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Abstract Ternary cathode materials have attracted the attention and favor of researchers because of their
high specific capacity,low cost and environmentally friendly, but their cycle stability and rate performance
are poor. Herein, nano-Al, O; and LiAlO,-coated LiNi,;; Co;;s Mny; O, materials were prepared by solid-
phase method. The structure and morphology of the prepared materials were systematically characterized.
The results show that the coating layers are successfully formed on the surface of the materials for both of
the two modifications under the condition of maintaining the structure of the cathode material. Electrochemi-

cal performance tests show that when Al,O; with a mass fraction of 1% was coated, the initial discharge
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capacity of the original material increases from 159 mA *h *g™' t0 162.57 mA *h *g™',and the capacity re-
tention rate after 35 cycles increases from 74.38% to 94.89%. When coated by LiAlO, with a mass fraction
of 3% ,the initial discharge specific capacity was increased to 164.85 mA *h *g~!,and the capacity retention
rate was improved during the first 35 cycles of uncoated materials. In addition,after coating,the cycle per-
formance and rate performance of the cathode materials are improved,and the voltage attenuation and elec-
trochemical impedance are reduced, indicating that the coating of Al,O; or LiAlO; can improve the ionic
conductivity and structural stability of the cathode materials.

Key words LiNi,/; Co;/s Mn, 5 Oz 3 surface modification; nano-Al, O; coating; LiAlO, coating; lithium-ion

batteries
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LR, BEE B BRI R, AATIX v Al Bt 2 B 40 B el i P T SR SR iR T2, 7E X s il R o B 4
P b 5 SRR T 3 0 R 46 BRI R L T, SRR IRE AL (BD LiNi,.., Co, Mn, O,) B A %5 i R B 1) 2%
BET T D) B il 3 AR SRR A A A, RO R 2 M FHVE BT RE VR YR P A B F R M IE AR A B . AR, 33X 8 A4 BTG
RIEFFE— LB, B RUEH R ZE KB R AR B ERAE R A B W™ ES, A T H A2 7l A
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REUERYE ERA B RN AR TF B . Ho,ALO, 1A —F BB E LY, 8 ZH
R TEAR 1 32 T S0 O ¥R S22 61 Bk, B 2, Parke ] BATS7 38 2o ¥ JE -8 J 2 7E LiCoO, PRI R HAE T ALO; %
B4R % T LiCoO, MEMiRE M B H 1R 2 & ; Sun IREHY A AL O, G LiNigs Coo. O, 8
EEEMERT YA BG83 R G5 ; Zhang IRBIAS RABAE R BEE B K ALO, BE
3| T LiNiosCooz Mn,, Oz, BEF RS T W E MK JEIHREREMFRMERE. W LIAIO, ERF—FtE T2
AR EEE N RS LiT MY 8RES . B, Sun B BA™I ZE LiNios Coos Mno, O, REGE T
LiAlO, %2 ,Chen BIBA™7E Li, » Nig 152 Coo.0s Mo 53 O, FIEAE T 7-LiAIO, B2, ¥ REE K E T EMAM
BHOTEA IR E R ERMERE. ALO, 1 LIAIO, WA S WEE BB R B AR, Yan B A" &5 R
FAAS [ By A 2 3 P ) 4 T AT A B LB AR RIS LIALO,-AL O, EA%REAER LiNigs Mn,; O 48, HE T
LiAlO; 5 AL O, B (5 HXH#ERERIBL 0 5 53 Ab, Zhou HH BADS @ i 5 S-S I B R 5L 7 8, IR W B
BBAE R AR TR BRI X Lis 2 Nio.is Cooas Mnoss O, IEM M B HEATE0HE , IR EH AL AL O, 1 LIAIO, RARE
B3R T IEAR AR B A2 PR

e ERBFFTERE b A SCA X R LAk 4 72 B LiNi, 5 Coys Mny s O, (NCM) TE AR 41K, BFSE T 44k AL O,
£ | LiAlO, BB X NCM H {2t RE R MR, B 708 ok 8 0 8 L & 57 19 R E B F B SL B NCM E&
PR P RB AR AL , I M8 T W Rh R B AR AL,
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2.1 MG

(D 44k ALO; A NCM W & K 1 g NCM IEARAH8E.0.01 g 4K AL O; 1 10 mL sk Z BEfNA
Bar e, R B BIEIRA 1 h, #3220 hJ5,7E 60 CTFH 20 h, R)E . ERESHAT 450 CTHEEE 10 h, 8
FFmESBHN 101 ALO; GEK NCM # #1128 NCM@ALO;,

