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Study on Metastable Equilibria in Quaternary System Li*, Na*//SO,, B,0,/>-H,0 at 288 K

SANG Shi-Hua* YU Hai-Yan CAI Dong-Zhu
(College of Materials and Bioengineering, Chengdu University of Technology, Chengdu 610059)

Abstract: An experimental study on metastable equilibria at 288 K in the quaternary system Li*, Na*//SO,*~, B,0/~-
H,0 was done by isothermal evaporation method. Metastable equilibrium solubilities and physico-chemical prop-
erties such as density, conductivity, pH, refractive index and viscosity of the solution were determined. The re-
sults show that the double salt Na,SO,+Li,SO, forms in the quaternary system Li*, Na*//SO, B,0;>-H,0 at 2838 K.
According to the experimental data, the metastable equilibrium phase diagram and the physico-chemical composi-
tion diagram were plotted. In the metastable phase diagram, the quaternary system has three invariant points, sev-
en univariant curves, five fields of crystallization (Li,SO,-H,0, Na,S0O,, Li,B,0,-3H,0, Na,B,0;-10H,0, Na,S0,-
Li,S0,4). The double salt (Na,SO,- Li,SO,) and Li,SO,-H,0 have smaller crystallization fields, but borates (Li,B,0,-
3H,0 and Na,B,0;-10H,0) have larger crystallization fields. The crystallization field of Na,SO,+10H,0 was not

found in the metastable equilibria.
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Table 1 Experimental solubility values of metastable equilibrium in the quaternary system
Li*,Na"//SO/,B,0/+-H,0 at 288 K

No. Composition solution / % Janecke index Y / [mol / 100 mol(2Li* + 2Na*)] Solid phase
Li* Na* SO» B0 Y(2Na") Y(B.0/) Y (H,0)
1(E1) 0 32 6.1 0.94 100.00 8.70 7 168.33 ns + nb
2 0.12 3.31 7.19 0.95 89.27 7.59 6 095.10 ns + nb
3 0.25 34 8.31 0.9 80.41 6.30 5 266.40 ns + nb
4 0.38 3.45 9.34 0.78 73.26 4.90 4 669.54 ns + nb
5 0.7 4.09 12.88 0.82 63.81 3.79 3249.72 ns + nb
6(E2) 0.09 0.92 0 4.09 75.52 99.40 19 907.08 nb + 1b
7 0.1 0.99 0.36 3.9 74.92 87.38 18 304.91 nb + 1b
8 0.1 0.94 0.53 347 73.93 80.80 19 087.09 nb + 1b
9 0.11 0.95 0.81 3.11 72.27 70.04 18 472.35 nb + b
10 0.11 0.96 1.28 2.46 7248 54.99 18 365.69 nb + 1b
11 0.12 1.03 1.79 1.98 72.14 41.06 17 019.20 nb + Ib
12 0.14 1.13 243 1.51 70.89 28.05 15 197.28 nb + 1b
13 0.26 1.5 4.19 1.25 63.51 15.67 10 041.85 nb + 1b
14 0.33 1.71 5.14 1.11 60.99 11.72 8 359.43 nb + 1b
15 0.79 3.98 13.1 1.11 60.32 4.98 3 138.01 nb + 1b
16(F1) 0.98 4.41 14.58 1.09 57.59 4.21 2 634.37 ns + nb + 1b
17 1.05 4.65 14.55 1.05 57.20 3.82 2 473.88 ns + lb
18(F2) 1.08 4.74 15.78 1.11 56.98 3.95 2 374.24 In +1b + ns
19 1.35 4.62 16.59 1.03 50.80 3.35 2 147.22 In +1b
20 1.47 4.55 18.38 0.95 48.29 2.99 2 024.80 In +1b
21(E3) 243 0 19.18 1.18 0.00 4.34 2 450.10 Is +1b
22 2.19 2.75 20.43 0.76 27.48 2.25 1 886.29 Is +1b
23 2.33 2.94 21.19 0.73 27.57 2.03 1745.19 Is+1b
24 2.02 3.63 21.1 0.69 35.16 1.98 1 .796.03 Is+1b
25 2.14 3.97 21.64 0.73 35.89 1.95 1 652.23 Is+1b
26 1.73 4.45 20.13 0.76 43.70 221 1 830.20 Is + 1b
27(F3) 1.63 4.57 21.55 0.98 45.83 291 1 826.46 Is+1b+1In
28(E4) 1.05 3.68 19.45 0 51.40 0.00 2 706.24 In+1s
29 1.06 3.52 19.55 0.25 50.05 1.05 2 747.79 In +1Is
30 1.09 3.38 19.27 0.56 48.34 2.37 2 766.66 In + Is
31 1.1 3.31 19.17 0.59 47.59 2.51 2 786.10 In +1s
32(ES5) 1.04 4.54 16.83 0 56.84 0.00 2 482.70 ns + In
33 1.06 4.63 16.02 0.38 56.86 1.38 2 445.10 ns + In
34 1.09 4.66 14.96 0.67 56.33 2.40 2 428.77 ns + In
35 0.98 4.92 14.58 0.69 60.24 2.50 2 466.44 ns + In

