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Table 1 Main chemical composition of Zabuye Salt Lake brines
JLR Na K Li Rb Br Cl SO~ B, Os CO3
HROD 10. 01 3.16 0. 081 0. 0048 0. 0012 0. 0309 12.06 2.980 0. 84 3.41
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Table 2 Chemical composition of the liquid phase formed by 25°C —isothermal
evaporation of autumn brines of the Zabuye Salt Lake
SOF~ +CO5~ SO?~ +CO5~
Wt | WOEEE Rk WAL BT 25 5 g/ k) . o

52 | (e | % ' - +BOF =100M | +Ki' =100M
Na® | K* | Lit | Rb* | Cs* | Br~ | CI7 |SOf | B:O; [COj™ [SOF |CO3F |B,OF |SOF [COF | KT
Lo 1. 295 0.0 [100.1]31.6 | 0.81 [0.048(0.012| 0.31 |120.6{ 29.8 | 85 | 34.1[33.0|60.5| 6.5 |24.2|44.3|31.5
L1 1. 310 19.0 [104.5] 34.7 | 0.92 {0.059(0.013| 0.40 [116.9| 36.8 | 11.5 | 40.1|33.8 | 58.9 | 7.3 | 25.6 |44.7 | 29.7
L2 1. 320 33.91101.0(37.9 | 0.90 |0.064(0.017| 0.46 |114.6] 32.9 | 13.3 | 41.5|30.3 | 61.2 | 84 | 22.6 | 45.5 | 31.9
L3 1. 320 49.6 |1101.4|40.5 | 1.14 |0.076(0.025| 0.55 |113.6] 30.2 | 14.4 | 47.0 | 26.2 | 65.2 | 8.6 | 19.5 | 48.5 | 32.0
14 1. 295 55.01103.7|42.1|1.26 |0.093[0.033| 0.58 [114.3]29.6 | 15.9|51.0 | 24.2|66.8| 9.0 | 18.2]50.1 | 31.8
L5 1. 340 57.11101.5(42.4 | 1.18 |0.090(0.041| 0.64 [109.5| 27.3 | 15.6 | 53.6 | 22.1|69.2 | 87 |16.6 | 51.9 | 31.5
L6 1. 320 62.71103.0| 44.8 | 0.86 |0.091(0.048| 0.61 [110.2] 25.8 | 17.3 | 55.6 | 20.4 | 70.2 | 9.4 | 15.2 | 52.4 | 32.4
L7 1. 340 69.9 |101.0| 45.8 | 0.96 |0.104[0.064| 0.69 [106.7| 22.2 | 19.3|58.7 |17.1|72.6 |10.3|12.9 | 54.5 | 32.6
L8 1. 360 78.01100.7|48.5|0.91 |0.118(0.063| 0.90 [100.4| 17.6 | 23.2 | 66.6 | 12.5| 76.1 | 11.4 | 9.6 | 58.0 | 32.4
L9 1. 390 86.9 |106.5|50.7 | 0.89 |0.158]0.079| 1.16 | 87.2 | 17.0| 28.6 | 85.0 | 9.8 | 78.7 | 11.4 .9 | 63.2]28.9
L10 1. 410 93.1|111.2|51.6 | 1.06 |0.199]0.106| 1.53 | 83.7 | 12.8 | 24.1|100.0| 6.7 | 84.5 | 8.8 5.4 | 67.8 | 26.8
L11 1.420 94,7 1106.1|52.8 | 0.87 |0.218(0.127| 1.54 | 75.8 | 12.3 | 22.5|101.2| 6.5 | 85.4 | 8.2 5.1 | 67.71]27.1
L12 1. 380 97.11105.8|54.3 | 0.86 |0.268(0.174| 1.89 | 83.1|12.4|26.9(93.8| 6.8 |82.9|10.2| 5.4 |65.5]29.1
L13 1. 365 99.0 |100.1|54.9 | 0.78 |0.344(0.234| 2.17 | 86.4 | 11.9 | 25.6 | 84.6 | 7.2 | 82.1|10.7 | 5.5 |[63.0 | 31.4
L14 1. 370 100.0(100.3| 54.7 | 0.77 [0.496|0.372| 2.99 | 84.2 | 11.9 | 26.6 | 86.1 | 7.1 | 82.0|10.9| 5.5 | 63.5 | 31.0

x3 HEHMHAMRFTHACEREZLANMEBEBRLERS (IBEHE)
Table 3 Chemical compositions of solid phases precipitated by 25°C —isothermal
evaporation of autumn brines of the Zabuye Salt lake (residue is deducted)

