55 6 4 xoHm o % % iR
2006 4 6 H CHINESE JOURNAL OF INORGANIC CHEMISTRY

Vol.22 No.6
Jun., 2006

V\%\%\M

Eﬁﬁilm?&

K%\%\%\%\%J

4.

BB -EERUE H 8 LisVo(PO,); B EMEREF T

X EE OERS KT
(PARFAFHTFE, KD 410083)

KBIR, PR M IEMARE; LisVa(PO)s; 7 I B i ik
HESEES. 0614.111; TMI12.9 THRARIRAD; A XEH S 1001-4861(2006)06-1067-05
Lithium-ion Battery Cathode Material Li;V,(PO,);: Synthesis by

Sol-gel Procedure and Performance Studies

LIU Su-Qin TANG Lian-Xing HUANG Ke-Long™ LI Shi-Cai
(College of Chemical & Chemical Engineering, Central South University, Changsha 410083)

Abstract: Lithium-ion battery cathode material Li;V,(PO,); was synthesized by sol-gel method using LiOH - H,0,
NH,VO;, H;PO, and citric acid as the raw materials. The samples were investigated by granularity analysis, scan-
ning electron microscopy and X-ray diffraction. Results showed that sample synthesized by sol-gel procedure had
a relatively smaller particle size compared with the products prepared by solid-state reaction, and had an ample
surface. Electrochemical properties were investigated by charge/discharge cycle at 0.1 C rate with lithium as the

anode. A high discharge specific capacity 122.42 mAh-g™ was reached at the first cycle, with hardly capacity

fading after 20 cycles.
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Fig.1 XRD Patterns of the different samples



%6 W

X ZR BRI -BE L W 4 LisVo(POy)y B2 HAE RERIT S . 1069 -

RAE T 201900, UL BRI ML A B R 5, 1
S M3 HCPE FORE TR i AP A T s T AL B 3] 4 AR
AR ot S A e 2 8 ek [ A P 5 B R B, T 5
TR AR T T ROR TR A R B T TR, XM
IRAG R EEABACR T HAIR & R85 FE
5 VA -G v v, BT A TE B Ao AR v T 5 ()
B, T SR AE A [ B ] A ALK 3] 5 — 5 A f 0 2
3 4 v B b T Sk T A S T (Lit, PO R V)
4R sl AH IR RE o g W s A o A A A B . AT SRR
29,
22 HESH

X RE S HEAT TR A3 BT, A5 SRR 2 B il 1A
2 AL, R IV I - B e 1 T A R R il A 55 A [ iR
T R e U AR A B RE A B AR LG A TN
RLEE  HORLRE Sy AT W78 o 3K 2 DR s - I vk
JSURE i B JORHE 5 3043 1 2, DTS AL 4 fidk 26
BCHY C 135 Hb 4 B JERE rh B Ik 5 R ORL 1Y 2
— AR FRRE S A T 2 AN LA, 4
HIAE 2.35 pwm F1 7.0 wm, FEPRLE RN K 3.40 pum,
XATRE S T AR RS BRIR A 25 TP ROR 2
Je T s A B S BURL 2 (R R AR T I RIE R TR K
(R R AIURE o 3 ok v T A S A B RE A B LC P
KA 7.20 wm F1 13.67 wm, HEES B HA 2
A B8 B S5 AT LA A DR FROR V E-BRE Gk 2 i T
Je 39 AL BRI BT A OR B kL, H S
i Tk L AF A LOATS B R BE /N oA 25 B P A

—n— Sample A
—e— Sample B
—A— Sample C

Volume / %
T N T T T - N ="
N " ) ; 1 i 1 | 1

Il IIO
Particle size / pm
2 R OB A 5]
Fig.2  Particle size distribution of the samples

23 HEBIESN

>R Hl JSM-5600 44 it 5~ 2 B8 % 45 B i 0 47
T RIES R, 25 R 3 R,

INTET 3 1] e 5 V8 M - B PV A R R i B AR

(a) Sample A

{¢) Sample C

3 KRR AR Li;VA(PO,), £ fh B SEM
Fig.3 SEM micrographs of Li;V,(PO,); prepared by

different processes

BEA A B LS, (B BA 5 B9 L3R T, S A
ah B A CAHLE , SR BLG A T 22 fifk A il UKL 249 78
3~4 um Z (8] E )R & M 05 ISR B — Uk, T
e T R 9 LA RE B RIRE i C AR 3K
7 EL A1 AN F 2] it TR B AT RN ) R TE S, B
BB M SR BLAR X2 A 3 o ¥4 M - 5 G 96 7
PAL B A oA ALY o0 i G (BABETE DN A5 5 R
A RS B 5%) X950 Mo e KA R, C Y
AR I8 SR R S ARV, 3 i] RIAT Ot Rk T
A R A T, L LA i R 1) 1T 2R T B
PN 167 o G U 2 T B (2 B i DN S T 2T 1



