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1.1 BEEIZ®IT
1.1.1 WA R 5N

SEIRT HhI0 IXJe KPli ve JR U X, R TR]
K, ZRAOW, BRARERZEKR. FREFEFY

33.9%, AR 34 C, RIKAIE-289 C,
R 82 °C, FXHMRS(A] 3 358 h, 4E-FHFEK
& 284.4 mm, FRKE 28367 mm, HEEKLE
WEAERSEM 6~7 H. 3R 18 2019—2021 4E52/R
R A K & A PR R BRI SR
1.1.2  LZwiH ik

P37 £ FH 28 S0 BT FH JEORE D 82 R v 26 151 4
PR T, AR R 2 KR, K7 R 2 D
25 C F Li's Mg"//CI-H,0 & & #H & N B 8 &k
PO W1, K AR g R R Bk
N MgCl,-6H,0, & A /> & KC1-MgCl,-6H,0 Al
NaCl.

®1 BRTHEXERERAFHSKERERT

Table 1 Statistics of annual and monthly average meteorological elements in Qarhan lake
H 1 2 3 4 5 6 7 8 9 10 11 12 T
HEE/C -7.24 -2.2 2.8 12.8 13.9 19.0 19.7 21.5 16.8 9.1 1.1 -6.7 8.20
75 R H/mm 41.30 74.4 166.2 2240 373.8 3925 541.8 467.8 285.1 149.0 84.0 36.7 2 836.70
KIE/(m/s) 3.80 4.1 4.8 5.7 5.6 6.0 5.5 52 4.8 4.7 4.2 32 4.76
HEGRE/A 19440 1915 2642 1613 2969 301.7 3020 289.9 2684 2322 1932 189.1 3358.00
AHRRE/ % 44.90 36.0 324 30.1 28.6 36.5 33.6 28.6 273 334 33.8 40.2 33.90

*2 HERLATHRERUFER
Table 2 Chemical composition of old halogenation in
evaporation test of salt pan

Mg>/% CI/% SO /% Li'/% B/% Li'/(mg/L) B/ (mg/L)

8.34 2485 0.0201 0.0142 0.0195 18827  259.04
LiCl
LiCl-H,0+L]
LiCl-MgCl,-7H
. LiCl-MgCl,-7H,0
Al iCl-MgCl,- 7H,0+MuCl,-6H,0+L
MECl, 6H,0+L

HO MgCl,

B 1 BRITERRLEREGERKZ (25°C T LN
Mg*//CI--H,0 &)

Fig.1 Theoretical crystallization roadmap of Qarhan brine

evaporation (phase diagram of Li", Mg”*//Cl'- H,0 at 25 C)

G 25 °C Lit. Mg*//CI-H,0 B i 5 ¥,
Li'E £ E K AR BEI IS ILE 1 a6k, &

EARAE B E R M (IR A SR B AL, ks
K, LiCI-MgCl, 7TH,O ¥t , tbBfAH H Li*
FS-&EAIA 46 944 mg/L, BETXTRAA 188.27 mg/L
) B0 VR 45 £ B 249 5 . ARSI 45 A IR
%, WiFERIKREE LIEE & & KT 1000 mg/L
W4 5.6 15 KA E N FREE A K LI L5 1®8, H
PRy 4E 5 1%, 5~7 2oy B ] DU BB s IR
fabr, DHULSoGh BT 6 R & . $hH Hifi T
SRR 2.

HR B FRARS) JIHEFE, % s AR A7 B BT
(o H G 2 2589 4y v 6 b, AL dE 1 g4
X 5 FIKRGEX .
1.1.3 #HHETEHHE

RAEAH AR, B9 4 H3 9 ALk
FH BT A 3 DX pl 7K U B2 8, AHRHR AR, AR
B, LiRgiERE . FRE K LivkE 180
mg/L W45 % Li' 1000 mg/L, &5, %A 6 %
78K, BRR4EM5H 134 5, Bk %
25% 1, BN EHURAR K% 2% 1F, B HPE
HRABINE 3,
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Fig.2 Multi-stage fine control of salt pan sun drying process
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Table 3  Salt pan material ratio and area at all levels
O A Bl LT HEER g
KB K/ WIE/(mg/L) WK E/(mg/L) H 5 3/% T F/m?

