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Table 1 Chemical types of salt lake brine
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Fig.1 Phase diagram expression of different

chemical types of salt lakes
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Table 2 Chemical composition of brines in calculation %
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Fig.3 Composition points and evaporation path of Dabuxun brine on the phase diagram at 25 °C
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Fig.4 Mass balance of materials during evaporation of Dabuxun brine at 25 °C
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Table 3  Composition of materials during isothermal evaporation of Dabuxun brine at 25 °C
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NaCl KCl MgCl,  #haif H,0 NaCl KCl MgCl, H,0
JRRIK 7.31 3.17 16.77 27.25 72.75 11.63 26. 83 61.54  266.97
NaClffufn s 7.82 3.39 17.93 29. 14 70. 86 11.63 26. 83 61.54  253.20
KCl{fnss  3.07 4.26 22.47 29. 80 70. 20 10. 30 14.30 75.40  235.50
Car. fffIf  1.80 3.35 25.85 31.00 69. 00 5.81 10. 80 83.39  222.58
Bis. ffifif  0.35 0. 10 35.40 35. 85 64. 15 0.98 0.28 98.74  178.94
PR 52.80 47.20 0.0 100. 00 0. 00 52. 80 47.20 0. 00 0.0
DAt 11.48 23.75 30. 34 65.57 34.43 17.51 35.22 46.27 52.51
R A WK )
I-Izi)%;]ilgkg H:0 1;.|9kg WEK Iy
R o £t KB I At
PIREITEK) N gttt AL ot | g s [ o
100kg l 76.22 kg l 51.05 kg l
B A &k Mt O s e Fi+ AKGBEA
NaCl NaCHCar.
4.00kg L12kgt6.77kg
BERE: 100.00 kg  HiBE:  BIFEEIKSF 19.23+417.19=36.42kg  HUEMETE: 99.36 kg
Zitbrik: NaCl=4.00+1.12=5.12 kg
KCl - MgCl, * 6H,0=6.77 kg
A1t =11.89kg
FAEAK: 51.05 kg
B5 AT R KK 25 C 2RSS B R E
Fig.5 Mass balance of materials during evaporation of Dabuxun interstitial brine at 25 °C
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Table 4 Comparison of experimental data with the eutectic points of the phase diagram
EE 55, H+S+C oAb
VR FRZE B R 2/ Y6 m/ (2NaCl +2KCl + MgCl, ) x 100
AH ] A AL NaCl KCl MgCl, H,0 2NaCl 2KCl MgCl, H,0
A Z2AH P 2 A 1. 80 3.35 25. 85 69. 00 5.10 7.30 87. 60 1235
KA IR IR 2.20 3.39 25.15 68.70 6.17 7.43 86. 40 1248
KA R AIRFE K 2.02 3.21 25.01 69. 00 5.72 7.13 87. 14 1271
EIE & S+C+B AR
TR 2H SN 2H R/ % m/ (2NaCl +2KCl + MgCL, ) x 100
AH ] A AL NaCl KCl MgCl, H,0 2NaCl 2KCl MgCl, H,0
PR FAA P20 B 0.35 0.10 35.40 64.15 0.75 0.20 99. 05 950
FURIT SRR 0.76 0.19 33.95 65. 01 1.84 0.36 97. 80 990
KA IR IR K 0.35 0. 16 34.23 64. 46 0.83 0.30 98. 87 986
KA K IRIE K 0.12 0.10 34. 56 64.29 0.30 0.17 99. 53 958
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Fig.7 Mass balance of materials during evaporation of Da Qaidam brine at 25 C
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Fig.8 Flow sheet of comprehensive utilization of Atacama brine



