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Progress in synthesis of nanosized lithium iron phosphate cathode materials
with special morphologies
JIANG Yang-met, LIU Quan-bing, LUO Chuan-xi, LIAO Shi-jun
(School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510641, China)

Abstract: The synthesis of nanosized lithium iron phosphate cathode materials with special morphologies has drawn

increasing attentions for the importance in improving the performance of lithium ion battery. The main synthesis methods

of lithium iron phosphate nanomaterials with several different shapes and characteristics of these methods are briefly

introduced. In particular,the main progress in this field in recent years both at home and abroad is focused.
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X B EE LT T AFRESE LiFePO, 40KK T
& BT I
1.1 3k LiFePO, 49K FHIE M

BRIE LiFePO, #9K UKL ph T 4H 18] A9 32 fi T
NG H A R MBS, BA W A b R
1%, R RE R BE R, W Bl PR RE R, IR
SEOURL, B BRI 24 K BB RT LA L R LR R
b TEARA R BE R R RBLR T ST
BKIE LiFePO, 94K KT % 77 35 UL, andtive
¥ PUBRIG ALk 25 T B E A I 45 Rk ST o
1.1.1 Rk

IYLIEE A 5 THEHIESL, FEA R AR, 5
FRABEE P DA AR . AR ZAE AR
S AT IEE BEAN IR, DR 2 A I I A A i S,
BARBSIIE . Wang %1Vl id LT IE 5 AR
B2 P07 RO A T WA B R A K RS
LiFePO, 1E#% #4 #to P18 2 iy LiFePO, M 40 ~
50 nm ff) F ZLHOKL 5 100 ~ 110 nm F) I 2 BURL A
o BABOREZHIE, B BEAIEE A
3~5 mm WEEEHKZ. LTSRS, Kk H
WRERE BB — B B FePO, UK R
T, NTTRELAS T 4% i ik — 2 A= Ko B LiFePO, 7E
650°C FH&BE 15 h, FE A PURI N ~F i 7E 40 ~50 nm
WHEZWN, A ELENREEZ. & MR LiFePO,
7E 1 C THIRIR AR 150 (mA-h)/g, HELR
MR EE T SRR E PR R
L1L2 g FFR Ak

W 55 TR/ AP ) PR OR RT IR MA V T
SRR A R IR TR AR, TR AR A R
71 B SAETE IR TR , e Ik 18] SE LR 2 I
BRUTTE OB T4 ORIl AR 25 72 7 55— R 51
W o AU R R 2R BN N B AR AT LA
#HEARIRE R K BRIE LiFePO, , %77 i
R T ST AL

Gomez %% 3 FH G AME Ay 340K B SR 1AV TR
2 g A T P PR B SRR AR, 1R
RRE ST T BN ZEIE R 15 ~30 nm 72
A i — YOBURL A SR AN o BRI T YA T 45 A DR
SRS ANGE, AT AR 45 3 (6 Al B A i
JRAA, R AT IR R B AR TR R A T R T

Yu S5 L S R R A I BR A, SR P
W55 TR B G& T ZALBRIE LiFePO,/C, TR
BT IR (FIB) MR % kL UKL 2 1 30 nm /)
TURLZH IR , 2R B SLRA R TEBUR, Wi sh A

AN Y P R 7 i /B X AT = 005 =RV
ROz R B A L5 0 #4258 Konarova
2l OV R FIWE 25 T vk AR BRI EE AR T LA
SEXE AR A 58 nm [ LiFePO, 44K J5UkL, £ 5 78
0.1 C A1 10 C 7ok He BHR T By 15 KB 2 & 431
H 164 (mA-h)/g #1100 (mA-h)/g,
1.1.3 Hibmx

BRLE 3 Ry k2 4h, Ying 45170 SR el 45
i T B S RSB A 1.8 g/em’ Cr BA4H)
BRI Li, o;,Cr, o, FePO,/C,iZ# BI7E 0.05 C #1 1.0 C
TR RS 151 (mA-h)/g #1110 (mA-h)/g,
ZOT A A8 AR B AR S B VR LR TR DR A2 K
RKEGEARBESBEFIER LA, Kim
axt2B) E LR IS A Bk A R T O BRIE B 40 K 4
LiFePO, 5 LiFePO,/C 1EAR M B, R FHME % T 1% -
AR SR YA A A Tl & 2 R ERIE LiFePO,/C
TERRAARE, B HGR JF A 18 SR SRR A 38 R Fe’
ZARMWIRAE R R ELE LiFePO, J& F1A F| F12
R R B RIRE LR R K R . 2B B TE PR
ZH A R ) 8t — IR 9K FoRE 1 3R i A FLERTE
LiFePO,/C , iZAP B B Ak 22 P BB AL BT H 4k 55 %%
FBEw o
1.2 LiFePO, #KER S K