R ‘iﬁ*/ﬁ%‘y@f : [# 4 3 A7 25 SR (90D _ _ __ _

(g/cm?) Na™ K+ Lit Rb Cs Br Cl SO7 B, 04 COj HCO;3

S1 1. 310 37.71 0. 00 0.097 57. 65 0. 00 0.13 0. 50 0. 00

S2 1. 320 30. 13 6.28 0. 000 38. 67 12. 86 0. 00 1.81 3.08

S3 1. 320 30.01 7.53 0. 000 37.04 14. 40 0. 00 2. 80 3.45

S4 1. 295 31.29 6.29 0.119 46. 62 9. 26 0.19 0.72 0.22

S5 1. 340 30. 94 6.75 0. 631 44. 66 14.03 0. 00 1.76 0. 00

S6 1. 320 33. 66 5. 94 0.631 42.52 12.19 0.15 4. 00 4.02

S7 1. 340 29.56 6.22 0.137 34.71 11.19 0. 00 5.23 4. 86

S8 1. 360 29.90 7.02 0. 305 0.006 0. 000 0.016 40. 76 12.42 0. 00 2.81 1. 40

S9 1. 390 26. 29 9.97 0.221 0.009 0. 002 0.003 37.11 7.14 2.37 5.42 0.77

S10 1. 410 18. 38 10. 39 0. 000 0. 000 0.009 0. 000 21. 34 2.42 10. 11 7.92 0. 00

S11 1. 420 27.40 10. 52 0.751 0.008 0. 009 0.032 37. 66 1. 85 3.65 12. 45 0.12

S12 1. 380 26.95 5.61 0. 155 0.003 0.002 0.019 6.75 2.89 3. 00 31. 29 0. 00

S13 1. 365 24.13 6.47 0.198 0.007 0. 008 0. 088 12.34 2.45 6. 04 22.74 0. 00

S14 1. 370 22.81 11.25 0.130 0.013 0. 020 0. 154 19.02 2.53 4. 88 19.11 0. 00
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Table 4 Compositions (%) of solide-phase minerals
precipilated by 25°C —isothermal evaporation of Zabuye Salt
lake autumn brines and results of microscopic identification

(residue is deducted)

5 Zb Sy H Th Tr | Nt| Ap Bo
So—1 tr va
So—2 tr va
So—3 tr va
So—4 m tr va
So—s m tr va
So—¢ m tr va
Si 0.52 95. 64| 0. 16 0. 36
S m va
Si—» tr va
Si—3 tr va
Si—4 tr va
Si—5 tr va tr c
Si—s tr va m c c
Sy 70.01 11.40 22.25
So va c c c
So—o va m c c
So—s va m tr c
Sy va c tr c
S5 va c c c
So— va c c tr
So—7 va a a tr
S; 67.31 12.78 24.91
Sz va c c c
Ss—2 va c tr c c
Ss—3 va tr tr tr
S, 0.64 [1.22(78.72 0. 82 16. 021 0. 51
S, tr va c c m
Si—2 m va c m
Si—3 va va m m
Ss 3. 36 80. 60 24. 27
S5 tr va m m tr
S5—2 tr va tr c c
S5—3 c va < c
S5y a va c c
S5—5 va va tr
S5—6 a tr va a tr
Ss 3.35 76.05 14. 89 21.09| 0. 41
Se—1 tr va tr c
Se—o tr va m c
Se—3 tr va tr c m
Se—4 tr va ¢ ¢ c
Se—5 tr c va ¢ a c
Se—6 c c va c a c

