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R HE 7125 M (742 0.0654 nm, 1= H JiE)
M. BFEAME, H B A Al SEEE. Ik
IRBRZEAR 5, A LiMnoOg IE AR S Ay 3 AR
MBAuR. XEFERLRH B Betl& TaE 3
A i T ) B AR A T TR LiMIng 96Bo.06O04 #4 K}, K
B B 5 2= it T APRIBRL i R R & A KN S T 9
A, 7E 5.0C 1 10.0 C IR EL 25 & 7353l
110.3 mA-h-g1 #1 103.0 mA-h-g1, #E¥ 2000 k)5
R ARFF 45N 51.8%A1 57.7%, T4l LiMn,O4
WIGE T L 25 S A OR KR 2 AN 4338 95.2 mA-h-gt
(50.7%) A1 70.0 mA-h-g"1(44.3%). Tao “RIHFH T
i 78 Ni J:4il 1, AS[F B 340 LiMnoO4 5. i A T
JNHARTES S AL 2= PR RE 52, R B Ni B35 4t
LiNio.0sMn1.0204 ¥ i 2 L H (111). (100)#1(110) 3
Tt i 11 » Ni—B 8 2% J5 LiNio.08BxMn1.92-xO4 (x=0.02)
A (L11)F1(100) Sh T, HL L B 5 0k 25 & 1 5 47
f [ S 00T, BB 2R 0 1 (110) da T B0 AR %, {2
T (111) #1 (200) & T AR Je AR, HAL AL Y
LiNio.0sBo.osMn1.g60s £ 5.0 C T B 4G LL % &k
103.8mA-h-g, Zid 2000 KK AEIF G ) 25 AR 5F
N 70.6%. Guo 5N Mg—Al L4575 3 /M
TH AW\ TR LiMgo.03Alo.10Mn1.704 IEARA KL, 75
10.0 C FHIGA L FE L &9 102.1 mA-h-g™t, JE3F
1000 R Jr R FF RN 76.2%, BIffifE 20.0 C K
B R T IEER 1000 K5 75 AR R AR ik
73.8%. T 48| % 1 (111). (100) A1 (110) & 1H1
(4] R i A BT\ THT AR FEZ 3 LiZno.0sAlo.01MN1.0104 1E A%
kL, 7£ 5.0 C A1 10.0 C F I & IR LE 25 5 4 )
79 92.6 mA-h-g-L 1 76.5 mA-h-g-L, £33 2000 X1
WG IR ERFFR 3N 70.4%F1 74.8%. LA 45
RRE, TREB IR AEFE LiMn2O4 B fh i K
B A R TH AN [ AR K2R, T s 50 B 1) R A
W7 )\ THI AR TS RL R, F i L A A 4 R R4 v
T2 RE .
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IRl S IO A I I A <IN < 4
LiBo.osAlyMn1 95,04 (y=0.01. 0.02. 0.04. 0.06 £ 0.08)
IEATEL, FRAANFE Al B EX R AR LiMnO4
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FE S BORE T 35 B (L11) F1(100) 2 A b T F AR b )\ T
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1.1 ER#ReEHEE

Sy ) 4% W8 EE JR EE n(Li) : n(B) : n(Mn)=1.00 :
0.08 : 1.92 (n AW HIE)F n(Li) : n(B) : n(Al) : n(Mn)
=1.00:0.08:y:1.92-y (y=0.01. 0.02. 0.04. 0.06 F/I
0.08), LA 30 g & JEklBEE, 2 nlFRE T4l
Li,COs. H3BOsz. AI(OH)(CHsCOO), #il MnCO3, Jf:
AN 1.5 g FEBRERAE R, oK CBERERNE S
I, BRESIRG 10h, M. BekD AR
% 500°C, ZRIGFREL 59 IRA FRM ATt m e,
HE T ER 500 CHI #Ek A in#sibe < B 1 h,
AN JE1E 650 CHBIEE 6 h, 79 B3RS LiBo.osMn1.9204
HI LiBo.osAlyMn1.924O4 =4, LiBosMny1.9204 F= 471,
AFES Boos, LiBosAlyMnygoyOu ;=955 HIE N EE
BoosAly (y=0.01. 0.02. 0.04. 0.06 £10.08).
1.2 IEHRFBIHIE R EAE LR