HH, LiFePO, KM & MWER T ZH
MR
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H Y B BRI G oK R AR YU FE N, B DL
LiFePO, ZKBEM BN AR LB A &, &
REEH R ZENE A KRS T Al AR R
TFHIPERE™ o 3B SR A PR AT PG O
Bl B A 525k & BUER IR LiFePO, 99K A1 %L,
1.2.1 R#k

TR B A/ INBURL ) — T ER T BB A AL
e SHAILFITEM L, KRG ER RS, B
BRSF 35, b2 R 4T, IR A F B K,
TEBT] 45 B AAREER A o 3K Bk ] LAk
BRIE R BRTE S A0 KR F , ANGA KR (9K Lk 90K
%, Huang % FIKHGEA BT HAZ 100 nm
K EEZ) 500 nm LR L, 5 R 4T LiFePO, 44K1%,
AT A B A LiFePO, 5% FL B 7E 0.5 C i 3 .
2.5~4.2 V LR N3 T 78/ 50 6, 3
EFE3.5~3.7 VB FEEFE3.3~3.5V ib, &5
00 RMEHR G, BB ARRITF LR, FBHH
132 (mA-h)/g,iX 5 7 b Ak 0 41 55 F b T 40 2
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Uchiyama %) 7E K 4 T R AL T
H 40K A 41 B LiFePO, 4 W0 56 4k, B 56, &
Fe’* PO?{ Bk P A5 2] Fe,(PO,),(H,0), 1
SHRTIKAE, B2 E TE VR A LiOH FHL IR i BR Y 7K 75 T
HE K A BERT IR AR, W £ LiFePO, 44K Y
SATHE K . BN HILES 0 3R A Tk BE BB R /N BA T R
F, IR EI H LiFePO, Z KB R M R 45 M 2 1L
AR A B

Teng 457 FEK PIE B 4T, T 2 B/ 7K
—HIRREAK, A T LiFePO, 49Kk fho
T T KPR BE XA B LiFePO, 4K fh R, &
BTE 160°C L _JE B A 2 B AH Y LiFePO, , H IR
BERIFHE , SRR S, 160°C BF& RUGARE & BLA
JEREER T 160°C DL 452/ > TCRL M FE 45, e i
5 160°C 2 & B LiFePO, 44K A% & 38 A IR
6 h A R N AR, B SR ]SS X AR A KA
TES B ERARIR S5 o ON A B4 RN 45 SR A 2
BSESMAEE, Z B 5K T ket
INERAAT . 5 R B, BT IR Y AE IR A T
HP BV A B 2 RRA, T T LA 3B WY LiFePO, fb i 4
WEE SRR R E, Rz — i
AEERZ . HCTEEFREHAR SHEEMNZLZ
B SHETFEN TP RT B NRE, F56,
Ve 10 X 2% T 376 P50 - e FE AR R 4 (SDBS) iy
BTSRRI T TR R, K SDBS WTFFETE
Gk RS AR SR PEES T EEEM,
SDBS & R¥EHI B KRG LBRE, BiFHk
MR AT 0. 1 CF, LiFePO, 4404 i 1 KA
A AR A 154 (mA-h) /g, KRB EA K
LR RL(32. 6 m*/g) , 4 FI T H 5 s ff I Fo 4048
il , 3K Li B FAIERS 3,y N B fr B RS O BHL T ,
AL ERE S WL o
1.2.2 HEA#E

Z TCREA A L LiFePO, JEH Julien %5 £S5 4R
kA, 58] T F3 5 20 nm, K 50 nm §5R 45
o SAKMEE—F, ZUEEMERKET AR
LiFePO, SR AR RE . XFP 5 & A0 45 2 2 0 AT
AMURAERER, BT T 6 75 FE
fafa,

