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Table 1 The chemical composition of Uyuni salt lake brine
(=% Na* K* Mg** Li* Br~ al- SO;” B,0,
/(g L7 93.871 15.432 17.312 0. 638 0. 152 193. 069 23.100 2.287
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Fig. 1 Isothermal evaporation device ( A Digital controller,
B PT100 sensor,C Fan,D Plastic basin, E Thermometer, F 1-
ron support,G UV light)
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Table 2 Chemical composition change of the liquid phase in the process of isothermal

evaporation of Uyuni salt lake brine at 25°C

WOl A%

WA AR/ (g - L")

M REEC

Gz /(geem™) /% Nat K Mg Lit

Bem  Cl- SOF B0, JK, ' Mgt JSOX

L-00 1.2260

L-01

L-02 1.2465 26.32 76.783 24.426 27.973

0.00 93.871 15.432 17.312 0.638 0.152 193.069 23.100 2.287

1.2326 22.52 85.979 21.573 23.220 0.832 0.196 197.948 31.238 2.993

1.083 0.259 198.808 33.915 3.670

17.16  61.93 20.91

17.73  61.38 20.89

17.20 63.36 19.44
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%% /(grem™) /%  Na*  K* Mg* L B~ Cl© SO B0, JK,*' Mg JSO"
L-03 1.2530 35.74 69.363 30.727 31.931 1.259 0.300 198.250 43.050 4.175 18.24 60.97 20.80
L-04 1.2601 40.09 61.051 34.643 36.681 1.440 0.343 199.181 48.300 4.852 18.05 61.47 20.48
L-05 1.2769 46.71 52.635 41.174 43.543 1.644 0.392 205.696 57.381 5.603 18.06 61.45 20.49
L-06 1.2858 51.31 40.319 46.760 51.328 1.943 0.463 209.419 64.785 6.674 17.67 62.40 19.93
L-07 1.2899 54.06 37.116 43.509 56.210 2.129 0.507 211.280 70.955 7.529 15.42 64.10 20.47
L-08 1.2996 58.77 19.603 33.240 74.366 2.898 0.690 215.003 91.008 9.465 9.59 69.03 21.37
L-09 1.3033 60.90 16.583 30.900 78.113 3.125 0.744 219.099 90.933 10.689 8.67 70.55 20.78
L-10 1.3106 64.00 15.807 25.194 86.558 3.818 0.906 245.718 80.210 13.664 6.83 75.48 17.70
L-11 1.3133 64.39 14.522 20.507 89.488 4.445 1.059 253.164 75.583 15.058 5.54 77.83 16.63
L-12 1.3197 66.88 11.901 11.523 92.778 5.240 1.206 259.679 65.299 17.493 3.17 82.19 14.64
L-13 1.3227 69.12 12.406 4.492 101.832 6.175 1.306 287.602 58.294 20.238 1.18 86.32 12.50
L-14 1.3330 69.51 9.430 2.808 105.806 6.520 1.342 296.909 53.679 21.537 0.73 87.98 11.29
L-15 1.3554 72.80 5.591 0.705 119.098 4.675 1.382 319.624 46.892 25.271 0.17 90.79 9.04
L-16 1.4146 73.11 4.334 0.387 120.771 4.725 1.394 320.373 46.769 27.476 0.09 90.99 8.92

* AHEFEH: S (JK,* 7 + JMg®" + SO, ) =100% .,
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Table 3 Chemical composition of solid phases precipitated in the process of isothermal