W i) 5% 1 B R (R TR) kPR (T L)
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T ESEREEGE N, SR 5 P N E = AR N-
L -2-ME M BE B (NMP), - 5 5 2 BREE VR 2 30 min 5
1REBAIRRL . A HE) TIKs B RN TR
BfE L, JHAE 80 CT T 4h, VIEERR 14 mm [HTE
B H, EIEYIRLREEZ) Y 1.0 mglem?. DL
1.0 mol/L #J LiPFs (EC:DMC:EMC=1:1:1, &
Eb) N LA, 1% P Celgard 2320 %Y 58 PRI ALy
B, DG @B R Rk, &R R A A
1R, fERWRITFEFE P ALK CR2032 2441
X, AEREEE 24h GIHTHALEERE IR .
1.3 HEmI*TLE

F D8-Advance %! X SFZEH R ATH (XRD)
SEA R R AH L R 28544, AR &1 Cu $E,
2 12 (°)/min, TG 10°~80°, TAEH &
40 kV, EHI 40 mA. i NOVA NANOSEM-450
R 37 SR A HL 7 S AU (SEM) I S it RIORE ) 3
SR SE, TAEHE 15kV. F JEM-2100 24i%
S H T BB (TEM)WLERAE SRR Sl 2 SURIAT
WHBE S, TAFHE 300kV. F K-Alphat % X 54k
L BE 1% (XP ) B 5 2 T 1 B 7 AL A0 2,
AR Al Ko BRSTIR, JREE 400 pm, B HE 12kV,
BT 6 mA. JH Land CT2001A #YZ23EiHE b ERR
ARG 3.0~4.5V i ] P 5 428 4 1) A1 30 H it idE AT 11
MPERE(25 °C K 55 C)FfE MR (25 C)llik, Ak
AR OA E R 7S B - F CHI604D 7Y {24 T4
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U BEATIEERR 22 (CV) IR AT B AL 24 FH BT (EIS) TR,
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(a) XRD patterns of samples after calcination at 650 “C for 6 h

SHEH FFK, Uil B—Al B 55 2 ARG 45 5 5
Prm, JEBE Al 2% BRI b 45 a2 0 I S B
ko HIE 1b FTLA H, (400) & T W ) K A FE A
BB B2 1 KA ALK, RS 5 R i
M esks R AU AE, H Al BREBZ, SiEUdER
K, KRBT —2& B¥REM ABEUR T 440
R R R R 2 Mn%*, S EILA ) M5 &4
WL, M Mn242(0.0530 nm)/hNF Mnd+2f 4%
(0.0645 nm), H. B3*(0.0400 nm)fl AP ¥ 1%
(0.0535 nm) /N T Mn¥* 4% ; — & B—O fil A0
BEA/NT Mn—0 K, Ul Mn—O P8k 4
62T, g LR B—Al 581544 KA A U4,
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(b) Enlarged view patterns of (400) plane peaks

Kl 1 650 CHbe 6h Joh¥: ) XRD 1% F1(400) i MU (1 BOK &
Fig. 1 XRD patterns and enlarged view patterns of (400) plane peaks of samples after calcination at 650 C for 6 h

2.2 WMFIRSH

K 2 J9FE b Boos A il BoosAly 1 SEM & F .
HHE 2a AT 0L, AFAh Bo.os MURLRSE KANAES], K
WORLEME « AR, SLTHAUER, BTRLR B2,
{H T BT )\ TR RORL R A SR T B, KifR 4
150~250 nm,  [F]if FEAE R 2 TESAN )/ INRE Je 2
BUFEY . S5BAK B B4 &E LiBo.osMn1osOa Ff il AH
EEI28,  LiBo.osMn1.e4O4 (1) T /\ I 1A i £ FE 3 %2
WKL 25 i R B LT, ROURL T it T S IR I, B AN [
B BN LiMnoOa M4 BHURL I 45 i K B A K5
K. B—Al EEBIFE BRI RAT K NESE 2],
WURLAIRE  AANTHAEAE . T 00T, B Ol RO &5 o 1 L
Ufo FEdh BoosAloor HH 7 BURLE B 1A 7 (111) F1
(100) i THI A 48k 7\ T A B BORE , B4R R 200~
450 nm( UL & 2b), AHES 3 B0RL R A R B AR KA S
LK 2b o B T S A8 db ), BORLTESH AN KN |