(2) LiAlO, f178 NCM Kl & A BT & LiOH A1 Cy H, O, Al A HERE FRH B2 h K 1 g
NCM B ARZ @M A B3 8 20 min J5, H Z B FKMERE, 60 CEETH# 40 h, RE . EEKAKT
600 “C48% 3 h, BRAIFRELE N 3WH LiAIO, BE K NCM # ¥, it F NCM@LIAIO,
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2.2 PHRIRAE

R FPEE Bruker 2 ] 72 D8-ADVANCE #{ X §f £k 17 4L (XRD) X # i #E47 ¥ AH R AE , W 3K 5% 4
H:Cu-Ko 5,4 =0.154 183 nm, BFHLE 40 kV,BFH ¥ 40 mA, 2K 0.01°, HFF 5°~90°, RAHEHE Ther-
mo Scientific Escalab 250Xi & X-HF48 %8B T e (XPSO) RAEREFHF R ILERME . RFHEE Thermo Sci-
entific Quanta 450FEG B ## 55 (SEMD MM B TE S . R AECA WL K BE 1% (EDS) 3£ E Ther-
mo Scientific Talos F200X & 5T B 5% (TEM) RAE A B O 5 #4 F1 43
2.3 mAEENIL

 NCM IEERTE MR H . R R B superp IR RMBM LM (PVDP) R 8 12 1 BFEY S, IF
A — & & H9 N-H ik i Ge B (NMP) i B3R OBL, BEJE % 28 76 48 98 L5 ¥ ) 4 AR R i T B IR SR T R 46
L7 60 CTTH 18 he REWHAMERERAN 11 mm HHEKRH . ERFHESVFERPHTR
HL L 20 %%, i b SR A R2032 BUREE4N 05T, AR IBCh LiPF IS MR FAEMBLL M 12 1 % EC #1 DEC IR &
B RV B RE R ERA T, R A celgard 2400 (3 H Celgard) , A& B a8 A /E Xk, 30
K WHET R, B E 12 h, R HFFT BRI, R AR Neware BTS 3000 H 1 3 & 4t #4715
T FE B E WK, W0 B AE R AE 25 CL R L R TE l 2.75~4.3 V, TR E IR B E R ARG R E . R
FAAA 2% Tvium B A Ak 2 TAE 85 #4738 W BE ST 5 WK, S0 3R Y6 BBl i B 10 mHz~100 kHz, R IEH 5 mV,

3 HR5i

3.1 PRI BIBB SN

12 NCM @B GH XRD #EE, \TLLEH, Fifil &8RN EMTENSATER.BER «
NaFeO, 45t (R3m Z5[A#,a =0.286 0 nm,c=1.421 6 nm)—2", FH K AL O, 5 LiAlO, KR HEIH
KM NCM 45H ., M5 ER R, R BR=YMERERT . NTHEPIHFEE R ALO; T4
Mg LIALO, fif4i&, TRER A N —H M EBEAXN TREMMNERD HE R E. HEHH
(006)/(102) W LA K (108) /(110) ey 43 3 3 1 18, BB ] & 1) NCM@AL O; 5 NCM@LIAIO, ¥ EE #
BAHTFHEREW , BHMFAHEREWRENE.

K22 NCM@ ALO, 5 NCM @ LiAlO, W # & i
XPSHE., TLER, BESFITESE N, Co' .
Mn*" 4> BIAL T 854 eV.779 eV.641 eV i, 5 3CHk
3B LiNiys Coyss Minys O, b1 B0 8 fir — 509, & 2(d)
Hr74.3 eV AARIER T APTOY RBMA ALO, B RK
2 NCM@AL O; # K KB TR 674 ; Faf, A 2(h)
fi , NCM@LIALO, & Al 2p 456 BERS M IR BE & J7
3, AT RHEE R H PSR B LiALO, WIFFTE, BLoR B4R
NCM@LIAIO, MR HETEHIN .

