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Abstract: Layered aluminum—-based lithium adsorbents, as key separation materials for lithium extraction from low—

grade brines in China, have been widely applied in industrial lithium extraction processes at several salt lakes in

Qinghai. However, the powder granulation process still has a significant adverse effect on the lithium adsorption

kinetics and recovery. This study systematically investigates continuous lithium extraction using a novel granular

highly hydrophilic aluminum-based lithium adsorbent. Fixed-bed adsorption and desorption performances at

different flow rates were investigated, and a 20—column three—zone continuous lithium extraction process was

designed to evaluate its lithium separation performance. The results show that the adsorbent achieves efficient Li*

adsorption and desorption at relatively high operating flow rates. Compared with conventional granules, the brine

treatment capacity can be increased threefold, and a high desorption flow rate has little effect on the Li"
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concentration in the eluent, with the amount of Li" desorbed within the same period increasing by a factor of 3.01.

During long—term continuous lithium extraction, the lithium recovery remained above 90%, and the lithium

adsorption capacity remained stable at 7.23-8.80 mg/g over 18 adsorption—rinsing—desorption cycles. During 80

adsorption—column switching operations in the continuous extraction process, the Mg/Li mass ratio was rapidly

reduced from 248 in the feed brine to below 0.5 in the lithium-rich product stream, demonstrating efficient and

selective separation of lithium from salt lake brine.

Keywords: salt lake lithium resource; aluminum—based adsorbent; continuous ion exchange; adsorption selectivity;

fixed—bed
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Schematic diagram of the continuous ion exchange zone configuration

—— Hydrophilic adsorbent granules
——— Adsorbent powders
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Fig.2 (a) Comparison of morphology between conventional and hydrophilic aluminum—based lithium adsorbent granules (insert image:

contact angle), and (b) XRD patterns of adsorbent powder and hydrophilic adsorbent granules
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(a) Li* adsorption kinetics, and (b) adsorption capacity at 2 h of highly hydrophilic aluminum—based lithium adsorbent granules

and conventional granules in actual brine
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(a) Breakthrough curves, (b) recovery curves and (c) adsorption capacity as a function of time for highly hydrophilic aluminum—

based lithium adsorbent granules in simulated brine
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Fig.5 (a) Li* concentration in the eluent at the fixed—bed outlet and (b) desorption capacity as functions of eluent volume during

desorption, and (c) Li* desorption capacity of the bed after 15 min of desorption at different flow rate

®2 AREMBEKAEFRGTHRKKEMe/Li fEL
Table 2 Mg/Li mass ratio of the eluent under different

rinse water consumption

1.5 BV
0.998

2.0 BV
0.201

YK I
FiFN T Mg/ Li i

1.0 BV
4.068

1.2 BV
2.653

2.3 ERFETEINOR B PERE
K IR A e 8% BEF AT 2 5, X R )2 AT
T 18 R I i WA A , VP i 78 1 S AP A B

PRS0

6 9BV -6 BV/h
7.23 mg/g - 8.80 mg/g

—
=

—

=

o0

Li* adsorption capacity (mg/g)

0
12345678 9101112131415161718
Cycles

B FRVURL A TE PR PERE . S5 R AN 6 (a) TR, 55 2-18
UAEI LR, W AR E 7E 7.23 mg/g — 8.80 mg/g
Z 6], PN o G 3k 22 IR AN AW B it WA s W R 55
WAL AT SRR AN AR (L 6(b) ), i — 25 3R B T4
TS5 W2 B0 00 R AR 5 ) 1 S e M O LS 0 W o R £
W fir 52 B 1E] 43 4R 90 min A1 30 min, 3 B 12 W% [
FNORL LA R B8 PR e M, 75 3R T8 7K B B IR
e 2 R T EL A A P AN

(b)

1 (003)

—— Alfiter adsorption
Before adsorption

Intensity

10 20 30 40 50 60 70 80
20

Bl6  Ca) W BRI E RAE 18 JRIHI PN B 2R I B A% (b ) A1 0 T ) B B 5 5082 9 XRD ]