/INBIREAR /D o ] 2¢ BT WL, i Bo.osAlo.oz MR «
AR AL . JEBT, okl SR ar, R AR A
£, % (111)« (100)FH (110 ff: THI Fr A8 W )\ THI 4K T 55
K, Al TTER B2 3E 7 FE 5 URL(110) & 1 AR
A, UL RSF K/ 210~450 nm, £ 400 nm 5
K2, KNSR B /b o B 2d T RLE H
FE i BoosAlo.os HK 2 EUMURL A Hi 3L (100) 2 (110)
T1, )\ A HE ZERORL I T A AR 2l T, o2k
T 2 AR ROk, A B /b B0 Rioks 4 A5 (111) (100)
AN(110) & T AT\ AT 35, Rids oy 200~400 nm,
FERHPAAEAR R B KRR R ERRL (LK 2d
RELFIR), AN NROR AR /. DL PR S g
J\ AR FURE et 17 HB e A AR )\ T A2 T 40 37,77 HE B 1)
A ) A 12281, 5 i Bo.osAlo.os 15 Bo.osAlo.os FHALL,
K2 850\ TH A HE B0k () Tl A A 35 gttt LR
KITESUNRERTE 2 4K, AN (1) 52 AR 53 B kL £ &=
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RSN, KifEA 200~400 nm(ALE 2e). K 2f
ALLEH, 2445 Al &R 0.08 I, FEdh BoosAloos I
R R ST BRI, Sy 200~300 nm, K 2 HOBTRL IR\ T
PRREZEAT TR, & T 2B MR, ROk Eh ik
BZE, FEMHPAMIES NGRS S 2 . DL RS
SUiie, B A Al LB AR E T FE SR R B K R
(111). (100)FH(L10) 60 MH A=K IH 2, 4 b3,
WL RST 1K, (EEORRLAE KNG Al 45 24 548 JinAs
WABRE. . B Al B4 0000, B0 b R0 30 e A 7

(111) A1 (100) & T ) 48 Wr J\ THI A4 3 7 T2 BB &
(111). (100)FH(110) &% IH BT )\ [HIA, Al B8 &
qksRBEm, RSEERY 2 RSBk, R\TES
& x(B)=0.08. y(Al)=0.04 i}, B—AIl LB =
T (100)EK (110) 7 THI F A= K e, L0k 3R B R 28
BRIE Z HARTESH, H, FEd BoosAlooe MUK TE Al
TSR AT )\ TR TE S, A = 2 58 (111) dat T
Je /NI (100) F1(110) A 1T, Tl HoA S0 AR () A

FERE

K2 650 CHthe 6h JGFE & SEM A
Fig. 2 SEM images of samples after calcination at 650 “C for 6 h

73— W i Bo.os FIFE il Bo.osAlo.oz )
WO TS G AR S5 1, 2y kAT TEM. &2 HHiE
5 L 2 B (HRTEM) A X HL 7 AT 4 (SAED)
FAEHT (LK 3). B 3a A 3b AT LA H, B
Bo.os A #E T )\ T 448 35 AHE B TR 35RO AN 22 )T
TASKNNEORL S SR 2, KL s Ve 22 FF
it Bo.osAlo.oz H A T T AR T\ THD A BRL s TE SRR, &5
mn PRI, ORI RN AT 5], AN NR D

X5 SEM 25 AT . i Bo.os AIFE M BoosAlooz
HRTEM ik 26 SR EE 73731 4 0.475 nm £ 0.476 nm,
P30t I (110) & T (L P 3¢ AP 3e). FHE 3d AT 3f
AU, B Boos FIBE i HESIAEL AFIN, FKEHH
ghanPEZE, B 3d FTARfiT S B s VA8 TS R A B
LiMn,O4 f£1(040). (400)#1(440)¢hTH , 251 4[001]
ft il FF D BoosAlooo BEABHSE . HEFIRIA, KA
FLRORL & e, 1L 3F A BT AR AT S B s U A
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A LiMnoOg 1) (111)  (311)F1(222)fTHI, &

5101 1] bl o

K3 Ffih Boos FIFE A BoosAlooz 1 TEM. HRTEM F1 SAED & H
Fig. 3 TEM, HRTEM and SAED images of samples Bo.os and Bo.osAlo.o2