42 AT

5524

FUVAH- 7 5C 22 19 JUART 380 i, 20K Eh
PR AHIE 3 M o 35 4 00 56 [ 7 7R 397l e 7K 25
BRI, 2o 45 i R e R AR . PE 2R
W b K A E LAy T Na™ K™ /€1 ,S0;™,
CO;" ,HCO; ,B,0, - H,0 ik # kMK, H1E
1918 4 AMTHETF 46 A1) 20 b K A= 7 S AL
A= 54 A5 KCl 66.3% , i & 47 Na, B, 0,
10.91% ,NaCl 10.93% .H,0 9.66% , 4} [n]
WCRW A 60% ity Jak, i Teeple TR AW
T IZZITCR RTERCN IR T AR, T 1929
ERFT B MBZE “ The Industrial Development
of Searles Lake Brine with equilibrium data ( P/
JTI0 B K B Tl % BRI RO ) " R
P TS R 1R Rk i T 20m A, R
SEA MG WGP, 1938 4ETE M T Y Trona K,
AR S B A 99% LA b, i) bR
T 24 3¢ [ 40% FPALFN 97 % 1 Tl AL, ]
IR A P B SRR AN B RR M S5 Ak~ 7 o,
AHPEAIEFEAEAL T 552 e v 07 FH 18 i

A R R 3 AR I 2R R R A 2
B, P A e 2 BE ARG B R IR ER
B mRER RS AS AR AR BTSSRI ER
WA R 20 B T 2K ER A R A AR
fhid At o M K )3k B T 28 B 27 () i e
HEEINE 8 Bt 2 e s n] o HR FH 9 4
BT ST, AR WL, A A B v
AT D Q)+ Z AT K HE WK R A R AR AR
it .

G RAR AL AR AN R . DK
FEAR AR AR NaCl S Se i A, IR e A%
ST AH 45 B b Ak B2 78 R Uk A B A 3
(KC) M FHRE b K HE 2P0 A0 Eh 45 it & (7]
BPSCER BT A BT 1 A 4h . QFE A Ehas i &
BB K A2 5 AT B DB % 722 i ]
AHBTH o NaClATAL TA FAR A, 2 — gk 22
DL AHIE AT Y, B8 NaCl 5 KC1 A HLR &
Yy, BVERA AR . B R i R 1S B
e AR (FTREIR A DG Zehr b i ER2s) .
IR TN TS A SR 7 . @URSEZE K,
B2 A S HREISERL(K,S0, - MgSO, - 6H,0)
L5 FAHBT H X SO 5 — AR i R .
ARSEZE R WA G R AR AT A AT REAT H

AR BRI (KCL - MgSO, - 2.75H,0) , HAH
AR 4% o X — Bk IHZE & AT TR R
R 2 AH U A R TR IR Fh IR Eh i v,
@ B A i s R i TR L, 3 —25 i Tk
BT T A EEZ RS, FridaEft
BRRE AT R s A T 3, OHAE SOM 4wl A
CAE IR B ERF S LA, G
TR PRE I TR T 2M%.0 Ty 2R
RS AC A AR S AR, R SO B TR A A
@B R I ER W i K 225 kB, o T ERBE I
B RN IR A A AR AR AR VR B S ), A SR
BRI ER LiIKSO, M7 i, B & A= i 7K i 27 6 14 48
R, T AR R TEIR AR, I
BEAT HH PR SR AR N B A i Tk R v K
FEEAMERR, FifLE RSN D LT,
Na* ,K*,Mg** //C1™,80;" - H,0 {K %, if LA
HM TR BT A 4%, SQM 2\l 16 I & Fl
B3 < 3 ER T i K B, 3 5 R g i = %
U5 R 2 RIS A I 25 S B sh I
Ko @NHAEME (Caliche ) il 15 i fi B2 4y
5ok eh = A 1y KCL o KRR R 52 o0 i ik
T, FHDAA = i R B0 ™ i o

3.2 ENM@mmEELEiE

Bror 45 i B Ah , 3 i e A e ) & 28 B
X B8R o AR e w T KSR BRI,
JEH AR TOHLER BN T R, Yemi A4y
i L B AL R B RR A 5 R B A2 4 il A A
TBUI R B0 45, S I 2 IO P S5 LTI A 4810 o

