 0.040 0.14

2 NapCo04 134.00 0.161 1.20 0.268 2.00

NaH,;PO,2H,0 156.01 6.800 43.59 6.800 43.59

Na,HPO, 141.96 0.870 6.12 0.870 6.12

NagCeHs0,2H,O 294.10 1,183  4.02 1.183 4.02

NaCl 58.44 13.505 231.09 13.510 231.18

SDS 288.38 0.040 0.14 0.040 0.14

Final Ca 6.00 12.00

Oxalate 0.60 1.00

Citrate 2.01 2.01

Mg 2.96 2.9

Na 184.90 185.78

K 81.40 81.41

Cl 252.30 264.43

NH, 43.40 43.40

SO, 20.10 20.10

PO, 24.85 24,85

SDS 0.14 0.14

pH 5.80 5.50
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Fig. 2. Population density distribution of crys.

tals formed in control solution A.
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Fig. 4. Time course of growth rate in control
solution A and B.
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kv: volume shape factor (z/6)
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Fig. 5. Relation between residence time and
nucleation rate (B°) in solution A.
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Table 2. Effect of pH on nucleation rate, growth rate and
crystal mass concentration in solution A.

Nucleation rate Growth rate Solid mass conc

P2 "85 SD . . MT  sp
(No/ml*min) (rnicrons/min) (mg/L)

5.0 6 64,971 2,249 0.293 0.006 55.07 2.91
5.5 6 60, 160 1, 495 0.297 0.003 52.82 1.34
6.0 6 60,917 1,916 0.299 0.004 54.47 1.33
6.5 6 60, 291 2,472 0.301 0.003 55.50 2.74
7.0 6 60,711 5,427 0.318 0.011 65.32 1.33

Table 3. Summary of the effect of CG-120 and SPP on nucleation rate, growth rate and
cristal mass concentration in solution A and B.

. Final concentration Nucleation rate Growth rate Crystal mass

Solution a Ox Gt SPP BO o .. o MT_ oo
(mmol) (mmol) (mmol) (mg/L) (No/min*ml) (microns/min) (mg/L)

6 0.6 0 0 6 66, 290 1, 156 0.278 0.004 48.02 1.99

6 0.6 2 0 9 50, 722 6, 065 0.289 0.015 41.02 4.70

A 6 0.6 4 0 3 48, 169 1,015 0.296 0.005 42.16 1.73

6 0.6 6 0 3 53,979 5, 265 0.285 0.009 41.92 1.09

6 0.6 8 0 3 44, 368 652 0.290 0.008 36.36 3.18

6 0.6 10 0 3 45, 655 3,905 0.295 0.018 41.29 3.30

6 0.6 2 10 3 4], 446 278 0.300 0.005 37.54¢ 1.77

6 0.6 2 20 3 43, 423 1,412 0.295 0.006 37.3¢ 1.03

A 6 0.6 2 30 3 52, 260 1,976 0.277 0.007 37.43 3.11

6 0.6 2 40 3 51,593 2, 669 0.282 0.005 38.71 0.30

6 0.6 2 50 9 47,434 2, 340 0.281 0.007 35.48 1.62

12 1.0 0 0 6 61,214 6, 449 0.314 0.012 63.20 2.59

12 i.0 2 0 6 62, 840 4,674 0.317 0.004 66.99 5.06

B 12 1.0 4 0 6 58, 249 5,371 0.325 0.011 66.64 5.16

12 1.0 6 0 6 59,125 3,136 0.324 0.005 67.17 3.03

12 1.0 8 0 6 65, 297 3,128 0.312 0.005 66.32 4.48

12 1.0 10 0 6 60, 413 7,893 0.305 0.006 57.25 7.42

12 1.0 2 5 6 60, 235 1, 300 0.315 0.002 63.10 0.75

12 1.0 2 10 6 64, 031 3, 862 0.314 0.005 66.68 6.11

12 1.0 2 20 6 63,497 6, 009 0.309 0.010 62.37 1.81

B 12 1.0 2 40 5 67,998 8, 687 0.315 0.014 71.41 8.80

12 1.0 2 60 6 59, 333 3,667 0.318 0.005 64.23 3.64

12 1.0 2 80 6 64, 470 2,996 0.319 0.013 70.79 8.83

12 1.0 2 100 5 65, 139 5, 799 0.311 0.006 65.31 2.88

RELE2BRD T (& 12ml/min, Z¥EE 100
ml Tit 7 8. 335Dk RIERFRIL #6045 B & 75 )
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3. pH XsHE (AW

pH % 5.0, 5.5, 6.0, 6.5, 7.0 (Z{LXeiHd
pH 5.0 2:56.5F TIRIZELEL T34, pH 7.0
TG & MT 2ZEHHICHEM LI (Table 2). BEMEE
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