Rangappa %' 5% F b — 4R 4 0 POk 76 1R j8
f R IR] (4 ~ 10 min) A T LiFePO, 2K %5

P K 4 A6 IR 5O 45 4, 2 B R BE Dl 300 ~
400°C, H AT B il iR K AL B, 2 —BEAR¥ ), IE
Cpe AL, R Ve R TG MR . LR SR
TE PR BT X LiFePO, 42K S A i T8 35 R 45 44
R T BEEM, FEMTE0.S CTF B 90%
B A RS R RIEIERE
1.2.3 Rk 5By

TUCIBE A BB B T LA KR B 4 4 B I B TR] , %8
R, NITAT LR B — MR EF T RERCR . R 2
PRSI, RERABEKR AL Tk, A
TEHE H I~ TR T Ve B B —T 50 A s K A
EEEER AT LL & 40 K 9 LiFePO, #f ¥, Murugan
213031 P AR U AR RGO K B A R T 45
mm BEAR B B LiFePO, G0K#% , H N B RIAR 4, R
5 ~15 min, J{EEAKT 300°C, R ¥ 0 Ak
Fra i LiFePO, S B A B /N R AT W 41K 8 [ 98
(25 +6)nm, K 3% 100 nm ] ; 71 {38 —K $i & )
i) LiFePO, 44K 4% R AR R L [ 98 (225 £6) nm,
Kk 300 nm ], TR E LR, X R TR A
BB & B LiFePO, #E47 T AR AL Bk (278 , X
T8 — /K #: & L LiFePO, #EAT T R AR
P ¥ 50 $Ak BB LAY LiFePO,/C 44K 5 & 41
BHE L R0 — K R BT 78 1 LiFePO,/C 9K E &
MELEA E SRR A=,

Muraliganth %[32] PR T B - T R R T
5 min Z WG R T R TR LiFePO, 9K#E , )L
IREEAE 300°C LR, BT ZAEA 1) 5 1118 K ab 38,
BEJS AT T He P 1 2 BEBR 90 K B (MWCNT) 5
LiFePO, Y KBERR M4 , LI Tk LiFePO, {RHL 33
B8R BE. IR 4R B9 LiFePO, 44K #R i i & &
146 (mA-h)/g, i LiFePO, -MWCNT & &1 B 1%
LA RN o TR SR A T 3 L AR R 26 T A
BTN, 3% 161 (mA-h) /g, A RIFHA R
FEVARIIE S5
1.2.4 Hpbiik

ARF ARG R & T 76 S B o 2 v SR T 77 5
- F AT DL B AR & R R R ER P 451
Hwang %5 F1| i 5B b 2 Ji2 5 7 ¥ (template —free
reverse micelle process) & i T IR LiFePO, £ 5
TR IERA R, & B R TE K R & b it
7119, F Tween 80 fER |, TERRRARG T, K
T 53 353 BB — A 2L B ThAH 2 5, I 78 598 Bl
KITURLE G0 K BN % , LARE IE A SR G i & 2R, T
KL RS BKIR R R/ NRE . i T-5 BSOS R A R
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FEKTE G, B LA IS SR 5 A B 40 K A4 )R T
PR Z IR IEH KL HEIE . 1 Hwang 5538
T N S4B B T B AR 1) LiFePO,/C & & #1
b, I B A MR RE AT , A R R IR A = A
RIFH A&,

Liu 455 F— R R0 07 v A R T — dE ok A
45K LiFePO, 1EARBA L, {156 A NH,H,PO, 7K
{gﬁﬁ] FeCl3 *6H,0 7J<#’§@Iﬁlﬁﬁm/\§'] H3PO4 ':P ’
St OB R UTUE FUBHR Z 5 15 B FePO, 42K
¥, i A LiOH - H,0 Il PEG, & N, f§# F F
700C T4k 8 h, = S HF Al R 2=, s
LiFePO, 4K H A2 RMETE 50 nm, B FH F1EH
FBE B e, HL B 78 F AR ) rh i 4 R BR i 7E
YRR RIEEIN, BT LAE LiFePO, 44K 1) H
WEA BRI LA R, 5, R 2 RIGH 5 H
1.3 LiFePO, 4% &/ SKFEHERK

