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Hydrochemistry and behavior of K, Li and B in summer evaporation of Yiliping salt lake
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Abstract: Combining with the metastable phase diagram of reciprocal quinary system Na* ,K* ,Mg®*//Cl™,S0% -H,0, the projec-
tion phase diagram of water and sodium, this paper studied hydrochemical characteristics of the sulfate-type brine from Yiliping salt
lake in Qaidam Basin. They were changed seasonally due to freshwater mixation, selective leaching, and annual temperature differ-
ence as the most important factor. While the brine temperature lowered to 0°C , mirabilite crystallized from the brine, the metamor-
phic coefficient MgSO,/MgCl, declined sharply, and the hydrochemical characteristic transitioned from magnesium sulfate-type to
chloride-type. In this paper, the evaporation experiment of Yiliping brine L10 and L20 had been operated at 20-25°C, and experi-
mental results had been compared with theoretical calculations in the following ways including the evaporation route, chemical com-
positions of liquid and solid phase, XRD patter analysis, hydrochemical characteristic coefficients, ion behaviors, salt-forming
characteristics, and so on. As a result, they were in good agreement with the relative error <5%. Theoretical calculations of the
metastable phase diagram Na* ,K*, Mg®*//Cl™,S0% -H, 0 could be used to guide the actual sulfatetype-brine evaporation better.

Then, this paper studied the potash-forming characteristic from the magnesium sulfate-type salt lake brine at 25°C combining with
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hydrochemical characteristic coefficients KCl/MgCl, and MgSO,/MgCl,. While the metamorphic coefficient MgSO,/MgCl, is above
0.13, epsomite has crystallized together with potash. Finally, the behavior of Li and B during further evaporation of brine had been
theoretical calculated by using several phase diagrams including Li*, borate, and Mg ions. While the mass ratio of Mg**/Li* in
the brine was above 27, it was considered that Li and B had accumulated fully in the concentrated brine in the deposition stage of
bischofite and epsomite, and the brine accumulated rate declined to 2.50% —3.20% . So it’s necessary to extract Li and B from the
brine by utilizing new technologies. This results provide theoretical support for the exploitation and comprehensive utilization of the
very high Mg?*/Li* and Mg** /B, 05 mass ratio sulfatetype-brine.

Keywords : Hydrochemistry ; annual temperature difference ;metamorphic coefficient ; potash forming ; behavior of Li and B ;sulfate-

type brine; Yiliping salt lake
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Tab.1 Chemical composition of the intercrystal brine of Yiliping salt lake in Qaidam Basin
f2E B %
Na* K* Mg Ca®* - S0% B, 0, Li*  Mg*/Li*  °Be’

Hi's ORI ]

LI0O 201241H 7.27 0.81 1.47 0.068 16.05 0.50 0.045 0.016 91.88 25.26

120 201447 H  6.93 0.87 1.83 — 15.40 1.92 0.090  0.025 7320  26.63
o IR ZR L
i HUREI[R]
MgS0,/MgCl, KCl/MgCl, K" - 10°/3 3 B,0, - 10°/3 % Lit - 10°/3 b
L10 20124F1 A 0.078 0.28 30.88 1.72 0.61
120 20144E7 A 0.46 0.32 32.14 3.33 0.92

