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Abstract Zabuye salt lake is located in the interior of the Tibetan Plateau, China. With its brine rich in mineral resources, the lake is of
great economic value. Those resources can be effectively exploited using solar pond technology. As a foundation for solar pond technology,
evaporation experiments on salt lake brine were conducted in this study. An isothermal evaporation experiment was carried out at 273 K
on the winter brine from Zabuye salt lake. According to the experiment, the crystallization path of salts has been obtained, and the
precipitation sequence during 273 K isothermal evaporation was halite (NaCl), mirabilite (Na.SO,+ 10H,0), borax (Na,B.0+ 10H,0), natron
(Na,COs+ 10H:0), sylvite (KCI), and zabuyelite (Li,COs), which is different from that of the metastable phase diagram of the quinary system
Na*, K* //CI", COi", SOi—H.0 at 298 K. In the experiment, lithium was enriched effectively in the brine, with its concentration up to 3.66
times compared with that of the original brine. Potassium precipitated as sylvite in the late stage of the evaporation process, and the

content of potash reached 17.13% in solid phases. Although borax precipitated during the whole evaporation process, high grade borax
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cannot be obtained in the experiment. The data of the isothermal evaporation experiment at 273 K can be used as the foundation to exploit

the Zabuye salt lake brine resources.

Keywords Zabuye salt lake; 273 K isothermal evaporation; crystallization path; carbonate type brine; lithium carbonate
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Table 1 Chemical composition of brines during 273 K isothermal evaporation
+ 2- 2- _
L. R FE S TSR GRAR (1) S
= A 100M
2 BE
/(g+ecm™) CI SO HCO, CO; OH B0 Li Rb*  Cs' Na' K 2K* SOy cor
Z-0  1.2400 100.00 168.98 14.15 0 21.15 045 8.83 0.737 0.033 0.010 124.44 26.7 40.61 17.51 41.89
Z-1 1.2530  94.17 184.50 1450 0 2250 042 892 0.766 0.032 0.014 126.16 30.94 42.93 16.38  40.69
7-2 1.2566  89.16 189.68 14.84 0 24.16 034 8.54 0.854 0.034 0.016 130.78 32.66 42.85 15.85 41.30
7-3 1.2595  83.25 18794 1550 0 2476 0.76 8.74 0.868 0.036 0.028 136.06 33.58 42.80 16.08 41.12
7-4 1.2624  76.78 18794 1628 0 27.16 0.44 9.02 0.900 0.038 0.016 137.40 35.52 42.20 15.75  42.05
7-5 1.2675  68.16 186.22 17.00 0 30.16 0.48 9.80 1.014 0.044 0.014 130.56 40.36 43.17 14.80 42.03
Z-6 12719 61.73 184.50 17.64 0 32.10 1.06 10.28 1.122 0.050 0.036 130.48 43.32 43.53 14.43  42.04
7-7 1.2755  56.08 183.46 17.58 0 35.86 0.52 10.68 1.194 0.052 0.048 125.62 4540  42.65 13.45 4390
7-8 1.2818 4898 182.08 20.10 0 38.10 1.36 11.64 1.336 0.062 0.022 130.88 48.84 42.52 14.25 43.23
Z-9 12836 41.79 186.92 2036 0 41.10 0.38 12.62 1.616 0.072 0.036 139.98 49.50  41.38 13.85 44.77
7Z-10 12866 3693 182.08 21.44 0 4500 0.34 13.20 1.684 0.078 0.038 127.00 48.02 38.69 14.06  47.25
Z-11 12850 30.48 182.78 2024 0 42.60 0.64 13.78 1.990 0.088 0.030 129.78 48.32 40.16 13.70  46.14
Z-12 12891 25.61 175.88 2250 0.16 48.76 0.00 13.38 2.284 0.102 0.040 130.10 47.88 36.91 14.12  48.98
Z-13 12905 19.62 174.16 22.86 3.06 49.36 0.00 14.94 2.696 0.122 0.052 133.16 47.62 36.48 14.25  49.27
Z-14 12907 1321 174.16 21.76 4.20 48.68 0.00 14.66 2.630 0.166 0.074 132.26 48.52 37.42 13.66  48.92
7Z-15 1.2880 835 175.88 21.46 0.76 47.86 0.00 14.16 2.448 0.220 0.102 131.92 48.68 37.88 13.59 48.53
7Z-16  1.2895 371 174.16 21.28 0.16 47.86 0.00 16.10 2.700 0.432 0.186 127.58 48.24 37.71 13.54  48.75
7Z-17  1.2909 0 174.16 21.66 0 45.16 0.24 15.62 2364 0.818 3.936 124.70 47.60 38.36 1421 4743
F2 HIERERHIK /K 273 KERE L LI EMRAM
Table 2 Chemical composition of solid phases precipitated during 273 K isothermal evaporation
be AR ez (AR R 20 1%
o R SR/ %
52 fg-em) Li"  Na’ K Rb* Cs* Ca™ Mg* ClI° HCO; OH  CO7 SOy B,02"
S7Z-2 12566 0.02 35.87 0.81 4x107° 0 0 0.011 4049 0 0.76  1.20 15.02 5.27 99.47
SZ-3 12595 0.04 37.84 142 8x10° 0 0 0.007 57.13 O 0.25 090 0.48 1.33 99.39
SZ-4 12624  0.04 36.75 143 10x10™° 0 0 0.009 56.10 O 0.11 1.21 0.99 0.99 97.63
SZ-5 12675 0.03 3729 123 8x10° 0 0 0.008 5523 0 0.12  0.95 2.23 0.84 97.93
SZ-6 12719 0.05 36.71 1.77 12x10° 0 0 0.008 5430 O 025 1.29 2.51 1.26 98.15
SZ-7 12755 0.05 36.73 194 15x10° 0 0 0.003 52.86 0 0.38  1.38 3.43 1.89 98.66
SZ-8 12818 0.05 33.55 6.69 22x10° 0 0 0.003 5340 O 0.27 191 1.10 1.05 98.03
SZ-9 12836  0.06 30.27 10.09 34x10° 0 0 0.002 4544 0 033  6.17 3.80 1.05 97.22
S7Z-10  1.2866  0.07 30.59 10.30 34x10° 0 0 0.002 48.69 O 053 292 2.40 2.56 98.07
SZ-11 1.2850 0.07 31.16 9.19 36x10° 0 0 0.003 3821 O 0.67 10.13 6.58 1.81 97.82
SZ-12  1.2891 0.08 31.20 9.40 46x10° 0 0 0.003 4922 O 0.64 331 1.60 3.45 98.91
SZ-13  1.2905 0.15 31.28 8.79 48x10° 0 0 0.005 4145 O 048 8.92 4.41 1.63 97.12
S7Z-14 1.2907 1.13 29.01 840 70x10° 8x10° 0 0.022 3654 O 095 11.52 6.46 3.84 97.87
SZ-15 1.2880 0.93 29.67 859 82x10° 15x10° O 0.027 36.57 0 0.61 13.03 5.18 3.76 98.37
SZ-16  1.2895 0.79 29.62 8.68 134x10° 45x10° 0 0.016 39.72 0 0.76  10.11 4.84 3.15 97.69
SZ-17 1.2909 0.86 29.29 9.00 726x10° 234x10° 0 0.014 3824 O 0.87 10.49 4.53 3.80 97.09
45 E
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Table 3 Percentage of salt minerals in solid phases