YPIRB/ AR R R BERTFRMRAIESZ
— 1357360 By AT LAE S s NG KR T b Bl T 1) B R
BERYEME Lit My BB, AL Li* i A/ Bkt
BONTR A S FRMM R EER &)
LiFePO, 44K £/ 94K i 5 ¥ 2 A /K L F i
FH:

1.3.1 R#ck

2007 4F, Dokko %' /K $iE7E 443 K T &R
T ZS[ABEA Poma 1) LiFePO, , RiSKIAW pH RStHh
2.5 BEREN 9.5, FriR kL TE S . & AR B ) A
P 4K 2% BN PERE Li (R BE S RiTSR ) pH 028, 7E
pH 25 3. 5 BF-& BU R AR BURL, 24 pH 7E 4 ~6. 5
B A5 2 A2 R Sk, T — . pH KF 7. 2 B 2
ToRETE AL, TE& BRGSO IBURL R A &
R A2 BT 1, LIRS 17 mA/g T IAR i
A E N 163 (mA-h)/g,

Ellis 2% F§ NH,FePO, - H,0.LiOH J Hi¥F Ifi
BRI I K PGE A U T A MR RIE S A R
31 #5 200 nm JE 100 nm ¥ §4H LiFePO, . HnSR3E 0
HIAKY) ) B B, 7T LASRAS /N 9K A, T R
50 nm 7245, BB TN BB AIL 5 A & AR RS R
i ERRIIT TIRE T

Qin 25 BFSE T KA T FoIR LiFePO, (K
BUHLER, M TAR 4 3 NS0 W45 2R, B SR 4 o 7%
fi#% , LiFePO, [ 7K $4T8 B LA B2 ) B R 44 & H o
N2y 1 Y=g Tk A N WO =Y A N 3 o & 22
BiH LiFePO, (-6 2 4% 55 i - DT VE DL 21T 1 o

HoA A R AR S R O < BRI i P B SR 5
A5 R AR R 2 R R A, B 278 L K
TEAR W LiFePO, FIORIA, B 2 BrA M BT IR 5% 38 5%
IR LiFePO, #iK . LiFePO, HTE B AT LAST A
RUIRR AV B T AR 3 N B

1.3.2 B sk

RAEKPGE R G B LiFePO, TEARATRHEE %7 1
TR — Pk, (B AR M 7E KA o B 7E TG 2 T I
FIBEBLT 48 LiFePO, 9K &, ¥ 5 #ak I a LA
T A BRI 2 B A DU H RS AR
LiFePO, KR A4 KA

Saravanan %[36] EHABRPEERT S 5E
BT 5 om B TEEKIEZE W LiFePO, FK & E%
HEFIE B AR B IR G54 . T LR Y, BT AR 4ok 4
FE b BT R EEE R 30 ~40 nm,, AR Z B
Veys ), 2e 30 L B BE, 20 — B AR AR,
TS FAYURBL T A KB PR 51 X FE
FITE SR8 THEE TR BUSE, MSN2EE N S
FL P R 2 T A F P BB A T AR A i sl 4, R
WEAIEH BRIk 22 R, BRI R, 753
INGAK AL B BT, AR 1 BE S PRI

Yang %1% 58 2, 4 FE Mk W 3 R ( PVP) 1R R T
T, TEAR I BA R AT 40K 4 5 4126 A0
i) LiFePO, JZIRZEMIMIMA R, TR ML R A 46 49 52
S YRR (25300 nm £ ,50 nm &) 5 ¥ HiUE
BT B, o, 28 B B Lil #7840 S5, L
et LiFePO, MTERL. PVP 7EMIEE Z R 4510 B %%
RS R REEER.