5 T B K TR RN K A 2 A ZR 5 — LI b 18] 1 7K S R G 2 R B RR BE 2L, 32 A2 1Bl Na®
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IRk Li B e TR &2 3%, Al )oK KR g g &, it —25 I & A B35 Ltk
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P, 32 P P e R B R MU0 3 K 2 R 4% B BEK 23 26 2R 8 Wb 8 RS2 i B i i 3, Sy — LT
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25°C Na'", K", Mg //Cl",S03 -H,0 1 ot/kE kRN TIEE K EMEE(E 2).
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Li" MR 220 22 - 0.50 ~ — 0. 15 {5 Fil 41, SOT AR X i 22 [ 22 - 0.75 ~ —0.50 Ju Fl 4. [ MAE Na*, K, Mg™//
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Tab.2 Chemical composition of Yiliping intercrystal brine at different times
. o 22 %
s URE IS [1] ; 2 B P
Na* K* Mg Ca™ Cl S0; B, 05 Li*
L10 20124 7.27 0.81 1.47 0.068 16.05 0.50 0.045 0.016
120 20144 6.93 0.87 1.83 0.000 15.40 1.92 0.090 0.025
SCHR[ 6] 1960 45 6.94 0.98 221 0.000 15.98 1.90 0.087 0.027
WHRL10] 1999 4F 691 0.92 1.95 0.000 16.31 1.37 N 0.025
[ 1] 2008 4F  7.04 0.91 1.79 0.010 15.84 1.65 0.080 0.020
TCHR[14] 20114 751 0.70 1.39 0.023 15.78 0.83 0.061 0.016
THR[12] 20134 7.69 0.73 1.45 0.049 16.04 0.95 0.050 0.019
o HIRHZE/N )"
G5 -
N(Na*) N(K*) N(Mg**) N(CI7) N(S037) N(B,0;) N(Li*)
L10 0.048 -0.17 -0.33 0.0044 ~0.74 -0.48 -0.41
120 -0.0014 -0.11 -0.17 -0.036 0.010 0.034 -0.074
SCHRL 6] 0.00 0.00 0.00 0.00 0.00 0.00 0.00
k[ 10] -0.0043 ~0.061 -0.12 0.021 -0.28 N ~0.074
SCifik[ 1] 0.014 -0.071 -0.19 ~0.0088 -0.13 ~0.080 -0.26
k[ 14] 0.082 -0.28 -0.37 -0.012 -0.56 -0.30 -0.41
SCHR[ 12] 0.11 -0.26 -0.34 0.0038 -0.50 -0.42 -0.30
e TR RAAE R B IR 545 %0 ( Mg®* + K3' + SO =100 mol)
e MeSO,/MeCl,  KCl/MgCl, Mg?* K2* S0 Na2* H,0
L10 0.078 0.28 81.35 13.93 472 212.67 5507.83
120 0.46 0.32 70.76 10.46 18.78 141.64 3804.83
SCHRL 6] 0.35 0.28 73.78 10.17 16.05 122.47 3237.44
SCHk[10] 0.27 0.28 75.50 11.07 13.42 141.43 3788.24
SCHR[ 1] 0.38 0.32 72.05 11.38 16.56 149.80 3946.01
SCiik[ 14] 0.21 0.28 77.07 12.06 10.87 220.10 5470.98
Seik[ 12] 0.21 0.29 76.82 12.02 11.16 215.36 5219.37
a TR AKEN ;b F7m N(i)= (i(T)=i(1960) ) /i(1960) , T AL [H].
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Fig.1 The ion composition fluctuation of Yiliping
intercrystal brine at different times
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Fig.2 Position of Yiliping brine at different times in the metastable phase diagram of reciprocal quinary system
Na*, K*, Mg*//Cl", SO; -H,0 at 25°C (A), the projection phase diagram of water(B) and sodium(C)
( Gla-Glaserite , Pic-Picromerite , Ast-Astrakhanite , Eps-Epsomite , Car-Carnallite , Bis-Bischofite )
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SOY -H,0 FIC/KERAAZR 0°C J53 NaCl AH KA PE (R PR Bz | GRS 20 S LR A T FF AR B e 1k 7K
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Tab.3 Average chemical composition of supplemental water and salt deposits in Yiliping lake area

SR R %%
AR .
Na* K* Mgt Ca* cl- S0%
TS s Byl 0.038 0.0020 0.0033 0.0052 0.053 0.019
— PRI IR 29.00 2.10 0.44 0.46 43.15 7.54
K2 1000 . .
500 e i (C) ——25°C NaCl, KCUL{ZR AN 45
— 25 CA BRI Il (A) 800 L ----0°C NaCl, Mirabilite {12 4 | 3 5%
-- - 0CRUE AL T 26 o SCHR[6] v L10 o KRS ]
o k(6] ~ 600 L C,,-~HUH£?WR$EETW
40 F v LI10 § ar
o TS T = 400 | )
o — BB BIUR .o b N
200 k !
30 30
24+ < 0 o~
L8 TNaZSO}\OHZO) (B) —25°C NaCl, KCUEBIBZ KR
oL o 25M b ----0°C NaCl, Mirabilite L2k /K [K 5%
20 6L NaSO, ble © SCHR[6] »L10 e ASkAR i
___________ S, ) 6 1218 24 30 % 2.0 M L
10 =120k
8.0k
4.0k
O . Mg2+ 0
S0 50 60 70 80 90 100 0 100

3 — HLFP R R AR AL B T 0~ 25°C TR
Na", K*, Mg*//Cl", SO7-H,0 T3 (A) JKE(B) (€)™
Fig.3 Movements of Yiliping brine in the phase diagram of reciprocal quinary system Na*, K",
Mg*//Cl™, SO% -H,0 at 0°C and 25°C (A), the projection phase diagram of water(B) and sodium(C)
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L5 LT, — HLETER 0 5 ] 15 7K K A2 4 F A A ph K R 45 48 R A T | B PR e A R AR
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Fig.4 Movements of Yiliping intercrystal brine in the partial phase diagram of reciprocal quinary system
Na®, K" ,Mg*//Cl”,SOY -H,0 at 0°C (A) (Mirabilite saturated) , the projection phase diagram of sulfate(B)

MgZ\

FRRBEXLRTLBHER WL 4. K LLKCL A Car BRI, ST HER R 85% , Hd Ll KCLIERMT

RN 34% , L) Car JER TR A 51%.