evaporation of Uyuni salt lake brine at 25°C

| R Hr HB [ AR5 20 4 it "/ %

EERE /% Na* K* Mg** Li* Br~ cl- S0;~ B, 0,
S-01 22.52 36. 34 0.19 0.33 0.0032 i 56.55 0. 86 0.013
S-02 26. 32 37.69 0.15 0.24 0.0045  FKfd 58.27 0.95 0.012
S-03 35.74 37.69 0.18 0.30 0.0049  Kfd 58. 66 0. 69 0.015
S -04 40. 09 36. 42 0.55 0.34 0.004 6  FKfd 57.11 0.75 0.013
S-05 46.71 37.08 0.58 0.33 0.004 1 A 58.21 0. 64 0.014
S-06 51.31 25.93 15.22 0.36 0.014 F A H 54.31 0.78 0.018
S -07 54.06 25.01 15.71 0.38 0.018 F A H 53.43 0.76 0.019
S-08 58.77 19.18 18. 82 1.37 0.023 A 47. 62 4.21 0. 031
S-09 60. 90 7.85 8.70 6.47 0.033 A 21.16 24.12 0. 070
S-10 64. 00 7.56 8.77 8.43 0. 046 FH 31.77 17.03 0. 090
S-11 64.39 4.90 9.04 8.45 0. 047 0.012 28.05 16. 88 0.13
S-12 66. 88 3.70 7.49 8.79 0.051 0.015 25.83 16. 87 0.12
S-13 69. 12 2.61 6.45 8.77 0. 068 0.014 23.30 16.78 0.12
S-14 69.51 2.25 4.46 8.87 0.079 0.016 19. 48 18.98 0.30
S-15 72. 80 1.86 4.43 4.34 4.38 0. 022 23. 66 24.33 0.30
S-16 73.11 0.29 0.27 9.67 0.87 0. 026 28. 11 6.58 0.37
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Fig. 2 Crystallization path of liquid phase points in Salt — H,O phase diagram at 298K during isothermal evaporation of

Uyuni brine ( A Na* K* Mg**/Cl~ SO}~ - H,O quinary system, B Li* Mg**/Cl~ SO}~ - H,O quaternary system )
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Fig. 3 The concentration variation of K", B,0;, Br~ and

Li" in liquid phase with weight loss in evaporation

0.76% J+2 4.21% B i FEAHH K™ & &0
ik 18.82% ,Cl~ &Ik 47. 62% A4 b i s
Z AP AL D, R (AR, 55 1,58 2
Ben] S IFER A ERB ., (KT 1M 30.900 g - L™' &
20.507g - L™ R85 3 Bt b By Be 0 47 2 A A1) £k
e, [K*JM20.507 ¢+ L7 '%2.808 g- L™K
554 B, B Bt i A IS R SR SRR AE 4 AT
DI AR 3 55 4 BERIAH SOL™ & REBHZE R 2
EARAL 3 BRI 4 Bt R A AR T
g BB R K 6.58%, Mg®* 6.80% , Cl™
24.20% ,S0;" 21. 14% , [ AH 5 7% T 5080 B B0 A
X, 38 A A R 2B 7 B R B i ) SR, R R R
355 4 BRI IR Eh B

30 T T T T T T T T T 5.0
- K* , . {45
25+ S0,
B Jao
~ 20 s
8 10 _
g‘\’ 15F 2.5 :°_Q,
? lho®=
2 10 e
- q1.5
sl Ji0
4105
0 wmmam S oo
30 35 40 45 50 55 60 65 70 75 80

weight loss/%

4 SRS R KT, S05 Li®
HRFIAAR R R
Fig. 4 The content variation of K* | SO} and

Li" in solid phase with weight loss in evaporation



48

I

54529 &

Li™ (s S 47T R IR 32 Mg™™ 1 SO; ™ vk J& 3
M, [ Mg J{KT 105g - L™"ff, [Li* ] M 0. 638
g LEHEE6.520 g - L' A Li* S EET
0.1% b FE R, M Mg’ J&F 105g - L7,
[SO;™ ]+ 40 g - L7'if, i F Li,S0, - H,0 11y
B, AR [Li® ] AN 6.520 ¢ - L7 (R &
4.675 g - L™ [EAIH A LiT & RT3 4.38%
Hi & 3 F& 4 AT LLFIKr 25 2k 3 69. 51% LTt
72. 8% J2— K B FR AR B A Tt B, Ak 28 WA
[Li* ] FTHEER NS AR 4.0 ~5.5 g - L7,
AR Li" 5 AR T 1% , AR F 2R K
B M — KB

B, 0, Hil Br™ {Ep 7K 28 K ik # b — H AL T 5 4R
WA &3 WA B,05 J AL Br™ [ 703 DA 2. 287
g L7'f10.152 g - L' W45 5 27.476 g - L™ F0I
1.394 g - L' [ 4H B0, fl Br™ S BRAL, 22K
PR AR B T et