Note: ns: Na,SO,, nb: Na,B,0,- 10H,0, In: Li,SO,-Na,S0O,, 1b: Li,B,0,-3H,0, Is: Li,SO,- H,0.

w(Na*)=4.57%,V-#5 [F A1 4 Li,B,0,+3H,0+Li,80,-H,0  FEFEIZIUICIR R e/,

+Na,S0,-Li,S0,, B 1 Al 0L, 7EiZocik &, 22 @FRFEHBREHOYLER

Na,S0,-Li,S0, 5 Li,;S0,-H,0 A B /N4 i DX T AR, H: A0 BT M7 1 R 1 Ak B S 56 25 SR A 3R 2
JIT XoF N B4 A RSP A 3 A B R K LinB40, - 3H,0 il R G SE 96 45 R ] T A S A AT DA R Sy
Na,B,0;+ 10H,0 AR KB 4S5 X, JLRTxd i (s e WAk P BUsOs 1 Aa bn o SO0 Bt 73 4, LI 2,



%59 F AL Li*,Na"//S0,>,B,07-H,0 2 E MU ITIk % 288 K A FaAH V-1 i 58 - 1319

#2 Mm% Lif,Na’/SOz2,B04-H,0 288 K 4 #a F & il #H 4 {L M R
Table 2 Physico-chemical properties of the quaternary system Li*,Na*//SO/,B,0,7-H,0 in the

metastable equilibrium solutions at 288 K

No. Density p / (kg-m™) pH value Refractive index 0 Conductivity « / (S-m™) Viscosity u / (mPa-s)
1(ET) 1118 9.03 1.362 1 11.09 1.659 1
2 1125 8.92 1.365 2 10.61 1.685 1
3 1126 8.70 1.366 9 8.06 1.721 8
4 1153 8.72 1.367 8 7.46 24189
5 1207 8.69 1.381 8 7.68 2.661 2
6(E2) 1119 9.26 1.348 8 2.49 1.377 6
7 1125 9.15 1.349 0 2.50 1.398 9
8 1126 9.03 1.354 7 3.90 1.468 6
9 1135 9.01 13549 4.64 1.478 9
10 1187 8.94 1.3550 4.85 2.072 9
11 1195 8.85 1.366 0 4.97 24022
12 1205 8.70 1.368 4 5.23 33274
13 1239 8.54 1.377 0 5.59 4.407 7
14 1260 8.42 1.3959 5.68 4543 8
15 1288 8.36 1.396 0 6.54 5.591 9
16(F1) 1291 8.26 1.398 7 7.49 5.6111
17 1295 8.35 1.399 1 7.68 5.656 2
18(F2) 13 05 8.39 1.399 4 7.86 5.82717
19 1311 8.45 1.398 5 7.95 6.013 5
20 1315 8.44 1.399 2 8.14 6.684 3
21(E3) 1291 7.22 1.386 2 8.04 5.106 5
22 1296 7.79 1.391 6 8.13 7.524 6
23 1298 8.00 1.393 8 7.89 7.874'5
24 1294 8.03 1.395 1 8.24 8.273 8
25 1304 8.04 1.398 3 8.15 8.1129
26 1315 8.06 1.398 2 8.21 8.123 4
27(F3) 1322 8.37 1.399 8 8.23 8.543 6
28(E4) 1292 8.12 13920 9.48 7.0327
29 1279 7.94 1.391 8 8.14 7.188 8
30 1288 8.10 13928 7.69 7.547 5
31 1285 8.12 1.393 8 7.95 7.929 6
32(ES) 1291 7.90 1.378 1 12.29 3.268 0
33 1291 8.38 13855 10.36 4.164 0
34 1302 8.41 1.386 8 8.63 4.696 8
35 1296 8.33 1.388 0 8.72 5.1855

Note: The no. column in Table 2 corresponds to the no. column in Table 1.
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Fig.2 Physico-chemical property-composition diagram curves in the metastable equilibrium
quaternary system Li*, Na’//SO,>, B,0;>-H,0 at 288 K
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