4 110 pisK 25°CHip & BT s 5
Tab.4 Theoretical evaporation results of L10 at 25°C

BT s %
BB KK o
Na* K* Mg Ca® (ol S0% B,0; Li* Mg /Li*
1 L11 2.25 2.83 5.16 — 20.42 1.73 0.16 0.057 91.88
I L12 0.47 1.93 6.77 — 21.24 1.76 0.21 0.074 91.88
Jil| L13 0.061 0.070 8.59 — 23.73 2.71 0.32 0.11 78.09
BT % YRR 8 %
e :
Na* K* Mgt cl- S0%” NaCl KCl Car Eps
1 S11 39.34 — — 60.66 — 100.00 — — —
I S12 23.90 20.58 — 55.52 — 60.76 39.24 — —
Jil| S13 2.97 13.01 8.09 39.97 — 7.55 — 92.45 —
X 7K [ AH IKFER
pg KRR MR BAER/% o,  KAKHR/%
B kg FRpi,  KIILAVTO gk B rER /% ks, KERWEY%
kg BBt 2 kg BB 2 kg BBt 2
1 100.00 28.27 28.27 28.27 16.94 16.94 16.94 54.79 54.79 54.79
I 28.27 21.64 76.55 21.64 1.34 4.73 18.28 5.29 18.72 60.08
m 21.64 14.09 65.12 14.09 3.14 14.49 21.42 4.41 20.39 64.49

— IR LAR AR

TR K 120 F046 T B2 R E HHET KCLL Eps LR, 7K 120 BYZE AT ERBK 2R O - NaCl (7 21 BE) —
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WIRIE AT, BHTH R Hy 98% , Hodr L KClIE M Ry 57% , L Car JE UM H 2 41% .
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Fig.5 L10 theoretical evaporation route in the Fig.6 120 theoretical evaporation route in the
metastable phase diagram of reciprocal quinary metastable phase diagram of reciprocal quinary
system Na*, K*, Mg*//Cl™, SO¥ -H,0 system Na* | K*, Mg*//Cl™, SOY-H,0
at 25°C (A) , the projection phase diagram at 25°C (A) , the projection phase diagram
of water(B) and sodium( C) of water(B) and sodium(C)

2.3 KRMBFBRER

VAT BOK 328 R SR BT 45 R PR (K28 S, 28 e 5 2R I3 ) ULk 6 Rk 7. e SRR W, 45 B
BT R b S B — i e R R R A A S A K S o R P AT R AR A, AR S A5 B B
ik 3¢ FRISALRURIAL K 3R S LE R, R AR 07 AT I TE AL B0 45 W B0 L M0 AT XS 2 7
PIARSERE (PR 7 FIEL 8) , LA [ Bt [T AR v LI\BZOJE{‘@KL‘JI?F*"%EWF#H F AL 0 B A DA 23 B 3 [
A AP BRI T 2R T A rP A B R, AT 310 £ — [ Bl [ A B B o1 2 (25 3R 18
AR — PR R ), A I 35 AR 2EL BRI 552 A o 47 il 7K ( #T%(A‘Jﬁﬂ%ﬁiﬁgﬂ%f%&m) , BEMiE
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%5 120 F/K 25°C Bip 7 B gt
Tab.5 Theoretical evaporation results of 120 at 25°C

) B beEd s %
BBz i 7K -
Na* K* Mg** Ca®* cr S0;” B,0, Li* Mg>* /Li*
| 121 1.31 2.78 5.88 — 17.15 6.16 0.29 0.080 73.20
I 122 0.30 1.82 7.13 — 19.52 4.61 0.40 0.11 64.82
I 123 0.09 0.30 8.33 — 21.98 3.70 0.64 0.18 47.12
- - BT AR % PIAB AL E A %
iret i Na* K* Mg?* cl- S0y NaCl KCl Car Eps
| s21 39.34 — — 60.66 — 100.00 — — —
I S22 8.27 12.72 5.40 24.29 21.33 21.03 24.25 — 54.72
I $23 1.35 9.21 8.79 27.13 12.13 3.43 — 65.45 31.12
XiZk I# 4 IKF#ER
B 7K Lt/ )
B o M REEE mams  BHRR s KEEKHCR/%
ke BrEe B kg BrEe B ke (N i
I 100.00  31.14 31.14 31.14 16.58 16.58 16.58 52.28 52.28 52.28
I 31.14 22.57 72.48 22.57 3.99 12.81 20.57 4.58 14.71 56.86
I 22.57 14.14 62.66 14.14 3.96 17.54 24.53 4.47 19.80 61.33

