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Table 1 ui/RT of solid and aqueous species in Li-brine system at 25°C

EZi YE LA TR 45 fea X #/RT
7k Water H,0 —95. 6635
g Lithium Ton Lit™ —118.0439
ET Sodium Ion Na™ —105. 651
T Potassium Ion K+ —113.957
BT Magnesium Ion Mg?! —183. 468
AT Chloride Ton cl- —52.955
WiR M Sulfate Ion SO~ —300. 386
i Aphthitalite Ap NaK; (SO, —1057. 05
T 1R Arcanite Ar K, SO, —532.39
K EEA Bischofite Bis MgCl; « 6 H,O —853.1
F1 AL Bloedite Blo Nay Mg(SO4); » 4H,0 —1383.6
Y6 A Carnallite Car KCI » MgCl, « 6H,O —1020. 3
AR ] Double Salt 1 Dbl Li;SO,; » 3Na, SO, « 12H, 0O —3227.404
e 2 Double Salt 2 Db2 Li» SO,  Nay SO, —1048. 74
MEE 3 Double Salt 3 Db3 2Li; SO, » Nay SO, » K, S0, —2123. 250
AT ER 4 Double Salt 4 Db4 Li, SO, * K,SO, —1070. 979
75 Fl £h Epsomite Eps MgSO, « 7TH, 0O —1157.833
f1ih Halite H NaCl —154.99
INIKAE FER Hexahydrite Hex MgSO; + 6H,0 —1061. 563
PHERBERL Kainite Kai KCl « MgSO, » 3H,0 —938.2
HREE B Leonite Leo K» S0, » MgS0, « 4H,0 —1403. 97
Y K B R Leonhardtite Lh MgSO, « 4H,0 —868. 457
B 5 A Lithium Carnallite LiC LiCl » MgCl, « 7TH, O —1108. 343
At Lithium Chloride Le LiCl » H.O —254. 5962
i FR 4 Lithium Sulfate Ls Li»SO, » H,O —631.1121
FERY Mirabilite Mir Na; SO, » 10H, 0 —1471.15
LKA R Pentahydrite Pt MgSO, + 5H,0 —965. 084
OB Picromerite Pic K;SO, » MgSO, « 6H,0 —1596.1
RN Sylvite Syl KCl —164. 84
TG 7K B R 4 Thenardite Th Naz SO, —512.35
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Table 2 Chemical composition of Li-brines of Na-sulfate subtype (W/mass% )

i 4 Fr Na' K Lit Mg?" Ca?? SO7~ | Mgt /Lit K* /Li Na* /Li" SO7~ /Lit
Fir L R 18 2.541 | 0.529 | 0.050 | 0.151 | 0.004 | 3.936 | 1.128 3. 04 10. 6 50. 8 22.6
RV ER W « | 9.836 | 1.767 | 0.241 | 0.009 | 0.225 |15.559 | 2.324 0. 04 7.33 40. 8 9. 64
A %R A 2.211 | 0.449 | 0.066 | 0.129 | 0.003 | 3.192 | 1.246 1.96 6. 80 33.5 18.9
ARUEHL TR B K 6.200 | 0.530 | 0.023 | 0.033 | 0.020 | 10.61 | 0.710 1.43 23.0 270 30.9
M EACH » | 9.789 | 0.617 | 0.062 | 0.085 | 0.053 | 15.80 | 0.853 1.37 9.95 157 13.8
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Table 3 Calculated sequences during evaporation
of L-Lake brine at 25C

LN a =N IO e N Tl5d
J5 I K 7K NaCl R A i
H
H+Ap

H-+ Ap+Dbd
H+Db4(Ap %)

H-+Db4+ Hex
H-+Db4+ Hex+ Syl

------ T R R 5 A8 A K & 4 B0 3R Ak ST 1
----- BN AL AR B Lip SOy » Ho O, dk2EHT HH 2 41 4f
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5 B IR I R K R R A AN HE ] H
T R 3 i 71K B U W) T 7 R Bl AR S P A A TR
WK IE 25 C TR A E @A, SEhr = F &N