Yang %! F§ H,PO,. LiOH - H,0 1 FeSO, -
TH,O YERGIRY) , AL VA IR K -2 B —on i
i e R B T LiFePO, K48 (R ~F 4y 50
nm) Gk & (J& 100 nm., & 800 nm) KK & (&
300 nm %% 3 pm) . FORLIE SR T SLB S
BEAR, N ZFE S KRR R R E KXY
BEIMAGF 55 o B 5T & BLAR AL 78 1R 99 K UKL L 40K
FEHORBAE L, B m AR B R ORI
HAR, A BRI LA R G RE
1.4 LiFePO, #¥Z&ME

YUk FEEHRR/N, FiMEEF Y 8usE
4508 , DI AT LA 8 B e b IE AR A RHEL A B4
FIELAL2EYERE . B RURT 7T 3 8 0 /K B AR LA
K G5tk A B T 4RI LiFePO, 49KA1R
1.4.1 R#uk

Wang 45 K k& R T — 4k 1Y LiFePO, 44
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Kk, TEFTRF=YH, K£ K LiFePO, J1KLk, HA
TRAN—F 53 R R AR, 360 7K Pk 2 il 45 LiFePO,
YRR W — P T e TR R % K 7E LA
Li/Li* S AR T, LiFePO, 442K 4% i i I 0 7
3.34 V &b, FAALIETE 3.52 V 4k, HZ 3t 50 TG
J& , AR SRV PR 5 BE TR B T2 KA, iX R
BB TR A S ik A B e, B
0.1 CHERTF,2.75~4.20 V B JEJLE M T 1EH
I/ BRI, TS/ R R FT AR ), RS
FE3.51 VRS TE 3.33 V b, X SRR %4
RARW) & s HA G 25 828 150 (mA-h) /g, &3
60 KIEI )5, AR A ISR AT 35 138 (mA-h)/g,
XU ZE SRR, =) LiFePO, G KLAE N FH
W IEAR AR B LAk 2E R B, IR A RE R —
PR LN B T BUER M T — M I AR
1.4.2 ##k

Btk B BT & AR E T A0k ik 2
SR, T A . SR ) AR AR R
AHIERME SR — 2 m EWAERZENY
B, RAEdE I EAE R, DLORA B E TR
HoZ kK Fk

Lim %' F 58 A4 4 KIT -6 1 SBA -15 & i
LiFePO, KR %5 0 454 LiFePO, ML RL, —
YA HIXTFREE SR P6 mm [ SBA -15 — 4 fb Rk
BB FRAE B 7S A X R AT R A L R A, LA
AR REETFITHRR, XMARE R la3d 1
KIT-6 &t R WP L2 =457 T HED, P2 S ALK &S
0554 LiFePO, #4k}
1.4.3 %%k

HL 2745 R ( Electrosping method ) A] LLfE 2% 5 #b
AR S, B TR2E R ) EkE, BY
BB RS YIRS R L, S kT —
AN S0 B B A%, e P ) R VT O (LR R R
ket B Bind L, @S 7EE RS Bird Z 16
PR EL 25 1o R P T R A T, DA P A TR I 4 K 2R
B TR AR RS A PG, i s o
ETEW, A& A LiFe P IR R A YA WGE T
HL25 £ R A DL 45 B LiFePO,/C M & & 44 Kk &
Hosono 45 Fil e 27 £ R BN Hb& Rt T = 4E 45 4
) C/LiFePO,/MCNT 4K £k, fe 9k &kt fE— 1%
BERRYIRAE (KM KR 4E) MBS —1
FETEBIINZ TG o BRI E BRI E PIKRL T
Tia) A4 B 1) 7 7 50 Pl o R P ko fL P A e T AR R
R FE , T A1 J2 B G 8 TB Bk 52 2 M6 T Fe® ' 1Y

A4k,
1.5 Hfifk LiFePO, Gk B FHIE K

A ABOCEARE T HAh— IR LiFePO, 44
KBTI, ANETIR IR B BEIR 45 Ve -
Je ik 2B B LiFePO, 40K T B9 —Fh 3 007 ¥ o
PR TR AR B T MR Aot 7 A B AR o 5 e — A
AR LiFePO, #1BHE LR, MR IRA K
FLBR o B B P 8 JE - e ¥ SR G LiFePO, 50k:
NG Liu %1 Fw - ek A2 FL AR
B AR A L T LiFePO, 4K, ¥
HERTOR AL FE MY BR A \ B R 0 Ak AR R — i, TR
g5t B P, T B ER MR 45 A R A BR B A&
LiFePO, 4K 5040 B FE A )P I BE S , H R 4f
RS g

