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17 HCI fEHT LA, SRBRIBEE 7. FRRH X HERATH . BB, R e iS5k &
SR N ) R SE R . BB IR PERE SR AT RAE . N AT LIRSt RN, BB S ORI IR LE HCL AP ALEE 2 h
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21 EMT S TE pH EA 13 (OB ASS DL I 75 L IR Bt
H4920.82 mg/g, HHLE TIMK(24.02 mg/g)fHEA
K W KRS0 25 IR R L P 25 8 3.40 mg/g,
ELAE AT R R B 2 R % T 80%. HONG 25 AZ
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VeMIPEi R IE 93%, 7E Li BN 30 mg/L (1K,
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X FEEATHMY (RigakuD.max, HAFEY:), HiiE T8
EE(JSM-63601lv, HASHL PR 4t).

JRMRE K FEE R F 25 Lip M, 604 BT IRAE,
LR AR, BOEEE(PVA, AR), FALHI(AR),
LiCI(AR), LiOH-H,O(AR), P4t T/t fR 2w
T EMEFELBPO, AR), K ZJG(AR), HZGHEH1L
LRAVEBR AT IRERBR(AR), 7 FH TS 1L Tk
BIRAF . RN FERERBINZ sk, H R
SR 1 iR

F1 ZXREIKHEZERS
Table 1 Composition of salt lake brine (mg/L)

B As Cu Zn Ca Mg
372.7 0.03 0.07 0.1 9.5 120400
K Al Li Fe Mo Mn

265.6 0.02 2200 42 0.1 0.08
Na Ni S Si Sr Cl
953.2 0.02 6073 1.7 0.1 328420

1.2 BRSBES FIFRoHI &

BV TR H B R IRk f %, —
HIEAL A PVA W T Ak B KA, HH
Li, éMn, cO4 ¥ LL KSR T BPO HIAK LI THARVE R
IMABI=Opeh, FHEERAERE, AEE T8
e — e i (R 575 2 BRI B0, iy, vhik.
T )5 A5 B0 BROE BB 0 A0 0K A, BT IR 4K
Li; 6Mn 604 15 30% o H4 81 B+ 7 XA & T~ 0.5 mol/L
() HCLIR W, 7630 C. BEFEMIZM R 4h, /K
Ve TS RIS 2 LK 000 i S S A i Bk 2 5 7
fiff. &R 1 B,

Organic phase LMO powder Deionized water
| |
| Suspension polymerization |

Spherical lithium ion sieve precursor

| Leaching with acid |

Spherical lithium ion sieve
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Fig. 1 Preparation process of spherical lithium ion sieve
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B 2 fros. IWE 2 aTCUE H, ZR AR R EE 4H /)N,
TR o K A R, I R R P 5 - S N i
KGR JE AR AT [ 50 B o A S SR AE R PR A
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Fig.3 Photo of spherical lithium ion sieve
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& 4 ROREE ST ) SEM-EDS 14

Fig. 4 SEM-EDS images of spherical lithium ion sieve: (a) Whole particle; (b) Exterior particle surface; (c) Cross section of

particle; (d) Cross section of particle after desorption; (e) Carbon distribution of cross section; (f) Manganese distribution of cross

section

R R P PR AT S 06 o FESEIG R OR B, YAV pH
XPER SR PR Li YRR AR OK, 24 pH /NT 10
B IR B ARG, 2 pH KT 11 5 FE b s K,
HWR MR pH MR, Ft, Seihrhigss
T rE pH R AT R 1M FE RS IA (1 S5 . YT pH A
12.93, i@ 30 C, MR 3ho VAR LitH X
T PR PR S e SR B 25 SR 7 BT R

M7 ATRAE Y, B VR LR EE R3S, 2y
T B IR P R K LiREEN 143 mg/L I, B
TR R P Y 10.86 mg/gs T 24 LiT e 4860 5]
2150 mg/L B, 857 Fiixt 47 (W bt i 21.08 mg/g, 7

i LiTWREE R B4R Gy ik B, (R E IR E 3G R, )
BB (3 A SRR 2% . BRTAR B8 6 AN [F) A
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2.2.3  IGEEXTES IR IR B 1 R

¥ 5g B TR E T pH 12.57. LiKJE 2.15 g/L 1)
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3 — BT R o BT R B, A5 3 8 By
NS

M 8 AT H, BRI 570 T 46 W P4 g ikt
AR, 17 HAZUR (52 ma LA/, WREH 1 h R
FE TR I B3R B T 17~19 mg/g. B Ja W it s %%
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Fig. 5 XRD patterns of spherical lithium ion sieve;
(a) Li;¢Mn; 404 powder; (b) Spherical lithium ion sieve
precursor; (c) Spherical lithium ion sieve; (d) Spherical lithium

ion sieve after adsorption lithium
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Fig. 6 Effect of desorption time on extraction of lithium ion
sieve: (a) Li" extraction rate of Lij¢Mn,¢O4 powder;
(b) Li* extraction rate of sphericallithium ion sieve precursor;
(c) Loss rate of dissolved Mn* of Li; ¢Mn, (Ogpowder;
(d) Loss rate of dissolved Mn”" of spherical lithium ion sieve

precursor
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Fig. 7 Effect of Li" concentrations on adsorption of lithium

ion sieve
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Fig. 8 Effect of temperature on lithium adsorption capacity
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1
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A B (RY) 0.9986  LL il — 4 3 g 2 M A #0045 )
0.7527 ZK, AL, w] BLAN BRI AL ES et 2 (1 I
PAEARF £ 1 — B B Dy B, AL S

