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Solubility Prediction of System KNO;-K,SO,-H,0O and KNO;-KCI-H,O
Using Thermodynomic Model
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Abstract: The solubilities of the KNOs-K,S0,-H,0 and KNO;-KCI-H,0 systems was predicted over a wide range of
temperature by using Pitzer-Simonson-Clegg (PSC) model. The experimental water activity and experimental
solubility in the binary KCI-H,0, K,SO,-H,0, KNOs-H,0 and ternary KNOs-K,SO,-H,0 and KNO;-KCI-H,O system

were used to obtain the model parameters. Then the solubilities in the two ternary systems were predicted and

compared with the experimental data. It showed that the model values are credible.
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Table 1 Binary parameters of PSC model
Electrolyte Bw=atb-T Wa=c+d-T Uw=e+f-T Vix=g+h-T Reference
a b c d e f g h
KCl -106.67819  0.37991 -4.57738  0.004 68 -5.76209 0.01179 0 0 [12]
K>S0, -211.00612  0.70772 116.49767 -0.38996 215.2787 -0.71611 -115398 32 0.378 26 [17-18]
KNO, -199.101 0.640 54 1.31149  -0.00295 -7.77358 0.01845 0 0 [14-15]
®2 KCI-H,0 FRKEELEEASIHEBEMNITLL
Table 2 Comparison of experimental and calculated water activity in KCI-H,O system
m / (mol - 7=273.15 K 7=298.15 K 7=348.15 K
kg™ a,(exp.) a,(caled) A a,(exp.) a,(caled) A a,(exp.) a,(caled) A
0.10 0.996 7 0.996 7 0.000 0 0.996 7 0.996 7 0.000 0 0.996 7 0.996 7 0.000 0
0.20 0.993 5 0.993 5 0.000 0 0.993 4 0.993 4 0.000 0 0.993 5 0.993 4 0.000 1
0.30 0.990 3 0.990 3 0.000 0 0.990 2 0.990 2 0.000 0 0.990 3 0.990 1 0.000 2
0.40 0.987 2 0.987 2 0.000 0 0.987 1 0.987 1 0.000 0 0.987 1 0.986 9 0.000 2
0.50 0.984 1 0.984 1 0.000 0 0.983 9 0.983 9 0.000 0 0.983 9 0.983 6 0.000 3
0.60 0.981 0 0.981 0 0.000 0 0.980 8 0.980 7 0.000 1 0.980 7 0.980 4 0.000 3
0.70 0.977 9 0.977 9 0.000 0 0.977 6 0.977 6 0.000 0 0.977 6 0.977 1 0.000 4
0.80 0.974 8 0.974 8 0.000 0 0.974 5 0.974 4 0.000 1 0.974 4 0.973 9 0.000 5
0.90 0.971 8 0.971 8 0.000 0 0.971 3 0.971 3 0.000 0 0.971 2 0.970 6 0.000 6
1.00 0.968 7 0.968 7 0.000 0 0.968 1 0.968 1 0.000 0 0.968 0 0.967 3 0.000 6
1.25 0.961 1 0.961 0 0.000 1 0.960 2 0.960 2 0.000 0 0.959 9 0.959 2 0.000 7
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1.50 0.953 4 0.953 2 0.000 2 0.952 3 0.952 3 0.000 0 0.951 8 0.950 9 0.000 9
1.75 0.945 8 0.945 4 0.000 4 0.944 3 0.944 3 0.000 0 0.943 6 0.942 7 0.000 9
2.00 0.938 2 0.937 6 0.000 6 0.936 3 0.936 3 0.000 0 0.935 4 0.934 4 0.001 0
2.50 0.922 7 0.921 7 0.001 0 0.920 0 0.920 1 -0.000 1 0.918 7 0.917 8 0.000 9
3.00 0.907 0 0.905 5 0.001 5 0.903 7 0.903 6 0.000 1 0.901 9 0.901 0 0.000 9
3.50 0.891 0 0.889 1 0.001 9 0.887 0 0.887 0 0.000 0 0.884 7 0.884 0 0.000 7
4.00 0.874 8 0.872 4 0.002 4 0.870 2 0.870 1 0.000 1 0.867 5 0.866 9 0.000 6
4.50 0.858 4 0.8555 0.002 9 0.853 1 0.853 1 0.000 0 0.850 3 0.849 7 0.000 6
5.00 0.841 5 0.838 4 0.003 1 0.8359 0.835 8 0.000 1 0.833 0 0.832 4 0.000 6
5.50 0.824 1 0.8210 0.003 1 0.818 4 0.818 5 -0.000 1 0.8157 0.8151 0.000 6
6.00 0.806 6 0.803 6 0.003 0 0.801 1 0.801 0 0.000 1 0.798 5 0.797 7 0.000 8