JGI A& B KCL I MgCly 2H B 1% 25 45 & K
5 EE KCL - MgCl, - 6H,0, BJg—F AR
A A o DRI AT AR S8 N KR 58 42 V% it
LR A KCL sk 6 4% 19 A 45 JHL R oy 7= i i
HeAF o PR EE K T A8 B4 52 AR o T, R
2R BGHR 43 v B s o3 ) 2 AR, R SR K 4y
fif it AR . R A X — g LR T
G A A P S AR AR B Tk A =, R =
JuiE R KCI - MgCl, - H, O AHIET AT LA 5 H fi
FER T 2554 B9 K25 CiZ=Iuik & AHK
P AR 53 AT AL SRR A3 oK 8« Ve o3 i 1
25 °C BF 8P 4 [T iR Hy 83. 86% , 4% 16. 14%
M AR E SRR SR X R, i



531 R KRR R AIE 5 ER W5 ISOT A A 43

] A I W A T 28 &, BN AE 25 °C 5%
TZE K B KCL R P IR 0 160 A T2
Frithe w sk, OB R A I8 2 S E T B
KCl 1 96. 16% . AJ3KHAE 25 °C & 3 il , TCRE
MAH 83.86% (1 ISR, X AR LIk, JFoRHE
b A — KoM, B — IR FE R, PRI ek

100 |

90
80

70
60
50 MgCl, * 610
T 40 ;Car:+Bis KCI - MgCl
= Car+KCl
N M —

10 N KCl
0

010 3050 40 50 6070 80 90 150
KCl/% KCl
B9 25°C =Jufk% KCl - MgCl, - H,0 A&
Fig.9 Phase diagram of KCI - MgCl, — H,0
system at 25 C

ALY B ER B AN SE i K A b AR ) BRI
ERT, ik 258 T H W AT 3R SR B Bt i
AH . XFhER A Z oK R g JE T
FFALH S AR AW CHLER) , B2 i1t
pan A ICIESIEES 2 el P R A s U W R SR
IV o3 fif 0 7K B G &R, AT F [R]85 1 PO e iR &
Na® K" ,Mg’" //Cl~ —H,0 A543 5],

R T A BEAR R, A — X5
Al DARRGE AR AR, 1 53 — X $h A A 2k Xt . 7
BB WRIE T, AR Eh 0 & A 43 il RN T
A RARE AT . PUTT RS HoKEh R R AR
FHT DN —2H 0 X683 2oF 52 it | B s — 2 AR X

SRSy A, SBAL B T T 3k F) 83, 86%
+16.14% x 96. 16% x 83.86% = 96.88% , JL.
UrsEas. BRI T 250, i n] LR H = i
IR Pl A AR A , P A2 A AL Y
FRTE Y G5 R0 T, I ] 9 R RN P A [
it

100, S0 G | KSo,
90 i / i
80y ek
20 N I

: UKso)
OO D
_% 30:7773K S0, * Na,SO, /
S+ 20Na,S0, N7
# 0 i P
10 Cropt ]
PO T 0 i i e
0 1020 3040 50 60 70 80 90 100
2NaCl KCAHEE R 2KCl

10 PCREARR K Na* //C17 80, —H,0 25 CHH
Fig. 10 Phase diagram of reciprocal system K" ,
Na® //Cl™,S0;” = H,0 at 25 C

FEA I R R REA — A B AR, B PR
BRI o ER LY 52 Hh S AL B S BRI R
SRk, 203 ik e A UL B

A AACEN S BLRR N BRAREE SR IR Eh A 70
FRAL R R AN , R A S AN BRI S A= 7
TRRRER A 2 N T2 VPR AL . Rl 2
XTSI AR R AL E , AR S
TEHRRAT BRI A BRR B 55 R i, m] UK H 24 4
JEORHIMEARFH , AS b S g e A J5URE, S Rl
FAERRRI R B s A AR AR S
WAL T 2R T A5 SRR AR I R X Y
PUICAS AR ZARE HIE 2

H,0

(695.26kg )

H,0

(770.46kg )
\ 4

Na SO, AL, KCI

(96.70kg) | (25C) (309 40kg)
A 4

B A 5}}3 K,S0,

(1076.55kg) (25C) | (100kg)

11
Fig. 11

T — T ZHERI TR C &

Process and mass balance for Scheme 1

Na SO, KAk, KCI
(97.96kg ) (0C) | (232.92kg)
B0

(926.14kg) (100kg)

