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TS SRR R OB %, DA LIOH, FeyCo04 A1 NHJHLPO, W JE 4L, DL 7 Z 88 45 Al Fnsk iR, | JeHkin)
XA K LiFePO, WO BT IR A K Bl I fo bt ] oy 0 5 ke, SRAG T R E R A S, T | EE T
KRR F Fn b B R AL5] N\ FeoP B LiFePO,/C & & Mk, A RHE ) 48 35 F i ot AR AR ;;F;PO“/C
RAME R RN KA X HAMSH . FHETEME. TEAMETERERETR | e
W IR AR X K45 B9 LiFePOL/C AT RH I S My fn i (Mt AT K. B RZ W, 2 FHAB | mapn

PR A LHEE Fe,P MM EALE N, LiFePO, Ftr R ~T 45 #| fo 42 5 LiFePO, % & M Wy A 2%
"R, HEFIRE T LiFePO/C AR & 2 M. £ 600°CH% 20 h B2 700°C K % 4 h 7k
15194 4wt% Fe, P #1 3wt% C 4 LiFePOL/C & & EMAE, 78 1, 10 #7120 C i 41 T B b %

B/ 535 2 140, 110 7 100 mAh/g.

B R S — R LA T N N R T
WHLIR, HE /NS s o 2% (0 s R R AR 3 T2 R
. BEE B S XE IS ER, R — %
L NAG . BT R R, SC
HAE k% RGN IR%E . ehAfr 4. sl T
HAERh ol e PR XUBE AR PH BE A0 fif £ S5 5089 1
BEAL I AR o B AGA Y. BT, BB R
IEW AR LiCoO, T REILEK Co, MAEMNAS.
AL, HOIRAATE PR 7S 1 IK(2Y 140 mAh/g). B 1%
PERE N2 A P RE 22 S5 M8, ANREW I B Kpoh R
Ko A SR . A 1997 4E Padhi % AWM
HUHRGE T LiFePO, HA Al 33 il itk #7 i H Ak A M RE,
JFEA 170 mAh/g MBS H G, LiFePO, 1E M ELES
T HL Yt AR AR 5T 52 3] 72 G, LiFePO, ik
BRI (2 3.45 V) JEMRECRIEEE . BUAIREE |
YA P TERE AR E MR, C&fEH— U

B rp A B 2N . HE, HF LiFePO, Y
BT H SR T3 iR BOOMRAR N, Hm R
e 22, $# LiFePO, 1Y HL 1 HE SR A 8 19 Rl i
1, SR AT R R R SR i — D HE S LiFePO, 1E
WA R RIS AR 7 FH 1) S gk

HAl, $&m LiFePO, SR IERE R 2R A M
Bl (1) $RE AR A B i R, 3K nT A 1 X
LiFePO, 7 1 f £ 78 el 5 5] A HAth i3 i 7 L %
55 TOM, IARRERRAED . BREE SAREE LSO RN
AT B0 A ST, AN, HRE LiFePO, 48}
L 30 ] 3l o X AT P B TR A S, B A
Ti'", Co'™, VIFI MnlP15C K (2) 45 TR
FO A, 35 ) B A gk U s 2 L 1T gk
FJHY LiFePO, B4k} 5231

Fe,P J&—Fh R T oL SR (107" S/em)HI?, 7
LiFePO, " 547 5] A/ 1Y) Fe,P H1HE R 42 & A1 k)
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(4 A BB Y. 3 A 42 ) i # LiFePO, M B R TR
B AE K I e ) ) S 4 A i SR B R A, AT
LiFePO, H 7 £ Fe,P AP {H &5 (B bl 455 1
LiFePO, ik K K, AR ) 48 b I BE AN AU A & 7
LiFePO, H14:= 1% Fe,P #H, 1M H.[A LiFePO, [ 45 it P 22,
2 AR AR R RE.

