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Abstract: Focus on resource shortage, environmental pollution, and low grade products, the major national demands
of China's rare metal resources such as vanadium, titanium, nickel, cobalt, and lithium, in the era of rapid development
of strategic emerging industries were summarized, and the major progress and achievements of this field in recent years
through upgrading and reforming the utilization technology of vanadium-bearing titanomagnetite, laterite nickel ore,
and high magnesium content brine were reviewed. The main conclusion was that: (1) Unconventional medium
strengthening methods such as coal-based sodium salt smelting, high temperature carbonization—low temperature
chlorination, and oxidation of sub-molten salt were the core of achieving green high-value utilization of vanadium and
titanium in vanadium-titanium magnetite. (2) The hydrochloric acid leaching—low temperature selective
hydrolysis—coprecipitation process was an advanced representative technology which can shortly achieve the high-
efficiency and high-value utilization of all components of the laterite nickel ore with low cost. (3) Double-functional
synergistic system was the key to realize the green utilization of lithium extraction and stripping from high magnesium
content brine. Based on the two ideas of solid waste recycling and waste reduction at source, the utilization technology
of strategic metal resources at the present stage had preliminarily solved the problems of environmental pollution and
low utilization rate of resources, but there were still common problems such as the lack of basic principles of green
utilization of resources and low scientific technological content of products. At the end of this work, the frontier
research direction of green high-value utilization of rare metal resources guided by strategic industrial key materials
was prospected, e.g. basic research on the application and value-increment of rare metal.

Key learning points:

(1) Unconventional medium strengthening methods such as coal-based sodium salt smelting, high temperature
carbonization—low temperature chlorination, and oxidation of sub-molten salt were the core of achieving green
high-value utilization of vanadium and titanium in vanadium—titanium magnetite.

(2) The hydrochloric acid leaching—low temperature selective hydrolysis—coprecipitation process was an advanced
representative technology which can shortly achieve the high-efficiency and high-value utilization of all
components of the laterite nickel ore with low cost.

(3) Double-functional synergistic system was the key to realize the green utilization of lithium extraction and stripping
from high magnesium content brine.

(4) Basic research on the application of rare metal resources which was guided by strategic industrial key materials
was an important development direction of its green high-value utilization technology.
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Fig.1 Flow sheet of blast furnace process for vanadium-bearing
titanomagnetite concentrate
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Fig.2 Industrial processes for titanium concentrate utilization

i RV AL P I R BOR B = R, ARG 2 SR R AN R
PR R R AR VR B o T R PR R A 28R I 7 ik K
FoeAy B H (1B TR o5 SRR A L 7.8%) HLB /K
FHBE 28 R MR A R BRI AR TR AT (17.2%)250, & SR
BRI 1 K (6.1%) 26 S “Bhk—18 “BR—5 “Bh—-EK
W BRI R B ER B L BERRYS . NIRRT
(9.8%) P BSR4k . BRL L. BRI R
(1.2%)28955 .l T A BRI A 5 — Bl —
HRIER, REREE 1000 ZHEEAE . HB1T
WGt E W 78.2% M08k A 8 LAHERF IR T b E
A G FR R, HIBE RS s, 4 Tkl
RAREEE R AR PAE 111% 2R KR AE REK
PP, 5.6%MIEBRFAEL. 5. 1% 1A B EHM .
N T RTEFE LI B IR, E AN TS A T
KERFIT, A RPIK TIOLPO, FAEREA R, i
B W7 KRB ] 25 B <5 & 15 G BRI, & AL B
Wi Y4

SACEA P RS RS E AR . RAKR
HIA R B ACATRBRIE N 10% . S RE H 1) Fe

A ER AR A= B BT FeCl,, HERMEEE
PR IR RN B o PR K R A R IR SRR B A
R A, R Rl SRR IE ] % NaCl AR
)RR, BEE Tioxide 1A APEAL MEMIA A, 4K
RO RARIRIEE = 1.2, RIRA A SMER I FERE
Wb 1T & o AR ALy — BAR AT BRI
T R B (R TR VA 448 B rb R A B FI A i) B, R 2% B4
DRI LSRG 2 o R BRSNS = R B /)
TR, (R AE fE F A LR R/

