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Metastable Phase Equilibria of the Quaternary System
Na*, K'//Cl, B,O5- H,0 at 273 K
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Abstract:  The metastable phase equilibria of the quaternary system Na*, K*/Cl-, B,O3-H,0 were studied at 273 K
by isothermal evaporation method. Solubilities and densities of the equilibrium solution of this system were
determined. According to the experimental data, the metastable equilibrium phase diagram was plotted. The phase
diagram of the system consists of five univariant curves, four crystallization fields and two invariant points. No double
salt or solid solution was formed. The four crystallization fields were corresponding to single salt NaCl, KCl, K,B,0;*
4H,0 and Na,B,0;* 10H,0, respectively. Invariant point E, was saturated with salt KCI, NaCl and Na,B,0,* 10H,0, the
mass fraction composition of the equilibrium solution corresponding to E, is w(C1)=29.15%, w(B,07)=0.64%, w(K*)=
5.97%, w(Na*")=15.55%, while that of point E, was w(C1")=22.84%, w(B,05)=10.98%, w(K*)=28.01%, w(Na*)=1.53%.
Point E, is saturated with salt KCI, Na,B,0;* 10H,O and K,B,0,+4H,0. Compared with the stable phase diagram at 298
K, the crystallization field of Na,B,0;*10H,0 became large at 273 K in this system, whereas the crystallization fields
of K;B,0;*4H,0 and NaCl became small.
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Table 1 The determined values of solubility and density of the equilibrium solution in
the quaternary system Na*, K*//Cl-, B,05-H,0 at 273 K
Composition of liquid Janécke index . =
= - o - ; > Solid phase p/(g-cm™)
w(Cl) (%) wBO7) %) wKN%) wNa*)(%) J(CI) J(B,OY) J(K3Y) J(Nay)

1,.D 0.00 7.71 4.42 0.29 0.00 100.0 89.99 10.01 kb+nb 1.0745
2 1.62 6.97 4.91 0.22 33.67 66.33 93.08 6.92 kb+nb 1.1086
3 1.74 6.66 4.88 0.22 36.39 63.61 92.81 7.19 kb+nb 1.1079
4 1.80 6.42 4.86 0.20 38.02 61.98 93.36 6.64 kb+nb 1.1066
5 1.88 6.32 4.91 0.20 39.41 60.59 93.68 6.32 kb+nb 1.1050
6 1.90 6.30 4.94 0.19 39.76 60.24 93.94 6.06 kb+nb 1.1024
7 1.94 6.59 5.05 0.23 39.17 60.83 92.70 7.30 kb+nb 1.1082
8 1.99 6.35 5.01 0.21 40.66 59.34 93.22 6.78 kb+nb 1.1068
9 3.25 4.67 5.52 0.24 60.36 39.64 93.23 6.77 kb+nb 1.1065
10 3.63 4.21 5.69 0.24 65.36 34.64 93.21 6.79 kb+nb 1.1056

11,C 10.05 0.78 11.43 0.00 96.57 3.43 100.0 0.00 kb+kc 1.1605
12 20.04 2.66 23.17 0.11 94.28 5.72 99.23 0.77 kb+kc 1.1631
13 19.92 2.82 23.19 0.07 93.91 6.09 99.49 0.51 kb+kc 1.1690
14 20.13 2.96 23.48 0.07 93.69 6.31 99.47 0.53 kb+kc 1.1624
15 20.51 3.01 24.00 0.02 93.70 6.30 99.84 0.16 kb+kc 1.1659
16 20.14 3.03 23.38 0.16 93.56 6.44 98.88 1.12 kb+kc 1.1628
17 20.62 3.12 23.89 0.20 93.54 6.46 98.62 1.38 kb+kc 1.1627
18 20.43 3.29 23.78 0.18 93.14 6.86 98.71 1.29 kb+kc 1.1678
19 20.75 3.56 24.43 0.09 92.73 727 99.37 0.63 kb+kc 1.1687
20 20.98 3.60 24.31 0.32 92.72 7.28 97.83 2.17 kb+kc 1.1647
21 19.72 3.89 23.23 0.23 91.73 8.27 98.37 1.63 kb+kc 1.1680
22 23.99 9.01 28.83 1.21 85.35 14.65 93.35 6.65 kb+kc 1.1021

23.E, 22.84 10.98 28.01 1.53 81.98 18.02 91.50 8.50 kc+kb+nb 1.1001

24, 22.82 10.31 23.74 3.84 82.88 17.12 78.49 21.51 kc+nb 1.1206
25 24.84 8.64 21.58 5.93 86.27 13.73 68.23 31.77 kc+nb 1.1600
26 26.82 4.93 14.49 10.29 92.25 7.75 45.38 54.62 kc+nb 1.1906
27 29.19 1.30 9.48 13.71 98.00 2.00 28.96 71.04 kc+nb 1.2106
28 28.61 1.19 8.46 13.90 98.13 1.87 26.42 73.58 kc+nb 1.2138

29.E, 29.15 0.64 5.97 15.55 99.01 0.99 18.47 81.53 kc+nc+nb 1.2207
30,B 15.64 0.00 3.68 7.96 100.0 0.00 21.42 78.58 ke+nc 1.2173

31 29.19 0.06 6.92 14.85 99.91 0.09 21.55 78.45 ke+nc 1.2219
32 29.01 0.06 6.62 14.91 99.90 0.10 20.76 79.24 ke+nc 1.2265
33 29.13 0.06 6.81 14.88 99.90 0.10 21.25 78.75 ke+nc 1.2232
34 28.37 1.35 9.20 13.35 97.87 2.13 28.90 71.10 ke+nc 1.2136
35 28.60 0.92 8.57 13.75 98.55 1.45 26.87 73.13 ke+nc 1.2145
36 29.16 0.64 4.98 16.15 99.01 0.99 15.38 84.62 kc+nc 1.2107

37,A 15.69 0.28 0.00 10.25 99.18 0.82 0.00 100.00 nb+nc 1.1986

38 1591 0.34 0.93 9.86 99.03 0.97 5.26 94.74 nb+nc 1.2064
39 15.88 0.35 0.97 9.82 99.00 1.00 5.52 94.48 nb+nc 1.2127
40 32.28 0.68 2.00 19.93 99.04 0.96 5.60 94.40 nb+nc 1.2077
41 31.78 0.72 2.12 19.55 98.97 1.03 6.02 93.98 nb+nc 1.2086
42 31.68 0.69 2.19 19.44 99.01 0.99 6.24 93.76 nb+nc 1.2156
43 31.55 0.69 2.23 19.33 99.01 0.99 6.38 93.62 nb+nc 1.2107
44 31.94 0.68 2.34 19.51 99.03 0.97 6.61 93.39 nb+nc 1.2055
45 32.26 0.69 2.63 19.55 99.03 0.97 7.36 92.64 nb+nc 1.2044
46 32.33 0.71 3.68 18.99 99.01 0.99 10.25 89.75 nb+nc 1.2039

A, B, C, and D are the invariant points of the ternary subsystems; E, and E; are two invariant points of the quaternary system.
(- [ A AR K C1+Na,B 0+ 10H,0 + K,B,0;+4H,0,
Xof L 8 ¥ A VAR A B 0 (C17)=22.84% , w(BLO7)=

nb: Na,B,0;* 10H,0, nc: NaCl, kc; KCI, kb: K;B,0;+4H,0; unit of J: mol/100mol(Na3+K3)

10.98%, 1w(K*)=28.01%, w(Na*)=1.53%.
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Fig.1 The metastable phase diagram of the
quaternary system Na*, K*//Cl-, B,05-H,0 at 273 K
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