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Abstract: The aim of this research is to find out the salt forming law of brine from Jezechaka Salt Lake in Tibet by a freez-
ing process at different temperatures. The experimental results show that with the descent of freezing temperature, the con-
centration of different ions changed differently in the liquid phase. All the ions were enriched except SO in low-density
brine, while the concentrations of SO, COJ” , B,0; decreased significantly in high-density brine. After the brine was fro-
zen with the density lower than 1.228 g/cm® , mirabilite (Na,SO, 10H,0) was precipitated obviously without na-
tron (Na,CO5-10H,0) , but mirabilite and natron were precipitated when the density was higher than 1.228 g/cm’® under the
same condition. Therefore, the method to precipitate mirabilite and natron step by step through freezing can be used to obtain
lithium-rich brine. When the density was about 1.228 g/cm?, the brine was frozen to eliminate mirabilite. After that, the sepa-
rated liquid was further concentrated, which can be used to get rid of natron by the refreezing process. The residual brine
could be raw material for extracting lithium. The freezing experimental results have some reference for the concentration
process of carbonate-type salt lake brine.
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Tab.1 Composition of the experimental brine

. %TE/ ke E/ (gL oH
(grem™) K* Ca™ Mg*" Cr HCO; Cor SO B,O; Li* Na*
Lo 1.098 2.39 8.64x 107 0.31 64.45 1.44 227 2.88 0.73 0.4 4285  9.01
L, 1.152 4.03 8.81x107 0.53 107.85 1.43 4.07 4.87 147 030 7195 9.02
L, 1.180 5.42 8.01x107 0.64 145.50 1.61 5.81 6.67 192 042 9733 9.02
Ls 1.200 6.25 8.64x 107 0.70 148.14 2.81 5.51 6.73 176 036 98.84 875
L, 1.220 6.83 0.00 0.24 185.74 3.06 5.20 8.49 236 052 12410  8.67
Ls 1.228 12.79 0.00 0.16 186.98 427 8.21 15.34 426 1.02 12655 892
Ls 1.246 30.90 0.00 0.05 176.90 7.92 13.55  24.47 713 170 118.07 893
L, 1273 37.68 0.00 0.00 175.92 7.35 1887 4474 1330 195 12832 922

1.2 ZWHE

TELENAS R AR X SEIR = N, F 8 A5 i 7K
PRI S A DKFE TR UK, VKRS IR BE AT, 30 R Uk
W HIR -4, -8, - 12, - 16, =20 C. ML
I VRIAEE , UKFE T AT I, IS N IRLEE DUH TR
IR R VRIS . LS K KIS RIS L4, s it
PR R K K, YRR TR EE R R R R IR B, ¥R TR
A2 — ] Tl sy B O, R S A T A4
Hr, XFEBAr EAHUEF T XRD %58, iH8 W K& SR A G
AN 8 U FE R AR AL LA
1.3 HARFHAZE

S SR B T 1 2 MRSk [6-81E A T« SR H AH
FRERZS VAN CL 3 i 5 SR PO AR B R AN i 32 0
K S SR AR BRI SO i R
EDTA &4&THEENE Ca>" Mg™ & & ; R0
FEIRMGE COF | HCO; & it ; R H R B2 el 2
B,0; i s SR IIA I FIRIBOGEE I 2 Lit 3 i

Na' &5 i FH 2200 L A T

2 HR5WE

2.1 AREEKRESBREEMBRRES

AR RTEAN RV RILEE T ¥ VR AR 1T | SR 5
BOMERILE 2. Hop, R FhKKTE - 4 CHRIRR
JUP-BAT AR Az, AR A 25 RV VR e KA
Ur. MR 2 AL v R R I, [ AR A
R SEHBG AR, BARE L 9 b K ¥ VRN 02 4
JE, UKZ B e AR BE b, s KR IRAEVKIZ Z 18], VK2
Z IR A, W URREBEA R B s B e
WKURAER VR RE R, ERIEE AR, PR R G
A, [0 18 ) A 8 ) TR R B 38 50, o R vk Bk
AFEPPARIE AT . D, I B2 iKY R, A i
R RR 20K, b K LR (Ly—Ly) |, W VR
A, Vo UR I ATt ER 2.