B EIREEBIM TIALE AR S, IEAEW R AN B
ERRE T FI B AR A B RYE . TR AR Ry 2501,
JuFIE Wang SEBORIA 1RE ERVEER T 7 A2 L 25k
T A PR ER TR R R A, & 2010 AL
ARG TE R T T2 B
23 PR EEELEAR
2.3.1 Pl dnmEE AR

PEG SR YRR MR, 29 80% LA EHIAUNH
TG R, BB Bt ek R, b
fn F) e 2, AT B B ANk o B T S e, S5 RN R s
0.1%H940, SREETATHAN 10%~20%. HLEARFRIISNE
P25 (3d%s?) , HFEE BTN Ak
E THENE S AL R A2y TR S I VERE, B2
iR . 20 4D 80 AEAREII I A& AR H i, A
V(V)/VIV)FI V(II)/VAD)ZH R IE FAf B, Hth 78 JiCH
Rt E A, BAA ) BN TS AT % K.
H iT 2RI 47 16 BL 2R LA 1 K 7L it R 7 ol A L b vl
H 6, 2012~2013 3R E LK AL KOG it A b BH %
Bib 47 X7 5 JE R 2 MW/4 h FT S MW/2 h [LES
MhfigRE~TE TR, AR ig T 5 AE DL EB738, 2018 4F [
R BEVR o A vHE D VI H b i B R U Rt [ SR Y T
, RIRLE 200 MW/800 MW h, — 135 H MR A 100
MW/400 MW-h. 1 FLAEZ B FRIB I A% 0, BT H LI
SRR 70%06%, B I ) A e 5 1 A T B i (ELAG R
1 HI R MV AS AT A ST B v R AR FE ) 1.5 mol/L, 1
kW-h FLHIHTFIL 5 kg(BA V205 1), KIER L It
it Be I B RS I H 5, 75 4 ke LB V,0s,
—EPLTH BB 10%. AN H AR B 4l R R A
=, B A LRI F Tt B AR [ R bR 1E(GB/T
37204-2018)H e PR A FE Bl 5l T 99.9%, JUHIFHL %
VEFEAE AR O3 B B SR X, Fe Al ALZNT 50x1078,
Cr<20x107°, Si<10x1076, AR Mg A AR R 1A RN e 8%
ATER I E ) (GB8238-87)hrk TR i 4 id FE 4E
) V20s 4N 97%~99%, A2 ICE & & U Fe M
Al KT 0.2%, Si>0.1%, F#l/Z Na fl1 K KT 1.0%. 1R



T 1

FrPESE: S VERAT 5 R B Ak A (EA H BOR 3 15

PR R R A5 S AN A, A% R R AR AR R 2
AIAiA I RE, BRI IN 1 SR R AR A A7 AR, ok
REETH T HUM F R B g

R LA 11 1) 4 3 22 DAY e i R 7 AR 1 e
VoOsUOADg JEORE, BT 2 Rtk BRI HLRE SR AR
EALSR R T2, iR E A 3 s

Electrolytic 12V(IV) + 1/2V (111
reduction elctrolyte
High purity H;SO4
V,05 acidification|
- Chemical K
reduction ’—> Electrolysis

3 LA B P

Fig.3 Route for vanadium electrolyte preparation

FTULE Y, B R ARV PR o] % 5 VA A — A — PR
BIFEEZ AR, 2P IS IR AR. IR
T AR K ARG o LA e R TR FU P B X A%
GEBRAR RS T2, WU AR T UABRE & LA BN R
B — PR A % UL R B T2, IR
TE R S A, AEAR R TEAR A B R AR P SR B AR
B, SCHLE MR A AR R AT i 2%, TR WA

