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Table 1 Phase equilibrium of the binary systems containing
lithium at different temperatures o
0
Solubility
T/K
LiBr LiCl  LiNO, Li,SO, LiOH Li,CO,
58.4'%
58.41" 34880 263
o) 4045 (o (o 1088 1.54'%
273.15 58.10" Lo 348177 2659 - .
sgogiz 40897 Ty L 10647 152
58.85'!7!
283,15 60.1°% 4246 3768 25981 108" 1.43"
7595117 42,6917 37.8117 26.20M7 10.80M7 1.41117
oy 44.081 25.96! 121" 1.36'%
288.15 59.55 43_95[20j 25.98[20] 1.46[23]
293.15  62.7"% 45201 427 2568 110 133"
. . . 25.5:&]
64.4% 4581 505 1.28"
298.15 ! 1 he 25787 11t -
61.36° 4585!15" 470!® 256101 1.21%
63.93 46.84"" 25351 (2]
308.15 [12] [16] [21] 1.08
64.90" 46.73 25.09
. . . 25‘0:8] .
67.8" 4730 60.1"" R L A N R
33I5 6 8407 473107 03207 2520 112717 1.1617
: ' ' 24,972 ’
68.3'" .
[10] (8] 62.2' (8] (8] (8]
323.15 68.0 48.47 e 248 12.2 1.07
65161 63.3
. 49.78"% . . .
69.0"° ey 640 2458 1271 .
333.15 g7 4979 171 4 58017 nm 0997
69.0 40,5017 6363 24.58 12.76
343.15  69.8"% 51278 65780 24380 13480 .92
353,15 70.7% 52,98 67919 24.0"% 1428 085"
7710107 sp830 T 23.901" 1421170 .84
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Table 2 Phase equilibrium of the ternary systems containing lithium

LR

T/K

Li,CO,-Na,CO,-H,0
Li,CO,-K,CO,-H,0
Li,CO,-Li,SO,-H,0
Li,CO,-LiCI-H,0
Li,S0,-Na,S0,-H,0
Li,S0,-K,S0,-H,0
Li,S0,-MgSO,-H,0
Li,S0,-Rb,80,-H,0
Li,S0,-Cs,50,-H,0
Li,SO,-LiCI-H,0
Li,80,-LiBr-H,0

LiCl-NaCl-H,0

LiCl-KCI-H,O
LiCI-RbCI-H,O
LiCl-MgCl,-H,0
LiCI-CaCl,-H,0
LiCI-SrClL,-H,0
LiCI-LiBr-H,0
LiBr-NaBr-H,O
LiBr-KBr-H,0
LiBr-MgBr,-H,0
LiBr-CaBr,-H,0
LiBr-SrBr,-H,0

278.15'%1,288.15%*,298.15'%' 308.15'%2/

2882),298.15%"!

273.151% 288.15% 298152 308.15%",323.15'%! 348.15%%
273.15%8,288.151%7,293.15"%8 1298.15!%* | 308.15'%),313.15'%*1,333.15'%* | 353,151
273.151%,288%0 129815230 3032192/ 3081, 308.15%1",313.15'2!7,323.15'%/,333.15'%7 373,15
288.151%1,298.15"1-331 303220/ 31823

288.15/%",298.15"

273.2°7,298.21%% 308.15'%/,298.2407 323 214

273.2°7 2981410 2982142/ 1323 2142

258.154),273.151%% 288154 ,298.15!%8 308.151*/,333.15!%3

273145461 2731512 2881471, 288.15'121,308.15 1> 48/ 323145 47]

258.15%7,2731%0 273.151%°0 288,151+ 451 298 2147 298 15515 3081+ 32314 323 15151 333157
348110 ,348.15%4 3581513 363.159%,373.15"°!)

27319 273,158, 28859 288,151 29812/ 298,151 3 3081590 323152) 393 1528 333055970 348 1512
288.2'%%

263.15%7,273.15"7 288,152 %) 298,15 33311341 343 15028

273.15,283.15'" 288.15'%,298.15'%) 313,15/ 323.15/" 348 2"
273.15'%57,288'5¢ ) 288 15147 298 15 298 214" 308! @] 313,152/, 323060
288.15!"