Jok OB (PLD) 5 AR 2 20 42 80 40 %
JR A By — o BB R, LA 5 v ) L R
B RE, Lu &AM PLD HE AR & T
LiFePO, -C {2 &M, 765230 IR 2B BEN
BRIRFNZE A5, 76 3K 45 1 BE BUH Y LiFePO, -C B iR
FY)E [ PLD £ R4 LiFePO, -C &2 A BT
BT Si/Si0,/Ti/Pt H 5 |, 155 BB K 2% 200 nm
ffy LiFePO, -C ") . Hor  HEUTIE ARSI M A A7
BT LiFePO, & I, 2k EE/R 53 50CH 2% b BA &%
KA. JEIITTIEIR K AL B AT LASE B RO RCR Bk
MOLTTRRY LiFePO, -C 2 A TRRBLAY LA &

Sun 4517 o ] PLD ¥4l % T LiFePO, Wi, 78
Si 1 Ti 25 BARE) T TCE T EIR IR LA B 45 5 5
BRI, 765 Pa AR T, Si(100) 25 H
AT153] LiFePO, T, Hrp % IR T # & 50 2 T
A4S, Mi7E 500°C F1 700°C T HI1RH B R 45 RS, H
H1,500°C T #il 45 7 K 7 JB J& f B, 35 nm JR Y
LiFePO, THIET] LA V52 BURDIR B9, BA BLRS 10 =
T, 7EBRL R TR R T SRS . ke R
J 483 100 nm B, A RGN . Hid 4
KRB T I LiFePO, 578 700 ris i 48 P EL A FiL TR OF
A, M55 5k AR LiFePO, 78 BE7E 72 150 A i 2 o )
AR B A

2 #iE
ELAFRERTE S B 90 K S R 4k R A Fe b 1E AR A
B A A B B O (5 N AT &, IEZE RN

PR T R AT S AU — AN T A, JLAFR,
SN REE T, BA RIS B 28 44
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KRBT FEIAG T — %€ B ST, & T i @k
B BRI SR 2 ORI S , I ELP
IR B AL AP RE W ERRAF o (EJ2 B BT 7EIZ
BT A — S R

(1) K% H LiFePO, MRH7ER LA S B &
KRR

(2) PR KB L M RO PR S 8 A PR T

(3) 400K ) BE By F AR A R B 45 R AL 7R A 5
0, B TAE R EARTRRE o

(4) T4 i B pL BTSN AR DI, Xk LA it
Il &R R R E LA LiFePO, 49K IEK
FEk

(5) 2807 ¥k B AT RA B R, 7™ ah BT R AR E M
REANGG , MELISE Bt AL AR = A ok, EH B 1E
DRAIZE 2R FIA HLAY R Bl 0 25 1 % — B ER A Dok o 2%
T H— KGR IBURL AT R A FLERIE LiFePO,/C 1E
WBASRE , ZAS BT A 2 P BB DAL S5 T L 4% 5 4
1, %l 8 TZ0E S R Tl e A7, Sk b
IR T — MR 5 B B

B, B AR D RS T M T R SR AR B E
A IRV, BE— P BRI IR ST IR, AW T R 5
faI P4 R R Bk EE IE AR AORL B BT, o5 1
PR T R M B R R 5 N A O TG R AR Y
YEH

S SUHK

[1] M, SEREER, ATIREE, 5. URBERAREE BT st st R [ T]. b T
FrAUkHEE,2010,38(5) ;1 -4.

[2] Jugovic D, Uskokovic D. A review of recent developments in the
synthesis procedures of lithium iron phosphate powders[ J]. J Power
Sources ,2009,190 ;538 —44.

[3] X, BKE, 5 B4, 5. PR B T i i IEAR AR LiFe-
PO, [J]. fb2¢ 3k ,2008 ,20 ;6.

[4] Zhou Y,Wang J,Hu Y,et al. A porous LiFePO, and carbon nano-
tube composite[ J]. Chem Comm,2010,46.7151 -7153.

[S] BUR, BT, B 44, 5. BB S & LiFePO, IEAR R
[J]. 423 R% ,2007,19(10) ;1460 - 1466.

[6] Cheng F Y, Liang J, Tao Z L, et al. Functional Materials for Re-
chargeable Batteries [ J ]. Advanced Materials, 2011; 23 (15):
1695 -1715.

[7] FEFFHC, WRSL 5, PRIDE e, 45 28 B 7 L Wb IEAR A4 BH 440K LiFe-
PO, [J]. taN s T4 A ,2009,46(2) .84 —90.