- 1070 - Pl

¥ %R

E I

BRI % JIURE T v R A T i T
TR A TERE, IXFEAR B A AR SRR K, 404 )i HL
S iRA A, fERRANT &A™ E R H R
ML,
2.4 FE MBI RERIERE

PL0.1 C X B FE ST T 58 R e R ik
FEHA LR 4.2 VR #UER R 3.0 VI 4 45
TAFEM Y E IR TS R TR

—=— Sample A
42 —e— Sample B
40 —aA— Sample C
> 3.8
=
< 3.6
ho4
£ 3.4-

0 50 100 150 200 250
Specific capacity / (mAh - g)
B4 4 BE R TS o i 2
Fig.4 First cycling curve of the samples

WE 4 FrR &R R iR # 2 LB, %
BHVAE it e 00 PR TR DA 22 R R AL ) 3 Ao s PG - A
B I R 5 3 A v IR A R A R A ST
JICHL - £ FL A A 2 /0N 3 0 G - R JE AR i 7 70 T
P o R A A B /0N IR G T PR o LA
BRI, R AR, FIRFTH A R 123.86
mAh g™, B 7 B 122.42 mAh- g™ B2 T LisV,
(PO,); HBEHY 2 A4 2 7 i HL 45 5 (132 mAh-g™)
1) 93% , 1M [ AH 2 A B I R i BT U0 BE 2 4 40 )
9 115 mAh-g™ A1 110 mAh-g™', A B3 F£ W Li,V,
(PO,); MI5E 3 4~ Lit7E 4.5 V DL A REMG H 2, AT 3k 5
170 mAh- g™ PR E B LU 25 4, B T AR SO TR
HLf# ¥ (1 mol - L™ LiPF¢/EC + DMC + EMC)1& % (1)
PR, 7R (>4.5 V)RR R 28 5 o i IRk oK%
MBS 3 ANELES T B ik .

P A A DR i B TG - T S T BT R
sty LU S KT [ AR I« — 2 A1 Ay 97 e - M vk A5 B 1Y)

i BT BN R AR (B 2 B, e Tm AR w N
WA A 5 R fifp T B A B Ry g gy, R B e TR AR A
JINERL B A5 i B R U R T R A R A R
LB 1 B R 5 ) I R A TR A, A
KT AL G B e, R T AV - T A
JS A it LA B A B A R X — T DL
3AFEM BRI RS FENES, S AT 34
vt (020) & T 1) Jm 3 R

—=u — Sample A
—e — Sample B
—w— Sample C

200 202 204 206 208 210 212 214
20/¢)

BIS ANTERE i A9 J 3 XRD P
Fig.5 Partial XRD patterns of different samples
MR SR 2R d A
2 2,2 2
1 1 h  ksin I 2hlco
(o kenB L acsﬁ )
c

Intensity (a.u.)

—=

d sinzﬂ a b
H4(020)f0 1H S EACA )T LI 2]

b=2d )

M (2) 2 TR ATT N 38 (020) 4 1 d B Y KN 5 i
SHCb E BG5S AT 03 2o 375 -2 e v
BRI FES A BB R J (A MEE S A 175
SR R, AT AL G R B s B
HOR MY BRI

A /N AR T 4SRRI A S R,
RINFE 1,

H 28 1 TR S A 1 B S HOEHE Y BLC %
K, H AR B RE i C K 1.58% A4, T4 T
FEZA R AL S = HEm s, A A I S B
TG NI B 5 53 40, NFR 1 30 0] UGB FE 5 A
() B i e #23 90°, KL i F 54 &1

1)

®1 ERENEBESY

Table 1 Lattice parameters of the samples
Sample a/ nm b / nm ¢/ nm B/ Cell volume / nm?
A 1.203 0 0.860 0.863 3 90.79 0.893 07
B 1.201 0 0.854 0.861 2 90.92 0.883 18
C 1.20 0.852 0.860 90.96 0.879 14
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