4143441

High purity V,0s

‘ Acidification & reduction ‘

V extraction &
urification

‘ V controlled stripping ‘

¥

‘ De-oil of LSL ‘

¥

| Valance adjustment |

Vanadium electrolyte

4 D RAAA A 2 v AU AR R 2
Fig.4 Process for vanadium electrolyte preparation by one step
solvent extraction purification

2.3.2 BKPE v EAEOR

K= 2 M 2R, R AL, AT
R (R TRAE ). R R AR R O LAy
IRICEPERER) TizOsWRIRERR T F A A0 P R 1 7 AL AR
U1 T R BOBR R 2R SR A0, R AR 2 s i
B 2 A A ERISO) 8l L ) 3 P SR B i S e i 4l
JRERNEE . 55 AR BRAN S d 4k i R 4R ER AR LE, B
TR EETREM R FIRFRR RS, LR AN E S =, 7ERE K
FURA T HAR. FHESEmsi e Bk, WAL AR

LA R L o ) % B R T T HEAT T K AR R
TAE, X B i B B s FH 28 R0 PR IEL AT 3 T R
B L EAER Ti,02,-1 3<n<10) 741, HJEE Atraverda
ATV EF RSN TisO7 B E AR RRA M R B52 5
PL Ebonex AR AR $5 A5 7K A BT SUR P B R HL 1B R Y.
N BASK, TisO7 1AL FR A5 K3, H2 i SR} Hjth M e
FIVE R R BESSEJ5 THJR B T L kB, bR
P ST BRI JEI55) | SR JEEISOL, Aopy I JiR 571 i 3]
BEOR I JEEI8, BRSO B B8 A 34 JR 1014 . B T TisO4
S PERE R ), R A AR T AR B AR 75
RTRgftm B & 8. BIEREHFARE Ti,00-1 E1HHE
AR 2 ARSI I SRS 4 B TiiO; B i
BEREK, N Fad R FR T B i S B R E AR
JE R R, TR AR e SE B AR A8 (1) = 5 & TisO7 1l 45
FALAL 7 i 2l AR MR I 90% o 2T X TisO7 HH 2 A Tid*
F2 AN TR U 1 E5 A, S S5 Y T DA T
AT ONIE RN o F B, B B R AR B T
TR HA A S T SR A, T I T B AR R ] v R R A5
SE VDA ZE ) 5 2 B Ti,Onp1 WAL AR (n=3~9), MJFEE
R G RN v e T SR FR A R A AN S8 — | TR AR
RS, ST E AR (90% LA b, B 99.9%)
S AR T AR 10 gL AUE P, B
TEK AL FRANBR R} FEV SR A4S T RIFIECR, 5
I AL AL A1 S B R HURE B F ILE 5)

AN A

AL AAAARNANT

\\\\\\\\\\\ YYYYYYYYIYyrrii iy

v AP AY I RN W
%% e e e R

5 AL BR FEAR AR G K AL B B
Fig.5 Large sewage treatment plant with titanium oxide
electrode

g Eprd, PR, mR IR &L
WG R A IR A SF AR A PR T BOZ S
PERBLERE AL, BRER i ORI I A0y 20 1 BT
i A S5 B P A% T BOR S Bkt P v fEL
AU CHE . SN Bk 7R by T v i AR A~ i S
P IV 5k Y2 LA I P % ] PR R AL A AR 1) T 2
e P AT R AR RV RS Tl Ak B 1) 3 T



16 GO Y %19 %
. AR CRAR S S RKEF T 2] & iR A B s s vkl

3 HETENABEANK RS MNA

A TR [ M R TR A N BRAG R AR
K, MAE T4 LB bR SRR
65%~70%0>031, A= 7E 4 LA I B 5 B S il
50%. FREED TR F ERAGEERT, el ARE
B 11 86%!%4, BRALERA MBSO B, R EIRAF AR
TR RO S, ISR SRR S 2
WG, MEEEKRT 7% A 1T B KIERE, &
BE/NT 3% TREIEN B . AR TR R—1E R
VEIR NG JEAR AR, AT B AR B AR, 1% LA
FEHRLS), Bl b AT BRACAR T H 25080, 40 AR 1)
F EBW BRI AT G R R
3.1 BT AKELZE

