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Abstract: Spherical precursor NiggCopesAlypZiropn(OH), was obtained by controlled crystallization method. A uniform
mixture of NiggCogesAlgeZropn(OH), and LiOH-H,0 was sintered under 750 °C in O, atmosphere to synthesize
layered Li(NiggCogsAlosZronm)O, cathode material. SEM images show that the precursor and cathode material have
well morphology. XRD patterns show that the product possesse a well-layered a-NaFeO, structure. EDXS images
show the Zr element in the material is distributed evenly. The cells with the material as cathode display excellent
electrochemical performance: an initial discharge capacity of 221.5 mAh-g™ at 0.2C between 2.8 and 4.3 V with
an initial coulombic efficiency of 90.3%, a discharge capacity of 192.7 mAh-g™ at 2C and a capacity retention
rate of 92.2% after 100 cycles at 25 “C. As the temperature raised to 55 °C, the discharge capacity was 236.2
mAh-g™ at 0.2C in 2.8~4.3 V, and retained a capacity retention rate of 85.1% after 100 cycles at 2C.

Keywords: lithium-ion battery; cathode material; co-precipitation; zirconium substitution

Wi F 9 :2017-09-27, WA ecf H T 2018-01-23,
5 1 ARR 5 R 42 (No.51602352) B B T H
MHAEBE RN, E-mail : csutep@163.com



648 /P51 R A= = S 1 %34 4
0 2 = KT Zr 7622 (045 A K bRk e {27 1 i e 44

LS - RS E AR A R I A A I AR A
TR AR RE I ) A U R A R
M AR RS LA LiCo0, A ., BAZIRAT a-
NaFeO, 25 [ LiNi,_,Co,0,(0<x<1)$% LiCoO, 24 &
FEE AR BA PR 3 | PN 2 LiCoO, fieHL 5
G 1A AT B LiNi L, Co,050<x<1) R I M A}
R Ni A p R o S RS 2 RS RS
I S AR 285 48 T ) Li/NPRHE | S B0 RLE R 1 g
B A VR BRI TR 4 5 BRI AR AR 16
RS P AN RS M 2 HL T S fh N ) S
HAl F2 A R KB RETBORE S
EEAR Y S Ra e

Horbr WF5E N B R R AT A0 Ze0,1 Si0
Niy(PO), PS5 ), 45 2% A4S MgleA Tjlis114
JCE R T B AR = JoA R 3R R T BRIk 4
FARGE P | 1T S B I AR b RO IR 1 e iR
AR TE H A8 2% T2 f B R R
PR F AR A 7 Duan S0 58 BT
FHER 3 AL AR Li(NiggCoo2)0, 1 HY Co, AT 9842 FH 25
FOORHERR R RS PR E M, DT B A
LG PR BB e A PERE . Woo SEPIXT LiNiggCoo,
Mng, 0, MRHIEFT T M2 F1 AP S4B 28 R B A5
e, MRIEHE M A BBE R, 76298 KIRET Al
Mg Ni fil Mn JCE 5 0 256 J1 KRR R AP~
0>Mn*-0>Mg*-0>Ni*-0, K It Al 915 A B e84
AR R AR E P L Zhou VA LAY LiNigeCoogr
AlyO, IE A ELFE 2.8~43 V | FEIRIAEE P E K
AR E IR 236 mAh-g(0.1C), 1C FEHT A5 2896
100 WG A RN 93.2%, I B 1 g
R AE PR E YA AR AR 2 B i 1 R EE 2
200 C, A5 5R 5 A 3h g xR AP RE Y
NFHZESR B B E 1524 ml LUR BT+ M-0
SERERAE T, DA HE— 25 R AR SR AR G5 | o
TR RHE R AG I i R P

AHEE AP 2142 0.057 nm), Ze* (9 2 A TR
S T 242(0.072 nm), [FIBS | B4 B8R 5 AE 09 Zr-0
ST — 2 R TR R S R M Lin®@45
i34 Zr A W Li[Ni 5CoysMny_Zr,5]0, WF 58 2 B Zr 1)
BTG A AR B DT 0 T A R LAk
SPERE A SO I S I I AE T AR AA A B B S B
Zr TCEAEM B 3 5] 434 il i 5 AR B 28 G RE