2731 ,288.157%,298.15'7 30817, 32317 348.15"°,373.1517° 1 398.15' 7,423,151
27317,288.157%,298.151,308",323.15!"",348.157,373.15"°1 ,398.15'™) 423,157
288.15777,298.15'" 308.15"77,323.15"

298.15"7

273152887, 308.15'%"! 323,15

%3 “JUIK AR (Li,CO,-Na,CO,-H,0) A1 £ i AL ok Na,CO,
éﬂ}ﬁﬁ}ﬁ%m'”m 50
Table 3 The composition of liquid phase at invariant —e—278.15K
. ) —+—288.15K
points for the ternary system (Li,CO,-Na,CO,-H,0) 40 —e—298.15K
at diverse temperatures '+ ——308.15K
WAHAL/ [w(B) x 10°] - °
TR ,(1i,c0,) w(Na,CO,) w(H,0) T x 30
278.15 136 10.91 87.73  Li,CO,+Na,CO, 10H,0 8N
288.15  1.06 13.56 8538 Li,CO,+Na,CO,-10H,0 Z 2
298.15  0.73 2325 76.02  Li,CO,+Na,CO,- 10H,0 .
30815 0.61 3343 6596  Li,CO,+Na,CO,-H,0 10
Li,CO,
WA T B 743 51k SO>I CLRE %t Li,CO, ¥ fifk Ji . . . .
AUSZIA o IS YANG 55 Hl WANG 452 % HI 55 i 20 30 40 30
e ST A . H,0 w(Li,CO,) x 10 Li,CO,
W T BRA AN TT T IR R R 7E 288.15 K 1 308.15 K 2 R T =76/ % (LL,CO,-Na,CO,-H,0)
FRRE P R o R iR R A, A VR A R P A 2220250

AT, e A BRI IR T, 120R PR 24040 5 T A 45
X, 4391k Li,CO, # Li,SO,-H,0, tHE & T /K &9 1
R, FEASANERE R R BR AR VA i /N, HL 2 i X T
FURTFHRIR AR , bt 25 155 (9 75, Li,CO, 25 i IX. 1 R
AR R K(F 4,8 3) . BT b
2T T80, SER A oM F B A e 25 57

Fig.2 The phase diagram of the ternary system
(Li,C0O,-Na,CO,-H,0) at different temperatures **-**>*

LR PR A A A/ I R, A [ T A
PEAAAE —SE 22 S5 AP RL A R IR Y A2 At 3R
H LB VF i 22

Xt F =0k & (Li,CO,-LiCI-H,0) , 7E 288.15 K
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Table 4 The composition of liquid phase at invariant
points for the ternary system (Li,CO,-Li,SO,-H,0)

at diverse temperatures' %>’

WA B/ w(B) x 107]

T/K -l
w(Li,S0,) w(Li,CO,) w(H,0) P
27315 26.41 0.05 7354 LiCO,+-Li,SO,-H,0
288.15  25.30 0.17 7453 Li,CO,+-Li,SO,-H,0
298.15  25.95 0.25 73.80  Li,CO,+-Li,SO,-H,0
308.15 2547 0.08 7445  LiCO,+-Li,SO,-H,0
32315 24.75 0.04 7521 Li,CO,+-Li,SO,-H,0
348.15  24.43 0.10 7547  Li,CO,+-Li,SO,-H,0
Li,CO,
4
- 273.15K
—a— 288.15 K
—h— 298.15 K
3L —a— 308.15 K
323.15K
‘S —a— 348.15K
X
=
Url 2
3
S
1L
Li,S0,-H,0
0 A .
0 10 20 30 40
H,0 w(Li,S0,) x 10? Li,SO,
B3 AR E T =6 % (Li,CO,-Li,SO,-H,0)

AR )
Fig. 3 The phase diagram of the ternary system

(Li,CO,-Li,S0,-H,0) at different temperatures'**2*"