ANt YD R OB L N et o X S K X Wb I L)
TRl B T AL AR A5 A X ¢ v e g i
CL AR ARYBERER LU 22 57 L P i PO A A R AL 3
T ANE, KL T ZRART] 73 AR T2 Fe/Ni tb
BE(>6), I AK(<1600C, SiO/MgO N 1.8~2.2);
Bk T2 Fe/Ni tbEUR(<12), B KT 1.5%, #EIE
A E(MgO B Si0 & & ) 166671,
3.1 B L

I JEBRACAE I A = B e B - T A B AT LR
T2, HFEH RO IS F S S5 FI(3EZ8 Cao).
AT U B BB (FeS,)s A B (CaSO42H,0). Hifif]. i&
JR AR Dy R RO TE I N IR I B, XU IR A
1700°C, HHWRAEBEM. BFE. RIS — RSN, ff
BEHREAN, EREERAYIEEESE. SR
P RS RN TOWt%, RS ELIN 19.5wt%,
HE—DHER . R E S ERAE . BRI, FEECE T
B o R AT RR AR ISR 20 70%, SHRER T 2254,
B L ZRERE. ARG, PR RO
3.1.2 BT E

BT 2N RZ WA A A T 208700, 4+
Bt & T R IR R M NiO>Fe,05>Si0,>Ca0, i T44
BGWIRIE, B FERCERR R, S FE A T s
PGP o FEARER T 2563, [ 2 -0 ik
(RKEF) L Z BN E A AR 20 488 /) B T 2072, [
WL LR 2 LS K BRI ENEn” . SRR 4 A
F, B IEERERE AN B R AR b 45, RKEF T ZRH
900 ‘CHUL 5, ¥ NiO Hik 5 AEEE, FeO5 H#i5
I JF R ZANERU2Y ) AE S R H e o 5N IO R R
Gt R T UG GRS H 3L B R R AR S A B

B SR, HAR ISR (8 95%), Sl
SR, [kEARE T 2E B ek, Hik S e
FISCRAG, TR R REFER = FREE R 1R 027,
32 LAABREETE

IR R AL 4 AR RN B R I R B AR
W, Tk Bl RABRGE T 2AE, FEAEEE
Rk BRI L2 mERREH 12, SRR T2/
IR T AT, IR & T ZEiG L 4L 4y 45 M f i
AR A S ) G 25 H RE TR = A R 4oy AR G, IF
AT pH k. FRRIRES T BRI N,
B BIEERIESE NV, RV RE AL AL
UUUE SR B SR B 7S
3.2.1 JRRER-EIRIELZ

W R R IR T2 EZEEER R B
PR R A 4, Hoh 8 (Fe Ni)O/(OH)2 - H0 H IR
B o Bk T AE L JR R e e B AL N RERR YT, MR AUE
(Mg,Fe,Ni)sSisO10(OH)s 1 BRI AR A IR S . 48 2 s
MEE, SERLERESEVRSS SR,
BREUE UG — K RITE R A AR, SEBL TR AN,
LRI M. BT R TRAREE AT
R (2 76.5% Ni A1 0.6% Co). HEJEMP
SR U BR B R R T o IRV I A 2 TR B 5 771 2 [l
WORPEER R R BV, B4 T3 F i
filit o [FBS, R ZR AR A Mg N Re bk
IR B, WIE TS B A LR (I
TZMResem, B BRCEANE BN 75%~80%,
Co<60%). T EHFHVIMBNEIR T EEBA LEY 5
R A R IR, JERA R A DTS Rl iR R
[ERE R TF, AT PR RERE, BOREUT
322 HEMREHTE

R BRI T2 R B TN ) 1S
B2, 20 A 50 AT IR K ETT, HF R AEL
250°C. %) 4 MPa 518 ~, FHFMIRERIGARD 1), 4R,
BREEW W R . FIURAR . B ORR R SR7E iRl T A K
fift BRI KRS A R AR IUTE FORE A, SR F )
BENZ R AR PR MRS, Hil T8 . %
fE i s N R R L AP, BRIR I h iR Fe =
FEOURTH. B B 5. madE, Wik, mER

