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Natural Evaporation and Crystallization Regularity of Dangxiongcuo Carbonate-Type
Salt Lake Brine in Tibet

WU Qian* ZHENG Mian-Ping NIE Zhen BU Ling-Zhong
(MLR Key Laboratory of Saline Lake Resources and Environments, Institute of Mineral Resources, CAGS, Beijing, 100037, China)

Abstract: The salt lake brine contains a lot of inorganic salt resources, and it is an important source for the inorganic
chemicals. Dangxiongcuo salt lake is a typical carbonate-type salt lake in Tibet of China, which is rich in Li, K and
B. The local climatic condition is very suitable for the exploitation and utilization of salt lake brine by using the salt
field phase-separation technique. In this paper, the natural evaporation experiment of Dangxiongcuo salt lake brine
has been operated in the lake-district. The concentrating behaviors of Li, K, B with their separated conditions were
analyzed in detail. According to the quinary system Na*, K*/CO:~, SO, C1-H,0 (25 °C) metastable diagram, the
crystallization path of salts has been drawn and the precipitation sequence is halite (NaCl), thermonatrite (Na,CO;-
H,0), trona (Na,CO;-NaHCO;-2H,0), sylvite (KCI), aphthitalite (Na,SO,-3K,S0,), borax (Na,B,0;-10H,0) and
zabuyelite (Li,CO3). The comparison of brine concentration and crystallization regularity between summer and winter
has also been listed. All these can provide the technology foundation for the comprehensive exploitation and

utilization of the carbonate-type salt lake brine such as Dangxiongcuo.
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Table 1 Main characteristics of experimental raw brine

Observation  Air temperature / ~ Humidity / Brine Depth of  Salinity / pH Density /' Volume / Weight /
date C %o temperature / C brine / cm % (18 °C) (g+cm™) L kg
2011-5-19 18.0 20.5 18.4 13.6 9.50 1.104 55.32 61.07
Lit/ Na* / K/ Cl/ SO/ COs>/  HCOs/ OH™/ B0/ Mineralization /
(g1 (g-17) (g-17) (gL (g-L7) gLl (L7 (g-17) (g1 (gL
0.360 54.13 7.32 67.67 10.80 0.00 0.81 291 151.08
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Table 2 Experimental data of natural evaporation of brine in summer

Observation Time Air temperature Brine Density /  Salinity / oH Liquid Solid Concentration
date 1 temperature / C (g-em™) Yo sample No.  sample No.  rate of brine / %
2011/5/19 19:00 18.0 184 1.104 13.6 9.50(18 C) SL-1 — 100
2011/5/25 10:10 6.4 3.7 1.157 19.6 9.51(4 C) SL-2 — —
2011/6/5 11:06 7.3 9.6 1.256 314 9.41(10 C) SL-3 — —
2011/6/8 14:40 132 18.0 1.258 314 9.36(18 C) SL-4 SX-1 37.92
2011/6/14 16:10 17.6 26.6 1.263 31.6 9.33(27 C) SL-5 SX-2 32.50
2011/6/17 12:15 182 17.7 1.274 323 9.43(18 C) SL-6 SX-3 27.26
2011/6/20 11:20 17.9 17.3 1.291 334 9.51(17 C) SL-7 SX-4 20.90
2011/6/24 15:00 21.8 28.7 1.296 337 9.48(29 C) SL-8 SX-5 17.68
2011/6/27 11:30 14.7 18.8 1.305 34.1 9.59(19 “C) SL-9 SX-6 11.39
2011/6/28 21:40 12.7 52 1.313 34.9 10.00(5 “C) SL-10 SX-7 7.56
2011/7/3 11:15 16.8 18.6 1.319 35.2 9.96(19 C) SL-11 SX-8 6.04
2011/7/5 10:40 13.9 15.0 1.322 35.6 10.05(15 °C) SL-12 SX-9 4.30
2011/7/8 11:00 14.4 12.3 1.321 35.8 10.21(12 C) SL-13 SX-10 3.42
2011/7/10 11:00 17.6 18.5 1.332 36.8 10.30(19 °C) SL-14 SX-11 235
2011/7/12 11:10 14.2 14.0 1.351 38.4 10.91(14 C) SL-15 SX-12 1.16
2011/7/14 12:45 15.4 25.6 1.343 385 10.96(26 °C) SL-16 SX-13 0.69
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Table 3 Chemical compositions of liquid samples and phase diagram index