AR SR T IR JE 10 45 5 Y IS LA IS A (7 e 3k
JE) il % LiFePOL/C & &M K}, 81t X} LiFePO, BT SR {4
R AR I B B A B () 4B, WETT 42 55 LiFePO, 1Y 45
s P SCORT 4 i CRIURE RS, PR S 0 v i B e ]
WBERE, RIS A DI Fe,P, Jfit— 25 LiFePO, 1Y
ghdhtE, MM RER = LiFePOL/C AR R A 1L RE.
FHI X SEATSH(XRD) . 4 HL T B (SEM) . JT
F AT A 44T O 1 VR H I A s H A I R B AR
T LiFePO, Hif SR 1) 43 20 1B 7 % 5 1 LiFePO,/C #4}
FIIES . ok RE | &5 e RS R RE p s, R4
TARHE A T2 SRR RE ] A DG
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L1 BERHEIRE FES R 5 B

Pl LiOH, Fe,C,0, #ll NH,H,PO, } 45 )i, LiFePO,
MR, LAS G )R BB R L 121 /9 & AR
F ATV, BT LiFePO, fb 3 HL Y bt
BHIMA B & Z oK T, bk 5 1T B R g L
AT EREE, IR S AR AL FEAE
80 °C ML T 4 1 2V A R W BUBE . W 314 1) ek
T 120°C T HET-F#E AT BREE 78U, 76 Ar+5% (IR
S Hy SR T, SRR BE 43 A5 JBRE A IR t [i]
B 7715 (439 FE 600°CHERE 8, 14 120 h, FE7E 700°C
5% 4 hyiil £ LiFePOy/C Mg, EAk, X E5EHK B
£ 600, 700 F1 800°CHELe AN FIHY [B], FFiE4T T A4S
TR EAL 2= PERE 73 A . DU LA

K XRD (X’TRA, Thermo 7\ &l)%f & ik 4
LiFePO,/C #BHHEAT 4589 4347, HH2PK o 0.02°, &
HAT B A 3 s, RS A (Rietveld G545 146)
1 7 35 %5 A BUME R B R 3 B AT E AT SR
SEM (SIRION-100 %!, Philips-FEI 2\ &)X} 4 bt k) 1k
OB S ES. R JC &R 43T (CMNS932, LECO
N T])XF LiFePOL/C M4k i & #0470 2

1.2 HLIb R 2 AT AR 2% P s

FEE W (I A ) S & B B R PR
FhEE 5 B w5 £ (PVDF)#% 80:5:5:10 AYFi IR
GIEH T N-H L& GE R (NMP) H, HL 344 30 min
RS 5), BRCER. B T8 A B, B4
W B E R0 5 mg. BRI SOR A Ao T
120°CHYERE TP TS, 78 6 MPa il BEAR A

P b 24 25 7E 000 o 2l R T 248 (LABSTAR,
Mbraun A F)FF AT, SRH CR2025 F1=X it A it
Bifl ey, DL R X e A, DA Celgard 2300 N4
ZALB BRI, L1 mol/L LiPFe (R 2 4TS (EC)/
iR — H i (DMC) (EC F1 DMC % FHEARFR )RR &
WO R, EFER PR,

KM Land LI R S8 (CT2001A) LAAS [R] 1)k
HL 5 R0 B S LEY LiFePOL/C TE M AL RE A7k H L
L, 7T RN 2.2~4.2 V, FEHHLT
0.1 C (1 C=170 mA/g). & Solartron FRA 1250 43
SR o7 4SS Rk 1 B Al BT, A 7E I
R A FIF IR A, MR 100 kHz~0.01 Hz,
WA AR S IRIE N 5 mV. s AR IR N
25+1°C.

2 iR R

21 H5ES

E 1(a) MIEA FBRE 51 T3R5 7189 XRD &
% R, BEY R E A T LiFePOy. BRAE
600°CH1BLE 8 h =W K kKBS — M, HAar=9+h

@ o 700 x10h ﬁ)w/v“u Fe,P
R A3 S B Y
| I l ] 800°Cx2h
LoLl ) l“‘w‘ N TS \
5 l“ll l J.I I-l A.Asoxoho? ﬁOhA+7OODCX4h \.WNV\/‘LH“
s " ot o o yhotp
o | Lol e, 008 700 x4 \M‘/\/\ (1)
A LA l ll Ll‘_AL .AAE?E_DA(AXZOP \‘\”/\/J\’
C
—1 lkl ln ll A.AGLOOA x14h Ry
_M.L_L. 1 A L.A PR | SOO;)CxSh \'*‘N/\/’\AW
| | | LiFePO, JCPDS 83-2092 40.3°
| | 1ig | 1 1\
10 2|O 30 4IO 5|0 6IO 7IO 80 38 4I0 42