— AR PLAR A

6 L10 pykZ8 K LI I 545 R
Tab.6 Experimental evaporation results of 110 ( modified)

BTACEE M %
R Bt K -
Na* K* Mg* Ca®* cr S03 B,0;, Li* °Be’
I L 2.18 2.24 4.84 0.019 18.53 1.63 0.14 0.051 29.74
II L12’ 0.50 1.63 6.24 0.010 19.10 2.12 0.26 0.066 33.03
I} L13’ — 0.073 8.19 0.014 21.78 3.07 0.36 0.091 37.35
BT AEE M % YIRS %

FrBe MR AH
Na* K* Mg>  Ca®*  CI-  S0;  B,0; Li*  NaCl KCl Car  Gypsum

1 S11’ 34.97 0.33 0.46 0.30 55.62 0.67 0.020 0.0051 97.64 0.25 — 2.11
1 S12' 14.26 11.93 4.06 0.21 44.40 0.79 0.21 0.0078 41.08 13.92 42.98 1.02
m S13’ 3.30 11.33 7.70 0.072 37.18 0.94 0.31 0.016 10.18 2.89 86.82 0.36
i 7K & AH IKFER
o Kk N i e
BBt ke i 5t/ TR R % Wk it/ MrEk HgR /% kg, RERRILER/ %
ke BBz 2 ke BBz 2 ke (¥ 2R
1 50.00 14.85 29.70 29.70 8.74 17.48 17.48 26.41 52.82 52.82
1 12.00 8.40 70.00 20.79 1.28 10.67 20.65 2.32 19.33 58.56
m 7.00 4.61 65.85 13.69 0.87 12.43 23.23 1.52 21.72 63.08

—FORH A, A i
Zeib AT, L10 /K T CaSO, M) B e HE Ay 1293 (mmol/L) ™, BEST A ALIRAS ™ 5 B v 7K f AN o
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45 , CaSO, 3k I ALIRAS , DA A1 A9 305 HA SR S SE R T iy, Herp (o S BUAE VB B DLRUR o S F
(¥ 91.71% . 120 HIIR K R Ca™ B 7, 28 R Wbl B2 rh i 28 A= 48 AR AT L

7120 K R I B TE R 4
Tab.7 Experimental evaporation results of L20 ( modified)

BT %

BBz i 7K

Na* K* Mgt Ca® cl- S0% B,0, Li* °Be’

| 121’ 1.77 2.48 5.42 — 16.58 5.68 0.27 0.073 34.15
| 122’ 1.07 1.70 6.33 — 18.23 4.64 0.36 0.10 36.61
m 123’ 0.55 0.28 7.77 — 21.47 3.10 0.49 0.14 37.80

. BT AR AL % PIRBAL AL AR %
MBI -

Na* K* Mg?* Ca®* Cl™ SOy~ NaCl KCl Car Eps

I S21' 33.94 030  0.68 — 5370  1.23  100.00  — — —
| S22’ 759 953  6.16 — 2510 17.89  23.70  22.04 — 54.26
1 S23' 3.09 972 8.6 — 2725 1373 7.80 412  53.18  34.90

7K [T AH IKFEL
B 7K L/ o : . < /0

KBt ke i B G RR % Hish it/ Hrh b=/ % kg dt,  KEERILR %
kg e L3 kg e 2 kg BrE 2R

I 50.00 16.43 32.86 32.86 8.59 17.18 17.18 24.98 49.96 49.96
I 14.00 10.48 74.86 24.60 1.22 8.71 20.04 2.30 16.43 55.36
I 8.00 5.16 64.50 15.87 1.28 16.01 23.97 1.56 19.49 60.16

— RN AR, A 1

AR B H AR R R T REZ 1 NaCl M i 7K AR e AR, [a] At okt S Ho AR A9 87 8, 52 i NaCl /9 & & B IEfR
L10 1 7K 47 Eh BE[E A NaCl & k3] 97.64% , A BE NaCl (3T Z (5 NaCl ) 92.35%. 120 Kk T4
& Ca” B, AR B A NaCl & BHiAF] 100.00% , A Bt NaCl (LR (5 NaCl S 97.52% . £ %5 BEF
A K (BRI ZK LI L217) K Mg™ (SO3 45 55 i i 4 A0 A, i K i KBS S A RDIR A, RICKE 3 A0
AT L.