14 100.00 68.47 180.0 241.2 352 18892
240 68.47 46.88 241.2 3232 239 12849
3% 46.88 32.10 3232 433.1 16.5 885.6
4% 3210 21.98 433.1 580.3 11.3 606.5
5% 21.98 15.05 580.3 777.6 7.8 418.6
64 15.05 10.31 777.6 1042.0 53 284.4

1.1.4  SEEGEhib iz s

RYE R H T 208, £ iR A w8
v X R B T B L 5367 m? (752
SEIG AR . WARE LA RN R I S s,
I eSS HER I B, SRR AT 45 50, bk

P EE SR R O TR B SR
P A L 3
—_> 3
Il
v
&4
17 2% 5
I 4
R
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B3 AEXKRHAFEFE
Fig.3 Level 6 test layout of salt pan
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2019 4 11 7, skiEh g se i, HEASRHE
RIJT R R S0. BgEK, KIREL 17~6"H

HERAER. LHENT1600t XK, DIl 1244
HARZE K, 2020 4 11 H 5e sk le, Hrppi—
ANATR L RO AE e AT It Y e K AT R
MW, EFSE. BE. R "R EE.
. pHAEMEE S B0, FEE2~3 K
BORE— W, Mtk i, W08, 22, Bl .
A MERREE THRWRERNL. fFrKSHIE
B LA B R, R g v
IKAETIRN T R #h.
1.3 SHNERE

S5 v BT ECIE L RORE 1 B BH B Ak 2 4y
BT LM CR I BRR B /R VA R &40 Mg™,
K H EDTA &€ Li's By SO, K H ICP-
OES 45 & 1 KA1

2 E&XREHiTk

21 RESBEDETENEEMBNE

W 7K A LR EE M 188.27 mg/L 75 K % 1 000
mg/L, WAL 5.6 5. Witsr 6 HFEKRKYE, &
WARIRGR 1.33 f5. T HOFERIIEAE LiTs B &=
Ak, EHlG—REBHS KA, B F R
LiWR B J SEbr 5 R FE L3R 40 & 2 i LiTiK
J5 55 VT 1) 43 9 S 56 45 ) TR FE R A
R K SEEG 5 S0 5= /MRS A — 2.

R WA RS LiTA B /K AL W
B4, 5. IWEIFFRT AT, 7532 =03k H A28 % o
B, BT IK LA B IR BRI, HET ) LitAn
B I KB NGNS, ZKBREK. HE
Li"Fl B BRI A&, BIZEKHEH, LiTF B &
LT EE W Nk, BAH ) LiR AN 188.27 mg/L
&R A 110500 mg/L, MIEZ 1 g/L, BKE M
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259.04 mg/L Z K% 1311.50 mg/L, HIEL 1.1 g/L, Bl R 7E 28 R AR T TR B T R K
WARJE K] DLE R T 5 38 B . ol i s A, "THTHEMBAE SR
F4 HAERLIWESFS LiTRE/ (mg/L)
Table 4 Li" concentration at each stage of evaporation test in salt pans
JE 1# 2# 3# 4# 5# 6#
TR g i 188.27 250.40 333.03 442.93 589.10 783.50 1 042.05
SIEEE 3 A ) A 188.27 236.15 319.50 419.75 642.75 865.75 1 105.00
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Fig.4 Li" concentration in evaporation process of
all levels of salt pans
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Fig.5 Boron concentration in evaporation process
of all levels of salt pans

22 KEEABERKAITREE
2% 3 W 28 KR 4n LiT & B il B 4 S 0T, W
MR ENT — R Ak s 28 K . BUE RE 2 3

TEE, GRILES.