26 ()
E1 (a) NEBEFZMSETHEEFYH XRD EiE; (b) Fe,P £
(1)) A7 5t KB R B
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1% M &/ H 1Y Fe,P. &l 1(b)A Fe,P fH(JCPDS No.
51-0943) F W5 (40.3°, (111)H) X IR H ik &, ol i 48
F 5 Fe,P BIATHTIE. BLAL, LIuR oM, TEARBLS
28T 3R 715 LiFePOLJ/C 7=tk & 1R 2.5wt%~
3.0Wt% (Tt 73 40), AN [RIBRE A% A% 7= 1y vl 5 192
AW, TR JCE RERE, HAE XRD K%
HR AT H BT I

1 4 LiFePOy BYF 1 58 . Afchi RS CR R
ANIIHE)FIR A Rietveld #5153 (1) LiFePO,/C #1
B Fe,P &, AR 1 AT DL, 7E 600°C BRI BE T,
Bl HBL e FF R HG i, LiFePO, AT S U4 (13 1) T8 Y >} 1 5
/N, MBS 8 h i 0.199°U8 /N2 #BebE 20 h 1% 0.178°,
L2 700°Cx4 h ke, dE—2u/hE] 0.167°~0.143°.
B4 700°C x4 h HBE Y LiFePO, £i7 8 06 it 2 25 56 >
0.194°, 52 600°Cx8 h #BHErIAHY, A 600°Cx14 h
JBRBERY R, EHEZS 700°Cx10 h BB HY LiFePO, AT 5 14
BB SR 0.141°, HZ 600°Cx20 h 28 700°Cx4 h
JBEBIIIE /N, T L HEZE 800°Cx2 h MBS LiFePO, 2
mPA 0.113°, 78 F RSB BEA 1 dh i/, AT UL, Bl
BRI S IMUFIBET RI AR 4, LiFePO, A4 A
Wi . LiFePO, &5 fb M 048 = A R 1 e B ok P R
B AR R (EL B B e L T v B B ] ) A K
LiFePO, Y itk R ANWis i, JLHAE 800°C, (WU
¢ 2 h, LiFePO, /) A S BIEA 73.0 nm, 1717 600 °C 4B
420 h IV K 46.4 nm, £ 600°Cx20 h F-Z5 700°C x4 h
JBBERY) LiFePO, fvbi R sF A A 57.5 nm. M4k, 4
600°C F-28 700°Cx4 h HBHERY LiFePO, fy b T HE H.
4 700°Cx4 h BHREEIR, [HAXTFEEZL 700°Cx
10 h R pymg /N, o] UL, o 25 Bk A B b 7E 42

LiFePO, %5 b M 10 2511 nT A8 2008 il b B 4K

25 600°Cx8 h JEHE3R1E M LiFePO,/C #1 &L,
XRD 7 Hr AL B Fe,P AH, {HBEBLERS I A LE K,
BT Fe,P AHEFR 1). XWIZ UL, Fe,P J&7F LiFePO, JE
G PR JEIE R . EA, 28 600 °CHBURE A 7= 4 F
28 700°Cx4 h 1BReIE, 7= Fe,P it inGR 1), iX
HE—2E1, Fe,P #H 2 H1 LiFePO, i JFIE . 45 700°Cx
4 h BB LiFePO4/C i Fe P & HH 2.6Wt%, FMBbe
AP INE] 10 h, Fe,P #mmgIEms] 3.6wt%. 1mfE
800°CAYZ: 2 h#gthe, 7 Fe,P & RN 4.7wt%. {H
K25 25T FeoP M & HEI/NT Swie, 35 177
Yy Hp TGP T LiFePO, & 17 2 Hu . FEAS TR %) il 5
Jrik, fEBE FeoP AR, & 8L FeP #H % LisPO,
ARG A 2022 (BRSO A B LiFePOL/C & A K}
W, AR IR Fe,P 55 —AH.