& 12

Jr SR T EREE R REC &

Fig. 12 Process and mass balance for Scheme 2



44

I

5524

10 & 25 CPee BRZR K ,Na* //CL™,
SO;” - H, 0 MK, 783X — i T, KCl A
Na,SO, JE A FaE th ot , - FH A IR Wb & 4 5 4%
i S, A i K, SO, F NaCl, [K i, LA KCI #l
Na, SO, A J5 K} 76 36 B (9 4% 14 F a7 DL i 15
K,S0, . i BEEXTXFp e — 20k il B K, SO, i 72

s, 1L B 12 gl TR KT, Na®t )/
Cl™,S0;" - H,0 PUycas Bk R A K15 2
)0 CHI25 CHYRHEXR, TR A
SR R

A 1L & 12 a1, 25 C i — 253k i
B K, SO, 47 iR A 100 x 0. 448 735/(309. 40
x0.524 45) x100% =27. 65% ; Hil@ a0 F1

K,S0,
10 ot A

o NaCl g ey

0 10 2030 40 50 6070 80 90 100
2NaCl KM HE % 2KCl

B 13 1 KCLA Na, SO, A OB 4 19
Fig. 13 Preparation of Glaserite from KCl

o 84.29% . 0 °C B 1Y e Ak ik 2 8P Ul R R
36.73% B PR AN A FH 2Ry 83.2% , BRI
25 CHMAT prde iy, (R AN HIAR . AT Sk
— RS T PR A R IR R A . 7R
25 °C K" ,Na*//Cl”,S0; - H,0 MHEIH A LIFE
B S ER P2 (3K, S0, - Na, SO, ) f£7E, A5
RIS E i Na, SO, 5 KC Jz A U8R T,
SRIG T e 5 KCL ik — 2 oy A i K, SO, ,
KCl #AbR K, S0, i Sl R 2 m iR 2, &l 13
JoEf—24, i KCl 5 Na, SO, (1% 5y AE AR T2
AR T C i B 14 et 5 SRR
A R RR T AR I o R PR AL L A ]
FITE 25°C A MR SCR WA 15 PR,

100
902
80

c K,S0,

204 i :
c

10 o é ; A

NaCl KCL T

0 10 2030 40 50 6070 80 90 100

K AR5

=

14 B AL A A K, SO, IR R

Fig. 14  Preparation of K,SO, from conversion

and Na, SO, of Glaserite and KCI
chlz HZO ﬂ‘;&B _
(97.60kg) (184.77 kg) (274.40kg)
A4 A 4
NaZSO4 —Zk%/ﬂ: N 5}%
(91.32kg) | (25C) R (255GD)
BHTERH
(99.28kg )
K;SO, E A
100.0ke) | (25C) (25C)
A F y
BRKA H;0 K, (1,
(236.14kg) (169.00kg) (67.87kg)
Yk i
SR} SR
KCl  97.60+67.87=165.47kg K2SOs 100.00kg
Na;SO.4 91.32kg BHRA  236.14kg
H,0 184.77+169.00=353.77kg BB 274.40kg
&t 610.56kg &it 610.54kg

15 W TZHERIRN 25 CHpRlE e R

Fig. 15 Block diagram and mass balance for two-stage process at 25 °C
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TR SOFp WAL B A IR
51.7% R AR B A R 89.3% , ez —H ik
B 27. 66% f TR, $it e e AR R (LA SR — b
T T2, B e b AR et i i3 A7 ek
1Ko MBRAE R, WA L — 2B I AL o B
O —URERAE, BRA PR R A RIRR . 5T
FLIFR SRR e A R N A LR R B [, A6 B
TRE SRR S A RE, 6140 25 CHF A SR
A 20.8% 1) KCl, MARAS Lot BEBCA A
FH AP DS LR IR . © &bt & i
ZRERAEAR AL : T W, K2 a &
7SR SRR VREEAE, B KCl 5 Na,S0, 5 41
fif i AR K, SO, , [RE Ak =A: T NaCl, T.
AR A G HE, AR NaCl B A H O filiH
M T e, X —P) T2 A hE
R AT T 2 AR BlAh, 16 R E
RRB—F TR AR T 100 CZE
RO CHAEIRLERE, Rl NaCl SCIERR A G 6
W, B2 IR, M T AT IR 45 1 i
(PR AT AN S I 2 A R . BR TR I, Ak
AVEVEAIA2H