& 2 36 B FE o B &5 SR T o0, & b |
MgCl,-6H,0 1) ~F 3 it 7 K T 95%. [EAH SO, &
=G I B, SO, S B DA RS AR A AE T T
g, 1P~6"# K& A+ SO, & EIim /T
2 000 mg/L, & BMEE K. g 2 R R EAT,

KK H Ca® W EEAWIE N, T2 SO, & & A Wbk
K, MEWRERSABBEERMEL, #eZid
Ca> H AT SO MFEFRAL, M FRIR KA A T
SO k&, KEHEAT B I EMMBAT B &
B, R B FEE S BRI FET
AKEBEA A o FEOGE T 5 S 0 A K SRUBE A R
BT T AR5 E (B<100 mg/L. SO <
2000 mg/L) AHEL, KA SO, B MK [F
TR IR P S48 90 N 89.6% 59.9%, FE s & 2 B
JE SRR & BB R K S A L AR AL, B
R ERNEFE, BRARKEE A Rk % I 2 b id 72
BRAS, HE A R R

x5 HHEKSHEATHR %
Table 5 Composition of bischofite in salt pans

4FR Mgy Cr SO~ B (D FHMgCl,
PR 1138 33.69  0.0144  6.5x10™ 45.13
M 1133 3378 0.0269  2.3x10° 44.93
3FEE 1145 3419 0.0079  4.0x10° 4555
43H 1129 3359 0.0341  4.6x10° 45.05
SERH 1144 3345 0.0253  8.7x10° 4541
6° 1141 3339 00152  1.2x107 4525

T 1138 33.68  0.0206 5.37x107 45.22

X% 2 3k IR K @B A K IRE 2.36.
1.40. 0.84. 0.42 mm FrifEGT 56 T 4, AN Rk
IS AT H AR 40 A L3R 6 Al 6. HIIET 6 1]
H1, o 3k H 2R R AR B K & B A B2 +0.25 mm
80% LA b, KifERK. T Li'fl B fEZ8 KT
G HIRIRAGE LA, 1. 2 1 3 b 728 R
K, KEEATFRAY ST 4. 516 9tk
H, Btz gh, 1. 2. 3 Zah HK &8 A fh A A
4. 5. 6 AR, Ki4%-0.25 mm K EUEEA
PG T HAb R A2
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Table 6 Composition of bischofite in different levels of salt pans
1 2" 3"
Fi4%/mm
. Mg  CI SO/ B Mg  CI SO B Mg  CI SO/ B
+2.36 11.19 33.58 0.0124 0.0026 11.29 33.20 0.0182 0.0030 11.24 33.61 0.0083 0.0053
-2.36+1.40 1146  33.73  0.0096 0.0009 11.32 33,57 0.0166 0.0036 11.50 33.81  0.0045  0.0041
-1.40+0.84 11.43 34.06 0.0068 0.0002 11.53 34.74 0.0106 0.0015 11.57 34.62 0.0020 0.0036
-0.84+0.42  11.38  33.54  0.0072  0.0002 11.47 3389 0.0053 0.0021 11.61 3435 0.0000 0.0033
-0.42 1145 3355 0.0669 0.0008 11.06 3348 0.0974 0.0009 11.34 3454 0.0491 0.0031
FHME 11.38 33.69 0.0206 0.0009 11.33 33.78 0.0296 0.0022 11.45 34.19 0.0128 0.0039
4# 5# 6#
Hi4E/mm N ) N
Mngr Cr SO, B N[ngr Cr SO, B Mngr Cr SO, B
+2.36 1099 3211  0.0270 0.0074 1145 3294 0.0442 0.0175 11.16 3231 0.0168 0.0163
-2.36+1.40 11.17 33.35 0.0206 0.0056 11.48 33.26 0.0322 0.0120 11.48 33.27 0.0143 0.0106
-1.40+0.84  11.53  34.62 0.0307 0.0024 11.55 33.55 0.0236  0.0049 11.50 3394 0.0152  0.0082
-0.84+0.42 11.53 33.95 0.0144 0.0014 11.49 3391 0.0169 0.0022 11.69 33.68 0.0120 0.0064
-0.42 mm 1122 3391 01509 0.0013 11.24  33.58  0.0021  0.0021 11.21 33,73  0.0119 0.0105
FHME 11.29 33.59 0.0487 0.0036 11.44 33.45 0.0238 0.0077 11.41 33.87 0.0140 0.0140
45
a0l 4u)2 1# 2 3
4// Sii 6ii
35¢
31.30 31.57
30} O] | | 20332037 3003
A+ R7.14
S 2847 F5i4 by 25.29
g By 2% 42 5 2823
3’3 21.0__17_ 204198 64 20.98
& 201 p.25 [ 17
= 01 134 2| g os| | i as 17.29
5T 12.79 .
11.05
ol 10.76 10.29 9.258
77 s a6 i
st 4.34
+2.36 mm —2.36+1.40 mm —1.40+0.84 mm —0.84+0.42 mm —0.42 mm