E MR,
1 KEES

1.1 HRE&E

A% S 5 SR FH 48 il 45 75 #E NH-NaOH-H,0 &
Z T A NigeCoposAlogZron(OH), BTIRAA A4 fif 4K
R it , 5% NiSO,-6H,0,CoS0,-7H,0,
AL(SO,); - 18H,0 F1 Zr(S0.), - 4H,0 (ny in, iy iny, =0.9:
0.05:0.03:0.02) # T £ & F /K P ECHI L 2.0 mol - L
MW, AL UTvE it R E RS TR AR
W LA 10 mL-min™ (9 3 #2255 A 50 L $i kI
N2 [ B NaOH (4.0 mol - L) FIAE S B 47
27K (4.0 mol - L7735l 58 A SN 48, R FHAE 4R
pH T SE B W I 52 1 42 8 pH (I B kR e T
11.8+0.1, S04 REJeE MM PREFRNAK R 55
CEE, BPEHE 500 r-min™, FERHEE WS FRAK N
NP 200 remin”, PRAFIR BE AN AR A SN
ZHYIRBRIE 4 h, ZJE R R SR R R it
UE VEUIFTE 120 C R HET 24 h J5 i (400 H)TE
) HARHT AR

B3 2N NiggCoposAloosZron(OH), BIAKIA 5 LiOH
CHOMW B Z o 1.05: 1) 5IR A HIRGYE
SEED IR 500 C TR 6 h, SRIGTE O, R
iy h T 750 CHEBE 12 h, THERBUHEE N 2
°C-min™, 28 FA AR A S B PB4 i (400 H)
e 245 8] Zr B 427 Li(NigeCogosAlgesZiree)0, 1E A A4
K, RBAAIEER LiNigConsAlos) 0, LA KA
J TR R i B R ST TE S B ARG 2 e R AT
1.2 YR RIE

K F H 7 Rigaku, D/Max2500X 5 £& AT S 43 %
MR ARG HEAT M7, LA Cu Ko SN RS
A=0.154 05 nm, HLJE R 40 kV, B H 80 mA, 4
70 Hl 26=10°~80°, 44 FE Ky 0.5° - min'; i JH 35 [
FEIQuataF250 %47 4 H1 1 13 85 (SEM) X A4 B 1§34
W25 A KT S0 B A7 o0 0, TAEEL R A 30 kV ;i i
JEAT 53 BT AL (Malvern-Mastersize2000 , e ) > ] 7
A RE M A (0 R BE 23 A 5 SR XS 2R BB IS 43 BT )
(EDX,Shimadzu, EDX-720, H 7) 53 M A4 05 44 Fkr 1)
A2 By 5 R G AR BRI 5 BE A= 7 1 FZS4-4B
P 525 B SO A Rk A e 52 8 BE A 70
1.3 BN

H R AL B AR | 2T 4 2% B CR2025 AT X



%4

T A Ze B A IEBA B Li(NigyCogosAloes) O, B HL AL ML BE 52 1 649

FL Y X LR AT AR 2 MR % BT L 80101 R
BUEM AR PVDF (R R — 90 2 065) B T HUBR | LA V-
FH 56 i 1 o TR (ML) Ay 985 591, 35 3550 7Tk v ol JHE 7
O3 IR A I G EL A W S R KRR 2 S TR
B R MR EJRE 14 pm) EJRH B2 110
CHEZS MR N 12 h J5 BUH T A R b = 4T FL
BEEAAR 11 mm WEDER R, B B R 3.5
mg-cm2, TE 5 20 R T BN LLER 154
mm JEE 1.0 mm W EE 488 7 8 bk, DL Lk
W R IEN, LA 1 mol - L B LiPF, A HLE (L A
FEORFRTR WRIR O Mg | — W LR PR TR AR R HL Ry 1:1:
1 TR G 700) o F R, DA 22 L3R TR A4 JEE (Cel gard
2400) K B 5, AT A b i 2 IR S8 Y H
Wit 4 h B#E S BT Land B0 I 2R 48 X0 H:
HEAT M2 PR RE I I, R H R LR 2.8~4.3
V, B FE N 1C=180 mA - g, MK 5Ll 25 C.,
K H 2 [E PerkinElmer ) Model 2273A AU H1 {24 T
PRl 147 F it 1) 28 O BB I K (EIS) 0003 43 23 4 ]
4 10 mHz~100 kHz, #L8 L8 5 mV

