—t

FHE S 2017,35(12)

www.kjdb.org

SCIENCE & TECHNOLOGY REVIEW

e R K R AR T e B T S PR

WEsEit Jg

FILFHE " KBR,PRE

. REABKRFUIEMH PR, REZETAERRELFE S LT, XF 300457

2. Mk K FFES5MHAF SR, BE 710127

BE HERMSERERSEEMAEASHY, xEHHUESEME AR, Ha/kERTAL"Na", K, Mg*/CI,
SOi",CO% , borate-H.O &£~ FFREHS EHERM /KK RIBFERANF IR, MU Z 2B 2L 517K B B E FAAK

THERUAITANBREFERZEX, MAX TH## k&L EFR

SAMRARFAESEN AXERAANEETENISR

EEKBEFNREEFE N REFERANFZEROARHRE,IEH T SEKRERBFERANZERARFER EE

BARFFARERES @,
REW FHMpIKER B TE; ANFE B

& IR A A ) AR IR MR R |, 7EA5 G0 S (B8 B
B IRAAE) P 0,5 BE IR AT (R RE TR I ST ZS L B E v
BN HEEEH N, A2 LkES R
FRU, UL, A BRI B IR A 7 oK B AR ARG
P T, IR R U R A Rk 570 5+, LIS
TEHTEE DU TIP3 R A A HE G A R o R AT A 4 A
B PR B A 7 T U L VL WA A 1 R 3 N b e K
PIVBAARE™ R 2 FIEASAEAED, PR AR ™ T2 22 258K T 75 K
AR T R D A R I PP Y Ll AR R U
K Na® K" Mg %5 JH B 1 & C1 S0 COT il &S 145 (2 1
HAF, IR A 2 2220 3 1 K BB A R B4 v R
PRI RO Y RIS R K R A FR A T B A O
KB TIR LR A FIHE AR S E L . AR XERERNA
I AR ] PN A K R A R AR AT S AR 2R R F
JEEE

1 SBGRBATEHHR
14 DR R ) 1 K — AN RARAFAE I A i) 2 4173 7K
AR XA ERRKUK, T AR P2 A s A DOE

Vil AEAL SIS R A PRk 2R AR e TR E AR
IKERAR 2R A S AR W B 25 9, 0 R A 2 A i F
5, ] ISR BRI S AR T, PRI, AR5 4 K AR 44
FRH A B LA B A 2 P J ke v D AR R () T G L T
AR T2, oA BRI T
1.1 SEKkBERBEHETE

F7E 20 40 60 AR, R Z O S UK K R Ea
AP AT T R AIESE ™, vl Eh i T AR X A2 2% i 7K
A (Li,Na*,K*, Mg*//Cl",COF , SO, Bl 7 -H.0) L H 714
AT T o8BS . FRAEIE W 1. RIEA R fb2EA
B, P EK SRR R SR R B R AR A B R ER A |
i [l7ERIUN

A 1AL T S KRR R K25t oE B B
1£298.15 K e V-5 5 AH E R 5T . Bl & 25 R B9 A Wi
KRR A B R WA | S K Eh R 2 A% e AP A 5
M ZEEZANMTR T ERE. FAN, R EE W E £
FE A Z AR AIES (B0, B0 B0 %) o Hi TR i 7K
HRIRBRE | B LA P R 28 Rk B A AR I AR AL,
IR IR R AT AS Bl 22 DA o I T R 22 1 2 DO i R A A

MAS B B :2016-11-24; 45 = B #1:2016-12-10

AR A HR A RAFALT A (21276194,21306136,U1407113,U1607183) ; F B L5 A5 477 B (2016M592827) ; # & 3 AH4T € 37 F) A% F i+
%137 B ([2013]373) ; K& &% SR 0197 B A3 7t %57 B (TD12-5004)

YA S, LB A, AR 6 AR F 5 RACE R, BT 12 1 187096790@qq.com; S R A, GBAZAEH ) , 3z, FF R 77 8 A B KR is ik AL
FEALH,BRAR, BF1E4 tldeng@tust.edu.cn,

IR FE, B KER, F.FHRE KSR RAFHZAA FHRA T[] AR, 2017, 35(12): 55-61; doi: 10.3981/j.issn.1000—
7857.2017.12.008

55



—t

www.kjdb.org

RS 2017,35(12)

SCIENCE & TECHNOLOGY REVIEW

F1 SEKBERTTERTERR

®2 SEAKBERNRETERR

Table 1 Studies of the stable phase equilibria of lithium— Table 2 Studies of the metastable phase equilibria of
containing salt-water systems lithium—containing salt-water systems

Ay KA R T/K %%% eS| KA R T/IK ;}%

Sk ik

H', Li*, Mg"//CI'=H.0 273.15 (8] Li*,Na",Mg*//CI'=H,0 308.15 [39]

Li",Na’, K", Mg"//CI'-H.0 298.15 (9] Li*,Na, Ca™//CI=H,0 288.15 [40]

Li*, Mg"//CI'=H.0 298.15 [10] , Li*, K'//ClI'-H,0 298.15 [41]

