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Crystalization Control of By-Product Gypsum in Wet

Phosphoric Acid Process

Toshio Sakomura
Atsumi Kato
Yoshiyuki Abe
Masaki Nakatani

Studies were made on the recrystalization method of gypsum with a view to improve the qualities of
by-product gypsum in the wet phosphoric acid process. Experiments were conducted by taking advantage
of the metastability at the stage of calcium sulfate semihydrate and by choosing the modifier of crystal
habit in order to inhibit some solution which is water soluble P2Os in gypsum.

The results of these experiments are summarized as follows:

1. The rate crystal growth and the crystal growth of natural gypsum in 45% phosphoric acid
were in the following order :

Temperature Ks Ke
°C g/cm?min(g/cc) g/cm®min(g/cc)
40 4.6x10-2 1.0x10-3
50 6.1x10-2 2.1x10-8
60 7.3%x10-2 4.4%10-8

2. Metalic salts as well as alkali earth could modify the crytal habit, but strontium salts were
found to be the most effective.

3. We succeeded in producing a by-product gypsum of about 100xx400x containing 0.05%
W-P=20s by use of Kola phosphate as strontium salt.
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Fig. 1 Calcium sulfate in phosphoric acid
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Table. 1 The effect of Temperature

Temp 6 AW Am Am K g/em? Re

°C min mg cm? mol /] «min (g/cc)

40 15 32.3 3.07 0.0828 4.85%10-2 3.52x 10¢
40 15 28.9 3.00 0.0827 4.54x10-2 ”

50 15 47.7 3.31 0.0011 6.14x10-2 ”

50 15 45.4 3.20 0.0910 6.05x10-2 4.15x 104
60 2 10.8 4.18 0.0996 7.55x10-2 ”

60 33 156.8 4.07 0.0993 6.85x10-2 5.05x 104
60 20 94.4 3.80 0.0989 7.30%x10-2 ”
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Table 2 The effect of agitation
"I‘emp R K Temp Re K
ce € g/cm?emin(g/cc) ce g/cm?emin (g/cc)
50 3.46x 104 5.00x10-2 50 5.68x104 8.14x10-4
50 3.53x10¢ 5.69x10-2 50 7.12x 104 10.58%10-2
Table 3 Effect of Excess HaSO4
Temp Excess HaSO4 K Temp Re K
Ce mol /1 g/cmZemin (g/cc) °C g/cm2+min(g/cc)
50 0.102 5.17x10-2 0.207 50 5.41x10-2
50 0.102 5.82x10-2 0.291 50 5.46x10-2
(Re=4.15x10%)
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Fig.3 Solution rate of gypsum in phosphoric acid
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Table 4 Effect of Temperature

Temp °C Kg/cm®.min. (g/cc)
40 0.68x10-8
40 0.98x10-3
50 2.05%x10-2
50 2.03x10-8
50 2.35x10-8
60 3.65x10-8
60 4.88x10-8
60 4.40x10-8
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In gypsum in gypsum
Salts | mol/l % Salts | mol/I %
non 0.640 Ba | 0.016] 0.660
Fe 0.021 0.659 Pb | 0.020 0.497
Al 0.027 0.597 Cu 0.008 0.654
SiO= | 0.028 0.690 Zn | 0.058 0.482
Mn | 0.020 0.546 As | 0.007] 0.605
Mg | 0.040 0.571 Sn 0.035 0.417
*Cr | 0.014 0.548 Ni | 0.028 0.519
\Y 0.009 0.569 Sr 0.038 0.415
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Table §
Phosphate concentration Total P2Os in
gypsum

Rock g/l %
Florida 68 40 0.52
Florida 77 ” 0.52
Morocco ” 0.53
Makatea ¥ 0.51
Laokay ” 0.50
Kola ” 0.37
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Table 7
temp SrO K g/cm?«min
°C g/l (g/cc)
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Table §
Exp. No. 1 2 3 4
Phosphate florida-77 99 95 97 97
Rock Kola % 1 5 3 3
Acid P=05 % 31.1 33.0 32.0 32.3
Crystallization temp. °C 60~65 65~70 65~70 65~70
By-Product T.P2Os 0.17 0.15 0.09 0.10
Gypsum W.P2Os 0.115 0.09 0.07 0.05
Crystal F 0.032 0.045 0.052 0.036
% organic (0.10) (0.44) (0.08) (0.04)
Setting water/cement % 26.0 26.0 25.9 25.0
. Initial 3hr-14min.  3-26 3-18 3-16
time Final Shr-00min.  4-54 4-38 4-41
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s i FE IR 3
temp °C K g/cmZemin.(g/cc)
40 4.6x10-2
50 6.1x10-2
60 7.3x10-2
BN
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