XA RE 4 1 il 4 B9 LiFePOL/C =¥ 1)
SEM WAL KB, 7E 600°CHESE 8~20 h 345 LiFePO,/C
PRI — U BURE R ST IS A LA K, (A FE ™
EIAR, BORE SRR S, H#A SEM B
SAE 2(a)M®) s, FE 600°CHELE 8 F
20 h 7=, 28 600 CHELE AR ] 145 700°C x4 h
JBtbe ), LiFePOy Uk 4> HUCHEAS 2] B e, 1 s0kE
B R B3, Hm SEMIE SR NI 2(c) s, kS
F 2 600°C %20 h FH4: 700°C x4 h BRI =), 1K 2(d)
A EIEZ 700°Cx4 h B Y SEM JES, R4
Y LiFePO, 1Y fbb R ST 3/NM42.5 nm, £ 1), HH
TR AFAE ™ B, HAE 600°CHBCBE 8~20 h Y A1 R FR
G EE L i DR AT B S B A T A T A e i
MR E. K 2(e) HHEEZ 700°Cx10 h bk 7= 1)

F1 REBBEFHERBE LiFePO/C #HE H LiFePO, BT ST ISR T 5 . MK R TH Fe,P &8

frke T ‘Lzli}?el?/cxt A(¢1231) _ ‘I;iFePOAt HHE Y (Wit%)
i TR 2 5 9 (°) bR 5F (nm) LiFePO, Fe,P
600°Cx8 h 0.199 41.5 97.1 -
600°Cx14 h 0.181 45.6 98.3 1.7
600%C %20 h 0.178 46.4 97.3 2.7
600°Cx8 h+700°C x4 h 0.167 49.4 97.1 2.9
600°Cx14 h+700°C x4 h 0.149 55.4 95.8 4.2
600%C x20 h4-700°C x4 h 0.143 57.5 95.6 4.4
700%C x4 h 0.194 425 97.4 2.6
700°Cx10 h 0.141 58.5 96.4 3.6
800°Cx2 h 0.113 73.0 95.3 4.7

a) Rietveld KEEAH & it R A% 2wit%~3wt% 1 C. AFBLE RIS EIUE H (sig)h 1.0~1.5, BT FER T (Rexp) h 1.0%~1.5%
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B2 ARBLREMEEREFR LiFePO/C ZAHHE) SEM 5
(a) 600°Cx8 h; (b) 600°Cx20 h; (¢) 600°Cx20 h+700%C x4 h; (d) 700°C:x4 h; () 700°Cx10 h; (f) 800Cx2 h

HIESE, W0, 3% LiFePOL/C (YRR ~F o0 A A5,
BB TR R SR AR S, T8 A A 224 58 43 Y Ok
KE 1~2 um. G557 1A%, 700°Cx10 h B3R 151
LiFePO, Sk ] sH 4 600°Cx20 h MBREEHZS 700°Cx
4 h BRERY LiFePO, WK,  H I JURL RS B4R X m
K. ATUL, kAN [ 3 R R[] %) 43 2D BB, AT AR
LiFePO, fbki & RIIEHL T, 3526 HF0R R~ il
. & 2(F) 8% 800°Cx2 h MBEEFRTS LiFePO, A1 K 1
JES, AL, AH LG T ABB RS S5 RS MR, bt
BE R IR K. T HL, 1% LiFePO, ki R ) A 4%
JERAAE T IR 1), 25 Brdr, AR B )48 be
KA e e I [R) A8 B 1) 2D B bR T vk, AT S AR 4
f5 LiFePO, 4 db M 45T, iK8IX) LiFePO, Fik R
SRR, JT AR e HAORL Y 3

2.2 HifbAMERE

ANEMBBEME 3438 LiFePOL/C A HEHE
e & 3 Frs. mE UL, ZERAR A A HL AR
(0.1 O)F, 1% 600°CHE5E 8~20 h 451 LiFePO,/C
PERHA ELAT RO 45 i L 25 4, O 155~160 mAh/g,
H. 8~20 h AS[RIBAE T 1] %o JH ik L 25 () 52 ) S BH I
% 700°Cx10 h 11 800°C x2 h 4 B2 () LiFePO,/C #1#}
B AR EAR, 29 130 mAh/g. 45 600°CHELEA [a] i ]
T2 700°C x4 h 4B LiFePOL/C #RHE 0.1 C T Iy
T L 25 H 150~160 mAh/g, A BLZE 600°C %20 h