PRIE LR

6 BRHMAKIIZAY RWESTH

Fig.6 Particle size distribution of bischofite in different levels of salt pans
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%R 1.324 3 g/em®, Li'WREE N 188.27 mg/L
(1 )5k K 283 6 24 #h SR 28 RIRAE A 1 105.00
mg/L, K45 5.9 5. U@L 2 gEEE KR T2,

RARFK KL, Rell m ik fE PR kK Rk, (R B
B R R SRk g i B Lt R, B AT LR
&, LiTEABIE AN 65.97%, B EEER 50.50%.
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Table 7 Material balance in evaporation process of salt pan
WP (g/lem®) Li'/(mg/lL) B/Amg/L) #EeEn LWk B EL HKEL LiTERE%

ZVEREIN 1.3243 188.27 259.04 100.00
1 13393 236.15 294.75 1601.0 1.25 300.1 1220.0 94.73
2 13479 319.50 377.50 1220.0 1.35 296.5 844.4 88.11
3 13399 419.75 511.75 864.7 1.31 187.3 607.1 83.73
4* 1.348 1 642.75 910.00 629.4 1.53 197.2 357.4 75.01
5 1.3392 865.75 1017.50 387.7 1.35 86.9 247.4 70.40
6" 13505 1105.00 1311.50 265.8 1.28 50.74 183.1 65.97

3 % W [5] 4R IEE, BeAs I, 255, 45, & BBt VR TR 4 H SR BT 7 AR

(1D B IRAE SRV 2RI 25 X 7 i — 4 T
TSR ER AP B 1k H T2 K S
F, BER T K/KTESRH HRZE R FEH By Litflik
giE . ZERATI LiTA B R R 1 K N 22
18, BIZKFEM, Lt s SEER S, Wi
HH) LiRFE A 188.27 mg/L 25 % % 1 105.00 mg/L.

(2) RHAZHILHERG R 53008
%, 3R T RI42+0.25 mm 80% LA b B KA
BT, AR LiKEE 1105.00 mg/L F) & 48 7K s

(3) TESERRA =i fE v, nIHE e Eh R R A
BENBAT A P T, AP A, Bl A2 S
MEIp R, FaEdhm T2k, wb i
ARSI TR ROK R, A R m A = 20% .

52 Sk :

(17 FKTFIL, KIk, 22 Fe, &6, v B il BT AR FTBLR S5
RIEgL ] %MEEIJL 2022, 54(10):13-21.

ZHANG S J, ZHANG L, JIANG A L, et al. Current situation
and development suggestions of development and utilization of
salt lake resources in China[J]. Inorganic Chemicals Industry,
2022, 54(10) 13-21.