o BRI Ak Kk P SO 8BS i A BOR ], L10 1 120 [ 7K 78 4 £k B BEAT H 7 A 20 45 3% 2k R ).
EIEJE L1 pg 7K b K L KCL R Car BRFPTE AT, ST H 285 98.78% , 43 PN Beiff A7 : 56 1 BYBOR A A 4L
B, T i K 2 s 5E 3K KC1 5 Car 2412k, KC1 5 Car [RIEHAT H, K BB BedT i 2828 55.529% , Hoh L KC1 B
I K BT 26k 30.36% , L Car TER ST 2 25.16% , FIFITE X K BT H BT 1Ly K(KC1) :K(Car) =
1.21:1.00; 55 2 B R i /4 B, K I BT th 2 43.26% , LA Car TERUHT i 3, B il 2 0y 38.48% , Hi4r
L KCHE Y K M RAUN 4.78% . T L1 ik SOT B 1 i B4 B, B R M et i op G V5 ) 2k 4 [
Bt i B EAHY R ALY , AT A T4 KCL

FRYEE IE G AL B BEZE AT B 45 SR, L21 ki 7K K 75 LL KC1 fil Car PR XM i, AT HH 200 94.15% . 5
L10 7K R[], i L2175 K o SOT B8 T i 40850 , 75 & o B i S R 4k 5 AR JE T Y, [ 5 L10 pa sk
PRERBERTR], 43 PN B B tEAT « S — B B O AR Eh B, K AL KCLIE M K A BT 300 44.17% ;55
B BE A G A B K BB BEdr 3o 49.98% , L) Car FE UM 3, B 3Rk 38.78% , Higy 11.20% L KCI
AT, PAE R K 98T L BT L K(KCL) <K (Car) = 1.00:3.46. f T 1 BAHFAAEVS FlEL, 120 /K28 &
ARAG BB T A8 AR B B L SRR R 0 A R R 7 i

A B AR B AT R, B0 R BRI AR A p K (B R 7K L1370 1237) o Na™ K™ 85 - J5i o 43 5003 1) Fe
% 0.60% F10.30% LIF , #h4#1 LA MgCl, il MgSO, 2 3=, MgCL £zt FIotR A, [RlA Li B 48 it o 2% & 145 2]
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KR RERE R, kK IE AR BB, & kK4 BGE L, Li*, Mg™//Cl7, SOY, borate-H, 0 iyt 7K £h 14 & 4 &l
TR
2.4 FRERER Y pg KRR A B4R S AT

T R 780 o /KA R AR RAAE 5 K OK AR R AE 3R B0 DI AR G, B R AE RBORTR], 547K 19 25 s 42 17
255, TG U A 3 B L M 28 4y AR AR ).

100 100
(A) (A)
80| L1075 % AR, 80 L2075 % R B
= 60F = 60F
= H
= 40t = 40t
= =
20+ 20
0 I § m 0 I [ ] m
100 - (B) 100 - (B)
80l I L1075 Kk PR B 80 I 12075 K% PR ER B
2 60} 2 60
= =
Z= 40f = 40F
20 | | m | 20+ | \ |
0 j.l_m._..l_l... 0 m{‘lﬂlA“ﬂ.L_L-J
100 + (C) 100 ©)
%0 I L1075 RO B %0 I L2075 5 A B
® 6ol B g0k
= 60 = 60
= 40F = 40
20+ 20 |“
0 M | JL.LJ.
10 20 30 40 50 60 70 0 10 20 30 40 50 60 70

20/°

7 L10 Z& kit e A3 Be(A) |
BB (B) ROt £ BL(C) YIAH % E

26/°

P 8 120 Z& R id e A b Be (A) R EREL (B) FI
Jepd £ B (C) M

Fig.7 XRD patter analysis in the stage of
halite( A) ,sylvite(B) ,and
carnallite(C) during L10 evaporation

Fig.8 XRD patter analysis in the stage of
halite( A) , potassium mixed salt(B) ,
and carnallite( C) during L20 evaporation

WA — FL PP R 0 <1 7K S bR 2 R S IR A5 SR B G 45 B BE R K K AR 2F AT R B MgSO,/MeCl, \KCl/
MgCl, Mg™/Li* Mg™"/B, 0, % JFi 5t LA (32 8). [F] I} AR AF 22 40 KCL/MgCL, Mo fl 8 », 725 5 22 4L MgSO,/
MeCL, HeAB 9 v, 53 M7 45 W B i AK K AL 21 R A8k (81 9)