= 600°C>8 h
200 ® 600°Cx14 h
A 600C*20 h

¢ 700Cx4 h

® 700°Cx10h
¢ 800Cx2h

v 600°C*8 h+700°C x4 h

_ 16015542 « 600°C 14 h+700°Cx4h = """
5 nlfs”ag» , > 6007020 h+700Cx4 h REEE
ERES b+ LA ot
U : 1088 ag” """ rrrpy 01C
" 1C =
% 80 2C :Efﬁf“.ﬁﬁﬂ«u;
& stee 2%:‘ LYY

40 4 5C 00"”’..'0003l

14444
10C J
15C ,gg g‘

0 T T T
0 10 20 30 40
TEIRRES

B3 REBESBREN LiFePO/C EAMERRE R

25 700°C x4 h #BEf LiFePO,/C MR A i, H
Rifi 5 T FEL AT R B S, 7E 1~20 C IR EI AR T,
% 600°C x20 h F-28 700°C x4 h #EE Y LiFePOL/C #1 %}
BHAERRKOBEBEAER. /£ 1~5 C WBMGEET, &
600°Cx8 h, 700°Cx4 h Fl 800°Cx2 h MEHEIRFH
LiFePO,/C BRI 28 J M RRAIG, R HAE 5~20 C
PR R AR R T, e A LT R AL, 1ok, &
600°Cx8 h FH-£: 700°Cx4 h 1Bk 13 Y LiFePO,/C #1
A A R BB B A LA SR A BG INT RRE, 7E 20 C
FYBHLARRT, Hoil i 25 B 5 28 600°C x8 h 1 700°C x
4 h BB IR Y LiFePOL/C #RHH, X2 20 mAh/g.
£ 600°Cx20 h, 700°Cx10 h F1 600°Cx14 h+700°C x4 h
JBRe RT3 1) LiFePOL/C A RkHEE AT AH X B 4r 15 %
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PERE, (HREE R AT RGNS 20 C, 4 700°Cx10 h
1B AR1F ) LiFePO,/C 22 B AIG T HAth W FPBERE 55
P T 3RAF AR il 2

RN A BB A5 T 345 ) LiFePOL/C A1 RHFE
AN TR IR A 2R BIr 8 B B OR R 2 A R B IR T
LiFePO, Ay 4% it | JUkE K Sk RSF L B2 5| A Fe,P
AH B Fr 5 55 Z2 b BHZS A TR X LiFePO, £ %%
REM M EIAE . 456 iR A BB 2 1 T 3R 15 1
LiFePO.,/C #4 B} 1) 45 ¥ T8 S50 FR A T 0, A% I B8
(600 C B e A ] B[] 345 ) LiFePOL/C #48LE 0.1 C
52T B A A, FEEN TR XT3/
(A JIURE K ks RS AR FeoP 75 f. FEMR AU
{5238 T, Fe,P =y LR A RFPEXTHE B LiFePO, A RHIL
LS AP FHAS B f2, i FeoP Ay A Bd i £ 1% M A,
7= Y LiFePO, % 2 (fIRAY Fe,P & 1) A F T HL i)
B LA R, B T4 700°Cx4 h BEEH LiFePO,
TR A B R, 148 800°C X2 h 1B BEf) LiFePO, i
RORSHRR K, B, FEARABCRAER T R
BRI R A 1