Fig.6
24 20HEZREMEREITM

1 58 AR SRR RE A 1 S Al I i — 20 %
T T 204 3 XGRS B 12840 1.5, LB Z T il &
SR FEE A G B0 AR 1) 3 S S R PR RE L e
B s . e PR 4 B v, I SR LA (B

(a) Cyclic adsorption capacity of the adsorbent fixed—bed over 18 cycles, and the XRD patterns before and after cycles

6 BV/ho i TERI91°E i BB R, W48 12 AR BRI
B AR B DR )2 BEL g K, S5 0 Wi T DX 1 17 3 22 65
T Ry W REE DAY 2 4%, S0 A W DX HS 3 3y 70
mL/min, % X SE PR3 6 mL/min.



5 XX

www.hgxb.com.cn

B EIBAT 2 S0 S (U0 40 Yk 5 R
IRBIRERAS . TR 3 S P, I W B XA X
Fppye = X A Ltk BERE RS ] 28 4k, an &l 7 (a)
JIE7 W BRF X 110 LitvR BE AR 2k 0, B I AR
B BT 7K Y Litge S8 A B o ok DX R B R 0.4
g/LAEAT I By, 5 RO I K HP ) L v B AR 2, U BH o
VEHERR L 32228 R )2 P B 0 7K HLZHk 2 ) 10
min N J& ] 5 2R e T E BRI S SR
I DX 1T L R A A ) SR O AR A, AR D) 46
Je e 2RI Bl R B REAG , B UK IR E 2
120 mg/L, & W B4 58 il T IR BE R . 1817 (b)Y
W DX HE T Mg ¥ B A Ak 8 7, AN AR A ) 3
fi1] PR 5 A% o Ve BOR A  3 Mg MR E TH % 0.5 /L LA
b H A R D TR KA . B 7 () JRAR TR
Xt Mg/Li 5 it LU i A8 Ak (R4S I B A D
B 1) Wk 1) 52 A b e /1 K oA 5E A kA, S8 Mg/Li
U R T 0.5 1B 50, 11 i Bl 2 it I 45 VR R B A 7

Mg/Li LR 2 0.5 AT .

FERLFERE b A SR 61-80 YR V) et A2 & 10
min (9 = X R AW, AT 5L Livk AR L. aniEl
8 T 7 , W B DX H 1 YR A& W L ok B JE AR F 50
ppm, X R Li R BCRLE 90% L b %A L A )
e i1E IR DX A R D R B 1 R . R X
Lit ¥ B A 7 300 ppm Z2 47, hR X HE O Litik i 5
JrORE P K AR Y o A VR LT B A v, HH A
XA 6 mL/min (24 & pI 7K R Y9 9% ) , H AT 3R 7]
W R DX PR B, B 483 2K W] DA 20 AT . BT O 7E BT
B SLAR A T v, R FH e S 7Kk PR 5 SR I o
FIURE | 76 55 e AR T AR 7 < 7K (Lit24 0.4
/L, Mg 25 107 o/L) 7 A 8 s [1] P 55 A6 A g i o A
W o % T2 RS T: T 1 A 8 R B8 e e v
W B B TT R VERICR S, ST 1 K Ak B 1 B
B,

(8) 0 —— Adsorption outlet (b)s Initial Mg** concentration: 107.09 g/L.
T
RIS F
100 Bt
Tin(:(e:;n:isn) Time (min)
32:)1 ﬁ '\ W(t M\
1L JU gﬂ LG

P77 (a) BELESEHR T 2050 3 R 0T P IR BAS At R v ig = DX 10 LR BE | (b)) I DX 11 g™ R B LA B (o) Mg/ Jo ok LU B i) 2
ek

Fig.7

(a) Li* concentration at the outlets of the adsorption, desorption, and rinsing zones, (b) Mg™ concentration and (c) Mg/Li mass

ratio at the outlet of the desorption zone as a function of time during the 3" cycle in the continuous lithium extraction process
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