Bl 5 W T Uyuni K28 &b B BT 07 1

X AT G E 1%, @ AT 5 bR PDF R A7 H
Xt AR ERAT H BB T A DA Bk TSR
FIKVGER 4 Fh 9, B R R B e TR A K
A NKIGE A — KRR 4 R, S5 2%
Fead BT R 2R 6 R A i, AT ST I T AR
Bl HER . XRD YA 441 54 1B 40T 25 A
PAL . — A S A A A R AR BB AL AT B, B
B R BT AR T, AR 25 5 FE P AR BE AL 2
AL, B0 XRD BB R EEEL4) 5 o —Ab S
T K 25 43 A — K B 2 B 2 TP AT 0 I, PR A
FERI A7 FI7S KGR AN, Ab2E T o1&
K] Ak L7 R I T AT H K SR A R — K R R A
DU Y Li AR X 4, B0 o 28 R 2o R
Gy R B

L EPR S M . O A ;@
A @A + LKIEE; @A + ek f +
NG QKABEA + /SKIEER + —/KERREE ;
O@/K A + —IKERR A .

3500 3500
3000 A 3000 B
5 2500 g0
E S
2000
< 2000 E
2 £ 1500
S 1500 =
= 1000
1000
500 J
0 \ L N IO T
0 )L o’ A 41-1478>Sylvite,syn-KCl
41-1478>Sylvite,syn—KCI |
| l 38-0419>Epsornite,syn-MgS04!7H20)|
= = 1 P | N
‘ ‘ 05-0628>Halite,syn-NaCl| | | 05-0628> Halitosyn-NaCl
10 20 30 40 50 60 10 20 30 40 50 60
Two- Theta(deg) Two- Theta(deg)
300
400
250 C 350 D
_ 300
2200 5
E g 250
S 8
.%‘150 3. 200
N
E & 150
100 5
100
50 50
X 0k Iy ! P A, At o b
0 b ] h A bV L ol Aty o | | 25-0515>Bischofite,syn-MgCI2/6H20
‘ 71-0727>Camallite-KMgCI3(H20)6 Dl L b il
el LL]x T 1 TP SR Ll |I |||| | 24-0889>Camallite-KMgCI3I6H20|
- — i ) n Lt iatio by b 1L,
L L . 24-0719>Hexahydrite,syn-MgSO416H20| N | I T US T —"Tt I0
A st L | TR ||
‘ |°5-°623>Hﬂh'ﬂm-N301 | TN 15-0873>Lithium Sulfate Hydrate-Li2SO41H20)|
L 1 1] nin Lis
10 20 30 50 10 20 30 40 60 70
Two- Theta(deg) Two—Theta(deg)

B 5 Uyuni £518] 54 /K 55 i 28 A BEAT ISR XRD [
(A B3R, B #iAEE + kIS E, C sk + L + 73kiE 3k, D K SBE + —/KBRIREE + e 1 + 7S/KTEEE)
Fig. 5 XRD test of solid phase during evaporation of the Uyuni brine

(A sylvite, B sylvite + epsomite,C halite + carnallite + hexahydrite, D bischofite + Li,SO, + H,0 + Carnallite + hexahydrite )
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Study on the Isothermal Evaporation of Uyuni
Salt Lake Brine, Bolivia at 25 °C

LI Long-gang'
(1. Qinghai CITIC Guoan Technology Development Co. ,lLid,Golmud 816000, China ;
2. Qinghai Key Lab of Sulfate Type Salt Lakes Utilization , Golmud 816000, China )

Abstract : The isothermal evaporation of Uyuni salt lake brine in Bolivia at 25 °C was studied in this paper, the

crystallization paths and the precipitation regularities of salts were theoretically determined by solubility phase
diagram of Na* K" ,Mg** //Cl~,80; —H,O quinary system and Li* Mg’*/Cl~  SO;”—H,0 quaternary

system at 25 °C. After that the crystallization paths and the precipitation regularities of salts in process of iso-

thermal evaporation were confirmed through XRD and Chemical analysis. The paper provided basic data for uti-

lization of elements such as potassium,lithium , magnesium,boron and bromine in Uyuni salt lake brine.

Key words: Uyuni salt lake; Bolivia; Isothermal evaporation at 25 °C; Crystallization path; Precipitation

regularity