£ 600°C x20 h+700°C x4 h 48B3k 15 1 LiFePO,/C
MR EA B EE e, HARXT TALZ 600 °C 1B
8~20 h fFrfspy ik, L HAT WP A s ak, BTk
fi5 R TR S A L MR AT R
Fe,P (4.4wt%), Fe,P 15 HLF 3R ()RR X1 b B3R A5 A0
R R ke 2 EZA/EA, 454 LiFePO, ik B
U Ay HOCHE, T2 BHE 2 AT R T B R
B AR, R 600°Cx8 h+700°Cx4 h 1BEEY
LiFePO,/C 1 HA B/INW R RS, FAE h &8 A
F(1~5 C) T RIS A B & A 25 i, (AHA IR
B Fe,P 5 5 (2.9wt%) /A JE LUIAT R4 55 LiFePO,/C ) H
TH A, DRI X B s Rk A et e Y 1 T A B
BifL A FEL A SR AR G I, R A e R R R, LR AE
20 C MR i HAR N, HOH 25 {0k 30 mAh/g.
FEZ5 700°C x4 h JBHEHY LiFePO,/C 41k Fe,P i
WK (2.6Wt%), H ok R ™, Rk R
PR, W H SRR 22, HEEZ 600°Cx20 h,
700°Cx10 h B FISEZ 600°Cx14 h FEZ 700°Cx4 h
JBBert) LiFePOL/C 1k Fe,P &t A XS #5 1 (2.7~
4.2wt%), BFARHEURL RCSE AR B 0N, PR AT AR X 5
UFB A% 2 PERE. {H 700°Cx10 h 4852 1Y LiFePO,L/C #
P T L0, RO B L = R, R Fe,P &
12(3.6Wt%) FL 48 600°C %20 h #BE (2. 7wt%) g i, {H
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£ 10~20 C BRI T, JLHURTE 20 C Y&
firR R, OB 2 A — 3 /. 1 800°C %2 h
JBRE b RE, RV HBURL R ~F ok, Bl T H&E D
Fe, P & H(4.7wt%), 15 5~20 C A%, M
T HABA 5 85 5 #2012 Fe,P ) LiFePOL/C #1 K, 475 H
AR R R AR

& 4 RN [ HBobe 251 T 4R 45 1 LiFePOL/C & & #1
BHEA R BCHR AT 5  iY se il i 42, o 7o e s i
¥ 0.1 €. WK 4@n] Al #E 0.1 C BHEAEET,
B AN TRMBHRE A5 F T 3R AT 09 HLAA N [R) 45 48 A e <)
R B LiFePOL/C 1 78 HL - 5 25 35948 /N, FEilch i
FEH AR AL Y 5 /N, (AR R A R A3k, B
N [R5 ke Ao RSE R Y LiFePOL/C A FR i L
SR ERK, HEHWE. WK 40T, 7£1 C 1Y
WHLAE R T, 600°Cx8 h Fl 700°Cx4 h LIRS
LiFePO,/C MBI FEHH -5 25K, F B HAE i i A1
AR AR AR, X TR B4R 600°C X8 h e
B LA 5 5 H L 3R (1) FeoP AH, LiFePO, 1Y
25 ShPE AR R 2%, M2 700°C x4 h 1858 i bRk B
PR, TURBIUR R, AL R AR S N AR AR
UEAh, X HFP LiFePOL/C A1 RHE B L i A8 b 37 5 AR
TR, FERCEARM, i i R R L, B
BB T BOE R EBAR. X T 600°Cx8 h+700°C x4 h 4%
BEAT B LiFePOL/C #4 8L 1 T Fe,P 7 1A & LiFePO,
B &5 AR BRAIG, AF 7R B T 5 B i T R B
% T4 600°Cx8 h+700°Cx4 h, 600°Cx20 h Fl 700°C x
10 h JBBe T RS BA R XN B £ 25 TR 4
PR FEL P 5 R

WE 4)in, MRS 5 C, £ 600°Cx
20 h+700°C x4 h BBk 35159 /) LiFePOL/C #1RH R A e 4t
Y - B . R 600°Cx20 h MBS AY
A AR JBCH 03 70 Bl ST 5 25 /N | Afbs N, R
HLAT R HEAT, AR RS 5 R T R, UhEH T
BB FHBBE SR, 45 600°Cx20 h 1Bkt
Fe,P & wAHXTAAIN, - EOM R XHIC B B 5 L 52 R
& Hoim A Bl Sy 2 PR AR LR ISR BB AL &
600°Cx8 h 1 700°C x4 h 1B ke3k15 1) LiFePO,/C JLT
ARG, R R P R A A, HEEAR
Wi T R, AT R A AR R R, %
A N B B 2 b AT LiFePO, fIRHY
g it A BREY Fe,P 5 M LiFePO, ki Ay A 5. 24
AT RN 10 C, HMBA TR B A2 T