I, P45 [ A A Li,CO, A1 LiCl-2H,0 , A7 A ZH 1 M
w(Li,CO,) = 0.026% ,w(LiCl) = 43.52%;7E 308.15 K
Bf, S [ A1 A Li,CO, #1 LiCl-H,0 , - 5 7 AH £ i,
5 w(Li,CO,) = 0.014%, w(LiCl) = 46.64% %>
BT AR LiCLIA RS R i
R & 0 45 i Xt & A T A8 4k, LiCl-2H,0 7K h
LiCl-H,O, % & X [ FLZ s/

g5 bR, W] DL BAE B kR AR = U KA R
FHAPAFRIEGE v, 55— Ao L AG BRI 4N B ET | i
VR ACHRAFAERT BRI AEAN [ A 2 higs ff FEAT4/)N
VLI BR R BT Dy il it 25 i e s ok . R 9 bt
BRRE R ALy B PR IR 1) T2 P2 A T SR A5 .
22 EWMERE=JTTKEER

=64k % (Li,S0,-Na,SO,-H,0 ) 7 A [A] 1 B R 1)
AR O ) I Y . B TR YA TR AR &R
AH S B A A S e A FE 273.15 ~ 303.2 K A,

AR 247 52 542 i Db1(Li,S0,-3Na,S0,- 12H,0) , 4,
B PSR A5 P [ AR 235124 Mir #il Dbl Dbl Al
Ls, HBf IR EE T+, Mir F1 Db1 25 5 X i B WE/)
Ls 2% iy DX 0 AR k(20282030 Ul fE T 2 308 K
BFIZ AR & BLES — AP &2 3 Db2(Li1,S0,-Na,SO,) , 7E
308 ~313.15 K B, iR R AL 3 = A Heifu 1, 1 1y i
#0435} Th #1 Db1.Dbl A1 Db2 . Db2 F1 Ls., 4
FEF+ v % 323.15 K B, &2 4k Dbl W %, 7F 323.15 ~
373.15 K B, iz 4k A0 & AN 40 0, =45 A IX
(Th.Db2 il Ls) , H B % & B, 3 AR
K35 SRR & (Li,SO,-H,0) M L8, 55— 4
Na,SO, BN A , A B T A &2 46 | 44 3R g i 4
Li,SO, 175 7 5 AT Wl /1N, I LIt 2 ek 32 T v VS
FEAIG, 3% 5 Li, SO, SrEhis e A A —3k (3R 5, K1 4) .

Btz b, ANRIBH S 1 (K Mg™ Rb*Fl Cs*) W iR
PR (5 AL T IZ BFSY . WANG 459
CAMPBELL 450" Zspk45E5 ] YAO 2552 T =J¢
& % (Li,SO,-K,SO,-H,0) 7E 288.15K. 298.15K.
303.2 K #1318.2 K M B4 . — ok & (Li,SO,-
MgS0,-H,0)"** (Li,SO,-Rb,S0,-H,0) " #1(Li,SO,-
Cs,SO,-H,0)" A [m] i B 114 4F - i FUAE bk 48

x5 ZICHKRZE(LL,S0,-Na,SO,-H,0) V- £ i Heif s
L R 28 0]

Table 5 The composition of liquid phase at invariant
points for the ternary system (Li,SO,-Na,SO,-H,0)

at diverse temperatures 2233/

WA R [ w(B) x 107]

K 150, wNaso) w(io) | PHIH
27315 24.12 5.87 70.01 DP1+LS
23.31 6.22 70.47 Mir+Dbl

288 22.21 8.66 69.13 Dbl+Ls
13.2 15.33 71.47 Mir+Db1

21.5 10.9 67.6 Dbl+Ls

298.15 7.2 21.8 71.00 Mir+Dbl
303.2 20.61 13.25 66.14 Dbl+Ls
' 4.99 26.48 68.53 Mir+Db1l
20.64 12.37 66.99 Db2+Ls

