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Table 1 Chemical compositions of Bangor Ill salt lake water for the past 40 years (unit: g/L)
H Na* K* Mg™ Lit CI- HCO; cor SO;” B0
1976-06 62.02 7.84 0.06 0.13 39.71 12.29 6.65 0.91 2.74
2014-04 17.10 2.03 0.22 0.04 13.19 0.9 3.06 15.72 0.79
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Table 2 Observational data of nature evaporation of Bangor salt lake

HIH WPE/d  PMEIREE/C pUKIRE/C B/ (geem™)  #hE/%  pHE  MUKABUL WSS BRGNS

2014-04-25 1 9.0 8.0 1.046 5.0 9.56 8100 BL-01

2014-04-30 6 10.0 11.0 1.050 52 9.53 7560 BL-02

2014-05-06 12 6.0 10.5 1.052 6.1 9.51 7063 BL-03

2014-05-10 16 6.0 8.5 1.051 55 9.50 6804 BL-04

2014-05-14 20 10.5 15.0 1.056 6.3 9.50 6242 BL-05

2014-05-18 24 12.0 15.0 1.063 6.8 9.47 5616 BL-06

2014-05-22 28 10.0 13.0 1.067 7.6 9.43 5227 BL-07

2014-05-26 32 7.0 15.0 1.077 8.2 9.44 4644 BL-08

2014-05-30 36 13.5 14.0 1.081 8.8 9.45 4406 BL-09

2014-06-03 40 16.0 20.0 1.093 10.0 9.42 3780 BL-10

2014-06-07 44 18.0 23.5 1.099 10.7 9.40 3348 BL-11 BS-01
2014-06-11 48 15.6 22.0 1.112 12.0 9.37 2831 BL-12

2014-06-15 52 13.1 32.0 1.114 12.4 9.36 2859 BL-13

2014-06-19 56 21.0 22.0 1.119 12.9 9.35 2636 BL-14

2014-06-23 60 19.0 19.0 1.126 13.6 9.31 2376 BL-15

2014-06-27 64 27.0 26.0 1.138 15.0 9.29 2137 BL-16

2014-07-01 68 16.8 26.0 1.141 15.6 9.26 1945 BL-17 BS-03
2014-07-05 72 19.0 27.0 1.146 16.2 9.26 1826 BL-18 BS-04
2014-07-07 74 19.0 23.0 1.151 16.8 9.25 1772 BL-19 BS-05
2014-07-10 77 19.6 25.0 1.160 17.9 9.21 1618 BL-20 BS-06
2014-07-14 81 24.6 20.0 1.172 19.0 9.20 1512 BTL-02 BTLS-01
2014-07-17 84 20.0 16.4 1.188 20.7 9.19 1351 BTL-03 BTLS-02
2014-07-20 87 26.7 234 1.215 232 9.15 1174 BTL-04 BTLS-03
2014-07-23 90 21.6 18.6 1.262 29.0 9.13 787 BTL-05 BTLS-04
2014-07-25 92 13.8 30.5 1.314 335 9.19 611 BTL-06 BTLS-05
2014-07-26 93 28.8 22.0 1.319 334 9.33 534 BTL-07 BTLS-06
2014-07-27 94 25.7 27.0 1.322 34.1 9.42 411 BTL-08 BTLS-07
2014-07-29 96 16.4 16.0 1.321 343 9.57 262 BTL-09 BTLS-08
2014-07-31 98 20.6 20.0 1.336 35.7 9.76 160 BTL-10 BTLS-09
2014-08-01 99 22.8 21.0 1.352 36.9 9.98 107 BTL-11 BTLS-10
2014-08-02 100 24.6 24.6 1.355 37.2 10.18 75 BTL-12 BTLS-11
2014-08-03 101 24.6 224 1.356 38.2 10.36 40 BTL-13 BTLS-12
2014-08-04 102 28.0 30.5 1.357 40.2 10.80 18 BTL-14 BTLS-13
2014-08-05 103 16.8 17.0 1.386 41.7 11.30 8 BTL-15 BTLS-14
2014-08-06 104 29.4 30.0 1.410 42.0 — BTL-16 BTLS-15
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Table 3 Chemical compositions of liquid samples and phase diagram index