] 4 7K NaCl 3R, X 5 4k 22 25 K B 3k
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Table 4 Calculated sequences during evaporation
of G-Lake brine at 25C

AL ) BT ER I
JE IR 5 K NaCl &4 F
H
H+Ap
H-+ Ap+Db4
H-+Db4(Ap %)
H-+Db4 + Syl

H+Syl+Ls+ Le+ Car (e & 45 15)
R YA FRNGE 555 1 HE .




511 4

N A S0V T R R T TR A 1 K 25°C S5 IR 2R R R Y T B LB L 1711

x5 ENNERFFHRBPIK BCERBELNBIAF
Table S5 Calculated sequences during evaporation

of J-Lake brine at 25C

ST A BT R0 R
JE AR i K NaCl A i
H
H-+Ap
H-+ Ap+Dbl

H+Ls+ Lo+ LiC+ Car (R & 4t 45 5)

EARRT AN E 5% 1.

F 6 EMPRIERK 25CERBERITBINF
Table 6 Calculated and determined sequences during

evaporation of Silver Peak brine at 25°C

B0 1 K B 2 ) SR DU
JEL iR 7K NaCl KA #0

B R e KT I
JEL i 7K NaCl R4 0

H H
H+Ap H+Ap
H+ Ap—+ Syl H+ Ap+ Syl

H-+ Ap-+ Syl+Db4
H+Syl-+Db4 (Ap %)
H-+Syl+Db4+Ls
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Table 7 Calculated sequences during evaporation of

Hombre Muerto brine at 25C

Hombre Muterto (& 7K I8 # 5 il J7*
JEUR K NaCl 2 240, R FIBE = 1. 004
H
H+Ap
H-+ Ap+Db4
H+ Ap+Db4+ Syl
H-+Db4+ Syl
H-+Db4-+Syl+Ls
H+Syl+Ls
H—+Syl+Ls+Car
H+Ls+Car
H+ Ls+Car+Bis
H+ Ls+ Car+ Bis+ LiC
H+LiC

H+LiC+ Le+ Ls+ Car (345 &)

Li",Na" K" .Mg"" /Cl" .SOi” —H, O A ik
F 25 CERIEAT § A L S 4140 LiC -

H,O, Li, SO4 « H, O 4}, 75 4h F & ¥ Li, SO, -
3Na, SO, * 12H,0(Db1) ,Li, SO, * Na, SO, (Db2) .
2Li,S0, * Na,SO, « K,SO, (Db3).Li, SO, * K,SO,
(Db4) F1 & 8 1 & #2856 19 41 LiCl « MgCl, -«
TH,O. JFUIRAH 73 LiCl « H, O ¥ fif BEAR K. 12 3] ik
AL S ZHIE A Rt . BT S RN
D p 7K S BE ARG FE — M 2 A B O 1 A LiCl
« MgCl, « TH O A 45 b it . B A T RESS i
Br th 9 0k a0 JL Al % 8 & 4R Dbl, Db2, Db3,
Dbd, Ef1ER E MM 2 5. W —F 2 & e e il
FHT R T K P R AR 25 0 LiT (Na |
K" 2Z [ R . ZEREHLY 5 Fl it K Ar 56003 o
A A4 B K — AR AR L 2 Li, SO, - K, SO,
(Db4), A 1 F & Li, SO, « 3Na, SO, » 12H, O
(Db1),