FIH4EE" 4 25°C Na*, K*, Mg™//Cl™, SOT -H,0 Tk &N FARE B , i 005 ELF kb
2EFRHE R L MgS0,/MgCl, \KCl/MgCl, , % B ER £R 20 i 7K b 4345 i X SREA T 43 X, G 9 JRZR IR, K Ab24 4%
fIE 250 KCI/MgCL, & T 0.15 i, ik A% K A28 LA KCLIE AT H 5 [ & 0.0031~0.15 5 P, K LA Car JE =
4. AR R MgS0,/MgCl, 5 T 0.13 B, pi 7K B 5L 8 M A7 11 1 T B, PR E & BEGR IR R ( BDYS R L) i At
H AR T 0.13 B, i ZKIGIE FIERAT H , 5 K KA 22 AE 1) S AL B 5
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25°C T —BLEFRI 4R i 7K L10 A1 120 REAE R % KCL/MgCl, #5 F 0.15, K LI KCL Al Car PIAHIE 2HT
A SR BGEMTILN; 17K 120 75 5 MO,/ MeCl ik LA 0.46, 75 15 MR T 11 LK 0.13, 2 0
BRSSP R E BT ;17K 110 78 5 MeSO,/ MeCl Bk AL 0.078 S T 5L 711 BRI, 75
S TS R AT 65060 RIZEL 0 S0 WS MR K 50 7 8 5 AT o
BRSSP ) K SEIR A 2 ST AR — 5K
% 8 SRAR SR — B EUK A A R B (L

Tab.8 Hydrochemical characteristic coefficients of Yiliping brines during the experimental evaporation

s IR 2= RRAE R 5L
2
MgSO0,/MgCl, KCl/MgCl, Mg /Lit Mg** /B, 0,

L10 0.078 0.28 91.88 32.67
L1’ 0.11 0.24 94.90 34.57
L12’ 0.12 0.14 94.54 24.00
L13’ 0.13 0.0048 90.00 22.75
1.20 0.46 0.32 73.20 20.33
121 0.46 0.30 74.24 20.07
122 0.29 0.16 63.30 17.58
123’ 0.14 0.020 55.50 15.86

gElte 0.25 0.15

plild 0.13 0.0031

¢ F7R E-Na®, K*, Mg™//Cl™, SO7 -H, 0 58 H FIGIR R 25CAFHMIIE NaCl, KCl, Car Fil Eps i ;d Fo% F-Na®, K*,
Mg™*//Cl™, SOF -H,0 &R H HIGIAR 25C A FAHE NaCl, Car, Eps il Bis 2415,

Car Line Bis Line

0.40
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Fig.9 Correlation between solid phase compostition and hydrochemical characteristic coefficients of

Yiliping brines during the experimental evaporation
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VS B R 7 RS AR A 1 K P S B SR R, BRIV R S L A e K R SR R LR R TR A AR R
o BT EEREON y A HTROKEE R R R LT B0, %45 B T AT (18] 10).
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Fig.10 Correlation between ion concentration multiple and brine L10(A) ,

L20(B) concentration multiple during the experimental evaporation

SEURKANA A L10 5k J(H,0) F1 J(Nay™) {8 T, 26 & b 7 b e 4 A5 40w F 120 ik ([ 10).
K7k Na® K Ca™ \Mg™ SO 25 B 747 4 5 B HIHT i AR A — 2k, 26 & 2o A2 1) MgCL, M AR 4507 iz 3
KK Cl B 7 523 (e e 2 18 Kt 3, 28 R MR, 110 17K CL B AT A RHR ALK 0.055,
120 (7K CI"BS F47 MIE RN 0.076. B, 0, Li" 48 16 W 4 140 /K P A B S5 (505 10 /K B0 e 4 1R B LR 21
— B, DRI AT LA — LSR8 5 /K 28 % 25 i B B AR P Li (B #7008 TR o 58 A A Tk 4 vk 7k .

BER AR AR P B Mg BT ORBTLL Car Eps S8BT Y, 2 sk AR A7 Y Mg™ B8 7 S T B ol 0>, ke
45 s K P B G (B Mg™ /13" ) BERITEL (B Mg™ /B, 0, ) %5 i it K 52 % i MG R 3. v 7 L10 K4 o
FLAB RS T 120 7K, 76 B K M43 OB B 0T L L10 2 5 /K PB4 85 T 120 %k (18] 11).
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Fig.11 Correlation between Mg”*/Li*(A), Mg™*/B,0,(B) and

hydrochemical characteristic coefficients of Yiliping brines during the experimental evaporation
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Fig.12 Contrast of L10(A), L20(B) theoretical and experimental evaporation route in the
metastable phase diagram of reciprocal quinary system Na*, K*, Mg*//Cl™, SO -H,0 at 25°C
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2.7 ZHKREZEEZTREF L' B0, M7 AT