Liquid Chemical composition / (g+ L) o Phase diagram index
sample No.  Li* Na* K* Cr SO COF  HCOr  BO& Mineraliaation = S0, CO;
SL-1 0360 5413 732 6767 708 1080  0.00 291 151.08 0.27 0.21 0.52
SL-2 0544 6315 1208 8260 8.17 1464 351 3.86 187.55 031 0.17 053
SL-3 0550 6695 1286 9300 889 1605  3.20 446 205.96 031 0.18 051
SL-4 0962 12205 1990 164.16 1753 3210  7.32 8.15 372.17 0.26 0.19 055
SL-5 1060 12400 2650 16664 1873 3720  8.54 931 391.98 0.26 0.18 0.57
SL-6 1284 12605 3228 16890 21.85 4040  10.37 10.87 412.00 0.29 0.18 0.53
SL-7 1584 13220 4069 16156 2738 42.60  28.98 13.20 450.19 0.34 0.19 0.47
SL-8 2244 13420 6327 17202 3170 5610  16.17 15.14 490.84 0.39 0.16 045
SL-9 2.680 13055 5067 17028 3578 5670  13.73 15.91 47630 033 0.19 0.48
SL-10 2.158 13775 5688 17028 3722 6150  5.49 21.73 493.01 0.34 0.18 0.48
SL-11 2192 13615 5392 16242 3458 6795  0.15 19.60 476.96 0.32 0.16 0.52
SL-12 2.148 12855 73.03 15805 38.66 7410 092 2251 497.97 0.39 0.15 0.46
SL-13 1822 14545 5451 157.18 34.10 7050  0.00 24.84 489.68 031 0.16 053
SL-14 1834 14595 5731 14845 3074 80.10  0.00 31.05 498.41 031 0.13 0.56
SL-15 1952 15615 5368 137.97 2498 10050  0.00 4075 521.59 0.26 0.10 0.64

SL-16 2.332 15550 52.05 14321 2642 87.90 0.00 41.91 51791 0.28 0.11 0.61
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Table 4 Chemical compositions of solid samples and phase diagram index
Solid  Salt precipitation Chemical composition / % Phase diagram index
sample No. / kg Li*  Na' K C S0  CO>  HCOy  B.OF 2K S0, CO,
SX-1 1.14 0.033  32.39 0.69 56.75 0.72 0.90 0.00 0.39 0.28 0.24 0.48
SX-2 1.08 0.039  31.59 0.70 52.39 0.48 1.35 0.15 0.19 0.25 0.14 0.62
SX-3 1.18 0.051  30.61 0.93 61.12 0.72 1.73 0.08 0.29 0.25 0.16 0.60
SX-4 1.54 0.082 2991 1.57 52.39 1.44 2.40 0.00 0.58 0.27 0.20 0.53
SX-5 0.78 0.228 3297 2.93 48.02 1.80 10.65 0.00 1.02 0.16 0.08 0.76
SX-6 2.90 0.344 2552 6.38 50.21 1.68 12.75 1.14 0.87 0.26 0.06 0.68
SX-7 1.62 0.766  26.38 5.09 45.84 3.18 10.91 4.36 2.23 0.23 0.12 0.65
SX-8 0.66 0.394 1849 13.18  43.66 7.74 5.25 1.14 3.78 0.50 0.24 0.26
SX-9 0.23 0475 28.12 1038 43.66 7.92 7.02 0.00 1.05 0.40 0.25 0.35
SX-10 0.34 0432 2846 1458  26.19 9.37 10.96 0.00 1.78 0.40 0.21 0.39
SX-11 0.36 0.357 2759 12.88  30.56 11.05 6.81 0.00 1.44 0.42 0.29 0.29
SX-12 0.52 0.337 2933 13.06 3493 9.13 8.07 0.00 3.80 0.42 0.24 0.34
SX-13 0.22 0.269  26.09 9.24 26.19 4.32 18.41 0.00 5.01 0.25 0.10 0.65
x5 MHEAEPZEENESIRE(%)
Table 5 Percentage of salt mineral in solid phase precipitated (%)
Solid sample No. Zabuyelite Halite Sylvite Aphthitalite Borax Thermonatrite
(Li,CO») (NaCl) (KCD) (Na;S0,+3K,S0,)  (Na;B,0,+ 10H,0) (Na,CO;+ H,0)
SX-1 0.21 93.70 0.56 1.46 2.24 1.83
SX-2 0.25 93.44 0.94 1.00 1.13 2.58
SX-3 0.33 91.23 1.15 1.53 1.75 3.64
SX-4 0.53 86.20 1.61 3.04 347 5.15
SX-5 1.27 65.73 3.65 3.25 5.24 20.87
SX-6 2.17 47.41 12.09 3.44 5.06 24.82
SX-7 4.37 46.91 6.44 5.90 11.74 7.33
SX-8 2.32 34.25 17.84 14.82 20.55 5.55
SX-9 2.53 57.80 10.57 13.70 5.15 10.26
SX-10 2.05 43.83 15.08 14.47 7.81 16.77
SX-11 1.81 51.75 11.14 18.21 6.74 10.36
SX-12 1.53 45.30 12.16 13.46 15.91 11.64
SX-13 1.36 22.60 11.92 7.08 23.31 33.74
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Table 6 Microscopic identification of salts precipitated