AP JL A B IR A I 78 1 7K 25°C S8 TR 2% K 1)
7E NaCl 10 Ay i 5 SRR BT AT A R 5
A —EAE PRI SS T . T R B I Y p 7K
BV FEBAI R DU B BR B 1 45 oK G i i, B o
AN 23 AR IR #1862 $h B B0 B Ak W S B A it
BB 5 B 7K. BT Y B 2 BF 5 A 3K, SO, .
Na, SO, . 48R [a]—Fp 2 AU [ 51 7K 5 &5 & BT 38 0 7 5+
S oy £ | I S s RS b B e R R
(] AH X FF A & 8 4 — 30 .
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L1 e J P R AR ) 25°C 4 iR 75 0
B K 2H S AL, DA R K H R S B JB R R MR
DR AR L DA B 0 O o R R R B R G A A
BN T K A5 Bk R A S vk B R AR AR
. IWCL (Na" 2 fb il & ol LA L 78 A S 4b
Cl™ \Na™ By ¥R BE A 28 e 7 T IR B A, X R W] NaCl
TFEERT Y A SGE & NaCl f94Fl . 78 K LSO
A B B s R AR B A 3 P A (3K, SO,
* Na, SO FFIEHr th i fngi . C U283 i
RS SRR AL Db4 M AT AT . Mg® By 28 4k il
LNRH] B — H 2 2 i A A A
ST,

AT ER Db4 1R 5 4% 2L 28 K I L 2% B 1k 1Y
ARG O WA T AR EER A R R KRR
RN B AN ] LR O S A SRR
AL M s EE > . AR R SR ERZ 5
il A K S A R R T RO TR i A 1 K T TR
fl 2 1) AR AT 3 S0 FE AT 2308 .
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Composition of salt lake L brines

Fig. 1

during isothermal evaporation at 25°C
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T 45 i 78 5 7 v 2 B A R 28 1 I 114 A i
i K R 2L B R 12 R B ML AT . X 2R R s X T R
P28 kot R 1) 2 o) A AR T B ST (L. DR
BRI R R L B K O AR
fiff 5 AR AR AR LAE S A 1 5628 19 73 BOR MK
PRAEAT H 1018 5 28 A de A O 2% A B 1) e
IR . FRATBA T R HAT 1 7 s S R
B K 25°C S5l 2 K i A Eh B AR LB AR B0 A
SRR 8 .
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Table 8 Composition of special points of salt lake

L brines during evaporation at 25°C

LiCl  NaCl KCl MgCl; Na,SO; Beé T
0.298 4.463 0.988 0.581 1.621 JE 36 B K
1.139 17.052 3.776 2.218 6.193 28.26  NaCl ff1#5
1.800 11.707 5.971 3.508 9.794 30.89 Hfdh Ap ifLFi

4,145 2.324 6.246 8.077 13.021 32.68 #fh Db4 1k

HOHE 2 8 45 i 25 A R0 S B, FRATT SLAHE T
DA 06 W0 7K Sk Bl o 28 45 5R AR RN AU 7 B R AR K R
R AT AR A i R A R K B L A
IAEZE AN ZoK it e A REIA B A i . AR5
Uk 7% Jr — LK L BT DL IS 38 B A0 AR CAp) B
A (Db A, 22 TCRE ], 76 8 >+ B 1 AR G L

b ZR R G A X K B A R A R S
AR 2 MG 2 . OB 22455 AN TR B B i 7K 19 1
75 R LI R S e A R .

NEIZAE AT T8 A 2, S S R T i K 2K R 2
TR £ ER AT R AR, R 560 . KRR
FRER TR L R A AT R A AR, BT 5540 42
. a2z Ak ER AL e R P e
BN BRAR A B BOA BRI AR BB S, X )
TL545 R H 43 0 8105 A & B0 Eh Fn g R A AT .
X AT HE 5 A R A AR K S B D XA R BT R Y
EHTEIAX S A K. MR RN AR G E IR
AR pd K AE 25°C 28 Sk A vy o S R R0 B A R A b
IR T4 00 Lh 1, F AR R AR R, A7 R R R AT
AR 99 %0 L Lo 1 P04 0 1 KON B R A
AP RY Be . A ST I IR £ . H o S TR
it #E P A KCL 5 Na, SO, #8646 7E F & 4=
{454 J5t 4 b 7K NaCl & 2 7H 58 A9 NaCl # ) 8 5
F100%,
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Table 9 Amounts of materials at saturation of K

and Li salts of salt lake L

#K# NaClHr T o & N

Li (%) ) LW
(%) HMFEOOERD (YD (33
0. 00 — — — 0.0488 — 0 B 7K
73.83 — — 26.17 0.1864 3.82  FA LR
80.93 56.59 — 16.55 0.2948 6.04  ZEHHERMIFN
87.29 105.73 54.57 7.19 0.6787 13.91  FLRERFN