2.3 XPS &3t

F3 BT iC s A il Bo.os FFE il Bo.osAlooz H XPS, LA
TERE MR T ETCR  BARICENE I Mn [FAEX]
YIRS 505 . B 4 9 Bo.os I Al Bo.osAlo.oz
(1) XPS 1. Ml 4a o7 0L, HABFEE Boos H Ak H
Li. Mn. O. BJt& . HE 4b 7] 0L, Ffih BoosAloo2
B 7RSI DL e AR, R H T Al iR . B 4c
FIE 4d H11 B 1s £ Al 2p 1539 XPS 145 51 Hi 91
7E 191.6 eV 1 73.2 eV, 1FsE B fil Al (I &354
+3029-301, Oy T iR R B S B ARA Mn TR A
FRISEHE, WP i Bo.os 1 Bo.osAlooz ) Mn 2pay UIEAT
M, HEBAFE BoosAloo K Mn(II) 5 Mn(1V)
A UETAN 2> A 46.86% 71 53.14%, B HBFES
Bo.os 173 A 47.29% A1 52.71%, 2 BAE i Bo.osAlo.o2
() Mn(HT)AE T 5 ) &2 53 2500/ S (AL 1] de AT 41),

FH BT S 2 FE i Bo.osAlo.oz A1 Bo.og 1 Mn “FIJ0 25
43 HIN+3.5314 F1+3.5271, 2 FESL G Mn 940 2
IR T HBS PN A+35, IESE B—Al E&5B2
B0 B B A AN [FRR B A AR -T WeAE,  [R]I
WAESEB AR O R A LiMn,Og f kg o
24 EBEFEMEES

B 5 NEEIG 1.0 C B IRFEBCHE Bl ZR AN Rk
Aeld. R sa Al L, A 2 NHERHEETES, £
2 PR RS B AT BRI AR A0 LiMngOs FRAL22ATA,
FF A BT NS 0 A SR S R o ph P Sb AT L,
MR E 58 05, 1.04 2.0, 5.0. 8.0C A110.0C
I, 2 P 0 H bl 2 2 B o FEL I 25 1 184 i T
DAAS R R N %, AfZesiing) 8.0 C & 10.0 C
B, R E . R F R KRR
AT, M RNAZ LY Bdss, Ly i
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(a) XPS full spectra of sample B (b) XPS full spectra of sample B, Al o,
B 1s(191.6 eV)
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(c) B 1s fitting diagrams of sample B, ,;Al,,, (d) Al 2p fitting diagrams of sample B, ,sAl,,
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2 | — Background £ | — Background A Mn'™:46.86%
%] 2} 3+
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Binding energy/eV Binding energy/eV
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Bl 4 Ff i Boos FIEE BoosAlooz 1 XPS 1%
Fig. 4 XPS spectra of samples Bo.os and Bo.osAlo.02
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- B Al % 20 L 0.08 0.06
0.08430.08 - Bo asAla o
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Specific capacity/(mA-h-g™) Cycle number
(a) 1.0C first charge and discharge curves (b) Rate performance diagrams

K5 FEAET 1.0 C TR 2 M Sk e

Fig.5 1.0C first charge and discharge curves and rate performance diagrams of samples
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JE DARME AR IE B P ot e i, 7
ERAAER, SEUREILA ERIERFMK. /£ 05C
T, FIBFES Boos KA BN T HRXUSFEM BoosAly,
7t 1.0.2.0.5.0.8.0.10.0C {55~ , £ BoosAloo
(A A BRI T HARARE . R I LA B A
P B BB i B, {H AN 10.0C A28 0.5C
B, 2 AP S LTI E 267K,
KHHEA RIFREIRFRE M.

Kl 6 2y 6 MHIMAEHE 1.0. 5.0 C #110.0C A
A5 2N KIE AR R RE /1. IR 6a v 0L, A4
Boos+ #F #t BoogAloor~ FF il BoosAlooz « HF fih
Bo.osAlooss F il Bo.osAlo.os FIFF: it Bo.osAlo.os 7£ 1.0C
RIAAE TR EE A Bl Oy 117.2. 117.6. 114.7.
113.3. 116.9 mA-h-g"L 1 115.9 mA-h-g%, 200 /X1
WG RIREE N 75.3%. 77.9%. 84.7%.
83.8%. 77.8%F1 77.1%, Hr1, il BoosAoor A 5K
EHAERER. B 6b B L, FEN Booss FEAH
BoosAloor FErli BoosAloozw FEil BoogAlooss i
Bo.osAloos FIFEM BoosAloos HIE SR LA B4 71N
92.3.94.3.102.8.97.9.102.5 mA-h-g1 1 84.8 mA-h-g%,
500 KGN A, BEREF BN 71.3%. 77.1%.