LiCl Li",NH://CI'-H,O 273.15,298.15,323.15 [11] Licl Li*, K*//Cl—=H,0 323.15 [42]

Li",Rb",Mg"//CI'-H.0 323.15 [12] Li",K*,Rb"//CI'=H,0 298.15 [43]

Li*,Na", K", Sr*//CI'-H.0 298.15 [13] Li*,K*,Rb"//CI'-H,0 323.15 [44]

Li*, Mg*//CI -H,0 288.15 [14] Li*,Mg*//CI",SOF =H,0 298.15 [45]

y* , I(*//SOJszO 208,15 (15) Li*,Na//Cl",803 =H,0 273.15 [46]

Li*, Mg*//S0 =H,0 Li*,Na*, Mg*//S0 =H,0 263.15 [47]

Li*,K*, Mg*//S0i =H,0 298.15 [16] Li*, Mg*//S0i —=H,0 323.15 [48]

150, Li*,K*,Mg*//C1", 805 =H,0 298.15 [17] Li*,Mg*//Cl",SO -H,0 323.15 [49]

Li*,Na",K*, Mg*//S0; -H,0 298.15 [18] Li*,Mg*//Cl",SO -H,0 308.15 [50]

Li*,K'7/S0i =H,0 288.15 [19] LSO, Li*,K*//CI", S0 -H,0 308.15 [51]

Li'//CI7, S0 —H,0 308.15 [20] Li*,Mg*//Cl",SO —H,0 273.15 [52]

Li*, Mg*//S0i =H,0 288.15 [14] Li*,Na//S0i —=H,0 288.15,308.15  [53]

Li*,Na*,K*//CO¥ -H,0 208.15 [21] Li",Na'//SOi -H,0 308.15,348.15  [54]

Li",K'//Cl", CO¥ -H,0 298.15 [22] Li*,Na",K*//CI", S0 —H,0 308.15 [55]

Li,CO;  Li*,Na”//Cl",CO¥ -H,0 298.15 [23] Li*//C17, 807 -H,0 308.15 [56]

Li",K//Cl",CO¥ -H,0 298.15 [24] Li*,K*//S0i =H,0 288.15,323.15  [57]

Li*,Na",K*//CO¥ H,O 288.15 [25] 14O, Li*,Na'//S0},COF -H,0 288.15 [58]

Li'//CI",80:, B,O7 -H,0 298.15 [26] ’ Li",K"//CI", CO7 -H0 298.15 [59]

Li*, Mg*//S0;, B,O7 —H.0 298.15 [27] Li*,Na*,K*//Cl", B,0} —H.0 298.15 [60]

Li*//CO% , B0 —H,0 298.15 [28] Li*,Na'//SOi , B,0¥ -H,0 288.15 [61]

LUBO. Li*,K'//CO% , B,07 -H,0 298.15 [29] Li*,Na",K*//CO} , B,03 -H,0 288.15 [62]

Li*,Na'//Cl",CO% ,B,03 —H,0 298.15 [30] Li*,K*//Cl",S0%, B.03 -H,0 288.15 [63]

Li*,K'//CO% , B,07 -H,0 288.15 [31] | LiB.O, Li*,K'//S0% , B,0¥ -H,0 288.15 [64]

Li*,Na'//Cl", B,O¥ -H,0 298.15 [32] Li'//CI™,CO5, B,OF -H,0 298.15 [65]

Li*,Na",K*//CO% ,B,03 —H,0 288.15 [33] Li*,K*//CO3, B,OF -H,0 273.15 [66]

Li*//S0OF ,BO: -H,0 288.15,298.15 [34] Li*,K'//C0O5, S0, B.O7 —H.0 273.15 [67]

P~ Li*//Cl",BO; —~H,0 288.15,298.15 [35] Li’,K'//CO;5, B.O7 —H.0 288.15 [68]
Li'//CI",BO; -H,0 308.15 [36]
Li'//CI",S0i, BO; -H,0 298.15 [37]
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Progresses of phase equilibria and thermodynamics of the plateau

lithium—containing brine systems
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1. Tianjin Key Laboratory of Marine Resources and Chemistry, College of Chemical Engineering and Material Sciences, Tianjin

University of Science and Technology, Tianjin 300457, China

2. College of Chemistry and Materials Science, Northwest University, Xi‘an 710127, China

Abstract Salt lakes in the Qinghai—Tibetan Plateau in the western China are famous for their high concentration of the lithium ion. The

major chemical composition of brines can be expressed as the complex brine system of Li*, Na*, K*, Mg’*//Cl", SO;", CO3, borate—H,0.

Studies of the phase equilibria and thermodynamics of salt—water systems are of great significance either for the comprehensive utilization

of brine resources or for the understanding of the genesis, the metallogenic process and the chemical behavior of these brines. In this paper,

the stable and metastable phase equilibria of lithium—containing salt—water systems and thermodynamics of several lithium salts and their

aqueous solutions are reviewed. And the problems at the present and the new trends in the future are discussed.

Keywords salt lake brine system; phase equilibria; thermodynamics; lithium salts
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