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Abstract

Lithium-ion batteries are characterized by their high energy density, reasonable material cost, and
environmentally friendly features, and have become important energy sources for portable power
devices like electric vehicles and electronics. However, the commonly used nickel-cobalt-manganese
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(NCM) ternary cathode materials have certain deficiencies in electrochemical performance. This
study mainly investigates the effect of Ba2* doping on the performance of LiNio.sC00.1Mno.102 materials.
The phase structure and crystallinity of the samples were analyzed using X-ray diffraction (XRD).
Scanning electron microscopy (SEM), transmission electron microscopy (TEM), and X-ray energy
dispersive spectroscopy (EDS) were employed to characterize the morphology and elemental com-
position of the samples. Through electrochemical performance testing, we found that BaZ+* doping
effectively enhances the specific capacity and cycling stability of the ternary cathode materials,
providing new insights and evidence for improving their performance.
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1. 5|

B TFHIBFE SRS SRR G R, TR OO IR AT H 72 5
SR IR I EERRIERIE[L] [2]. H, IERMELR R GG RASRE RN EERN R, b, &
B =J0IEMAE LiNiLCoyMn1 -y, (NCM, x > 0.6) A1 HAF X 5 i 1) TAF U AR B 2% FE[3], 2 B ATieA M.
F RIS =0 IEM A R 2 —.

B2, BEEXTIEMHR S NCM AR A TR AR 7S, ORI T A/ . (1) SRR 7R
B, LitBi TR Li 25467, BT Ni2R Lt S 7m0 bl Nizt i, s s 7 i HE.
AR, Ni & ma s Nt NiZ e, Mkl 7iX—iRH, AMUSEMRIIL AR R, 1 Hid
SAEHPIIG R, HmIEHFRE 4], (2) BT @Ak BA & Rk, ERAERNERE, &
FEUMERLUI =4, ZRLOI T MRS IERAR AR T AR, T 2 RN, NI i 1A
BE— B BRAK, 8 AT I R AR 25 [5] [6]. (3) NiS* /NI S4UR T2 [AIFFAE AL B S, IR BN &
T, @k R T TR ROV RSO RR I, SBOLIEM R T, W5 SRR AR, R AR 7],

B GRS ROWHE. SWEEEFE, TUESMER BRAE, EX=Fo5ES, oRks
FRR— AU FB. RS —MERA I THNEL T, R30S T DR =
TCM BHE AR G514 [8] o 1 ITVELE L 2R A A ] ARSI BERMBRE(E T <1%)
BRSO S AT, B RO RS [9] 4 4 BH 2 1 VR HE[ 101 2] d i SRR [11], DA
J Rl gt fa e tE[12]. Htk, fEX—4uh, JuRB AR —MEAEE BEM .

AL A Ba?* %t NigsCooiMnos (NCM)ATRMIEAT 5 % ik, Jl i [ AR e 45 & AN [F] Ba? 45 2% &=
) NCM 2t IERATRL, 4 513E A 0.2 mol% Ba-NCM A1 0.4 mol% Ba-NCM, it £ FhR AL J7i2:, 5 Ba?*
352 EXTMBLRE SN f RS M AT AL VR 52, 367 Ba2* (135 20 3L Mk 2= PR e 1 g e L
A e Ba? 52 v] LIAT 2T NCM IEARA RHE) HLAG 1 e

2. LT
2.1 HEPESE
368 3 7 B o L A e 4 v ) £ 45 B Pristine-NCM IER M RL . 264% 8 1:1.05 19 EE /R ELb sk 4k
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Nio.gC00.1Mno.1(OH)2 AT 3Kk 4A 5 LiOH-H,0 # IR &35, ARG EE AN B 5°C/min Y FHE# 2 TR 2
500°C R 5 h, #RJE4kE:THE S 800°C LRI 12 h, EESARA NEHAHEEE, 155 NCM8LL Ik
Ble X5 T Ba?* B A IER A B & A, S5k NiosCoo1Mno1(OH) BT 3R 1A 73 73] 5 E ZR 73 # N 0.2%7F1 0.4%
(11 Ba(OH) ¥ 51 &, F5id & 5% LIOH-H.0 i, & T AEA/ T milibeds, Reiidfi
5 R, 535258k 0.2 mol% Ba-NCM #i1 0.4 mol% Ba-NCM.

2.2. MRIRIEF &

X BHEEATEROAR R H i . R R R A AR . X SRATH (XRD)ZFIH X $ZRTE k44
B FIATI RN, IR M EEAT AT — TR . AR — N SR R . AR SCHEI X
SR AT 2 [F PANalytical 23 & 4E 1) Empyrean B15, X SHRATHMCRH Cu Kal (A = 1.540598 A)
VE RS ERIR, TAERE S 40KV, TAEHJ 40mA, S K NEEI80 2.429°, FHEER Dy 5°~90°, it
LT bRE+S Fr PE AR I, BRI SR AR FRPE L 4 b B AR

