e F R T

ACTA CHIMICA SINICA DOI: 10.6023/A24120367

/.

B BIFAE Fal 842 LiAl-LDHs 895 & &% 52 IR M4 ge i ot
MRFET REMH HEF EHEEC T Fre

(TR BHRY F ST P2 710055)
CHZERBH K AESTB LR FH% 710055)

FE AR RWE ALY (LiAL-LDHs) 2 3 iR B PR 48 25 7 5 1ol e f o R I B 7). 487, 4448 LiAl-LDHs-Cl
Gy e - BB i 2 o 3, S BRI AR, ARz, IR TAERRH 7 —F 2 B B 7R % g, s =Fh
RV VEA T e B R AN (SDS Y 3R IR ME g bl (PVPYATAR IR — (TSSO I LE &%, & T #rZY LiAl-LDHs 2544 K,
IEH X FRATH(XRD). B AR AN RE(FT-IR) FAR AT (SEM). B 5T HLBE(TEM) Na WA BRH45 5 12 06 W B 77
KIS EERIAT T RIS 4. 55 REHEBER I, FT4& B LiAI-LDHs-SPT £ 8 H 58 47 fO PR B 725 5:(8.85 mgeg ™). ik
P PR (LM g2 9 B8 R EUA SRR R E ME(AT e i 10 kDAL, 7ERRIETE & 75 T3 /R BRI (B 28 2 7.36 mgeg™)
5K 58 B AERM(R 75 & 8.96 mgeg ISP A R I R, FRR T GBI BRIG. 187 7 MR Y A% 4t LiAl-LDHs
MEHEIR B AR T —Fh A HT 10K R NS, FE9 bR R R ARG T — P S A 5 IR B 7).

AR IR AR, EAREE Y, R TERE; 1A, 2

Preparation of Interlayer Anion Controllable LiAl-LDHs and
Lithium Adsorption Performance

Yang, Tianyu’  Dai, Jianan®®  Zhang, Yujie’  Xue, Juangin®  Ma, Jing™“
(¢ School of Chemistry and Chemical Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

(? School of Environmental and Municipal Engineering, Xi'an University of Architecture and Technology,
Xi'an 710055, China)

Abstract Lithium-aluminum layered double hydroxides (LiAl-LDHs) have emerged as the most promising adsorbents for
lithium-ion extraction from salt lakes, owing to their unique lithium-ion memory effect. This property has enabled their
commercial-scale application in salt lakes across Qinghai, Xinjiang, Tibet, and other regions of China. However, traditional
LiAl-LDHs-Cl materials face significant challenges, including weak interactions between interlayer C1~ and the host layers,
as well as electrostatic repulsion between Li" and H'. These factors lead to the weakening of interlayer hydrogen bonds,
while facilitating the insertion of anions and water molecules, resulting in the desorption of adsorbed Li* back into the solu-
tion. Additionally, pore blockage during recycling processes can reduce the number of active adsorption sites, further com-
promising the material's performance. Consequently, LiAl-LDHs-Cl materials exhibit low adsorption capacity and poor cy-
clic stability, often becoming inactivated during adsorption-desorption cycles. To address these limitations, recent research
has focused on interlayer anion modification as a key strategy to enhance the adsorption performance of LiAl-LDHs. The
choice of modifying anions has become a central topic of investigation. In this study, we propose an innovative interlayer
anion regulation strategy, utilizing sodium dodecyl sulfate (SDS)/polyvinylpyrrolidone (PVP) association to modulate inter-
layer anions, expand the material's interlayer spacing, and guide the structure with the assistance of trisodium citrate (TSC) to
prevent structural collapse caused by changing in layer spacing. By employing a synergistic approach with three surfactants,
we successfully synthesized a new series of LiAl-LDHs materials. These materials were characterized using X-ray diffrac-
tometer (XRD), Fourier transform infrared spectrometer (FT-IR), scanning electron microscopy (SEM), transmission electron
microscopy (TEM), and N> adsorption-desorption analyses, which revealed significant improvements in interlayer spacing,
specific surface area, and pore volume, thereby promoting Li* migration. The adsorption performance of the synthesized
LiAl-LDHs-SPT demonstrated remarkable advantages, including an enhanced adsorption capacity of 8.85 mgeg™!, superior
selectivity (Li*/Mg?" separation coefficient of 53), and excellent cyclic stability (over 10 stable cycles). Moreover, the mate-
rial exhibited outstanding performance in practical applications, achieving adsorption capacities of 7.36 mgeg™! in West Tai-
jinar Salt Lake and 8.96 mgeg™! in Qadim Salt Lake, effectively addressing the shortcomings of traditional materials. This
study not only provides a novel and improved strategy to overcome the theoretical limitations of conventional LiAl-LDHs
materials but also offers a highly promising adsorbent for advancing lithium extraction technologies in salt lake brines.
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Figure 1 XRD patterns of adsorbents
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Figure 2 FT-IR spectra of adsorbents
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Figure 3 SEM images of (a) LiAl-LDHs, (b) LiAl-LDHs-SP, (c)
LiAl-LDHs-ST and (d) LiAl-LDHs-SPT
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Figure 4 (a, b) TEM and (c) HRTEM images of LiAl-LDHs-SPT ad-
sorbents
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Table 1 Surface area, pore volume and average pore diameter data of
adsorbents