) iy (g- L) Jinecke $8%%

Li* Na' K Mg™  Ca™ cr Br SO HCO; OH" COY B0 2K* So;”  Cor
BL-01 0.04 1830 226 0.14 0.01 11.11 0.01 2024 1.30 0 2.93 1.07 10.02  73.07 16.91
BL-02 0.04 1970 245 0.16 0.01 1148 0.01 2194 1.68 0 3.30 1.16 9.95 7257 1747
BL-03 0.04 2050 255 0.17 0.01 11.85 0.01 2354 1.30 0 3.53 1.26 9.69 7284 17.46
BL-04 0.04 2230 270 0.17 0.01 13.15 0.01 24.62 1.31 0 3.72 1.32 9.79 72,65 17.57
BL-05 0.05 23.10 287 0.19 0.01 1333 0.01 2659 1.71 0 3.81 1.36 9.74 7342 16.84
BL-06 0.05 2580 3.02 020 0.01 1482 0.02 29.00 2.12 0 4.01 1.49 948 74.13 16.39
BL-07 0.05 28.60 3.17 022 0.01 1574 0.02 31.73 4.12 0 4.35 1.55 9.14 7450 16.35
BL-08 0.06 30.20 356 025 003 21.11 0.02 3521 0 1.91 0 0 11.05 88.95 0
BL-09 0.06 3230 430 025 0.01 2241 0.02 3722 0 2.08 0 0 12.43  87.57
BL-10 0.07 36.60 4.80 030 0.01 2500 0.02 4281 0 245 0 0 12.10 87.90

BL-11 0.08 4030 5.60 032 0.01 2556 0.03 43.02 3.72 0 6.90 2.33 11.29 7059 18.12
BL-12 0.09 45.00 6.60 036 0.02 30.56 0.03 4484 4.58 7.83 2.56 12.38 68.48 19.14
BL-13 0.10 4740 6.60 035 0.02 3241 0.03 4840 436 8.07 2.68 11.68 69.71 18.61
BL-14 0.10 48.00 6.80 036 0.02 3482 0.03 4549 4.18 8.73 2.76 12.32 67.08 20.61
BL-15 0.11 51.00 740 037 0.02 3852 0.04 4356 4.44 9.95 3.16 13.26  63.53 23.22
BL-16 022 60.00 9.60 042 0.02 4259 0.05 5823 595 11.15  3.76 1342 66.26 20.32
BL-17 034 62.00 1040 037 0.04 48.15 0.06 5130 7.14 12.74 435 15.12 60.73 24.15
BL-18 035 72.80 1040 036 0.02 4889 0.06 50.29 29.16 15.66  7.37 14.49 57.06 28.45
BL-19 043 7580 10.80 0.34 0.03 4926 0.06 5433 30.20 16.92  7.68 14.01 57.38 28.61
BL-20 051 77.60 1280 0.34 0.02 50.00 0.07 5192 3291 18.89  8.73 16.06 53.04 30.89
BTL-02 038 7320 18.40 0.62 0.03 6840 0.07 5470 9.92 13.69  5.37 22.78 55.13 22.09
BTL-03 0.38 80.80 17.60 0.51 0.02 7536 0.08 58.74 7.63 15.69 597 20.50 55.69 23.81
BTL-04 042 9440 1880 0.53 0.02 86.61 0.09 66.72 11.57 1692 6.77 19.75 57.07 23.17
BTL-05 0.52 123.20 26.00 0.65 0.03 13036 0.12 61.10 11.35 26.74  9.51 23.51 4498 31.51
BTL-06 0.64 14640 3280 0.03 0.02 14822 0.16 82.16 12.70 29.78  12.02 23.68 4829 28.02
BTL-07 0.70 150.00 34.80 0.03 0.02 151.79 0.18 8795 935 3246  13.41 2340 48.15 28.45
BTL-08 0.80 146.00 42.80 0.01 0.02 15286 0.24 8493 7.10 33.81 16.12 2744 4432 28.25
BTL-09 1.00 146.40 36.00 0.01 0.02 14358 0.28 7497 4.79 43.41 2050 2344 39.73 36.83
BTL-10 1.40 160.40 2880 0.01 0.02 13929 040 78.63 3.82 59.87 21.73 16.86 37.47 45.67
BTL-11 1.78 160.80 36.40 0.01 0.02 132.15 0.56 84.65 0 0 72.00 23.09 18.28 34.61 47.11
BTL-12 2.06 156.80 36.00 0.01 0.02 127.86 0.70 83.53 0 6.53  56.74  28.38 20.23 3822 41.55
BTL-13 1.60 16240 3840 0.01 0.02 130.36 0.90 59.83 0 3.69 7846 3849 20.28 25.72 54.00
BTL-14 196 172.80 44.00 0.01 0.04 12393 140 3892 0 527 107.69 53.97 20.37 14.67 64.96
0
0
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BTL-15 224 189.60 50.40 0.01 0.04 24287 1.80 25.67 2476 2092 19.11 51.14 2120 27.66
BTL-16 0.68 4640 20.00 0.01 0.04 4464 072 3.80 1.81 2794 17.35 33.61 520 61.18
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Fig. 1 Crystallization route of Bangor salt lake water
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Table 4 Chemical analysis results of solid samples

