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A Study on Equilibria of the Quaternary System Na*, K*//Br-, SO,/-H,0 at 323 K

SANG Shi-Hua* SUN Ming-Liang LI Heng ZHANG Xiao ZHANG Kai-Jie
(College of Materials and Chemistry & Chemical Engineering, Chengdu University of Technology, Chengdu 610059, China)

Abstract: An experimental study on equilibria at 323 K in the quaternary system Na*, K*//Br~, SO,*-H,0 was
done by isothermal equilibrium method. The equilibrium solubilities and densities of the solution were determined
experimentally.Using the experimental data, the equilibrium phase diagrams were plotted, respectively. The
experimental results of the equilibria show that the double salt Na,SO, +3K,SO, forms in the quaternary system
Na*, K*//Br, SO/-H,0 at 323 K. In the phase diagram,the quaternary system at 323 K has three invariant points,
seven univariant curves,and five crystallization fields corresponding to NaBr -2H,0, Na,SO, K,SO,, KBr and
Na,S0,+3K,S0,. The double salt Na,;SO,3K,S0, and sulfates (Na,SO, and K,S0,) have larger crystallization fields,
but bromides (NaBr-2H,0 and KBr) have smaller crystallization fields. The experimental results of Na*, K*//Cl-,
S0,-H,0 quaternary system were compared with the quaternary system Na*, K*//Br-, SO/-H,0 at 323 K. It is
also found that bromide has the salting-out effect on sulfates in the quaternary system Na*, K*//Br~, SO,*-H,0 at
323 K.
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Fig.1  Solubility isotherms diagram of the quaternary
system Na*, K*//Br, SO,2-H,0 at 323 K
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Table 1 Determined values of solubility and density of equilibrium solution in the quaternary
system Na*, K*//Br-, SO/-H,0 at 323 K

. Composition of liquid / % Jinecke index Solid  Density /
w(K?) wiNa®) w80 w(Br) JK) JNa)  JSOH)  JBrD) phase  (g-em?)
1.B 2.72 10.66 0.00 42,66 13.08 86.92 0.00 10000  KB+NB 15180
2 2.61 10.58 0.10 42.00 12.70 87.30 0.40 99.60  KB+NB  1.5222
3 2.46 10.52 0.18 4134 12.10 87.90 0.72 9928  KB+NB  1.5229
4 227 10.37 0.19 40.39 11.42 88.58 0.79 99.21 KB+NB  1.5222
5 2.17 10.28 0.21 39.85 11.09 88.91 0.87 99.13 KB+NB 15507
6 2.13 10.37 0.23 40.05 10.81 89.19 0.95 99.05 KB+NB 15550
7 2.12 1041 0.23 40.19 10.72 89.28 0.95 99.05 KB+NB 15563
8,C 0.00 12.37 047 4224 0.00 100.00 1.83 98.17 NB+NS  1.5143
9 0.71 12.31 0.43 4352 327 96.73 1.63 98.37 NB+NS  1.5316
10 1.12 12.95 035 46.76 4.86 95.14 1.25 98.75 NB+NS 15491
11 1.50 13.52 031 49.58 6.14 93.86 1.03 98.97 NB+NS  1.5814
12 1.98 1347 0.30 50.42 7.98 92.02 0.99 99.01 NB+NS  1.5876
13 241 13.56 0.30 51.62 9.49 90.51 0.97 99.03 NB+NS  1.5893
14,E3 2.82 13.57 0.30 52.13 10.98 89.02 0.95 99.05  NB+NS+KB  1.5904
15.F 6.38 1.95 11.80 0.00 65.49 3451 100.00 0.00 KS+Gla  1.1315
16 6.82 221 9.66 558 64.52 35.48 74.26 2574  KS+Gla  1.1744
17 7.66 1.83 455 14.51 71.11 28.89 3431 6569  KS+Gla 13113
18 8.72 1.90 256 20.24 73.01 26.99 17.39 82.61 KS+Gla 13698
19 9.41 1.94 1.84 22.99 74.10 25.90 11.78 8822  KS+Gla 15442
20 11.68 2.08 1.46 28.77 76.80 23.20 7.81 92.19  KS+Gla 14024
21.El 12.25 211 1.30 30.30 77.40 22.60 6.65 9335  KS+Gla+kB  1.3865
22.D 2.64 9.60 2326 0.00 13.99 86.01 100.00 0.00 NS+Gla  1.3262
23 2.66 9.95 21.18 479 13.62 86.38 88.05 11.95 NS+Gla  1.3723
24 3.47 7.66 11.86 13.99 21.07 78.93 58.57 4143 NS+Gla 14127
25 4.12 6.94 8.22 18.90 25.93 74.07 42,01 5799  NS+Gla 14571
26 5.10 7.67 6.13 26.92 28.17 71.83 27.50 7250  NS+Gla  1.5065
27 534 6.06 2.73 27.46 34.19 65.81 14.21 8579  NS+Gla  1.5357
28,2 6.36 6.36 2.19 31.50 37.11 62.89 10.40 89.60  KB+NS+Gla 13436
29.A 14.64 0.00 0.92 28.50 100.00 0.00 5.08 94.92 NS+KS  1.3201
30 12.20 1.36 0.88 2831 84.06 15.94 493 95.07 NS+KS  1.3520
31 11.55 1.82 1.04 2828 78.92 21.08 5.76 94.24 NS+KS  1.3609
32 11.16 2.18 1.35 28.23 75.11 24.89 7.39 92.61 KB+Gla 13731
33 957 336 1.64 28.57 62.70 37.30 8.72 9128  KB+Gla  1.3799
34 7.13 495 171 29.00 4597 54.03 8.93 9107  KB+Gla  1.3952
35 578 578 2.00 28.63 37.10 62.90 10.43 8957  KB+Gla 14169
36 357 11.12 0.90 44.48 19.97 80.03 434 95.66 KB+NS  1.5330
37 5.04 3.89 135 39.00 30.58 69.42 8.06 91.94 KB+NS 14504

KB: KBr, NB: NaBr-2H,0, KS: K;S0,, NS: Na,S0,, Gla: Na,;SO,-3K,S0,; unit of J: mol/100 mol(K,*+Na,*).
3R GAA ., K 1T G AR NaSO,- KBr+K,SO,; M2k E\E, XF B - 7 [5 Ay KBr+

3K,S0, FIALIURL, J(K,™)=75 , J(Na,™)=25., Na,S0,-3K,S0,; B4k BB, XF 1 (9 -5 [E 4 8 KBr+
7 SEAR RN . AR AR, XN SV E A R Na,S0,; £k BE, XF b7 (1) - 7 [& #H & KBr+NaBr -
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Fig.3  Solubility isotherms diagram of the quaternary
system Na*, K*//Cl-, SO,#-H,0 at 323 K
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