20154F 10 H FIEN, & 5N RAFRZE LB B KR RS ITIE <39 -
x2 HMERABERE.FHRE
Tab.2 Quantities of the reletive solid and liquid phases of the samples after seperation
WEC % Tidle

Lo L, L, Ls L, Ls Le L,
i 1595.0 1671.0 17315 1748.0 1797.0 1658.0 1542.0 1679.0
-4 BN Y= 1595.0 1671.0 1712.0 1726.0 1770.0 1658.0 1542.0 1679.0

S a1 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0
HUkE 1 600.0 1690.5 1685.0 1737.0 1826.5 1823.0 12425 1196.0

-8 S ES JR IR 719.0 1665.0 1685.0 1706.5 1715.0 1585.5 1073.0 937.0
Sy a1 604.0 3.5 0.0 9.5 96.0 89.0 151.5 239.0
UM 1596.0 1683.5 1744.5 1749.0 1802.0 1828.5 1257.0 1208.0

-12 S8 SR R 360.5 1654.5 1702.0 1707.5 1659.0 1659.0 1016.5 908.0
53 B G AR 1130.0 8.5 14.5 20.5 120.0 136.5 223.5 278.0
TR 1619.5 1699.5 1727.0 17455 1811.5 1864.5 1272.0 1174.0

-16 A3 JR R 469.0 13225 1678.0 1703.5 1643.0 1690.0 939.5 814.0
53 B G AR 1105.5 339.5 25.0 18.5 145.0 153.5 237.0 265.5
TR 1622.5 1681.0 1752.0 1757.0 18255 1839.5 1241.0 1158.0

-20 I3 B SO 263.0 1269.0 1 686.0 1545.5 1593.5 1687.5 955.5 788.5
53 B IE T A 1325.0 362.5 27.0 158.5 197.0 125.0 272.0 357.0
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Fig.1 Relationship between the concentration of Mg”*
and temperatures
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Fig. 5 Relationship between the concentration of CO?
and freezing temperatures
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(COY +HCO; ) and freezing temperatures

15 0 0>Natron-Na,CO, 10H,0

|| 11 0 7>M1rab111te Na, SO 10H,0
LI I O T O TR

10 20 30 40 50 60 70
20/(°)

E7 L¢#m-12 CHA%FGEE XRDiEE
Fig.7 XRD pattern of solid phase precipitation of L¢ at
-12°C

15- POO>Natron -Na,CO; 10H,0

| 411' 0ﬁn7>M1mb11ne Na, so 10H, o

NI THPRE

10 40 50 60 70
20/(°)

B8 L,#¥m-12 C4%/EEHE XRDiEE
Fig. 8 XRD pattern of solid phase precipitation of L, at
-12°C

L EAMraT 0, HA Le. Ly BRPRK &G A
A3 IR HE  Ls 7K AT S Bt H , (R A At B
. Ik, BEER 1.228 glem® 19 Ls paAOH T4
Tl 5 WA 43 IF A AT B X AT L o K AR
1.228 g/em’ (B T JeA THr 0, B R BREE)E
b KV R TR, S PR A S Ao AT H
. — T TH 22 BR U O 1 K 3 — A e 4 o] DB AR




20154 10 A

FIER, . SRR ZEL B BOx ki RS 5 <41 -

SRRV R AU, 55— J7 IIEATT Bt A 380 s (o2 B vo )
RIRTEAT ) , 30 7] TSR S48 31T . X T2 b i
J5 K ZE R SV U AT SR A 5 E— 2D SRR

WO BOs BRI S 1R VRIELEE SC R NP 9 fr
/N, AT ByOs Bt ik B2 B R TR MR v HE AR A
AL RAEEBE KK (Ls. Lo L) AH B,0s BT
th, HAE-8 CHI-12 CHr i 2, X 3 Flpa/KTERER
Z-12 CHATIAE] B,O; myfc KT i, 5 dk 2k
RV IRl BE XA Y BoOs JCRZM. 5 iy 5 HE i K AH
B, AREE EE R pa K (Ly—La) T B,Os BT VR FE K
EER iy SR

- L, <L,
12r e L, > L,
0t - L, oL,

T e g (g-L7)

-4 -8 -12 -16 -20
HBzC

E9 B,O;FERESLFREXR
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