83.9%. 79.5%. 74.5%7#1 80.3%, 13 LLFE N Bo.osAlooz
AR BN ERE R, BIRFEN
BoosAloos ¥ AR B 2 H s, (HILHCE LA REFTA I
a K. 7E 10.0C R, F& B ETAAR ST FH AT
HLA R BN 75.4. 86.1. 86.3. 74.2. 76.7 mA-h-g
F184.1 mA-h-gt, 7E 500 MGG, BHEMRHEED
AN 78.5%- 75.5%- 81.9%. 85.6%. 79.5%7F1 74.7%,
IS BRI IE K 2 2000 RIS, B4R A AT )
A 37.6. 41.4. 54.1. 46.5. 43.0. 40.9 mA-h-g7l,
RHR = A =LK 6¢). FEi BoosAloos IR &
TR R e, (HHPIGHR A ERK, HERMK
PO P I A L b A R A TR, TR
BoosAlooz WU LA B s, HAETEIREE 61
PG HR R A E IR AR i . SRE R b, FER
Bo.osAlo.oz T AL PEREEE IF o gk SR M4 X i
FEMAEIA A 2000 VR, #F kit Boos FIAE il BoosAlooz 2
B HEE A 50.7%F1 62.5%. 7E 5.0C £110.0C
f5 R TR Bo.osAlo.oz FY 2 & B8 J 15 21 B S o st , I
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respectively
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Table 1 Charge transfer resistance (Rct), solution resistance (Rs) and ARct(ARct=Rct(after cycles)-Rect(before cycle)) OF Bo.os and Bo.osAly

electrodes at 10.0 C before and after 2000 cycles
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Fig. 9 EIS spectra of samples Bo.os and Bo.osAly electrodes before and after cycle; EIS spectra of samples Bo.os and Bo.osAlo.o2
electrodes at different temperatures and their corresponding logio and Arrhenius plots of 1000/T, respectively
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Extended Abstract

Introduction Rechargeable lithium-ion batteries (LIBs) are critical energy storage devices widely used in smartphones, electric
vehicles, and hybrid vehicles due to their high efficiency and versatility. Spinel LiMn2O4 stands out as a promising cathode material
owing to its eco-friendliness, safety, and cost-effectiveness. However, its practical application is limited by rapid capacity fading
during cycling, especially under high current densities or elevated temperatures (55 ‘C), caused by Jahn-Teller (J-T) distortion, Mn3*
dissolution, and oxygen defects. To address these issues, doping LiMn204 with elements like AI*, B3, Ni2*, or Mg?* is a common
strategy to stabilize Mn’s average oxidation state (+3.5) and suppress J-T distortion. Concurrently, crystal facet engineering optimizes
performance: truncated octahedral particles with dominant (111) facets (low surface energy, dense Mn packing) minimize Mn
dissolution, while (100)/(110) facets enhance Li* mobility for improved rate capability. Combining doping and facet control has
emerged as a key research focus. For instance, B-doped LiMn19sBo.0sOs exhibited 110.3 mA-h-g at 5.0 C with 51.8% capacity
retention after 2000 cycles, outperforming undoped LiMn204. Ni—B co-doping further refined morphology and boosted retention to
70.6%. Similarly, Mg—AI co-doped LiMgo.03Alo.10Mn1s704 retained 76.2% capacity after 1000 cycles at 10.0 C, while Zn—Al
doping achieved 70%-75% retention over 2000 cycles. These studies highlight how doping regulates crystal growth, favoring
truncated octahedral morphologies with balanced stability and kinetics. Building on this, our work synthesizes LiBo.osAlyMnz.92-yO4
(y=0.01, 0.02, 0.04, 0.06, 0.08) via solid-state combustion to study Al doping’s impact. Results reveal that Al content modulates facet
growth: low doping levels yield two-facet (111/100) truncated octahedrons, while higher doping introduces (110) facets, ultimately
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leading to quasi-spherical particles. This controlled facet producing strategy is designed to optimize structural stability and
electrochemical performance for advanced LIBs.