(a) 600Cx8 h
— = =600Cx20 h
404 - 600°Cx8 h+700°Cx4 h
—-==- 600°Cx20 h+700°Cx4 h
—--=-800Cx2h
------ 700Cx4 h
........... 7000 %10 h
E
=
]
&
>
2
=
B
2.8 4
24 T T T T T T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180
& (mAh/g)
i
4.0 h
4.0 i
L
!
I
= 3.6 b
=4 [
E e e
o 600°Cx8 h
3 = = —=600Cx*20 h
; 3.2 N 600°C*x8 h+700°Cx4 h
< N, —-—=- 600 x20 h+700°Cx4 h
= N\, ----800Cx2h
) N 700°Cx4 h
| N 7000 %10 h
2.8 N
-
\
N w
24+——1—"1—1— —

T T T
0 20 40 60 80 100 120 140 160 180
B & (mAh/g)

1 (b) 600°Cx8 h

— = —600°Cx20h
404 - 600°Cx8 h+700°Cx4 h
—-—- 600°Cx20 h+700Cx4h
~--=-800Cx2h

B3I (V vs. Li*/Li)

B4 TRBER M TIRIGH) LiFePO,/C FHRETR [ A 25 T B TRk L i 2%
(2 0.1 C; (b)) 1C; (¢)5C; (d) 10C

BE it — LM R (B 4(d)), fHZE 600°Cx20 h+700°Cx
4 h BB RIS LiFePOL/C ¥ RMIY B e flt B AT e,
B HEE, TZE 600°Cx8 h, 700°C x4 h & 600°Cx8 h+
700°C x4 h BBE 3K 151 LiFePOL/C JL - % A - A,
FEUH T RO K A Ak RN Al iR AR 3 2R bR RE .
Ah, I 4(c) BB T AL, FE 5~10 C & LT R
T, R4 800°Cx2 h 1BLET 141 LiFePO, i R~}
K, fH5% 600°Cx8 h, 700°Cx4 h K 600°Cx8 h+
700°C x4 hJBRE BT A5 1 75 W /D 18 BN 75 FeoP 19 JB0RL R
PN LiFePOL/C #H L, AT5RBLH /N R AL T =T 7Y
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Synergetic effect of the crystallinity, particle size of LiFePO,4 and the
in-situ introduced Fe,P on its high-rate capability

GAO MingXia, WANG JunHua, YE Xin, LIU YongFeng & PAN HongGe

State Key Laboratory of Silicon Materials; Key Laboratory of Advanced Materials and Applications for Batteries of Zhejiang Province;
Department of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China

LiFePO,4/C composite with high crystallinity, sub-micron particle size and suitable content of in-sifu introduced Fe,P was synthesized
by a sol-gel method, in which LiOH, Fe,C,0, and NH,H,PO, were used as starting materials, and ethylene glycol was used as
complexing agent and carbon source. The precursor of LiFePO, was calcined at a comparatively low temperature for relatively long
time combined a following calcination at a comparatively high temperature for relatively short time. The composite shows high-rate
capability as cathode material for lithium-ion batteries. The structure and the electrochemical properties of the LiFePO,/C composites
synthesized by different calcination parameters were analyzed by X-ray diffraction, scanning electron microscopy, element analysis
and electrochemical testing of galvanostatic charge-discharge, etc. The results show that the step-wise calcination at different
temperatures for different times is an effective approach to obtain suitable amount of in-sifu Fe,P, control the particle size and enhance
the crystallinity of LiFePO,, which results in a significant improvement in the high-rate capability of LiFePO,. The LiFePO,/C
composite synthesized at a calination temperature of 600°C for 20 h followed by a further calcination at 700°C for 4 h has 4wt% Fe,P
and 3wt% C. The composite possesses discharge capacities of 140, 110 and 100 mAh/g at discharge rates of 1, 10 and 20 C,
respectively.
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