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¥R ERBEERE L, DAMTI T R R E R
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12 ho K AR AR R B R R AN T E
#i(MIKROUNA, Super 1220/750, <x10® H,0, <1x10°
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11, AR E %) v HU R (LB-301, ik o HE [ 2 4
%), Celgard 2400(3% [H) A Fa M, AR NIETY), A
R 2025 AL LB AT I

F b 1) 7 5 F P A AR 7E F vt K R 48 (LAND
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A L IS VE B N 3.0~4.8 V. WEMEY R A BT ER, M
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Fig.1 XRD patterns of the LVP/C and LVP/C-AA samples
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Table 1 Lattice parameters of LVP/C and LVP/C-AA

powders
Sample a/nm b/nm c/nm Vinm®
LVP/C 0.83626  0.81760  1.12216  0.76725
LVP/C-AA 0.83641 0.81725 1.12174 0.76677

BA R E] . WA, LVPIC A LVP/C-AA
FE b B 5 B B & 2 20N 2.4%H0 3.3% (i &4
HO. Hor, LVP/IC-AA IR & & &, X2 TPk
L8 TE v T 5% 45 I A A BT BT B AT

2 N LVP/C-AA Fll LVP/C £ 5] SEM I Fr .
BB 2 A g, 2 ANAE A A S IR S £ SR T 5
HAEA — @RISR . 51 N & U i i 15 4 B
BT LVP [ BURL RS S AN K, 2 SRR S R AR YE
FEl#4°4 100~500 nm.

3 A LVP/C-AA Fll LVP/C ¥ {E 2 FiI 5 C B
TR TSRO i 2% (P 3a, 3c) K I I 15 A fi 2R (K
3b, 3d). HHE 3R, 2 AFESINTE R EIZE IS 4 A
HEFE, 96T 3.59, 3.67, 4.07 fil 457 V&,
SR T LigZVo(POg)s (x=3.0, 2.5, 2.0, 1.0, 0)th—%
B (1 R e 4500 A B P R AT R VIV AR
VP IV EALE . R 3a il 3¢ A4, fE2 FI5C
i), LVP/C-AA I 1 X 78 HL L 25 5 43 ) 4 198.5 1 185.5
mAh g*, & F LVP/IC (12 C, 178.7 mAhg*; 5C,
164.2 mAh gh). Hr, 2 CH, LVP/C-AA [fIE k7
B2 KT H S Eh A (197 mAh g™, X AT RE R
F T 76 H 2 v A LR A R A R L S, B
FLAARRLZE o U R s, il 3 WTLAE
LVP/C #£ 2 15 C I & XJBUE L & 43 7l v 160.1 Al
147.2 mAh g™, £ 100 WAEHF o HBC b e &4 il
122.0 1 107.2 mAh g™. i LVP/C-AA 7£ 2 15 C i (]
T U EL 2R B 43 S AT ik 176.0 A1 162.4 mAh g, H
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Fig.2 SEM images of samples: (a, ¢) LVP/C-AAand (b, d) LVP/C
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Fig.3 Initial charge/discharge curves (a, c); cycle performance of the as-prepared samples at 2 C (b) and 5 C (d)
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T, LVP/C-AA Ff 5 (1 H U ZE ek /NS mBe & Ak Fi
F, HURROMORL I TR BCHST  HLR ZE RN, AR AR,

BB A PEREMAT . LVP/C-AA BE & LIS Z2 (/0N
EWRAE LVP/C-AA Mg BLA T8 i (1 75 2R 58410 IR 78 34 1k
BE. £ 2 HIH T LVPIC Al LVP/C-AA FE 5 H TR e HE %
EMARGREER. HER 2775, LVPICHE 2 M5 C
FENER 100 )5, HEBERFEETHN 76.2%M
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TREFZZ M T, IR R e MR PEAIK. SR, 7£ 2
A5 CEFETR, LVPIC-AA N7 & AR 8 R WK Ik
N 76.7%H 80.4%, HEIZFWIGINAE&ES . WL, PAg
IR BR N A B BRIR , AL REHR %1 LigVo(PO,)s 1E M i %
NI &, I Re B m MR S RS T I PR AR E