308 13.99 19.21 66.80 Dbl1+Db2
3.97 30.1 65.93 Dbl1+Th

308.15 19.67 9.68 70.65 Db2+Ls
17.00 17.88 65.12 Db1+Db2

5.69 27.66 66.65 Dbl+Th

313.15 21.00 10.29 68.71 Db2+Ls
14.74 20.17 65.09 Db1+Db2

8.19 25.48 66.33 Dbl1+Th

323.15 21.27 10.82 67.91 Db2+Ls
10.57 24.47 64.96 Db2+Th

13315 21.00 10.70 68.30 Db2+Ls
9.80 25.7 64.50 Db2+Th

37315 21.27 9.72 69.01 Db2+Ls
8.66 26.16 65.18 Db2+Th
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Table 6 The composition of liquid phase at invariant
points for the ternary system (Li,SO,-LiCI-H,0)

at diverse temperatures! 3>+’

WA R/ [ w(B) x 107]

KL w(Liso,) w(H0) T

27315 40.83 0.06 59.11  Li,SO,-H,0+LiCl-2H,0
28815 43.97 0.15 5588  Li,SO,-H,0+LiCl-2H,0
29815 4552 002 5446 LiSO,-H,0+LiCl-2H,0
308.15 4651 0057 5343  LiSO,-H,0+LiCl-2H,0
33305 493 00665  50.63 LiSO,-H,0+LiCl-2H,0

BRIt 2 41, WANG 452 R FH 45 1L i At ~F- iy v F
9% TiZAR ZHF 273.15 K. 288.15 K 1 308.15 K R /¥
AR KLEE , IF 5 B HTE 1Y 298.15 K AH - 17 B0 i3F

Li,SO, 14 fift F 52 W JLf— 2, LiBr X} Li,SO, g %

| o Li.SO,
——273.15K
—o— 288.15K
0.8 —o— 298.15K
—o—308.15K
—o—333.15K
S 0.6
X
>
Zo04}
=
2
02 LiCl-H,0
1 h e W
0.0
30 40 50 60 70
, X

w(LiCl) x 10
BS5 AFEET =t R(Li,S0,-LiCl-H,0)HHE
ﬁijﬂ?ﬂﬁzs,as,m
Fig. 5 The phase diagram of the ternary system

(Li,SO,-LiCl-H,0) at different temperatures'*3+/
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TEYN%1 2 T Na* \ K* \Mg* \Rb",Cs",Cll Br #£ /4[]
T BE T X PR AV A B s, HL Li, SO, & 5 HiAth
B WIE L 33X B SL R I Ty 28 5580 % 28 3 1 I
RMEGFEFHEA T EENE L.

23 SEMHE=TKHBMER

2024 4F , TAN 25l % T Li*,Na",Mg*", Sr*'//CI -
H,0 J K R A A R B T B9 AP R . 7
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273 K H1288.15 K i, LiCl-NaCl-H,0 = Jiik & fU &
— AN He4f1 5 (NaCl 1 LiCl-2H,0) , P FH ZH 18R
T =273 K w(LiCl) =40.31%, w(NaCl) =0.68%; T =
288.15 K(w(LiCl) =43.09%,w(NaCl) =0.37%) . 4
4 298 K308 K 1323 K i, P-4 [ 41 LiCl-2H,0 74§
i LiCl-H,0O, P B A4 B : T= 298 K (w(LiCl) =
45.28%, w (NaCl) =0.16%) ; T = 308 K (w (LiCl) =
46.96%, w (NaCl) =0.28%) ; T = 323 K (w (LiCl) =
48.51%,w(NaCl) = 0.31%) . H_[iR%ds T %0, LiCl
Fl NaCl HEA7ET, NaCl %5 A B2 20m] T R i el A A i
JERER , FBH LiC1 X} NaCl A £ r/EH . PRI, e
IRERETE R SRR PAEE AR A CL AR T
PES P . =0k % (LiC1-NaCl-H,0) 7F 258.15 K.,
333 K. 348 K. 348.15 K. 358.15 K, 363.15 K i
373.15 K AHF A fR A e g )iz B9 (3% 2) 1ot
FEFRE AR Z WA T, 40 B G A R MR R
A7 BRI T, W 0 R ) 255 R B AL T R4
) SRR