S RMIAR PG E TR ER I, — BLEEER W i K B0 i Mg™ /Li" Mg™' /B, 04 % it B LU A 450, 40 51 M
70~95.20~35. ZadgHEh SHIER VTR, BIATE KK Y LiT (B, 0,58 B i i 40 35043 9 3 1= 2 0.090% ~0.14% |
0.35% ~0.50% ,Mg>"/Li" Mg”* /B,0, L/ HIFEZE 55~90,15~25,Li" B, 0, B T4 fb A b F ALK, Bt
Tyt % 2 R KA TR BEZE &, 0 55 404 Li* (B, 04 it — 2547 R

e ot 57 TR 1 DA ) 6 B B USRI Y B R A LiT borate \ Mg™ K SRR A BIBIF T A aE
LEATTEL, SRR Y LT, Mg™//C1T, SOT-H, 0 PUJTIA R A FaMi (25°C) M E 43R LiT, Na*,
Mg*//Cl™, SO3 -H,0 HIGIRRAFAMIE (0°C) , BUAS I 4514 T (0~25°C) KK IREE 2 Lt B v Lit (947
N 14) 36 9 g AHSE S R AT th (0 A S AR 45 . e sE 4 Mg™//CL, SOY, B,03 -H,0 G
TRRME (25°C) FIF A5 Li*, Mg™//S07, borate-H,0 PUICIKR R A Fa MK (0°C) , B A5 8 45 4 T (0~
25C ) KK IREEZ b R B, 0, 19772 (8] 15) , 3% 10 SAHOCS BITRR R AT s i ity sOBORE 25 2R

& 14 Fi7R,0~25C iR P, — B P 5 K W0 46 A5 4 Y5 A1 4 (Eps  Hex B¢ Pen) [X 38, 4 4 4l &1 33 2 17
WL E LRI, IR B 75 % 6 2% Eps—Eps \Bis, = Li' B FIFIA L) Ls(— /KA B E) 3L, 5 Eps Bis 3L[A]
Brib (29 W R.T). 78 Ls H7 A0, Li" 8 F 4n A T4 i K b, L' 88 7 i 40 807 5 &8 0.30% ~
0.50%. []if Eps Bis ZEEEh it — Mt AT TR BE We 4 KK P Mg™ /Li™ FL A 4k S2 R IR 2 16~27. 1, S0,
VAR R R BN U 5 MgSO,  MgCl, 1 A i B M I, R IR A5 T Li* 88 7 A R B 7, i /K
Mg /Li" P T /N, 285 BIE 1A, 25°CF , /K TR 28 3 R A, KK (0 B BE UK %0 43.91% 50°CF
HRKFE K T T, K BEAR 4 36 23.91% .
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Fig.14 Li ion behavior in the metastable phase diagram of reciprocal quaternary system Li*, Mg™//Cl™,
SO¥-H,0 at 25°C™™(A), and reciprocal quinary system Li*, Na*, Mg®*//Cl”, SO2 -H,0
at 0°C 7 (B) during the further evaporation( Ls-Lithium Sulfate Monohydrate,
Le-Lithium Chloride Monohydrate, LiC-Lithium Carnallite, Hex-Hexahydrite, Pen-Pentahydrite)
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B , & K K IR 25 & 14 A Eps—Eps | Bis, & B,0, 7146 LA MgB, 0, -9H, 0 ( & R iliEE A ) FE2L, 5 Eps Bis 3%
AT (£ 10 F s P FHR 2 25°C 28 R BT A Bl R o Z R it i g B 2L (55 10 i M).

FEBEMRIRERAT T, B, O [FIAF 1R W AF TV 4 i 7K, B, O, BT i 43 B 85 &8 2.50% ~3.30% , Fl AR IR i
WA KK Y Me™/B,0; U HARSEREAR R 3~5. Z5d B HEE,25°C F Bk /KFEEZE L 24 M B, KK B
BERL R AR 13.12% ,0°C T & i KFE K Z 05 P I, 1< K B B BE AR 11 24 19.60% .
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Tab.9 Chemical composition of some co-saturated points in the Li-containing salt-water systems

25°C Li*, Mg //Cl™, SO% -H,0( metastable ) & %[>
L L4 SRR Ak 2 A A %
' > . — . [ AH
Li* Mg** cl SO;  Mg*/Li*  °Be’
R 0.32 8.82 25.62 2.40 27.07  37.40 Ls+Bis+Pen
S 4.49 3.70 33.65  0.096 0.82 34.52 Ls+Bis+LiC
0°C Li*, Na*, Mg®*//Cl™, SO? -H,0(metastable ) {4 & %]
- ety R AL S 2 B %
I - [i] 4
Li* Na*  Mg* cl- SO Mg*/Li* °Be’
T 0.50  0.075 8.17 25.05 1.97 1634 36.10 NaCl+Ls+Bis+Eps
MgB,0, Li,B,0, Li,SO,
100 100
(A) (B)
LiBO,8H,0 Ls
80 80r LI3
=123
60 60F
40 aor MgB,0,-9H,0
MgB,0,9H,0
20} 20F
E}Z\)S
0 N AN " ) MgCl, 0 . . ) MgSO,
MgSO, 20 40 60 80P/' \ 100 MgB,O, 20 40 60 80 100
en Tet