20H®

R2=0.7527

In(g.—q,)/(mg-g™")
()
W

0.301®)
025}
020}

R?=0.9986
0.15r

t/qt/(h-g'mg™")

0.10F
0.05r

t/h

B 9 30 CFE it FE r v — 24zl ) A0 B A
SR IENE

Fig. 9 Linear fitting curves of lithium ion sieve adsorbing Li"
at 30 'C with pseudo-first-order (a) and pseudo-second-order

rate equation (b)

TR M B ) A i & S Bk 2 P
Ry RIGIPLIER TR kN 0273 gmg-h™!, il
WP 21.51 mg/g, 5550 BT 54 21.08 mg/g
EAK.

2 BT LiT T REh R A SR
Table 2  Fitting parameters of ion sieve adsorbing Li

according to pseudo-second-order dynamic equation

6/C g/(mg-g ) k/(gmg-h™")

30 21.51 0.273

BB T Li AW Bt A2 T PSR Langmuir W
Bt 4535 5 FE AN Freundlich W P45 35 7 FEHEAT LAY,
HorERuF.

& = & + 1 (7)
qe Qm KLqm
1
lgq, = ;1g Pe +1g Ky (3

X: g NTHERIE, me/gs pe AW F18 J5 7
LR, mg/L; qn NERCKWFHE, mg/g: KL N
Langmuir SC50H %0, Limg; n 1 Kp N5 AR A5
A4 ) Freundlich 5 4.

23R H Langmuir A1 Freundlich W &R 7772
X BRI RS O AE A [F] Li VR BEVE T 30 °CIL B 1)
BRI TERMENE, AR WE 10 F15R 3 B, A
B 10 BT LA H, BRI B 10T AN [R194 FE 25 B VR T I
MEEE 2k 5 Langmuir PR PR 4006 26 AH OC R 2L
4 0.9980, KT Freundlich My B AR AL (10l & il 2R AH G
FH 09274, BRIBHLE THHAEAE LiWR T
ST B R B Langmuir WY R FE, MM AT
PR TR L A 5 B B 2 W Bf

83T Langmuir L& ZHORTTHE B 1 £ 30 °CIK
B IS S B v 55 A5 1 i AG®

100t@

60
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Fig. 10  Fitting lines of ion sieve adsorbing Li" in different Li

+

concentrations solutions with Langmuir (a) and Freundlich(b)

models at 30 °C
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F 3 HIETIHE 30 °C KM Li') Langmuir #8404
BH
Table 3 Fitting parameters of ion sieve adsorbing Li*

according to Langmuir isotherm models at 30 °C

0/C gm/(mg-g " Ki/(L'mg ") R?
30 21.75 0.053 0.9980
AG®=—RTIn g )

X R ANEERSAKER, 8314 Jmol "K' T A
XRE, K; p N Langmuir %30, =K -gm. HH&
AG®=-358.1 kJ/mol, NHfE, WIS 2 H &
BEAT I
2.2.5 BRSSO A R i K A A e
AR K P S BT TEBRTE B TR 6 h AT fE
& RAR IR 4 Fros, Lit& B e b an s b
K, HABES 7Rk E RA DRV, BRI AR
TIRAE 7K PO LiT B R4 AR B B o 75 Fc i Fr 42
W, B AR pH T A BA BRI
B, HE KOS IIERIE AT, S TR R B AR
TP MR B PERE, X BT IR I R LiTR H A4 (1
AR, LiHENEES P, HOENTEW R A
WAHES, BT H AT, 2 SBUERN pH AT
B, MIEWN pH BRAREIRGVERT, WRRS AR AN RE gk
AT T Mg I AR — R A R,
PRI pH EA A K, B LLES 738 i PR e
FRomdhay, B POt Li R AR K R B &2, R
R %3 pH {EBP AT

e R R S Bl P R e U T D Y R
Table 4 Content changes of main metal ions in brine before

and after adsorption

Content/(mg-L™")

Stage
Li K Mg Na

265.6 120400 9532

114100 9134

Before adsorption 2200
After adsorption 1227 225.5

Xof W B J A ER AR B8 105 F 100 mL 4fi 7Kgk A7
B VRIS RWR 5 s, HE S /LG H,
7K BRI ) Mg®" . Na Ml K48 85 Tk N T 3k
o, HAE BRI LiEN T ek . IX U
B LiTHEN T BT, R A, T Mg
Na'y K25 F 0% B 7E 3Rk 28 45 28 -0 14) 3% T RN A AL
o, ARE GG TR IRIEWRM G <K& FEE S
B TRIERE, EREb S SRS TR, EH