XL HIE B NCM #8HE 55 647 WA, I E 3 Fi7m K1 NCM.NCM@ALO, fi
AJLES, ROE MR R BUR % R 38 TRR% , R~ NCM@LIAIO, 5 XRD i
Y% 10 pm., & 3(c,d) AT NCM@AL O, £ ML,
5aENAH A 3(a, b)), WE B E KA RHERE TS M WBRIEIE RS , 72 NCM PR R A [ /N5
R, #—FHEE TEMMERA, QBEEMBRELEHE ALO, FRME, WA 4 FiR., B4R
MR NCM@ AL O, PR EDS B B, T ERM B ML E Al CENEL, #F—HiEHT
Al O; RINOEFE NCM £, WA 3Ce, D) i, NCM@LIAIO, B 5 REM BEM . ¥ NCM@LIAIO, #
frifi—2 TEM Z30#1, WHE 4(d,e) , T LLFE M FE ER A EHBRL L %4 LIAIO, BB, JBERKZAH 70 nm,
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K2 (a~d) NCM@AL O; fil(e~h) NCM@LIAIO, iy XPS i [

K3 (a,b)NCM,(c,d)NCM@ AL O; Fil(e,/)NCM@LiAIO, i SEM &l
3.2 Wb PERE M
#H—H W T EE S ERA R B, B 5@, ce) 232 NCM.NCM@ AL O, il NCM@
LiAlO, AR #HBHE 0.1 C.2.75~4.3 V. RRIFEFR KRB T WM E 2k, HP ,NCM@ALO; # B EH K.
HCH L B4 50 162.57 A1 160.49 mA «h -g™', AR N 98.72%; EH B, RMB LA RN
163.675 161.01 mA ~h -g™' , FRI AN Ry 98.37 % ; FHE TEIF B9 4 S 4T , U BORAERFAE 99N KR T H
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MARBERT, ATHERFROBEAEM ., HERATEERSIR ALO, ABEYER NCM #1872 5 4 4 Br
B, BEERE RN, ERAR SR A2, AR T I8 SRR B AR R, B8 e IER AR L BB
A JURL B 22 T LA BH 1 J0RE 22 8] B9 e 4 Mk, AR AR A O, L Bk O L R s T SRR 2 )5, 16
PERPRLE TE 7 B  RARTR N IR AR R E L X LB R B ORAVE L JT A6 S8 AR B, A RBE LR T T kR A
FEL R VB R A, AT 4T o B SR A, AR A AR B T ADREBY RIS HT . R IE 5(e) AR 15 B A 35
Pl B9 FE T HE B £, NCM@ AL, O, 8978 B S 5 5F B0 BA B 3 il 70 0 mbs UK 0 38 i PR s 48 0, SR U
NCM # R LA H B #E , RA LA E B NEAREREEERT.

Bl 4 (a)NCM, (b)NCM@AL O; ) TEM El ; (c)NCM@ Al, O, [ JE S K% B EDS i $14i 1l 5
()NCM@LIAIO, 4 TEM Pl B (e) 15 ki il 2 X 885 it K %l

Bl 5 (a)NCM,(c)NCM@AL O, fil(e)NCM@ LiAIO, A [a] 4§ B ¥ ¢ 5¢ i o i 26 B8l 5 (b) NCM,
()NCM@ AL O; FI({)NCM@LIAIO, A [l 4% % iy i v iy 2 Pl
ME 5(e)HHBATLIE H, £ LIAIO, BER . HERABRER BN REHA fidE. X2H T LIALIO, &
B FEET A6 il 5 B B R N, A B FME S B S B REmARMENEL. R, REF3



3 T4 AL Oy /LIAIO, F TR AL E B LiNiy s Cois Mny s O, = JGIE M A B F5E 61

& LiALO, LR EE A B TR LiT W&H ., ZEEIZRERE . MHHRE LR EERNER,. 5
NCM@AL O; ##H#H Lt , NCM@LIALO, B B L A BN T REESR, N ERTRE50EESTZ S
Lit fEmz Mk A%, B5(b,d, D452 NCM.NCM®@AL O, #1 NCM@LiAlO, IEH M B 7EAR [F 53R
TH k2, B 5(b) AT, BEE S REH A, NCM KRB FEENEEM T ERBE, YR RBEREN
1CHE, BN FGELAHE., MBS, E 5(d, D) Fix, EEREH R T, NCM@ AL O, Al
NCM@LIALO, EMHM B FE R <% E, Hr KB B3 H 5 R aE NCM MH 1, BB 5 ER
B R B RIBR K E.

