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Preparation of K, SO, using convention method and in-situ observation of its crystal

growth
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ABSTRACT The effects of the reaction molar ratio of ammonium sulfate and the content of sodium chloride on the purity and yield of
potassium sulfate were investigated in this article. The growth rate of single crystal potassium sulfate was in-situ observed with a stereo
microscope in a flow system to find desirable conditions for the rapid growth of potassium sulfate crystals. The results indicate that the
recovery of potassium sulfate is about 80% when the molar ratio of 2KCl to ( NH,) ,S0, is 1: 1. NaCl has significant influence on the
purity and recovery of potassium sulfate and reduces the quality of the product. To accelerate the growth of potassium sulfate crystals
the saturation of potassium sulfate and the solution flow rate should be increased.
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Fig.1 Schematic illustration of the preparation of potassium sulfate
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Fig.2 Schematic illustration of the in-situ observation of potassium

sulfate
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Table 1 Effects of 2KCl: ( NH,) 2S04 molar ratio on the purity and re—

covery rate of potassium sulfate

cl K,0 K
1% 1% 1%
1 1.67 46. 00 21.85
1:0.6 2 1. 06 47.38 15.95
3 1.35 47.87 10. 87
4 55.59 26.42 32.45
1 1.45 46. 42 27.02
1:0.8 2 1.03 48. 54 17.05
3 1. 61 45.30 11.88
4 52.23 21.77 32.92
1 0.08 53.38 28. 18
1:1 2 0. 68 51.04 34.12
3 1. 14 48. 95 18. 49
4 50. 14 15.09 12.76
1 1.77 43.93 30. 54
1:1.2 2 1.92 44.74 14. 67
3 2.08 40.91 16.03
4 42.30 14. 68 25.97
1 1.54 44.73 32.31
114 2 1.85 43.28 17.13
3 2.67 39.39 14.03
4 44. 66 13. 17 26. 18
K,O
40% 45% NaCl 4g
1 2
7 NaCl 6¢g
Cl™ K,O
NaCl
NaCl
NaCl 4.6 8g 4 X
3~ 5. NaCl
4gNaCl ( 3) 1
2 2 K,O
3 1 2
NaCl NaCl
K,SO, K,Na( SO,),
K,Na( SO,) , KCl 4
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K,Na( S0,) , NH,Cl  KCI 1 1 NaCl
: NaCl K, SO, K,Na( SO,) ,
Table 2  Effects of NaCl content on the purity and recovery rate of potas— 2 K3 N‘l( 504) 2
sium sulfate 3 K, Na( 504) 2 KCl
ol o o K0 . 4 K, Na( SO,) , NH,Cl  KCl
/g 1% 1% 1% 1% NaCl 8g ( 5) NaCl K,S0,
1 0.59 0.01 46.72 30.65 K,Na( S0,) , 4
A 2 0.12 0.01 48.13 14.23 K,Na( SO,) ,
3 3.59 3.92 40. 64 12.70 NaCl
4 47.07 6.03 16. 40 29.36
2.3
1 0.44 0.01 46.91 32.19
2 0.73 8.04 37.64 20.79
6 6
3 8. 69 8.78 35.90 10. 38
4 51.99 7.21 16. 40 36.22
1 0. 61 7.54 39. 80 28.79
2 1. .51 .22 15. 1
g 77 8 39 5.16 2.3.1
3 7.39 8.67 36.33 11.00
4 50.93 7. 64 17.52 44. 07 A 30 °C B
1 0. 89 8.78 38.52 17. 61 25C Ac=0.985¢ v
0 2 1.13 8.30 38.37 22.32 5.8.10 12 mLe*min
3 3.48 9.12 37.66 6.38 7
4 47.99 9.09 19. 12 33.89
3
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Fig.3 XRD patterns of crystals obtained by adding 4 g of NaCl: (a) Crystal 1; (b) Crystal 2; (¢) Crystal 3; (d) Crystal 4
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Fig.4 XRD patterns of crystals obtained by adding 6 g of NaCl:
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Fig.6 Photos of the in-situ observation of potassium sulfate
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Table 3 Relationship between potassium sulfate size and time at differ—

ent solution flow velocities

v/( mL*min)

100 1=0.0511¢ +2282. 295 . 998
° 001 1 =0.0251t +582.617 . 989
100 [ =0.0588t +2611.99 . 997
’ 001 I =0.0276t +573.971 . 994
100 1 =0.06t +1678. 639 . 998
1 001 1 =0.0305¢ +631. 698 . 996
" 100 [ =0.062t +2601. 701 . 995

001 [ =0.0336¢ +644. 509

. 995

22
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12 mL*min

40 min

168 min

999.6 um

100
001

001

B 25C
30.32.34 36 C
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Fig.7 Effect of solution flow velocity on the growth rate of potassium sulfate crystals: (a) 5 mLe*min; (b) 8 mL*min; (¢) 10 mL*min; (d) 12mL*
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Table 4 Relationship between potassium sulfate size and time under dif—
0.060 - 10.034 ferent supersaturations
T 0058 {0032 T Aclg r
z | K
2 0056 10030 & 100 1 =0.062¢+2601.701  0.995
2 0054} =z 0985
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Fig.9 Effect of supersaturation on the growth rate of potassium
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Fig.11 Schematic illustration of crystal growth in liquid
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Fig. 12 Schematic illustration of the concentration boundary layer

during the crystallization process
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