W £ % F X% = Itk & (LiCl-MgCl,-H,0) 7¢
263.15 K. 273.15 K. 288.15 K. 298.15 K. 333 K #
343.15 K AHEAECE 2EA T T (% 7, 6) , iZIk &R
FE TR 5% 5 B T 30 F A gy 12028000 2
T = 263.15 K W, 5 4 [& AH 4 5] 5 MgCl,-8H,0 I
MgCl,-6H,0 & MgCl,-6H,0 #1 LiCl-2H,0, % {k %
WA R R = R T ook R KRG 1 A
Kl TR 10 KB, A EZ# Licl-MgCl,-7H,0 4
B, T =273.15 K F1 288.15 K i, “F £ [& A6 43 51
MgCL-6H,0 #1 LiCl-MgCl,-7H,0 } LiCl-MgCl,-
7H,0 Il LiCl1-2H,0. & B 4k 22 Tt &, LiCl-2H,0 it
7K A LiC1-H,0, 7E T = 298.15 K. 333 K Al 343.15K
i, H g R 4 5 Xl MgCl, - 6H,0 . LiCl-MgCl, - 7H,0

®7 IR (LICI-MgCL,-H,0) Vi £ I He A
éﬂﬁiﬁﬁ%{ 13,20,28.,49,59]
Table 7 The composition of liquid phase at invariant
points for the ternary system (LiCl-MgClL,-H,0)

at diverse temperatures!'2:20:28:4-5]

TARLLS/ [ w(B) x 10°]

w(LiCl) w(MgCl,) w(H,0)

P AR

seas 046 28176537 MgClL-8H,04MgCl-6H.0
15 ’
303 949 6021 MgCl,-6H,0+LiCl-2H,0
28.0 12.4 59.6 MgCl,-6H,0+LiCl-MgCl,- 7H,0
273.15 ’

380 480 572 LiCl-MgCl,-7H,0+LiCl-2H,0

sgaqs 2714 1434 5852 MgClL6H,04LiCI-MgCl,-TH,O
3982 529 5489 LiCl-MgCl,- 7H,0+LiCl-2H,0
ros1s 28 14.2 57.0  MgCl,-6H,0+LiCl-MgCl,- 7H,0
400 574 5426 LiCl-MgCL-7H,0+LiCl-H,0
1931 2457 5612 MgCl,-6H,0+LCI-MgCL-7H,0
3514 1408 5078  LiCl-MgCl,-7H,0+LiCl-H,0

20.0 26.4 53.6
343.15

382 12.3 49.5

MgCl, - 6H,0+LiCl-MgCl,- 7H,0

LiCl-MgCl, - 7H,0+LiCl-H,0

FILICI-H,0. W _LiRBFFE 45 5 ml 50, A EE & T %t
FALICE , LiICL I MeCL Zy I i 3, H b i 2
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AHP A A
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KRS e B R 4%, #F273.15 K F1283.15 K
I, A P A B R 25 0 X, 43 i o LiCl-2H,0 ., LiCl-
CaCl,-5H,0, CaCl,-4H,0 Fl CaCl,-6H,0""*" ; 7
298.15 K B, 4% & X & LiCl-2H,0 % 7% & LiCl-
H,0''; I 7F 288.15 K B, A4 =/ HLEh 45 i IX, CaCl,-
4H,0 45 &k XA KR, 45§ X R LiCl-2H,0  LiCl- CaCl, -
5H,0 Fil CaCl,-6H,0'” . HiE BT = 313.15 K i,
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Fig. 6 The phase diagram of the ternary system (LiCl-MgCl,-H,O) at different temperatures''>:20:2%:4-%]
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348.2 K A, 2 A AL & — A~ LA i, 11 [ A0
LiCl-H,0 F1 CaCl,-2H,0""* i _iRWF5 &5 8 nl A,
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Fl CaCl,-2H,0 = Fh 45 B . LI S =W,
303.35K Mf , CaCl,-6H,0 %k /K &y CaCl,-4H,0,
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H1348.2 K B, LA CaCl-2H,0 JE R AEAE . FHIL AT UL,
B B b, JEAR A B -t 2 i SRS 1) 25 B
AN, = JT4K & (LiCl-SrCl,-H,0) #1 (LiCl-LiBr-H,0)
AN [R) I FEE 18 R T R A 5 1) ) B 2 ot g A
FERHGE (R 2).