Average 0.000 9 0.000 1 0.000 6

Note: A=a,(exp.)-a,(calcd.); Average= z [A ]/ n.
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Table 3 Comparison of experimental and calculated water activity in KNO;-H,O system

m/ 7=298.15 K m/ T=4255 K
(mol -kg™) aexp ) ayfcaled.) A (mol -kg™) afexp) ay(caled.) A
0.4953 0.9855 0.9855 0.0000 14546 0.960 0.9581 0.0019
0.5756 0.9834 0.9834 0.0000 32735 0.917 09147 0.0023
0.8334 09771 0.9770 0.000 1 5.0291 0.874 0.8789 -0.0049
1.0795 09713 0.9714 -0.000 1 6.8178 0.845 0.8463 -0.0013
1.3782 0.9650 0.9651 ~0.000 1 11.7989 0.773 0.769 1 0.0039
17105 0.9586 0.9585 0.000 1 16.646 0.713 0.7074 0.0056
22634 0.9487 0.9488 ~0.000 1 17.6037 0.692 0.6964 ~0.0044
23349 0.9476 0.9476 0.0000 20.3389 0.665 0.6669 -0.0019
2.9396 0.9382 0.9382 0.0000 26.0442 0.614 0.6131 0.0009
3.0825 0.9361 0.9361 0.0000 35.1530 0.539 0.5437 -0.0047
3.7804 0.9266 0.9266 0.0000 492780 0.464 04630 0.0010
49.4280 0.463 04623 0.0007
Average 0.000 1 Average 0.0028

F4 KSOHOFKRKEFEXRESITHENLL

Table 4 Comparison of experimental and calculated osmotic coefficient in K,SO,-H,O system

m/ 7=298.15 K m/ 7=323.15 K
(mol -kg™) a,(exp.) a(caled.) A (mol kg™ a,(exp.)™ a(caled.) A
0.1 0.995 8 0.995 8 0.000 0 0.200 04 0.992 0 0.991 9 0.000 1
0.2 0.992 0 0.992 0 0.000 0 0.219 39 0.991 2 0.991 2 0.000 0
0.3 0.988 4 0.988 3 0.000 1 0.330 40 0.987 3 0.987 2 0.000 1

0.4 0.984 9 0.984 8 0.000 1 0.360 450 0.986 1 0.986 2 -0.000 1
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0.5 0.981 5 0.981 3 0.000 2 0.385 970 0.985 3 0.985 3 0.000 0

0.6 0.978 2 0.977 9 0.000 3 0.398 780 0.984 8 0.984 8 0.000 0

0.7 0.975 0 0.974 6 0.000 4 0.431 330 0.983 6 0.983 7 -0.000 1
0.470 590 0.982 4 0.982 3 0.000 1

0.596 150 0.977 9 0978 1 -0.000 1

0.651 790 0.976 2 0.976 1 0.000 1

0.716010 0974 1 0.974 0 0.000 1

0.938 650 0.966 7 0.966 6 0.000 1

0.957 470 0.965 9 0.966 0 -0.000 1

Average 0.000 2 Average 0.000 1

%5 KNO;K,SO-H,0 1 KNO;-KCI-H,0 & F E#HA InK 5iRE THXHR
Table 5 Parameters InK of solid phases in the terrnary KNO;-K,SO,-H,0 and KNO;-KCI-H,O system

InK=A+B/T+CT+DInT

Solid phase 4 2 c P Solubility source
KCl 9.83981 -3407.7724 -0.01457 0 [13]
KaS0, -165.65155 -2586.96328 -0.11061 33.55628 [13]

K>S0,4-H,0 -82871.13278 2125340.3446 -24.97005 14597.77527 [13]
KNO; -6.74122 -3411.48 0 1.73498 [13,16]
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