Methods LiBo.0sMn1.9204 and LiBo.osAlyMn1.92-yO4 (y=0.01, 0.02, 0.04, 0.06, 0.08) were synthesized by stoichiometric mixing of
Li2COs, H3BOs3, MnCOs, and Al(OH)(CHsCOO): (total 30 g) with 1.5 g citric acid as a combustion agent. The mixture was
ball-milled in ethanol for 10 h, dried, and calcined at 500 ‘C for 1 h. After grinding, it was sintered at 650 ‘C for 6 h. Products were
labeled as Bo.os and Bo.osAly. Cathode slurry was prepared by blending active material, carbon black, and PVDF (8 : 1 : 1) with NMP
solvent, followed by 30 min ball milling. The slurry was coated onto Al foil, dried at 80 ‘C for 4 h, and cut into 14 mm discs (active
material loading: about 1.0 mg/cm?). CR2032 coin cells were assembled in an Ar-filled glovebox using Li metal anode, LiPFs
electrolyte (1.0 M in EC/DMC/EMC), and Celgard 2320 separator. Material phases were analyzed via XRD (Cu K., 10°-80°).
Morphology and microstructure were examined by FE-SEM and TEM. Surface composition and valence states were determined via
XPS. Electrochemical tests (Land CT2001A) included cycling (25/55 C, 3.0-4.5 V) and rate performance. CV and EIS were
conducted using a CHI604D workstation.

Results and discussion XRD analysis confirmed that Boos and B—AIl co-doped samples crystallized in the spinel LiMn2Os
structure (Fd3m). B—AI co-doping enhanced crystallinity, with diffraction peaks intensifying until y(Al)=0.06, beyond which
crystallinity declined. A lattice contraction was observed via (400) peak shifts, attributed to smaller B3*/AlI3*(0.0400/0.0535 nm)
replacing Mn®*(0.0645 nm) and shorter B/AI—O bonds, suppressing J-T distortion. SEM revealed that B—AIl co-doping refined
particle uniformity and morphology: Bo.csAlo.oz exhibited truncated octahedral single-crystals with high (111) and minor (100)/(110)
facets, while higher Al content (y=0.04) led to spherical polyhedrons due to reduced facet growth rates. TEM/SAED confirmed
improved crystallinity for Bo.osAlo.oz, with distinct lattice fringes (0.476 nm for (111)) and ordered diffraction patterns. XPS verified
B3*/AI** incorporation and a higher Mn** ratio (Bo.osAloo2: Mn3*/Mn**=47.29%/52.71%), stabilizing the Mn—O framework.
Electrochemical tests demonstrated superior performance for Bo.osAloo2: At 5.0 C, it retained 83.9% capacity after 500 cycles (vs.
71.3% for Bo.os) due to suppressed Mn dissolution and enhanced Li* transport from truncated octahedral morphology. High-rate
testing (15.0 C, 20.0 C) showed Bo.osAloo2 retained 77.2% capacity after 500 cycles, outperforming Bo.os (58.2%).
Elevated-temperature (55 C) cycling revealed Bo.osAlo.o2 maintained 70% capacity retention (200 cycles), attributed to reduced side
reactions and structural stability. CV and EIS confirmed faster Li* diffusion (DLi: 3.14x1071 cm?-s!) and lower charge-transfer
resistance for Bo.osAlo.o2. Kinetic analysis showed a lower activation energy (24.76 kd/mol vs. 28.53 kd/mol for Bo.s), indicating an
enhanced reaction kinetics.

Conclusions B—AI co-doped LiBo.osAlyMni1.92-yO4 (y=0.01, 0.02, 0.04, 0.06, 0.08) cathode materials were synthesized via
solid-phase combustion. B—AIl co-doping enhanced crystal growth and facet evolution: particles transitioned from truncated
octahedrons with two facets (111, 100) to those incorporating (111), (100), and (110) facets as Al content increased. At y(Al)=0.04,
spherical-like polyhedrons dominated. The optimized LiBo.osAlo.02Mn1.900s (Bo.osAlo.o2) exhibited superior crystallinity and
well-defined truncated octahedral single-crystals. Bo.osAlo.o2 demonstrated exceptional rate capability and cycling stability. At 1.0C,
5.0C, 10.0 C, 15.0C, 20.0C, and 55 “C/5.0 C, initial discharge capacities reached 114.7, 102.8, 86.3, 82.6, 75.3, and 107.4 mA-h-g™,
respectively. After 500 cycles, capacity retention rates were 83.9% (5.0 C), 81.9% (10 C), 90.3% (15.0C), 77.2% (20.0C), and 62.0%
(55 ‘C/5.0 C), outperforming other samples. CV and EIS analyses demonstrated superior electrochemical properties for the Bo.osAlo.oz,
including a higher Li* diffusion coefficient (3.14x1071 cm?-s7t), a lower apparent activation energy (24.76 kd/mol), and a reduced
charge-transfer resistance (114.2 Q). These results indicate enhanced Li* transport kinetics and improved structural stability.

Keywords spinel lithium manganese oxide; boron-aluminum co-doping; cathode material; truncated octahedron; crystal plane
regulation



