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Surface Modification of Lithium Manganate Cathode Materials
by Sol-Gel Synthesis of Tin Oxide

XIE Xuezhen, CHEN Haixin, YE Youming, WEI Youhuan
( Guangxi Key Laboratory of Green Preparation and Application of Inorganic Materials, College of Chemistry and Materials
Engineering , Guangxi Science & Technology Normal University, Laibin 546199, Guangxi, China)

Abstract: To optimize the electrochemical performance of lithium manganate ( LMO) cathode materials, metal oxides
(Sn0,, 7r0,, La,0,, TiO,) were employed for the coating modification of LMO cathodes. The results show that metal
oxide coatings do not change the basic morphology and spinel octahedral structure of LMO cathode materials. The
Sn0,-coated cathode material (SnO,@ LMO) exhibits better electrochemical performance than those coated with other
oxides. Sn0,@ LMO delivers an initial discharge specific capacity of 109.87 mAh/g at 1C rate, with a capacity cycle
retention rate as high as 98.01%. At high rates, it shows slower capacity fading and superior rate capability. CV and EIS
analyses confirm that the SnO, coating forms a stable initial interface, enabling SnO, @ LMO to maintain good
reversibility after cycling. SnO,@ LMO has both the lowest surface film resistance (R_) and charge transfer resistance
(R,,), delivers optimal interface stability and charge transfer kinetics.

Key words: lithium manganate; metal oxide; surface modification; sol-gel method; surface coating; cathode material

TERBKREIEHL S I B IS RN R 88 fesAtkie, Bo s HEGR TARR R S R T 2 2k RE R 4T
T RO GERE LU RE R e PR SE AR I N T I R AR R R, RIS EROCER AR A
RESUER , (HER IR B S PR BRI ST (I 39 SRR, 45 LMO e R SR L3 BRI 3 S5 M A
PSR Ze e Be ) PR T R R IERD R PERE R SRR, B AR B A Yt IE AR A R U R
WRarEfERE " RO EERRE LiMn,0,(LMO) LI SRKZERGRS T,
AR IR S T 9 A A5 AR R = M B T A AR IR A E AR A B R A R D, 3
PHBCE I, MR = DU R AR R . RO R A PR R 2 T ez . B
TAERRORE S XA R AR T i T, SOk T =R AR B — R RAA B

O WFmEHE: 2025-11-01
ELTH . VR H (R AB22035053 , H:RE AD20297139) ; Ml ZR 8 X R iRm0 B (M Z#BF 1 20210111)
EE® T WEE(1983—) , &, R ILA AL Bd%, FENFE ORI THMFELZES A, E-mail :120817585@ qq.com
BEESE: BAK1969—) , B, V8 LA i+, 5%, FENFEHEES RIS Y ZILEIEHFIH, E-mail :495480545@ qq.com



552

R, % AR IR BRI 5 A TG M Al PR PR IEAR BT B IE Y 185

FasE k22 78 50 C LA L FREE | Jahn-Teller RN 51
& Mn™ A R, G B0 R G5 70 5 45 o L
W R A MRS E R (>4.2 V) T
VDRSS H AR o R, 77 2 HF (U ) A H: A
A=, T8 SRR )2 B A A B 1% i s — 2 1 1 i
HLAR I P Y HEF B LiPF 20 7=, 5 Mn™ & AR
J( Mn®* —— Mn>* + Mn** ), 5 5055 V4 31 B R
it

H AT 2l X IMO AR T8 Aot Kk
T A MR A LMO A 25 80 R 8L, MO (148
USROG I AR e i A = ST L N T
VISR TA R 25 A e e e 5 b2 e R, L B el A
Shp— A e} 2 1 A B R | 3 5 AR AN 3R 1 R R T g
PRI )Z e R R IR AT BT FE R A= il T R s i S
RN, SEBLAT RS R M 5 R Ah2 1 i 1) L
AR 1: (I V43¢ [ TR - 5. G e A O 7 e il W3 2 K O
Yy RS EL R A B RSN AR SRR
M4 R A s R, B et &R A ey
A7 A0 B B, 0 o PR AR TR IR o 5 S5 4 Ak b
MY B % SRR AL Mg

1 SZIGEA

1.1 BREREHNE _SLEEBHEREERME
FOKA RS 5 SR E S im0k
KA R A AR, B SRR R A Bobe, 1S
TR E R R S R v S
KaF .
SnCl, - 5H,0 Sn** +4Cl"+ SH,0 (1)
Sn** + H,Cit==[Sn(Cit) ] "+ 3H" (2)
[Sn(Cit) ] "+ 4NH, - H,0 ==
Sn(OH), + Cit’™ + 4NH,* (3)
Sn(OH), ==Sn0, + 2H,0 (4)
Krh Cit AR
1.2 FERAFREE
F ] A PR (2 SR AR AR R R A
PR D) (KA AL (SnCl, - SH,0, T ADLER
B A BRI T ) A0 (AR 4x 1L Ak 2320 A R
A EARES [ HR (R iR A R A R ] AL
BR( B MR AE AR Iy AR A R Ar R [ &
BRINAA T (R ARAE ] B [ 8RN R T
(FEH) A R R ] 2K (iR 4 1Ak 7 1R A R A
")) Bk, RAm I L0 (PVDF, 142 sk
AR A BR A | P B (R 5 5 Ak TR,
ABRAF]) (N-F AR e B (NP, | 9 22 5 bR 1k