2.4 $ERERAYI T F AANSEEEIREN

TEZ8 b 78 v A R A R AT L0 0 2 IR AR B
HE— 25 I TR R P . (EARIRER TP A G 2
SR E R SN TR RN R . A SO ALY
5 i 12 44 7 AL 1 7K L 7 B R T RN I 4 S AT S A
AR H A 3K, SO, « Na, SO, , B 1R 5 B Ay B
fili 5 ARG . 5B EREE WAL ER W i K AN TR
(52 s BATT TGV Wn T RO R B B I 7 il . R 4R
B R LG BB 2 2 G IR 8 B i U] A
iR ] A B T AR AR . RO S T ) SR A R
SREESRSEBR AL EE 2 5E ] T ) OB R S BE I  1E 47—
ZE PR . HR [m]BE R R BE 0 B S R DR B TR R
SN T RA R BN . M Na™ , K" /Cl™ ,SOi™ —
H, O PYICAE HAR Z A0 B a] A1 825 i 2 — Fl A AH B
VAR A AR L FH K 43 fife b FRR AT SR A AR AR AN . H L
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Computer Simulation of 25C -Isothermal Evaporation Process of
Li-Rich Brines of Sodium Sulfate Subtype

BU Lingzhong'** ,NIE Zhen'** ,SONG Pengsheng®"
1) Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing, 1000375 2) R & D Center for Saline
Lakes and E pithermal Deposits , Chinese Academy of Geological Sciences, Beijing, 100037; 3) Key Laboratory of Saline
Lake Resources and Environment , Ministry of Land and Resources, Beijing, 100037; 4) Qinghai Institute of Salt Lakes ,
Chinese Academy of Sciences, Xining, 810008

Abstract

There are many salt lakes on the Qinghai-Tibet Plateau, China. Carbonate-type salt lakes such as
Zabuye Salt Lake and magnesium sulfate-subtype salt lakes such as Dong Taijnar Lake are famous Li-rich
salt lakes and have been exploited successfully and produced lithium carbonate. There are also many salt
lakes of sodium sulfate subtype on the Qinghai-Tibet Plateau, and brines in these salt lakes have a high
concentration of lithium in addition to other abundant useful components such as potassium, boron and
magnesium. No research has been made on exploitation and utilization of these salt lake resources so far.
In this paper, the kinetic model of the system LiT, Na™, K7, Mg®*" /Cl”, SO? -H, O constructed using
Pitzer’s electrolyte solution theory is used to conduct computer simulation of isothermal evaporation of
several kinds of Li-rich brine of sodium sulfate subtype at 25 *C. The authors predicted the sequence of
precipitation of minerals during the evaporation, change in brine composition, saturation points of sodium,
potassium, magnesium and lithium salts, and on that basis they made theoretical calculations of the
balance relationships of materials during the evaporation of brines. The simulation involves three kinds of
brines of sodium sulfate-subtype in Tibet and two kinds of brines of sodium sulfate-subtype. The
simulation results of Silver Peak brines in the United States are in complete agreement with those of the
evaporation process of the experiment. The results of simulation of Li-rich brines can be used as theoretical
reference for the design of the technological line of comprehensive exploitation and utilization of this type of

brine resources.

Key words: Li-bearing brine, salt lakes of sodium sulfate subtype, isothermal evaporation of Li-bearing

brine, application of the Pitzer model