Solid sample No.

Main salts composition

Rest of salts composition

SX-1 H Th . Ga(m), Bo(tr)
SX-2 H Tr.Ga(m)
SX-3 H.Th . Tr Ty(m), Ga(tr)
SX-4 H.Th.Tr Ga(m) .Bo(tr)
SX-5 H.Th Tr Ty(m), Bo(tr)
SX-6 H.Th . Tr.Sy Bo . Ty(m), Ga(tr)
SX-7 H.Th Tr Sy .Ap.Bo Ty(m)
SX-8 H.Th.Tr.Sy Ap.Bo Ty(w)

SX-9 H.Th Sy .Ap .Bo Zb(tr), Bo(tr)
SX-10 H.Th .Sy .Ap .Bo Zh(m)
SX-11 H.Th Sy .Ap .Bo Zh(m)
SX-12 H.Th.Sy.Ap.Bo .Zb Ty(tr)
SX-13 H.Th Sy .Ap.Bo .Zb Ty(tr)

Note: H: Halite NaCl; Zb: Zabuyelite Li,COs; Sy: Sylvite KCl; Th: Thermonatrite Na,CO5+H,0; Tr: Trona Na,CO;-NaHCO;+2H,0; Ap: Aphthitalite) Na,SO,-
3K:S04; Bo: Borax Na,B,0;+ 10H,0; Ga: Gaylussite Na,COs+ CaCO;-5H,0; Ty: Tychite 3Na,CO5-MgSO4+ MgCOs, m: minor 1%~5%; tr: trace<1%
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Table 7 Comparison of crystallization regularity between summer and winter of Dangxiongcuo salt lake brine

Summer

Winter

Range of salinity Larger: 13.6%~38.6%

Range of density Larger: 1.104~1.356 g-cm™

Change tendency of pH

Salts precipitated first

Increasing: 9.50(18 “C)~10.96(26 °C)

Smaller: 14.0%~30.9%
Smaller:1.110~1.256 g-cm™
Decreasing:9.36(25 “C)~8.39(25 C)

Natron and Sodium sulfate(When the brine concentrated

rate is 75.56%)

Halite(When the brine concentrated rate is 37.92%)

Sylvite Aphthitalite and Sylvite(With the higher concentration) Sylvite(With the lower concentration)
B Precipitated at the end of evaporation after the sylvite, Precipitated dispersedly at the evaporation later,
orax
with the higher concentration with the lower concentration
Lithium Smaller enrichment extremum (2.68 ¢-1.™") Larger enrichment extremum (3.75 g-L™)
Soda Thermonatrite and Trona Natronite and Trona
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