4RI AR R B B s T A
FHP-A85 v 4 1

LRI N NP TS PR (N TR

5 G R W LT R o ER 2R TR 7K b 8 ik 19 A
ST ik AR RN A 2% BN P — B B i A Ak
PR R RS T — K ER
NENUE A e o i BN I IS DR i =
T S S ) A A P B, O UK R
fife VA . AR T, B R N AR
KR SRR B R A, R AR v H A B
I Pitzer B A H A KA (Pitzer Ton
interaction approach) , ] LI #E 7S GIA R Li*,
Na* K", Mg*" //Cl™,S0;" - H,O #4 Jj 2445
RO LR B A 2 — T R G — A
T 22 26 J3 1A R v i BE AR B K SR 2R
Kb A8 T S i A R A S A TR A
KR

4.1 KRAMEERTN

fEES Lit ,Na® K™ Mg** /Cl™,S0; -
H, O 1A Z T A, i R T R e i &
R T VAR B IR B IR B AR R
i BE A , LA O SR i AT SE Pk o 7tk SR Al
A TGRSR LiT Na® K Mg /CL
SO;™ —H,0 Fy 5 i fige FE Wil . H wir B 4 4h
SCHR T b A OB i S TOR R I R,
BOMPALRE . FEM A 3 MIRGUR R AREI Y
XL (17 ~ B 19)



46 2N

LD

5524

2.5 T T T T T T

' : o FEmLEWE
10H 0 | 0 --Filippov WEfH (1987)
4 : # --Bodaleva iﬂﬂ%ﬁ 1959

3Na so L12$O 13H,0

1.5

Na, SO,/ (mol - L)

e
n

0 05 1 15 2 25 3 35
m of LiZSO4

B 17 Li,SO, - Na,S0, - H,0 & % 25 CHHE
Fig. 17 Phase diagram of Li,SO, - Na,SO, — H,0
system at 25 C

100

100 71—
ol N
80

o (AR TNE
O  Lepeshkov MiEME (1959)

70%-
60
50
40
309-
20

Li,SO, %

10

%10 20 30 40 50 60 70 80 90 100
MgSO, HHEIFE %

B 18 Li*,Na* Mg /SO, -H,0 {KZ 25 CAH[
Na* ,Mg** /S0~ —-H,0

system at 25 C

Fig. 18 Phase diagram of Li"

- A EE WA
?ﬁiﬁm%{ﬁ ( 1960)

90 - ”'

Na, SO 10H 0

R RO T S N
0 10 20 30 40 50~ 60 70 8 90 100

CLHHEIH %K

B19 Li*
Fig. 19 Phase diagram of Li*

,Na* //Cl™,S

4.2 EEmKk25 CEHR
HEMMENITE
AR RS 3537 4 i K 0 45 e 28 A

feo PIXA7STCH R BIAH @%Y£E¥EL%§%

Hik, e Agmiil] 1T A —E AKX SERT AL

P, EHARG E/J\\Em?:?ﬁﬁ?\~£

PR BB R B R R BT R A AR

FEFE LA E R T RS ~RTH

#FR TR ERNTF F0

SO;™ —H,0 {K% 25 CHIA
,Na* //Cl™,S

S0~ —H,O0 system at 25 °C

G T AT

MEHRERIIK K 25 C ARz & St aiAs
AL, AR K AR SRR R L R G B R
FEPHF A ZAFRCTA . BN 3 ) 5 /REhi
KB TR ER K K — BLEEER I X 7K 25 C
IR 7K & FE AR A B R BE AL (KCI - MgSO,
2. T5H,0) HrHh AR &5 5 T /R Al — BLBE g 7K B 245 iy
B T B 5 L A Y K TR R (MgSO4 - 4H,0),
PRISTHAES RALIESE T3k — o