FAH H 7 R AHUBE (SEM) A2 A RHR} 27 A5 OML S TIOM T SURFAIE 1) — b AE 8 B L R AE R R o FRATTAT B
B UL AN BUR HL R FAS W IO TS G s T CASCERARFAE X SRR SRAF P ot )4k 22 1 43 AR
ALz FH A 7 RS (SEM, JEOL-7900F) . 2 5 FL T i e (TEM, JEOL-F200) 4} A & T2 50 25 #1047 1
YUFRAE, FAEBh X B2 A & G BOE I (EDS)RHE 5 70 2= 4L RHE T 44T
2.3. B4R R FAMEREMIA

W IEIE VAR, SR R B OREEE T S R 9 4% (PVDF) 2 i 8:1:1 M LL Bl BEATIR & o fEIX 2P,
K471 PVDF 5 ZLLA 5% )it & L i T N-HEEIE g e B (NMP)IE R, DME-FIR A5 IG5 1M
B 7 S F AR P S BOIR, 1X — BRI N T W R A AR RERE 78 TR & TR i ST )k

] U R R 1R B AR R DN AR TR b, MR ENR B EE S, EREARG. wE
SERG, PR U (0 F R AERA R L 80 CIIIRLEECE. 12 /B, DU T JROREHh I 75 78 40 48 R A r
W FEA TR

T B AR BT B & RN TR Fr, B R R TN RIS S F B T, IR
B B B BRI IEARAR A . IERRSERNT, 41%E CR2032 AU B, [ A 3 I i F A
W FARCN 1 M LiPFe W& il T 0012 LM BR(EC) . BRIR — LBS(DEC) MR R H L EE(EMC) TR & VM (R AR
tboh 1:1:1).

A8 FH 5 A 2 48 (LAND-2001A) % Hh AT PERR AR, MR 2% A =i MR R e i i, R X ]
N 2.7~43V, CEHM AR ] RS E HEARCERRE, A I T R R

LA 2 BHAEE (E1S) /& — P o4t 1 2 B0 2 R 80 B it 3l ) 547 N 58 7738 AR R A T i
17 (Autolab) AL T ARG, x40 it i BHALE BT R, W ENAMZ TR 0.01Hz 2 1
MHz, WHA(E SHRIEN 5 mV.

3. &R
3.1. MREERIE

N T FLB 20 NCMBLL S AR M2, AT Je R X S 2T S OO0 SR A M4 ) DA Ffr il & O
AT X ST b, SR 1) Fos . ASFRE ST XRD B TC IR ZE 0, S NMRRE G BUR) B
W, 5k PDF K Jy (PDF#70-4314)AHEL G R 22 57, X Ui A BT i) 4 AR I 45 i FE B v, 9 HZN YY) o
NaFeO £, A R-3m. BANMFEM T, WA RN ATHIE, X2HN Ba BRERD>, BRIF
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Figure 1. (a) XRD diffraction patterns of NCM and doped samples; (b) and (c) local magnified XRD images
of the materials at (003) and (104) positions

1. (a) NCM RABHHEGE) XRD (THEE; (), (0) HHIE(003), (104)140E) XRD BRBHARE
i PR T R IR X SR AE SR R PR AR AT R 2, AR IR
nA=2dsiné Q)
Hodrn NS EE, AN X WK, d AR, 0 NATEHAE, BE 1(b). B 1(c)rf4n, 3% Bas
JR B IPE S, AL RE(003) F(104) 06 It X6k 87 (AT 5 A7 320 34T 1) /N £ FE A%, AR B8 A1 R 4% 7 A2 158 BH L5 B
JEIRI BRI K, R EARKEN Ba IhiB 2edt 7 Mk A R, Ba2t it 3 1 SCHE A I/EH
KA KL Z (8] BE A R T8 5 A i .

3.2. MR ERRAE
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Figure 2. SEM and EDS characterization of (a) Pristine-NCM and (b) 0.4 mol% Ba-NCM, and (c) HAADF

image and EDS characterization of 0.4 mol% Ba-NCM
2. (a) Pristine-NCM. (b) 0.4 mol% Ba-NCM A SEM #1 EDS F&AiE, (c) 0.4 mol% Ba-NCM HJ HAADF
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{5 FH 4348 - R AUBE (SEM) XA B SR TR TR 3 g A7 Ll , &5 R anf&] 2(a), &l 2(b) o~ BHEIR 1, 5
J BT JE R R (KN IE T B 2 ), SRR 5~20 pm I EAEURLNER, R R G AR, %
IRFE NI Ba 524 %A BURRE R T3 X EE EDS BIE W LLR L, Ba s i tbiitsl, HkH
R ESE, Y Ba C&MIhB N NCM IEMM RS, SISt R B R IFIB 20 .

N TSRS A G NCM MRS, il 4658 5 i 7 BB (STEM)STHB 2% 5 [ FE
mdE TRAE. /£ STEM H, HAADF f5 12 2R Bif% (High Angle Annular Dark Field). HAADF Hif4%
A ) FH R R sk A i S, R TS BN 514 . HAADF R 8 52 (1 58 s 0t L
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Figure 3. First charge-discharge curves of different samples: (a) original material, (b) 0.2 mol%
Ba-NCM, (c) 0.4 mol% Ba-NCM, and (d) cycling performance
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Figure 4. Electrochemical impedance spectra of Pristine-NCM, 0.2
mol% Ba-NCM, and 0.4 mol% Ba-NCM
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