2 #R5iTie

W1 FroR @i 1CP 3 B Al R0 AR S 46 i 4 1Y)
Zr B 24 RAT SRR T Ni (Co AL FI1 Zr PUFP T 2 19 4
T A 53 nine nain,=0.901:0.049:0.031:0.019,
ST 20T, U Zr JGF 78 73K R A B Bt
5 Ni,Co il Al =Foo R LI T HLPITE , &4
) T SR AR K Bt 2043 3 BT an 2R 1 e a4 2R
5B ¥R —8, Hh Ze B3 RENR A R
T e naing=0.901:0.050:0.029:0.020 , 5 # ki H
el oy — 3, Hr 720 BLS 8 Li(NiggCopesAloes
Zl"om)ozo

B 1 iR R Ze B 2% IR AR 5 R 48 2% i 9K 1R K
HXF B BE 4 il i 1Y SEM 8, W] 1(a) , A5 22 11 5K
A (NigoCooosAlges)(OH), UL 1 41 AT AR 1 — YOk 1
Rmak, KR m R HE RIFMEREIES , S KB
Z 1) T 9 AR — B0, 17 B4R (N CopgsALpgsZirg o) (OH), i

KL TE S R B R BRIE | Ze JC 2 951 ATF A 51 Hif 3K
PIBSURLIE 350 1 B A8 Ak — Ok 5 R 4B A i B
a FEARL, 38R A EIR (B 1(e)), Ud B AE DT o A v 3%
A RHIEAZINE Ni,Co, Al Fl Zr PUFP T 2 7F 1 5K
PIBURL 52 BT SR PTTE | FLHR 52 E I Uik #) 2,03
grem™, WE 1(b,d)Iin 4 m il B A2, )5, R
B 2 AL IE AR A BE Li(NigoCooosAloes)0, 5 Zr 54474 1E
B A B Li(NigoCopgsAlgsZre)Os 23 M AR-E T 5 1if 4K {4
AR — B ERIE L 30 KR AR R F (<11 wm) , L ERTE
SR FR ROR RS 18— Y 0R 2R 4 T PR 4L £k
U0 G Koty B R W AR B B R R I I — K
ToURL,

KT FRAE Zr 8 2% T E B M B Li(NigsCooosAlogs
Zo) O, TURL AR I TC R 43 A 1 B0, A0 B4 RHBURL
HEAT T UV HIALSOIF AT T EDXS W44, 8k
IR AR R BT P Ee Bk Bk b R AT R Y
75 O A VTS i 5T 2647 SEM R AE(E 2(a))™,
JfiE 1t EDXS 48 XA b 4 F BT R AT RAE

Nio.oCO(),usAlaw(OH)z (3)= Li(NiogCO()osAlu,os)Oz (h)a
Nio,ocoo.usAIUO?ZVWZ(OH)Z (C) and “(NioqCO(»mA]o,uaZrooz)Oz (d)

1 KRS SEM A
Fig.1 SEM images of samples

x1 HEROLERMZITES SR

Table 1 Chemical composition of the expected and observed samples

Chemical formula of the designated samples

Main elements ratio of the prepared samples as analyzed

(NipgConosAloZ10.0)(OH),
(Nig9ConosAlges)(OH),
Li(NigoCogosAloo:Zro0) 02
Li(NigsCoopsAloes) O

nxinenanz=0.901:0.049:0.031:0.019
nxinena=0.902:0.049:0.049
nxinenynz=0.901:0.050:0.029:0.020
nainena=0.901:0.048::0.051
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