[2] REdGAE, TR 4, B4, SR TR & SWOT 44T
&7;2%%*@ ). =55 FIH, 2021(5):45-51.

XIONG Z H, WANG S J, XUE H K. SWOT analysis and
development conception of magnesium resources development
in Qarhan[J]. Multipurpose Utilization of Mineral Resources,
2021(5):45-51.

[3] 23, £, B R, & SRl /KB BHRIR I AR KT R
PUIR [T]. 5398 72, 2023, 31(2):71-80.

LI Y, WANG M, ZHAO Y J, et al. Technology and
development of lithium extraction from salt lake brine[J].
Journal of Salt Lake Research, 2023, 31(2):71-80.

[4] fEIE R, EXE, EAF, 55 B RIS AN
1‘%1’%1}‘ (1], SRR 7T, 2020, 28(4):125-131.

XIONG Z H, WANG X F, WANG S J, et al. Discussion on
comprehensive utilization scale of lithium resources in Qinghai
salt lakes[J]. Journal of Salt Lake Research, 2020, 28(4):125-
131.

LB I 0 gAML 2021(5):32-37.

XU Z Z,LIANG J L, LI H, et al. Research status and prospects
of lithium extraction from lithium containing resources[J].
Multipurpose Utilization of Mineral Resources, 2021(5):32-37.

(6] #/NZR, A% 2. PN i b A 2 R ) e vk S5 R A LD 1Y
JIEEAE, 2021, 47(6):240-241.

YANG X D, ZHAO H'Y. Design and application of inland salt
lake beach salt field[J]. Sichuan Building Materials, 2021,
47(6):240-241.

[7] £33, Lol, 3480, 55 0B
PR S/ N R U 7 R
55(5):31-38.

WANG J M, NIE Z, FAN F, et al. Study on potassium and
lithium resource loss in brine of west taijinar salt lake and
simulated evaporation process[J]. Inorganic
Industry, 2023, 55(5):31-38.

[8] BROCHE. #h H L Z 4 h 8 B R G HIWIR 50 5L (1], 2hFt
54T, 2021, 50(7):29-32.

CHEN W X. Preliminary exploration and research on process
control and management system of salt field[J]. Journal of Salt
Science and Chemical Industry, 2021, 50(7):29-32.

(91 BT, A, T, 5. o B Sl s 7K S 8 AL H R BIF 7
BERELT]. ToHLEE L, 2022, 54(10):1-12.

NIE Z, WU Q, DING T, et al. Research progress on
industrialization technology of lithium extraction from salt lake
brine in China[J].
54(10):1-12.

[10] 3, RAER, XIHE, &5, v B b AR Be ) B 5 L
WU TRk [1]. AL 24, 2021, 72(6):2905-2921+3433.
WANG Q, ZHAO Y J, LIU Y, et al. Recent advances in
magnesium/lithium

JRERTHIE H SR K
[J1. &ML 2k Tk, 2023,

Chemicals

Inorganic Chemicals Industry, 2022,

separation and lithium extraction
technologies from salt lake brine with high magnesium/lithium
ratio[J]. CIESC Journal, 2021, 72(6):2905-2921+3433.

[11] 4815, 195 5. K ER A RAHE K IERH IM]. R R
RS AL, 2002.

NIU Z D, CHENG F Q. Phase diagram of water and salt
system and its application[M]. Tianjin: Tianjin University
Press, 2022.

[12] o B R e 75 BRI 7 T 23 # 5. skl /KR 3k A 23 A 7
7Y AN jtm. B HR A, 1988.