T AT LVPIC-AA KRB 7 & i % M A 10 )
DAL, XA DA 67 BB N B U, AR N 159601 18% %) %) B it
F3FE A (B LVP/C AT LVP/C) F sk 75 2 S FL LAk 2 1 A
HEAT TR #T o G B 40 B G T %, LVP/C Al
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Frf% LVPICFE 1 —5L, H29°8 3.3%. [FE, mE 4
AT LLE H LVPIC-AA W45 & H1 B & & F LVP/IC . /] I,
TR & S AR R O RT3 R, A InBUSR M /g 1 % Bh ik 5
FIT 1B f 1 R 2 P B B SR AR T A5 LRSS 26 B A oy o —
BV IR RE o Xk R W, LVP/C-AA RHLH LT LVPIC
M R A R BN H RS &5, M2l T AA
PRI SR . AA X LVP AL 22 1k B s (76
W5 SR 022 BT RS . B 2Ok B K TEM 434 .

5 4 LVP/C-AA 1 LVP/C B i i1 Ik & & oy
Mgk, AR, 2 MRERMAERMS LKA, H
S R S A 0 1500 TR e 2 5 O e e it 2 (] 3)
KR-G5V &, B: 7£ 3.60, 3.68, 4.08 A1 4.57 V
BT 4 AN A S LVP A 3 AN ES 10 Bt H S B
Ky IR NE R B LigVo(PO4)s(x=3.0, 2.5, 2.0, 1.0,

#F 2 LVP/C #1 LVP/IC-AA RN HELLBEEMB2RIFER
Table 2 Discharge capacity and capacity retention ratio of
LVP/C and LVP/C-AA samples

1st discharge 100th discharge Capacity

Samples capacity capacity retention
/mAh g™ /mAh g ratio/%
LVvP/C 160.1 122.0 76.2
LVP/C-AA 176.0 135.0 76.7

i 45 %
LVP/C 147.2 107.2 72.8
LVP/C-AA 162.4 130.6 80.4
4.8
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Fig.4 Initial charge/discharge curves (a) and cycle performance (b)

at 1 C of the LVP/C, LVP/C’ and LVP/C-AA samples
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HELLEE
Table 3 Discharge capacity at 1 C of LVP/C, LVP/C’ and
LVP/C-AA samples

1st discharge capacity/ 100th discharge capacity/

|
Samples mAh g mAh g*
LVP/C 170.1 130.7
LVvP/C’ 164.9 126.7
LVP/C-AA 180.2 135.9
2000} — Lvpic-AA 7‘3
< 1600 LVPIC |
1200} o
k= A,l ‘ A4
-E 800 ‘
e 400 \\ J //\\
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S o) I _J V i N S
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Fig.5 Differential capacity (dQ/dV) versus voltage curves for the
first cycle of the LVP/C-AA and LVP/C samples

0) Il A AR 4 4% 5 7209 7E 4.00, 3.65 1 3.58 V BT [
3SR H AT LVP 3 M R EFT RN, K
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Pl ale, DRI B 1 A0 8 A SR TR U v A5 R
BRI T thiE 4 fik 4 WTLLEH, 2 A
sl ) SR U (A T AG) FIIE J I (Cy Al Co) I fr e, H
SEALIE T X L) FiL A 22 5/ SRR T 1 Y, R
X2 ANFE A BIARAC IR E N, AR B B e A v T
WL BT