BHE A A BR AR ) Yo b ge

FEALLS AT B A IKEEHL(QM-3SP2, B 5 g K AY
ar A BRA T HUBR FE % ( DXY-TL, SR T b 28 B 5k
WA BRA ) A5 b (SXL-1400 C, L4
A AT 2 A il A PR | ) | H R XT84 (101-
3A, B RETTHE BN AR A PR A W) )\ H2S T 448 ( DZ-
2BE, REEH 2R s A BR A | ) (2L AMRE P AR i
FHL( MSK-AFA-ES200, R I T BF 5B AR A BR 2
A)) FnECH ) A AL MSK-T10, TR T R 8 sh B
AR E) 02X H R B HL(JK-YYFK-20, EEI
TR AR A R A W) B A T EH (uSuper
G, AT B ISP AR A B E]) i s ik
R G (CT-ZW]-4' S-T-1U, TIN5 Rk B F A R A
")) LAk TAE S (CHIT60e, | i R AR A 25 47 PR 2y
Al) X SR Y ( H AR Rigaku Ultima 1V, H 72 B 2
ocd]) AR R [ #E 5 TESCAN MIRA LMS, %8
B (P EDARAHR ],
1.3 EWHE
1.3.1 BB R & = BACH) 6B k4

FREX 0.29 ¢ HOK G PUEAL B BLHI K 0.13 mol/L 1Y
VW, A5 VAT R SnCl, - SH,O S5 ER IR
L5 s UIMAFFE R , K IR A W O 2 50 °C, ML di
FETF 23N 0.5 mol/L ZI/KIEW ELZE pH H N 7~9,
15 IR I UKW, T, AR BRAk 4 h, i g vk
W B SO BRI

FEBARDTTE FHZE MR /K AT Z2 I B B 2V )
FH0.1 mol/L #Y AgNO, 3%, 2 ICULTE A, K
JNFRE] 50 °C, 1] FM AU RN B FR S W R T pH (&
1.5~2.0 , AUMEERE 2 h, 528 G B34 57 5 Sn(OH) ,
KSR FR . ZKERTINA 10 g B4R, Ak 2L HLIN
fidt 2 h, #4712 h Brik, 208, 100 °C T4 2 h, S
30 min J&, B T il 600 CHBEE 3 h, FREM LA
Je B H S e O, AR B R 1% (RS0 1
SnO, HHE R IERA R, FRid R Sn0,@ LMO,
1.3.2 HAibzadush 6B 4m i 4e

T 4 NERESHEN S 10 g fhadl, Hif 2~4 %5
HEN A 0.1 g B4k 0.1 g EALHE 0.1 g 4 1kEk,
BUBRIE 3 h JFHUH, T 105 C T4 P T4 2 h, AP
1L, A BT Y R AN AR R bk
AR R (B8 Y8 1% B AR TR, 7 Blbsic N
LMO .Zr0,@ LMO La,0,@ LMO TiO,@ LMO,
1.3.3  Zded ot b & 2 b AL 5 AR X

PR ER A R S H RS PVDF % 7 & [t
8:1:178/01R ) W, T4 10 h, i AGE 2 N-F St



186 7R

T i 46 %

W e, ATF B B 2T RO OB FHET SN AR TR B AL
eSO 2R TR AR, 75 90 °C Bz THRA P e
T8 4 h BRZ NMP, e, T VIR 7ERE PR
SPRIP B LS TR $ IR IEARSE IEA | RLAR
PR B Tt R R SRR S A 2 R
WU FE 10 b W HHE TR A PRI,

2 LR T

2.1 BEREN LMO ERFEIALRIRANE
2.1.1  &EAMAEERER4AE XRD 447

IR ALY MoK B A IR 1Y XRD &1 4
KL R, WKL ATRVE 1, 5 REE R LMO XL,
2t 7r0, \La, 0, TiO, ,Sn0, WH J5 , # L XRD fit 4 i
7 B FEA PR — 3, A BRI 8 Ak | R W] A o
HORR 7= AR R 2 40, A3 T 20X R e, R 7 AR
LMO S4B WAL Z [a] PR Ak 2% S5O0 i A= ) i T 0 o

J ZrO,@LMO
La,0,@LMO|

l A A A A A
l Lo TiO,@LMO
1 1 . Spo,@LMO

LMO

l.l. U "

. I N |, PPE#3S-0782

10 20 30 40 50 60 70 80
20/(°)

B1 £ESUYEERKXESEREEN XRD Bif

Fig.1 XRD patterns of lithium manganate before and after

being coated with metal oxides
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Fig.2 SEM images of lithium manganate before and after coating
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Fig.3 EDS analysis of lithium manganate after coating modification
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Fig.4 First-cycle charge/discharge curves of lithium manganate

before and after coating
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Fig.5 Cycling performance of lithium manganate

before and after coating
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Fig.7 CV curves of lithium manganate before and after coating
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Fig.8 EIS spectra of lithium manganate before and after coating
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