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Figure 1 Process of preparing porous titanium lithium-ion
sieve by suspension granulation.
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Figure 2 XRD of Li,TiO; synthesized at different

calcination time.

3.1.2  Li,TiO; ¥ R &g 5=

3 I = FAR L A 5 11 45 #4 20 CH5(CHL),Si
(OCHy);, HF H A HLAKSE & & B A Mo X A
C—C g, HoMaRB A AfssE .. Hoth R
e R K AR =R 1) —OH 5 Li, TiOs 3R TH 1
—OH & A= 11 45 5% J I K Ji: e A 19K 591 4% A 7
Li, TiO; 3R [f, DA 2 38 e 5g /K 1), O RAE

Li, TiO; FUBCPE R, B g el B ) S 1)
PL7K A 526 e Liy TiOs (1 2 i 71 30 47 I 52 o
B 3 BRI AN RS BRI I & R o i Li, Tio,
Pl ARG R Bl SO ISR I,
L frh 72 M 38 2101 N & 141.72°, #PRIK)
PR VEE T, ORI T .

LTO-3%

B3 LTO-x%F1H A 7 & 2R (a) LTO-1%; (b) LTO-
2%; (c) LTO-3%.
Figure 3 Contact angle measurement of LTO-x%: (a) LTO-
1%; (b) LTO-2%; (c) LTO-3%.
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Figure 6 SEM of the surface and interior of the porous
titanium lithium-ion sieve.(a) SEM of the particle’s external
surface, (b). (c) microscopic morphology of the particle’s
external surface;(d) SEM of the particle’s interior, (e)-
(f) microscopic morphology of the internal structure of

the particle.
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Figure 7 Data fitting of specific surface area of different
lithium-ion sieves.
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Figure 8 Adsorption isotherm and pore size analysis of
porous titanium lithium-ion sieve.
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Figure 9 Changes of lithium-ion concentration with time

under different pH conditions.
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Figure 10 Changes of adsorption capacity of lithium-ion

i
(=]

sieve under different pH conditions.

2
il & =200 mg-L!
'. 4400 mg-L!
(U N ® 600 mg-L!
S &

v, AQ L ) u
S| AR :
— A A

3t -
=4 |-
5L @
0 2 4 6 8
Time/h

AR M3, PRI AT DL7E 8 58 1 B[R] Y
W B BE 22 K Lite P11 SR A 78 R [ W) 46 Lit
WRE T RLE F i = k. 4R ER,
TEAN R W46 Lit iR B2 (P i v rh, BB 1 0 3% mf
DATE 5 0 1D R 8] P 98 380 W% PSP 7, 8 I B s
RO WA AE Lit ¥R 5 (0 B2 v 1 n bR o 22 R B
41 h i, %48 1 i 78 Lit W FE N 200,
400 1 600 mg/L F ¥ W& (1) W Bt & 43 o) ik 3
2.982. 3.819 fi14.208 mg/g, 4 7 o5 4 H °F
W B 758 B 1K 74.14% . 88.10% A1 96.65%, I 4
5 1 1 2 B H A v P A S B AR

5
i';\n AMAARD o a1 )
550 4+ e %1 ]
= r
sl 4
g
2
Q
gar
3
s —3-200 mg-L!
217 ~—400 mg-L!
= ——600 mg-L!
OF &
0 5 10 15 20 25

Time/h

11 AN[RIRIAR Litv L T 430 - i B 2 1) 84
Figure 11 Changes of adsorption capacity of lithium-ion

sieve with time at different initial lithium concentrations.
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Figure 12 Dynamics fitting of lithium-ion sieve adsorption process: (a) quasi-first-order; (b) quasi-second-order.
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Table 1 Fitting data of quasi-first-order and quasi-second-order kinetic models.

HE— Bl 15 i I DA O, LI MH
Co/(mgLil) -1 -1 2 -1 -1.Kh-1 2 -1
0. (mg'g™) K, (h™) R Oy (mg'g’) K,(gmg'h') R (mg-g™)
200 1.786 0.292 0.839 4.091 0.427 0.999 4.022
400 0.686 0.587 0.833 4.344 4.506 0.999 4.335
600 1.357 0.484 0.893 4.391 1.255 0.999 4354
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Figure 13 Adsorption capacity changes with time at
different temperatures.
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Figure 14 Thermodynamic fitting of lithium-ion sieve adsorption process: (a) Langmuir model; (b) Freundlich model.
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32 Langmuir F Freundlich £ A 0 & %4 .
Table 2  Fitting data of Langmuir and Freundlich models.

IK) Langmuir #5 74 Freundlich #5754 O, L6 AH

On (mg-g™) Ky (L-mg™") R Ky (L-g™) 1/n R (mg-g™)
303.15 4.779 0.228 0.999 4.497 0.009 0.992 4.72
313.15 4.836 0.878 0.999 4.535 0.010 0.981 491
323.15 4.819 -0.583 0.999 4.558 0.009 0.959 5.23
333.15 4.807 -0.279 0.999 4.584 0.009 0.848 5.47
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Table 3 Thermodynamic parameters of lithium-ion sieve

adsorption.
c (Li* c (H* AGO(K] -
ey ) () 7
(mol-L™")  (mol-L™") mol™)
303.15 0.0272 107993 4.32x107°  48.542
313.15 0.0265 107987 5.09x107°  49.716
323.15 0.0249 107982 6.08x107° 50.827
333.15 0.0239 107974 7.61x107° 51.778
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Table 4 The adsorption selectivity of lithium-ions by

porous titanium lithium-ion sieve.

e H A e R

Ink,

-6.9
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=T 11
=712}
Tk

BY  Cy(mgL!) C.(mgL') O.(mgg!) aj
Lit 1421.6 1294.6 42329 1
Na* 56495 56465 10288  179.45
K* 218.88 218.48 00132 54.12
Mg> 21612 21591 0.7244  97.43
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Figure 15 Fitting of thermodynamic parameters of the

lithium-ion sieve adsorption process.
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Research paper

Study on the Preparation and Adsorption Process of Porous Titanium
Lithium-Ion Sieve

MA Jun-zhou , WANG Zou-biao , YAO Hao-ran , CHEN Ya , SHI Xi-chang *
(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract Lithium metatitanate (Li,TiO;) type lithium-ion sieve is a high-performance lithium -ion adsorbent, but
the synthesized Li,TiO; is a powder material, which has problems such as difficult filtration and high
dissolution in industrial applications. The use of suspension granulation technology to shape the powder
can solve these problems. This article utilizes styrene and divinylbenzene as polymerization monomers,
with toluene as a porogen, to synthesize a porous, Li,TiO5 lithium-ion sieve from silane-modified powder.
The study thoroughly examined the adsorption performance of this lithium-ion sieve under various
conditions and analyzed the adsorption process through kinetic and thermodynamic models. The findings
revealed that the optimal pH for adsorption using this lithium-ion sieve is 11, achieving an equilibrium
adsorption capacity of 5.47 mg/g under ideal conditions. The adsorption kinetics were best described by a
pseudo-second-order model, while the isothermal adsorption process aligned with the Langmuir model,
suggesting that lithium-ion adsorption occurs via monolayer chemical adsorption. In cyclic adsorption
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tests using brine from Bolivia’s salt lakes, the sieve demonstrated strong selectivity for Lit, with
selectivity coefficients of aﬁg and ok being 97.43 and 179.45, respectively, and maintained stable
adsorption capacity across multiple cycles.

Keywords Lithium metatitanate, Lithium-ion sieve, Granulation, Dynamics, Thermodynamics
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