REEH L e S R RR R 2L R, TR
KM FE

o BB RS (Moa Bay)#) et At s 5N &
JEFRIZ T2+ L), T2 RAEME 67,
EIERIE LEH, BHIRY FRELL N 025~0.42, 8. &



T 1

FrESE: S VERAT 5 R B AR (E A BOR 3 17

BRHENIE 95%. L9k, AEEMREHRTZ, HA
AMRMIE TAE 3 AL AR R . BRIREE . IRJE . AN
SRR VIR I, 2E— D KRR FE = Ak
BHE RS R ROCE S, A LB IR
Mo 24mn, R B EEE N EERRE LT RAHER
BB, AR Murrin B2 R 3R SIS
(Coral Bay)#r i (1) R Bz 1., IR H AP IR
AAFEL, AER TS . INEBRIRIE A A AT
AT, SR HEIGEFRR-20R L85, BRAEHXT
UK RS R S N 5 N BESE I P E, 3 EE R S A AR
AN ARG AR B TEPHZE, HIR H ARt XS T %,
SEIA LT BT AR .

Laterite ore

H,SO, 4{ Pressure acid leaching ‘

‘ Counter-current ‘
washing

H,S
Coral

_Overflow

Thickening

Overflow

H,S 4{ Pressure precipitation ‘
Thickening

(Ni, Co)S

Bl6 LR T ZRaEET
Fig.6 Flow sheet of pressure acid leachingl’!

LT ISR BAFAER A, +H A /RIR 8 R
HRBHR T2, H R BRI R T 4 H 2L AR
05— @R IRIE AR T, RERA PR, 1LiE
JEAFERENE, REEWHTEM. RN TZARMS
JE3E, WA HRTRMIR. REREIR, ERRFEA, RRHFE
IR FE=0.7~09, RIMEFIEE, RERABZA.
J S5 A T PR RELOT81 BT g SR SR Rl niR AL TGS i
e RRARIRAE, e A, BT SLI Tk
PR -

323 HRRETZ

IR R A T TR A ZER N 77 N E R
BOEEEE, B R R KRR, SEILER R [E]
WA FITO83.841 Bt R [ W 20 At T JEE b
BHO R RS RT, B AR BT e s IR A P21 141
AR -

PAERIR 5 S EVEBOIR R, 80 n SR IR 1R

Overflow

VAR P A R A S B R B RN, R A
B IBRACLP T.20), ik ilia 55 &l s ik
J£, BH 1L FeCl—2& &% IR 3E Fe> 7Kg/ Ui, FRAK
BRIZH R Z T MM SRR A e R ] iR
BORIH, R HFRATECHR A, rl e e sk a5
WS T LR HITRA . 51 PR E07E #EER IR O T
7 RERTT, HEBREFEER -k, SHR2
iz A7 A Rt R = T ERENR H 2R (>90%) . ZEHLRR
BRACR S, (R R, [RIB BRI ER &ALt 25 B e
AKfETT IR ER R, BB R, W& iR, W5
M R THRE R E AR, BRI

e ER R PR A ME R )/, ] CaCl, AT HCL /R IR H
#, RN HaSO4 #7HY CaSO4 (I4F &, 528 HCI [H]i
TR B TZFRAC TR A ESOSAs, AH A B R ]
WA KA S AR IR 7 A G, R, % T2
M SIS, Bl mA A8 A, difEAE, B
WANIE T A B aUA R AL 8. R MgSO, 78 =ik
MgCly ¥V H I AR FE LN ARE L, B 7E MgCl IV
JIN HaSO4 8L SO», YLIE MgSO4/ MgSO; F RIS, SZH
32 7L, MgSO./ MgSOs £ 485453 MgO 5 S04/S0,,
MgO 1EUTIER], SO3/SO, T RR AL, 12 HFHIVR4s f5 ]
REIFIH . S TZMER TR AR, FTERER TSR
FAERRR RIS, R KZ& K BN, RefEm, AW Tk
A= [ RIE -
3.3 A REEEFAMBEAR
3.3.1 Bl PR XU PR 2 A B AT 37 i A P R RO B