531 R KRR R AIE 5 ER W5 ISOT A A 47

BT K R A R K UM ARUE T Sk 0.908.0. 574, p e TN, — LT
WL F 8 I TR A HIREOK RS KBS, R A RS AR B
e, ARG NaCl BRIy 0. 872 WA B KA AR AR T 83 A0 76 FE A 1 A
., — B AR R 35 K NaCl fIFT  NaCl (OHFIEE S 1. 004, B2,

RS —HIFRWIKK 25 C AR AT ERITUF X 1L
Table 1 Comparison of predicted and experimental salt precipitation sequences

during isothermal evaporation of Yiliping brine at 25 C

SEEG AT U ISR AT U
Jth K 7K NaCl A A A1 JEthf i 7k NaCl iz A
H H

H + Syl H + Syl

H + Syl + Hex H + Syl + Hex

H + Hex + Car H + Hex + Car( DLJ5 75 M Aa e T45)
H + Hex + Car + Kai H + Hex + Car + Kai

H + Hex + Car

H + Car + Pt H + Car + Pt

H + Car + Pt + Lh H + Car + Pt + Lh

H + Car + Pt + Bis (28 & SL I 4550 H + Car + Pt + Bis

H + Car + Lh + Bis + Ls

H + Car + Le + LiC + Ls (345 5)

R 6 Atacama £hil] i 7K 25°C 5 R KM ERIUT X HE
Table 6 Comparison of predicted and experimental salt precipitation sequences during

isothermal evaporation of Atacama brine at 25 “C

Atacama (/K B % K (BT R0 Y Atacama < K Hr R0
J5thf i 7K NaCl AR FI J5 i i 7K NaCl KA Al

H H

H + Syl H + Syl

H + Syl + Db4 H + Syl + Db4

H + Syl + Db4 + Hex
- (R ARE V)

H + Kai + Ls H + Kai + Ls

H + LiC + Le + Ls + Car( 3E45 /%)
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T TR E BRI X K 25°C 4

78 KA R

Table 7 Predicted salt precipitation sequences during

evaporation of Hombre Muerto at 25 C

Hombre Muterto i 7K 47 E5 I %

JELf 7K NaCl CL MR, (A1 = 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( 3485 5)

R KB IRILIRK T SRR A (25 °C)

Table 8 Degree of saturation for salts in

East Taijinar brine at 25 C

EOE LY ik T AN
AR NaCl 0. 872
AR KCl 0. 340
FEZRIEN MgSO, - 7H,0 0. 336
FIENEER Na,Mg(S04), - 4H,0 0. 285
TCKEERY Na, SO, 0. 194
AL K,S0, + MgSO, - 6H,0 0.093
HEETI K,S0, - MgSO, - 4H,0 0. 085
AREREETN, KCl - MgSO, - 2.75H,0 0.077
TR Na, SO, - 10H,0 0. 049
T AR B K,S0, 0. 042
NKIEER MgSO, - 6H,0 0.027
SeE A KCl + MgCl, - 6H,0 0. 008
KA MgCl, - 6 H,0 0. 002
TR Li, S0, - H,0 0.0013
BT NaK; (50,), 0. 001
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The Phase Diagram of Salt-Water Systems and

Utilization of Salt Lake Resources

SONG Peng-sheng
( Qinghai Institute of Salt Lakes ,Chinese Academy of Sciences , Xining ,810008 , China)

Abstract ; Salt lakes are naturally existing mixtures body of salts and water on the earth. Deposition or dis-

solution of salts, mixing of brines and water occur continuously. All of them are phase change processes.

Phase equilibrium studies the law of phase changes of a system as a branch of chemistry. So phase dia-

gram of salt-water system has been found wide applications in Salt Lake Chemistry. Many aspects of salt-

water system applications phase diagram were described in the present paper. Examples of application giv-

en in this paper were elaborately designed by the author.

Key words: Phase diagram of salt-water system; Phase equilibrium; Thermodynamics ; Utilization of salt

lake resources