‘ R %
TR = ; : = m - - - = = =
Li Na K Ca Mg Cl HCO; OH CO; SO, B,O;
BS-01 0.0046 34.05 0.28 0.01 0.03 0.91 0.31 0 0.30 66.43 0.202
BS-03 0.0073 34.35 0.40 0 0.02 1.33 0.33 0 0.51 65.69 0.500
BS-04 0.0060 33.64 0.34 0.01 0.01 1.11 0.36 0 0.38 65.78 0.206
BS-05 0.0057 33.23 0.32 0.01 0.03 1.01 0.47 0 0.41 65.70 0.195
BS-06 0.0056 33.15 0.32 0 0.02 1.01 0.33 0 0.47 65.87 0.176
BTLS-01 0.0950 18.95 3.23 0.26 1.53 15.30 0.00 0.19 8.86 12.68 0.971
BTLS-02 0.0103 32.52 0.51 0.01 0.31 2.03 0.24 0 1.81 63.61 0.294
BTLS-03 0.0184 32.79 0.84 0.01 0.36 3.51 0 0.11 2.29 60.86 0.358
BTLS-04 0.0340 32.19 1.51 0.02 0.61 6.40 0 0.25 3.61 55.30 0.478
BTLS-05 0.0610 36.96 2.34 0.02 0.39 49.92 0 0.24 4.56 4.92 0.824
BTLS-06 0.0811 35.39 1.95 0.07 1.70 35.44 0 1.00 19.26 4.88 0.904
BTLS-07 0.0609 35.87 2.33 0 0.02 30.85 0 0.46 9.43 21.67 0.806
BTLS-08 0.0855 29.62 10.46 0 0 33.65 0 0.05 4.94 20.57 1.113
BTLS-09 0.0756 31.23 7.96 0 0 34.63 0 0.49 6.11 15.58 4.655
BTLS-10 0.1124 32.22 6.24 0.01 0 34.37 0 0.31 10.75 11.36 4.318
BTLS-11 0.2723 30.02 9.20 0 0 24.50 0 0 14.58 19.69 1.947
BTLS-12 0.6728 34.83 4.14 0 0 23.78 0 0.07 15.37 2343 1.937
BTLS-13 0.4967 32.11 7.56 0 0 28.31 0 0.77 11.83 17.19 4.985
BTLS-14 0.3624 32.04 8.99 0 0 23.27 0 1.22 21.29 10.55 6.555
BTLS-15 0.6751 29.68 9.96 0 0 23.27 0 4.31 16.85 6.08 10.167
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Table 5 Mineral compositions (XRD) of the solid phases
precipitated in natural evaporation
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Fig. 2 pH changing diagram in the nature evaporation

process of Bangor salt lake water
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Fig. 3 Relationship between the contents of Na, K, Li and
the concentration rate of salt lake water
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Natural evaporation and crystallization of Bangor salt lake water

in Tibet

YU Jiangjiang, ZHENG Mianping, WU Qian, WANG Yunsheng, NIE Zhen, BU Lingzhong

MLR Key Laboratory of Saline Lake Resources and Environments, Institute of Mineral Resources, Chinese Academy of

Geological Sciences, Beijing 100037, China

Abstract Considering the huge impact of global warming on lakes on Qinghai—Tibet Plateau and the serious lake desalination resulting
from expanded lake area, the research on carbonate—type desalinated saline lakes is of great significance. Taking the carbonate—type salt
lake of Bangor Lake as the research object, the on—spot natural evaporation experiment has explored the pH changes in lake water and the
effect of alkali metal elements content on mineral separation under the guidance of 298 K metastable phase diagram of quinary system of
Na*, K*/Cl", SO7, and CO37—H,0, Experimental results show that mineral deposits from desalinated lake water would be developed in a
longer period in the context of natural evaporation. After a slow reduction process, the pH value of lake water is increased rapidly in the
late stage of evaporation, which is mainly related to and positively correlated with the contents of CO3", HCO; and OH™ in the lake water.
Among the main alkali metal elements that affect the acid—base property of desalinated lake water, the role of Na exceeds that of K,
followed by Li. Their corresponding minerals are also changed from neutral to alkali property; and the order of separated minerals is
mirabilite, halite, aphthitalite, burkeite and trona. Based on the separation characteristics of different minerals, they can be recovered and
extracted by stages, which is practically significant in the development of the salt lake resources.

Keywords global warming; carbonate—type; natural evaporation; crystallization behavior

(FriEm#B X &iz)