PN

BT UG AR A BT AR 37 3 AE = SE T B R
FFH MmO 20 AR AT R g A, 20 R Bk
Wy RS W) B g SE KB BR , FeoOs 1E T
Rl 5. BEAN SRR EEACNEE . T
R ZE R BT YR, BRIR AT IRERR 90% UL |, 5P
BNR R 35%~40%. IR IEL NG, s -7
e RTIIEE 2%LL . 48T &miaEiE, JEY
HHER R B ERNT SSRAR ) B AR S MR,
BT HAME, S8 YRR T g, iRERIER
HIdFEH Ni Fl Co 12 HHZR AL 95%LL b o 1% T2 52

PR mAGEE - AR, EdaasEhan
HR R %€
3.3.2 EhRH IR R /K RS & HT AR

TR B UK A LR K12 R B K T2
AEFRAT RS T RAFH SR ROR, 2 E
Bl 7 fion. EhERE R H SRR, s gk A e+
B R IR M R S TR IR AT, e L



18 4R T E Y

#19%

B Fp S R WV A R BR AT A EL DX TRV, Wi e P 1)
ZREHM. g JTTRPCEEE DI, IR T
IR SEH R AOMRBR < PR A AR AT R DT S
SN SEBUERTTRE A ERR tH, BRBGIR R, BRIR R AE
60%LL R,

Laterite ore

HCI —-{Atmospheric acid 1eaching}<7

Residue 4—{ Solid/liquid separation ‘

Solution

\ Iron hydrolysis |
i v
HCl

Ni/Co solution
Solvent extraction

_ Ni Co

Fe product

Bl 7 20480 SRR IR -k MK R T i RE )
Fig.7 Flow sheet of laterite ore atmospheric hydrochloride acid
leaching and selective hydrolysis processt’®!

% L2 DA BB A 80 B AL AR 5ok 2818
R, AERAN SRR N R R m iR th Ni Al Co, TE
BRI iR T2 RIR MR SRR T
AR AL EE 2 PR RIS AR, B T AN R 2
2L R AR T2 A ER I ) 8, S8l T SR S
TEIRRIH, BRAH T a8 ek, 8. i AL
TR E LR AR SR T —Bis it
3.3.3 e s EA AR

CL AR IR A BR A . A ELS) B R 19 4l 4R
VW, FA B A i T s R AR, g™
A G S PR AR BUTR(EEAN O, N Al S &)IE
B, 4% B 99.9%F1 99.99% 1) 4 JE 4877 b, AT 2
SeEAL S R BINL BEECHL A A AR A i
B Ak R

WA TR 3 AL AR SRR R R B BT
FRILAF I JEORML Y, AT EHER] FH e v S F i A
I RS i) £ 8T RV H vth FH (9 B 5 = o d RSO0, (4R 4R
ERER(111, 523, 622 FI1 811 RANAEEE = ok kL, H
PRELE =T 2.2 glom®, HARME KT 80%, 0.2 C fi
KRB E KT 200mA-h/g, %R IEREMIGHPEREAL
S, IERIEARE. DL AR R R B =00

FOBFHIBrEAR MR R T ARGEOR A FORH R &l BB
MRERR I LEMIER B A m R, 22 5F At
PG RTE

PRV REA . R B L AR SEHERR
MR, BIGRIRA  iE AL S EAL SRS M EOR,
WHREENL TRIR—KEME T LZ. Z&Rmn 8 EcR
IS A BRAEA AR L R WA RS i S i A O
BOR, FEE T EhIRH IR I FE AR ) 4 (v A R
TRBORE R, BAEREE . a6, 240 H 80,
HAT RN AT 5o BraoR IEAEEAT T i ik 45
IE,  HL MU St 7T 22 A 2 R s < S sl R REL R 14
WL, i &M =Jo IR RHRBE A R, X