Surface area/ Pore volume/

Sample (mz-g") (cm3-g"-nm’1) Pore diameter/nm
LiAl-LDHs 14.03 0.071 20.141
LiAI-LDHs-ST 15.51 0.107 8.844
LiAl-LDHs-SP 105.03 0.340 28.272
LiAl-LDHs-SPT 130.28 0.637 19.218
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Table 2 Quasi-first-order kinetic parameters of adsorbents

Sample O(mgeg™") Q> /(mgeg™") ki/min”! R?
LiAl-LDHs-ST 5.902 5.558 0.00418 0.986
LiAl-LDHs-SP 4918 4.678 0.00427 0.990
LiAl-LDHs-SPT 8.852 7.883 0.00494 0.992
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Table 3 Quasi-second-order kinetic parameters of adsorbents

Sample OJ(mgeg™) O /mgeg™) k/(gemg 'smin™") R’
LiAI-LDHs-ST  5.902 6.887 0.00188  0.994
LiAI-LDHs-SP 4918 5.848 0.00206  0.995
LiAI-LDHs-SPT  8.852 9.855 0.00203  0.998
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Table 4 Intra-particle diffusion parameters of adsorbents

Sample K\ K Ky R? R} R}

LiAl-LDHs-ST ~ 0.417 0.336 0.064 0983 0986 0.393
LiAlI-LDHs-SP  0.417 0.250 0.064 0983 0922 0.393
LiAlI-LDHs-SPT  0.827 0.379 0.064 0986 0.976 0.393

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 6 (a) Adsorption curves, (b) quasi-first-order kinetic model, (c) quasi-second-order kinetic model, and (d) intra-particle diffusion model of adsor-
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Figure 7 (a) Isothermal adsorption line, (b) Langmuir isothermal adsorption fitting model and (c) Freundlich isothermal adsorption fitting model of ad-
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Table 5 Langmuir isothermal adsorption fitting model parameters for
adsorbents

Sample On/(mgeg ™) Ki/min™! R?
LiAI-LDHs-ST 6.796 0.055 0.716
LiAl-LDHs-SP 5.947 0.045 0.815

LiAl-LDHs-SPT 9.281 0.139 0.850

£ 6 W7 Freundlich 25 IR B A AL S 41
Table 6 Freundlich isothermal adsorption fitting model parameters for
adsorbents

Sample Ky/min™! n R?
LiAl-LDHs-ST 3.352 13.93 0.914
LiAl-LDHs-SP 2.834 9.14 0.909

LiAl-LDHs-SPT 5.941 8.88 0.937
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Figure 8 Effect of the initial pH of the solution on the adsorption ca-
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tion test (b) of adsorbents
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Figure 10 Comparison of the cyclic stability of LiAl-LDHs and
LiAl-LDHs-SPT
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Figure 11 Adsorption-desorption mechanism of LiAl-LDHs-SPT
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Figure 12 Adsorption curves of LiAl-LDHs-SPT in West Taijiner salt
lake and Qaidam salt lake
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Figure 13  Comparison of Li" adsorption properties of different
LiAl-LDHs materials
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