6a Fil 6b 43 %A LVP/C-AA I LVPIC Ff i (1152
BT RS AR 2 O6 G R . B K] 6a AT LA LR 1
2 MFESH) EIS B ZIEARARL, 35 s s S A — B
AR R, A DX 5] DA R ARAI X R A A 3 AR A (2))
/NI AR R S H ARV L BEL(R)» = [ 3 s R WK R AR VR
G T HL A e 7 HL B (Reo) LA HL AR V5 R R 2 T ) 02
HL2%(Car)» RHERIRSTE LVP [EAH P 47 2574 5o 5 1)
Warburg FHIT(Z,) . HLGT RS HLBH Rog iy, HLIHL SR )
B/ Bk ZSimpWin B4 E ST “R(C(RW))”
1055 20 L B SR UL B RE R 1 ENS 2R, T4 S R i 1
Wi 6a i EFT R, 4R 10 R M5 F3% 5 .
H1% 5 AI%, CAPUSR MR 9 B AR IR BT 43 LVP/C-AA
BT Rey(28.15 Q)% T LA % 4y 52— B IR T 43
LVP/C # i 1) Re(62.66 ), iX & B T4l B b R it IR
IR AR N, s LVPIC JU0RL 2 [8) T B 1 52 4 1 3 LI
2%, NI H AT R RS A IS B T O B E, Bl
LVP/C-AA 1L AL S B B i A 8L 8 0 5
6b S FEM R BOGIE K. B 6b AT, 2 MR SLTE
~1350 FI~1600 cm™* kb #EF 2 ASB 1) 55 U4, 43 5 A Bk
MR 2 AN AU . D WERI G g, Horp, GUgER
VAT sp? BRR T HEIO M AR AR Bh, A B RRIENE; D
WA PE T sp® B TR IR S, A BRI LN
BRI ARPER B BB A B A S B AR R
HEBE (0 07104 KB D W G I (9 B 43 588 BE LU BRI,
B B A 52 A0 FR BB v, BRI 10 H R R O,

&4 LVPIC-AA 0 LVP/C Y& LA
Table 4 Peak potential of LVP/C-AA and LVP/C (V)

AEpici AEazce

Sample Ear Ea2 Ecr  Ec

« 3027 -
LVP/C-AA 3.60 3.68 3.58 3.65 0.02 0.03
LVP/C 3.60 3.69 358 3.63 0.02 0.06
200
C, a
175} "R }_—)_
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Fig.6 EIS curves (a) and Raman spectra (b) of LVP/C-AA
and LVP/C
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Table 5 EIS parameters and Ip/lg of LVP/C-AA and
LVP/C samples

Sample Re/Q Ip/lc
LVP/C-AA 28.15 0.70
LVP/C 62.66 0.87

MR S o B . AR 5 WA, RN IR
VR4 BB 5 BT 45 FE S 10 1o/ 8.(0.70) A B AK T DA %
B B — T U AT 43 LVP/C ¥ 1 (0.87), X 5t B LVP-AA
TR AR B B A SRR R RS OR, AR TR LA
PERE AR R

gt —BAESE LVP/C-AA F LVP/C & o 5% B B
A BN Z R, XEMET T TEM 04T, WK 7
Fias o 2 ANFES IR R T B — 2 R4 3~5 nm ({15
B2, XA BT BR8] T 55 H R 4% 52 =
LVP Bkr i) 3 B, AR T H IR LVP R0k 5 A
(1) 2 T) PR B i, AR AR PR AR TP R VA . AT 2
MR LR, 5 LVPIC(K Td)AHLL, LVP-AA Ff
(& 7o) Bk BL78 2 A B B R R A SRR AL A% AR AL
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Fig.7 TEM images of samples: (a, b) LVP/C-AAand (c, d) LVP/C
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Preparation and Electrochemical Performance of Lithium
Vanadium Phosphate with Double Carbon Sources

Sun Huabin®, Zhang Lulu'?, Yang Xuelin®, Li Ming*, Wen Zhaoyin?
(1. China Three Gorges University, Yichang 443002, China)
(2. CAS Key Laboratory of Materials for Energy Conversion, Shanghai Institute of Ceramics,
Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: Carbon coated lithium vanadium phosphate (LVP/C-AA) with high-rate performance was synthesized by a solid-state reaction
using glucose as a main carbon source and ascorbic acid (AA) as an accessory carbon source. The phases, morphologies, structures and
electrochemical performance of samples were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), charging
and discharging measurements, cyclic voltammogram (CV) testing and electrochemical impedance spectra (EIS). The results show that
trace ascorbic acid as the accessory carbon source almost has no effect on the crystal structure of LisV2(PO,)s, but greatly enhances the
high-rate performance. The LVP/C-AA electrode delivers an initial capacity as high as 162.4 mAh g at 5 C, and exhibits an excellent
capacity retention ratio of 80.4% even after 100 cycles.
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