ENPEHTREIR B RL S BT X M (K e AT
B X

4 BREMRRLANKZRES LA

THF 30% 1 HE B IER HE A, 70%3K H B KiK.
HarBA T RIME A A a0 B KA.
PR RERIRE AR A, FLrh A 2 R S A
L, —EAERAN R, Ry A BMER, H
BAy A BALAG, RIUBAL R . H T RS
BRI — TR RN TVE PR AR — 28 R 4 ek BT, A K
F RS- BR AR DU/ A B B T 0 i A el Ak ik
(881, ERRE Be—BR B A0 I3 HA —H R VAR e i S A v
BOIX 4 Fh T ZSCBAEMEA SR . i T A R L 5 MRS
E, 4 POTNE T AR, fEIEReRE S R R %
(SN oy N T

FRIE 2 80% LA b [ B PR g A7 T bl i K Hpr, #6380
RKKSEHE L 2R, RIS, &5 T A LommE
Feid FE, ST KRR I R A PR R A, B
UF, S5 A T 2AH R I B EAR R &R,
et SRR AR PR ) R ER AR . BRI K B BRI
A ST IR R, — ML Mg/Li Lo FRbRiE
BRI TZ: (1) B R Mg/Li EE IR 0,
SR K BRI 28 R BOR B AL DTERRRAECY: (2) BRI R4
G B R K B BE R AR ZEIOR, Mg/Li<20 1k
BRI, SR R IR (3) Mg/Li>20
R, T T R BRI AR RO, A E
KREG R T2, T i R X 1)
SRR IR Y EL A S A N i B SR, SR R 2 —
WNERT 635 TR — LIS 2R 1) Mg/Li>50,
B o IR SREN X R B SR A T e IR B2
WFRERGEL, B A He 5L RO L 43 B0



T 1

FrESE: S VERAT 5 R B AR (E A BOR 3 19

HNTEPIER T, 321 HIH T H AT HRIE B R K
AR TV I 7 i, (HIX L T 28R AE AR Ak
P ZRAR(<50%) A R SEBRIE, AL T 27 RS

7 LA i R WA ARG A TR R 9, IS AT A E
M2 7 RE AR FIARE, 5% T 2R R piEik. X
T2 TG Tt — BRI 5E 3%

® 1 ZRESHEHPKRE TR G E

Table 1

Industrial application methods of lithium extraction from high magnesium salt lake brine in China

Method Key technical step Industrial application Advantage and disadvantage Ref.
Calcination— Bittern—spray drying Producing 4000 t/a Li,COj5 in west Taiji'naier Stable quality, high energy [98]
selective —calcining—selective leaching salt lake by CITIC Guoan consumption and heavy pollution
leaching —evaporation—precipitate
Adsorption Bittern—adsorption—desorption— Producing 7000 t/a Li;COs in Qarhan salt Suitable for brines with low [98],
Mg removal by nanofiltration lake by Lanke Lithium Co., Ltd. lithium concentration; complex [99]
membrane—evaporation—precipitate process, low yield and high cost
Membrane Bittern—dilution—ion exchange Producing 10000 t/a Li,COs in east Taiji'naier Simple and suitable for brines [98],
separation (nanofiltration membrane)—reverse salt lake by Qinghai Lithium Industry Co., with high lithium concentration, [99]
0smosis concentration—precipitate Ltd. producing 3000 t/a Li,COj3 in west high water consumption, high
Taiji'naier salt lake by Qinghai HXR Lithium cost and low yield
Tech. Ltd.
Solvent Bittern—extraction—stripping Producing 4000 t/a Li,COs in Da Qaidam salt Simple process and high yield [100]
extraction —evaporation lake by Qinghai Tsaidam Xinghua Lithium high acidity stripping makes

Salt Co., Ltd.

lithium recovery difficult, and
corrosion serious
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Fig.8 Mechanism of lithium extraction and stripping from high magnesium content brine by double-functional synergistic system
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