{i : H—Halite(f7$k) NaCl; Zb— Zabuyelite ($L. 453 B} 1) Li; CO; ; Sy
sylvite(Bf 45 ) ; Th—Thermonatrite ( /K ) Na, CO3 + H, O; Tr—
Trona( KAk HK) Na, CO; NaHCO; « 2H, O; Nt—Natron (¥ i) Nay
COs + 10H, O; Ap— Aphthitalite (B $2 i) K5 Na (SO, )2 ; Bo—Borax
() Naz B, O7 « 10H, O; va—very abundant (§z K H#) >50% ;¢

common(— )5 % ~25% ;m—minor(Z»>H)1% ~5% ;a—abundant

g% 4
P Zb Sy H Th Tr | Nt| Ap Bo
Sy 0.73 61.52 18.02 19. 36
Si—1 tr m va tr c c
S c m va c tr c
S c tr va c c c
Si—4 c m va c c c
Si—s c m va tr a tr c
Si—s ¢ tr va tr a c
Sg 1.62 71.82|0.24 | 5.19 21.49
Sg—1 tr tr va c m tr
Ss—» tr c va m tr m m
Sg—3 m c va c c m m
Sg—4 m m va c c m tr
Ss—s m c va a c c tr
Ss—¢ m c va a c c tr
Sy 1.17 [10.70,54. 97| 7. 67 | 2. 84 12. 36 6.49
So—1 c c va c c m tr
So—2 tr c va c c m tr
So—3 tr c va c ¢ m tr
So—4 tr c va c c m m
So—5 c va a c m m
So—¢ m a c m m
Sio 16.99/22. 60|16. 56 4.18 |27.69
Sio—1 tr m a m c m
Sio—2 m c a m c m
Sio—3 c c a m ¢ m
Si0—14 c c a c va c m
Sni 3.99 [17.91/48.61(18. 80| 0.43 3.19 |10. 00
Sii—1 m m tr a va tr m
Sii—2 c m m va ¢ m
Sii-3 m tr m va m
Sii—4 m tr m va tr m
S5 m c m va tr c
Sii— c c c va c
Siz 0.82 |7.34| 6.26 {63.29 5.00 | 8.21
Siz—1 m va c a m
Si2—3 tr va c a tr tr m
Siz—4 tr c c va m c c
Sio—s5 m a c va m tr c
Sio—s¢ tr a c a m tr C
Sis 1.0519.48|13. 66 [45. 24 4.24 |16.56
Siz—1 tr va c m m tr m
Siz—2 tr va c c tr m c
Siz—4 m a c a tr m m
Siz—5 m a c va tr m m
Siz—6 m c c va tr m c
Siy 0.69 [18.50[17.61|38. 35 4.37 113.38

(K 25% ~50% s tr—trace(f i) <<1%.

TR S s AR A B R UL B B 1) /N 5 250l e B FE
S [ 43 8 o 1 R TR A

F& 4 TP R A2 i B 2 TR A 25 R SRR BT I/ IR 1 3 4
5. R 4 W LUE L B A A B AR bR T R R
ST ES BB UM B T S S5 A B TR E A e
Mg 7k B COZ™ R HCOZ ™ 1Y &5 & — /4> 38 W A B il b 1 3 AL, e
DA Be 55 3 OF & & W] DASRAR 1Y 0 R R B 7 B Y6 1) R A g
HERR I
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Fig. 3 Relation of the weight percents of minerals in solid phases to the percent of water removed on evaporation
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Fig. 6 Relation of the contents of components in the liquid phase to the percent of water removed on evaporation
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Fig. 7 Relation of pH to water evaporation rates
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Abstract

The authors conducted an experiment of 25°C — isothermal evaporation of autumn brines from the
Zabuye Salt Lake, Tibet, and studied the crystallization paths and precipitation regularilies of salts in the
process of isothermal evaporation of autumn brines at 25C by referring to the metastable diagram of the
quinary water —salt system Na®, K*, CO} , SO? , CI" —H,O and the solubility diagram of the senary
(counterfeit) system Li*, Na®, Cl7, SO3 , B,03 —H,O (saturated in NaCl and Li,CO, at 25 C). The
experiment and study provide an important basis for the comprehensive exploitation and use of brines of

this salt lake.

Key words: Zabuye Salt Lake; 25°C — isothermal evaporation; crystallization path; precipitation

regularity of salts