THETHHE AR D, WK 6 Fin. wLLEH
Dyi>>Dy > D™ Do BRI B -0 (1R BT
Li'>>K'>Mg**>Na". W& 7 FAalLLEH, Lixt
Mg™'\ Kl Na'4r 8 20 KF 1, iiiZekp e
BT IR R A A i 1 I R R B

x5 WKPRIEEREETHNEE

Table 5 Content of main metal ions in washing water (mg/L)

Li K Mg Na

0.638 355 4398.1 25.8

®6 BT pK R T R

Table 6 Distribution coefficients of ion sieve for main metal

ions in brine (L/g)
DLi DK DMg DNa
264X107°  5.87X107°  535X10°  4.97X107

=7 K L AR T B R
Table 7 Separation coefficients of Li" to Na*, Mg®" and K* in

brine

i Li i
ﬂlli ﬂMg ﬂT{I‘a
44.97 49.35 53.12

2.2.6  BERIZARESFURAE i 7K A A PR B 4 e

L P R M T LA 3 0 B R e e e e
HEMBWKIAL . K — B T E T XK
HEATWR B, 4R )5 0.5 mol/L HCI f@ffr, FE T XK
HEATWRBR, A AT 2 IR B — R T I A SE 08, SEER
SR WE 11 fros.

= 10
an -

:OEDIO— .\-\‘_._._.*1_._(2-1) R
= 18 £
s =
g 2
o _6 —_—
S 6 2
5 b
g 4r 14 °
[+ 2_ i :
g (b) 2 S
= ¥ o

': 0_ 1 1 1 1 1 0

- 1 3 5 7 9 11

Cycle number
11 BRJZARES T 75 s K P PR g
Fig. 11 Cycle performance of spherical lithium ion sieve in
brine: (a) Lithium adsorption capacity; (b) Loss rate of
dissolved Mn
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B 11 FTELE 1, fERT = IRIEH R R, s
FEFAUCEL BG4 0% L 1 R A s oS i P
/N, TEEE DU RGP CLFS , A8 7% i TR B e
TAE, BUNIEREAR N 10 IR MR AIE I )
W R EFRETE 9.2 mg/g. TEMEIITFEF, Mn A TR
R BN, 23T 10 KPEH 5, Mn FLEIE RN
1.92% . BR B #1857 0 i T 7E 38 R0 I 5 23 By 4K
Li; Mn; 04 $ELEAEA N T, Toik 5o %
firkr, T EIAE pai 7K T 2 PR R B R A AT IS R A R
I LR IR B 55 0 A, 31X 5 A& R 4 B

HA.
3 Zig

1) RABFEREEERE, #&ER T UK M
B ER AR B T o 38K 5 5510 R A RO T)
SRJE LigMny ¢O4r el RS RABE, BRIZAE
BT VAL 2 LA, 2B R T Lit
IR B P R 4T

2) WHIT T IR AN I UG Li R BT B i
PERERRE R, 2 SRR Y88 1 07 P W R 1P e e i P
WA LiREE T mmiigas, 78 70 °C. LiWKREE
2.15 g/L I FRWR B &0 21.08 mg/g.

3) W B FR A G AE R B B ) 7 R A
Langmuir 507772, RBSFIRNT Li' (R0 F 9 553
TIRACEEIRI R B S S5 Eh 2 M AP BRUE

4) BRBSHHESTHi0T K Li" R i 5 B A A
PERELT, 203 10 IRAEH G, X6F o 7K 2 P W B 2% AT
{57 9.2 mg/g, 7EERMWIIRELAIA K IL4E T b LARA
w7
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Preparation and adsorption properties of spherical lithium ion sieve

LIU Rui, WU Pan-yu, SHI Xi-chang, CHEN Ya, XU Hui

(School of Metallurgical and Environment, Central South University, Changsha 410083, China)

Abstract: A spherical lithium ion sieve precursor was synthesized by suspension polymerization using polystyrene resin

and Li; ¢Mn; 4O, powder, and converted into a lithium ion sieve by leaching in 0.5 mol/L HCI solution. The crystal

structure, morphology and adsorption capacity of the products were investigated by X-ray diffractometry, scanning

electron microscopy and atomic absorption spectrophotometry. The desorption process was basically completed at 2 h.

The adsorption rate of Li* by the spherical lithium ion sieve is fast. The adsorption capacity of the ion sieve reaches to

equilibrium value after adsorption for 3 h. Increasing temperature is beneficial to the adsorption of Li" on the lithium ion

sieve. The equilibrium adsorption capacity of the lithium ion sieve is 24 mg/g at pH 12.57 and 70 ‘C. The adsorption

process conforms to Langmuir adsorption isotherm equation and pseudo-second-order adsorption kinetics model, which

is the monolayer chemical adsorption. After 10 cycles of adsorption in brine, the adsorption capacity is 9.2 mg/g, and the

total loss rate of dissolved Mn is only 1.92%.

Key words: lithium ion sieve; Li; §Mn,; O4; granulation; adsorption; dynamics; brine

Received date: 2018-04-09; Accepted date: 2018-06-06

Corresponding author: HI Xi-chang; Tel: +86-13787108866; E-mail: xichangshi@csu.edu.cn

(#wiE )