& 6(a,b) 431K Al O, . LiAlO, WA /G K NCM IEHRARIZE 0.1 C FTEBRTEH BB ERE, Bk
X[E]H 2.75~4.3 V, AILLEH, 9Kk ALO, BB)5 . B R LA &R FROBEME, &t 35 KIEHR)E
5% 152.30 mA +h g™ BERRFEN 04.89% , RABEBENBEH R EME. FF, NCM@AL O, #8H#]
Wi LA RIEARE R TREFILKENRERS , HUHLEFEEZH T ALO, BBENFE, M ATH
BEFY AR, RS KA B APTEUR Mot , b AF B B AT, NS AR AR Ni2™ , B i T B
B, 1SRRI LR IR FR A (L A BB RE RIS . & LiAIO, BE )5, 5 —KIEH 5 B A L
8K 164.85 mA ~h g ', 7E 35 BEN)E BB ILAR TS 122.41 mA ~h-g ', AEREERRNTL.26%,
5XRGBEM BT AaBERM R 35 BRRmAEHRE TREE NCM, 25 TRkt NaBEmE
IERR AR B RE FR A RE HEAT X L, DL I 6 Ccb ), Tl T 0 L B 300 285 B A0 38 A, 4 A 0 L B 25 I 2 R 1 B
R, WA NCMEaB R ARERERTHRALEENBIATHEMEHA. NCM.NCM®@ AL O;
NCM@LIAIO, 7 5 CREXRT MR EARY B EREM, X NCM@ALO; MABEBMERNAETFHZD
Lit & 54, 4 E 3 0.2 C Bf ,NCM@ALO; #E AR 5KEEM BT, NCM@LIAIO, ¥ AR FE
150 mA *h g 'DA LB AR, R HEMRR O HE. 7T, 90k ALO, BEM LiAIO, BEHH 15
NCM # B R RE B Bl kg , F HEAH B E W HEAEREE. W NCM # BB /5 1 # 4k 2% BE 51
I, S R AE 6 (e, DR, TURREMERHRE —NLEH,BHFR —FEL, LN ERSBATHE
BB (RO . SUN FHBFFTIAH Ret AL MBI A B E M AE#H 8. HBRMZLZ LI, NCM@
AL, O; f1 NCM@LIALO, BRI ERE/NTFAREE NCM 6k HAHRLE , BEHH NCM 48 B fif 7% B BT &
78 J5 AR, T NCM@LIAIO, I H B /MBI,

6 (a)NCM@AL O, Fl(b)NCM@LiAlO, §i 35 ¥ B A5 514 5 (c) NCM@ Al, O3 Fil()) NCM@LiAIO, 1Y
£ OB YRR 5 (e) NCM@ AL O, Fil()) NCM@LIALO, ¥ HL 4 7 L bi 1l
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gk AL O, BEZE LiAIO, WE EH T LUR & A 6 i Ak e YR (D B A B8 et L3RR BT AR
WME 7 FRBEFR. Al O, ZEI I AR AR5 B 8 W & A B RN, B 1k 3 V8 4 8 W5 4 O T S LA v, it A
RHASSBEE, LT EREPRT AR LA, GEZN EEAENVEETHE R FHSK, BEH
WEME T Lit FeF Ry 8, R B R R BT, AR Z A RS ZBBBERE N, R E LR
B, WAL EEREIRSE R UE H ,NCM@AL O, WABFER L NCM@LIAIO, Z1&,7 I,ALO; 2
MR A, BLRBSE A U BEL 1L HF 5 EAR AL B9 A B 46, BLE i ¥ 4 R % % ; NCM@LiALO, 7E 30
B R RN RAFWATARS LIAIO, P EMBERE X, ALO, BRBAKREFEREMNIEET ALO: &
5 HF MEERAA S BRAAY , ANTT#RE T E&M RS, B IEARRER . I NCM@LIAIO, I
BH R FERBOEARESEMEREEBORERFTTER LiIAIO, RERFE, MKXT Lit Wy BIER.

7 NCM@ALO; fit NCM@ LiAlO, 43 % & 1 HLRL 3 3 1

4 i

2 3038 o B AT R 4 B £ T 44k AL O; #1 LIAIO, T NCM EERA ., B EE, AL O,
M LiAlO, ¥R 7E NCM BURL R . AL AL MR G R R U] P Fh . 28 29 7T DASR i L A LU B B LB 3R AR
HRAEREMERE . SAREE NCM MK 159 mA «h -g ' WHIRCHE LA BRAM L, 241k ALO; 5 LIAIO, &
B)5 NCM VIR i A 4> 10 162.57 mA +h -g™*.164.85 mA +h -g ', BT, & 35 KMEH)F,.F
B NCM B A BR RN 74.38%, M A4k AL O, Ml LiAlO, ® 5 94 BL (A 2 B4 94.89 %
74.26% ., ALO; &L LIAIO, BB ERMERAEEMRF B AEME, RERECRY, 2L ERH
B A , AL, O; A1 LiAlO, 7 238 13 7K IR V2 FI AL i 389 7T 2 o TEAR A4 e} i e Ak 2 BB .
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