J5 53 K %

W5 Na,S0, - Na:B:O:+ Na,COs-

HCO om0 MY omo tomo ¢
SZ-2 0.09 36.76  1.13 945 3.84 4873
SZ-3  0.20 1.53 259 314 331 89.23
SZ-4 022 3.21 264 237 474  86.82
SZ-5  0.17 7.08 221 1.96 3.60  84.98
SZ-6 025 7.84 313 2.88 478 8112
SZ-7  0.26 1037 332 418 489 7698
SZ-8 027 345 1190 240 744 7455
SZ-9 025 1035 1563  2.09 2296  48.73
SZ-10 0.33 7.03  17.13 549 1085  59.17
SZ-11 027 1554 1234 3.13 3296  35.75
S7Z-12 0.38 465 1554 1.36 1223 59.84
SZ-13  0.62 11.16 1265  3.02 29.68  42.88
SZ-14 4.46 1606 11.88  6.99 23.47  37.14
SZ-15 3.54 1244 1173 6.62 30.78  34.89
SZ-16 3.21 1243 1266 592 2447 4130
SZ-17 3.48 1155 1305  7.11 2459 4023

x4 BURTEESR
Table 4 Microscopic identification of solid phase minerals

precipitated
Bl THE
S7-2 H+M+Bo
S7-3 H+Bo
S7-4 H+Bo
S7Z-5 H+Bo
S7-6 H+Bo
SZ-7 H+Bo
S7-8 H+Bo
S7Z-9 H+Sy
SZ-10 H+Sy+Bo
SZ-11 H+Sy
SZ-12 H+Sy+Bo
S7-13 H+Sy+Bo
SZ-14 H+Th+Sy+Bo
S7Z-15 H+Nt+Sy
S7-16 H+Nt
SZ-17 H+Nt+Sy
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