Qinghai Salt Lake Research Institute. Chinese Academy of
Sciences. Methods for the analysis of brine and saltfM]. 2nd

Ed. Beijing: Science Press, 1988.


https://doi.org/10.3969/j.issn.1000-6532.2021.05.007
https://doi.org/10.3969/j.issn.1000-6532.2021.05.007
https://doi.org/10.12119/j.yhyj.202302010
https://doi.org/10.12119/j.yhyj.202302010
https://doi.org/10.3969/j.issn.1000-6532.2021.05.005
https://doi.org/10.3969/j.issn.1000-6532.2021.05.005
https://doi.org/10.3969/j.issn.2096-3408.2021.07.009
https://doi.org/10.3969/j.issn.2096-3408.2021.07.009
https://doi.org/10.3969/j.issn.2096-3408.2021.07.009
https://doi.org/10.3969/j.issn.2096-3408.2021.07.009
https://doi.org/10.11949/0438-1157.20201715
https://doi.org/10.11949/0438-1157.20201715

Expansion Experiment of Multi-stage Precision Control Process for
Lithium Enrichment in Qarhan Salt Lake Brine

LYU Xuecheng', SHI Zhonglu>, TANG Yongquan®’, LI Zhiwei*’

(1.Qinghai Salt Lake Magnesium Industry Co., Ltd., Golmud 816000, Qinghai, China; 2.Qinghai Salt Lake
Industry Group Co., Ltd., Golmud 816000, Qinghai, China; 3.Qinghai Salt Lake Yuantong Potash Fertilizer
Co., Ltd., Golmud 816000, Qinghai, China; 4.Key Laboratory of Comprehensive and Highly Efficient
Utilization of Salt Lake Resources, Qinghai Institute of Salt Lake, Chinese Academy of Sciences, Xining
810008, Qinghai, China; 5.Key Laboratory of Salt Lake Resources Chemistry of Qinghai Province, Xining
810008, Qinghai, China)

Abstract: This is an article in the field of mining engineering. In view of the concentration and enrichment
of lithium ions in old halide in Qerhan Salt Lake, the expansion experiment of the multi-stage precision
control process of old halide enrichment was completed by means of evaporation crystallization and step
separation. The enrichment law of lithium and boron during evaporation was studied. The concentration of
lithium ions reached more than 1 g/L, and high quality hydrochloromagnite was obtained. The material
balance of the evaporation process of the salt pan was carried out, and the actual halogen yield and lithium
yield of each phase of salt extraction were obtained, as well as the production capacity of the sun salt pan and
the area distribution ratio of each level of the salt pan, which can provide reliable data support for the
comprehensive development and utilization of potassium old brine extraction in Qerhan Salt Lake in the

future.
Keywords: Mining engineering; Salt lake brine; Lithium; Bischofite; Existing state; Salt field process
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Development Status and Research Progress of Unconventional Brine-type
Lithium Resources

LIU Xue, ZHENG Junwei, LIU Wenhao, WANG Liwei
(Literature and Information Center of Northwest Institute of Eco-environment and Resources, Chinese
Academy of Sciences, Lanzhou 730010, Gansu, China)

Abstract: This is an article in the field of mining engineering. As an important battery raw material in the
field of new energy, the global demand for lithium is accelerating. For a long time, China has needed to
import a large amount of lithium raw materials, and there is still expected to be a significant demand gap in
the future. Unconventional brine sources such as geothermal brine, oil and gas field brine, and desalination
wastewater in seawater containing contain considerable lithium resources and may become an effective
supplement to conventional lithium resources. As a green and sustainable method for extracting lithium
resources, the development of unconventional brine-type lithium resources faces significant opportunities.
The discovery of abundant unconventional brine-type lithium resources in Sichuan, Xizang, Yunnan and
other places in China will be of great help to solve the shortage of lithium raw material supply in China. By
summarizing the current status and progress of unconventional brine-type lithium resource development and
its key technologies both domestically and internationally, this article provides a reference for the
development of unconventional brine-type lithium resources in China.

Keywords: Mining engineering; Lithium; Geothermal brines; Oil (gas) fieldbrines; Seawater; Critical
minerals; Strategic minerals
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