P15 2 i KRB B 28 A 2 B, O, BYAT R (Tet-PUK {5 £, VII-BEAIRRER )
Fig.15 B,0, behavior in the phase diagram of quaternary system Mg”*//Cl™, SO7 , B,03 -H,0
at 25°C1(A), and reciprocal quaternary system Li*, Mg®*//S0? , borate-H,0 at 0°C*"'(B)

during the further evaporation ( Tet-Tetrahydrite, VI-Magnesium Borates)

2% 10 7 A 2R U0 A Kt

Tab.10 Chemical composition of some co-saturated points in the B-containing salt-water systems

25°C Mg?*//Cl7, SO, B,0¥ -H,0 & % ®)
o LA ORH AL A 2 B %
it 2 - 2- 2+ 1 AH
Mgl S0>  B,0; Mg*/B,0,
M 9.74 2413 3.53 3.33 2.93 Bis+Tet+ VI
N 9.37 23.88 1.28 4.96 1.89 Bis+MgB, 0, -9H, 0+ VI
0C Li*, Mg**//S0%, borate-H, 0 ( metastable ) {4 £ [41]
At R AL 2 2 %
i 3 > [ A
Li* Mg - SO; B,0; Mg*/B,0,
o — 8.88 2497 1.28 — — Bis+Eps
P — 4.33 — 15.51 2.64 1.64 Eps+MgB,0,-9H,0
0 234 289 — 23.63 5.83 0.50 Ls+Eps+MgB,0, -9H,0

e %7k 0-Na*, Mg®//Cl™, SO¥ -H,0 2P IR Z 0°C /- RaAIFEl Eps F1 Bis Jtif 1300
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LA LT B, 0 K IR BE 25 K B T 3155, — HL PP i K IR 28 K AR v, A kK Mg™ /L
HefB R 22 27 B, K R ) it B, O, T3 LS B SRR F K 4k 82 5 45, Li™ B, O, 55 B i = 43 85043 il 344
2 0.30% ~0.32% ,0.80% ~1.15% ,— HLEF 7K 1) BB T FA0 g 2.50% ~3.20% 5 A [y Bo ATt £ 24l 4k
Eps Fl Bis &A1), RI420F B TR TR & SCIG 25 50 M I & . 32 BR AR MG A b SRRNEE R 45 iy, EL B ZR R 3k
R Li B ARBLSE, 5l ABT Y Li B 3BT 2 AR B 8%

3 &g

D ZEA R Na™ K", Mg*//Cl 503 -H,0 HIeR R T3 K AN, 58 T — BLEEER 9 6 7] < 7k 7k
AR BIIR K AN A 18 2 RV R IR TR 22 S R R AR M A, JLrh iRy . K TR
FEAIE 22 OC B, (< /K KT P2 i 2 AR AR SR LA AT H 25 , 101 7K 28 it 52 8% MgSO,/ MgCl, Eh (i 20 T F, K fh 2%
TREAIE R B R S 28 1) S A B A5

2) R LR R EAH AL XS R AT S AR KA 2E IR R T2 BBUOR (B 17 R 45 5 T %o
— HLER IR K HEF T2 R TR ST (20~25°C) K LA 3k Db A VBNR RSB0 Li B ST &
WA FIEREEFTERKF.

3) F KL FRAE R B KCL/MgCl, \MgSO,/MgClL, , 4381 T 25°C F B R A A 30 W9 4 b LR R AE. KAk
SHE B BT KCL/MgCL 5 F 0.15 I, K 565 L KCL, Car WFPIE AT H, 1810 25 5 2 40 MgS0,/MgCl, 55 F 0.13
B, PEBEA 15 R EE 5 A L R AT .

4) — BIPp K ZE R UUR IR 45 R S T B L7 6 XT LG, ZH W) & FREE LU AT, B AR T 132 22 Re 5
HAE 5% JE I, 28] Na™, K™, Mg //Cl™,S03 -H,0 F 7ok B A5 40 18 fE 5 AR 0 i 45 5 S2 PR R £k 78 g 7k
HRENTE.

5) R & Li* \borate Mg™ 7K Eh 1A R A W 5E T — HLEPE KK IR EE 28 & b Li B B4 k. BRIE H 144
SR R A KK Mg /LT FUfERE 2 27 B, sk i Li B AT DL TR R A7 F K P gk 22 5 4R, LiT LB, 0,
b B T T A B B 2 0.30% ~0.32% ,0.80% ~1.15% . 1 7K AU 5 b A%, (LK 2.50% ~3.20% , T8
AR T 2HARSAT Li B 25
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