H A gk nl A, ASE FH S (Nat Mg** (Ca?* . Sr™")
K BE X LICL Y i BE s Ak, H LICL & A 45 i
K, BIERE R (LiCl-CaCl,-5H,0. LiCl-MgCl,-7H,0) ,
FHOCK ERAH A 85 A B R R AR AL T SRl S 4

24 SRUE=TKEBER

= JC & & LiBr-NaBr-H,0 7& 273 K., 288.15 K,
208.15K. 308 K. 323.15K. 348.15K. 373.15K,
398.15 K F1423.15 K By AH B0 Lb B A0 22 i i s 21
BANE 7.3 8 N, iZ AR R JCE Fh A AR AR A, R
F =k ZK A T BIAHE 7, 1E 273 ~ 308 K,
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Table 8 The composition of liquid phase at invariant
points for the ternary system (LiBr-NaBr-H,0)

at diverse temperatures !”'”"*/

WA w(B) x 107]

T/K : A AR
w(LiBr) w(NaBr) w(H,0)
- 57.47 0.57 41.96 NaBr+LiBr+2H,0
44.34 4.97 50.69 NaBr+NaBr-2H,0
58.81 0.56 40.63 NaBr+LiBr-2H,0
288,13 40.72 8.69 50.59 NaBr+NaBr-2H,0
208 15 60.6 0.898 38502  NaBr+LiBr-2H,0
33.6 16.4 50 NaBr+NaBr-2H,0
308 63.12 0.65 36.23 NaBr+LiBr-2H,0
26.17 24.11 49.72 NaBr+NaBr-2H,0
19315 63.65 0.75 35.6 NaBr+LiBr-H,0
19.27 32.39 4834  NaBr+NaBr-2H,0
348.15  66.04 1.00 32.96 NaBr+LiBr-H,0
373.15  68.60 1.19 30.21 NaBr+LiBr-H,0
398.15  71.21 2.08 26.71 NaBr+LiBr+H,0
423.15 7329 3.25 23.46 NaBr+LiBr+H,0
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Fig. 7 The phase diagram of the ternary system (LiBr-NaBr-H,O) at different temperatures'
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Progress on Phase Equilibrium of Binary and Ternary Salt-Water Systems
Containing Lithium

SUN Kangrui'?, LIU Gaoling’, MA Laibo*, JIANG Zhenzhen’, WANG Licong’,
ZHANG Qi*", SU Rongxin"", WANG Yugqi’, ZHANG Yi’
(1. School of of Marine Science and Technology , Tianjin University, Tianjin, 300072, China;
2. Institute of Seawater Desalination and Multipurpose Utilization , Tianjin, 300192, China;

3. Central Laboratory of Geological Mineral Exploration and Development Bureau of
Xizang Autonomous Region, Lhasa, 850000, China)

Abstract: There are rich lithium resources in the salt lakes, seawater and geothermal water, which have ex-
cellent development potential and value. Efficient exploitation of lithium resources stands as a core issue for
global energy transition and supply chain security. Phase equilibria and phase diagrams of lithium-
containing salt-water systems are the fundamental basis for realizing efficient separation and comprehensive
utilization of liquid lithium resources. In recent years, the research on phase equilibrium of multi-
temperature and multi-component lithium-containing salt-water systems has been continuously deepened.
This review systematically summarizes the relevant research progress on the phase equilibria of binary and
ternary lithium-containing aqueous salt systems at different temperatures. It analyzes the solubility variation
rule of lithium salt including the LiCl, Li,SO,, LiBr and Li,CO, under varying ionic compositions (cations
Na', K*, Mg*, Ca™, anions Cl', SO,”, Br, CO,”) and temperature conditions. Meanwhile, the limita-
tions and questions of the current research in lithium-containing salt-water systems are discussed, and solu-
bility from different references at the same temperature show discrepancies, where the mainly reasons are
discussed and analysis from four aspects. Based on these findings, the development direction, including
phase equilibrium and lithium extraction, is further explored, aiming to provide valuable references for
theoretical advancements and technological innovations in this field.

Key words: Phase equilibria; Solubility; Thermodynamics; Salt-Water system; Lithium resources