[8] Wang Y,Cao G Z. Developments in nanostructured cathode materi-
als for high-performance lithium-ion batteries [ J ]. Adv Mater,
2008,20;2251 - 69.

[9] Dokko K,Koizumi S, Nakano H,et al. Particle morphology, crystal

orientation, and electrochemical reactivity of LiFePO, synthesized

by the hydrothermal method at 443 K[ J]. Journal of Materials
Chemistry ,2007,17 :4803 —4810.

[10] B3, 24T, BRaL =, 5. FEANT LiFePO, HEABR MR M5
BERELT]. e FHiAR,2010,47(3) :152 - 156.

[11] Yu F,Zhang J,Yang Y,et al. Porous micro-spherical aggregates of
LiFePO,/C nanocomposites: A novel and simple template-free con-
cept and synthesis via sol-gel-spray drying method [ J]. J Power
Sources ,2010,195 :6873 - 6878.

[12] T4, KN, B 14, 5. IERBDRERIE LiFePO, i1 £ J7 s
£5R[J]. Hih,2009,39(3) :170 - 172.

[13] Xie H M,Wang R S, Ying ] R, et al. Optimized LiFePO, -polyacene
cathode material for Lithium-Ion batteries[ J]. Advanced Materials,
2006,18 ;2609 - 13.

[14] RO, R8N, KB, 45, $h 45 B o ] A BB 4R 80 7 s W IE
AR SE BER [ T]. TCHUAE R4, 2006 ,21 :291 -297.

[15] Goémez L S,Meatza I D,Martin M I, et al. Morphological , structural
and electrochemical properties of lithium iron phosphates synthe-
sized by Spray Pyrolysis[ J]. Electrochim Acta,2010,55 ;2805 —
2809.

[16] Wang Y,Sun B,Park J,et al. Morphology control and electrochemi-
cal properties of nanosize LiFePO, cathode material synthesized by
co-precipitation combined with in situ polymerization[ J]. Journal of
Alloys and Compounds,2011,509:1040 - 1044.

[17] Yu F,Zhang J J,Yang Y F,et al. Preparation and characterization
of mesoporous LiFePO,/C microsphere by spray drying assisted
template method[ J].J Power Sources,2009,189:794 —797.

[18] Yu F,Zhang J J,Yang Y F,et al. Up-scalable synthesis, structure
and charge storage properties of porous microspheres of LiFePO, @
C nanocomposites[ J]. J Mater Chem,2009,19:9121 - 9125.

[19] Konarova M, Taniguchi I. Physical and electrochemical properties of
LiFePO, nanoparticles synthesized by a combination of spray pyrol-
ysis with wet ball-milling[ J]. J Power Sources,2009,194.1029 -
1035.

[20] Ying J R,Lei M, Jiang C Y et al. Preparation and characterization
of high-density spherical Lij o, Cry o, FePO,/C cathode material for
lithium ion batteries[ J]. J Power Sources,2006,158 :543 —549.

[21] Kim J K, Cheruvally G,Choi J W et al. Effect of mechanical activa-
tion process parameters on the properties of LiFePO, cathode mate-
rial[ J]. Journal of Power Sources,2007,166:211 —218.

[22] Kim J K, Choi J W, Cheruvally G, et al. A modified mechanical ac-
tivation synthesis for carbon-coated LiFePO, cathode in lithium bat-
teries[ J]. Mater Lett,2007 ,61 ;3822 —3825.

[23] Kim J K, Cheruvally G, Ahn J H. Electrochemical properties of
LiFePO,/C synthesized by mechanical activation using sucrose as
carbon source[ J].J Solid State Electr,2008,12:799 —805.

[24] Huang X J,Yan S J,Zhao H Y, et al. Electrochemical performance
of LiFePO, nanorods obtained from hydrothermal process[ J]. Mate-
rials Characterization ,2010,61 ;720 - 725.

[25] Fergus J W. Recent developments in cathode materials for lithium
ion batteries[ J]. J Power Sources,2010,195:939 —954.

[26] Uchiyama H, Imai H. Preparation of LiFePO, mesocrystals consis-
ting of nanorods through organic-Mediated parallel growth from a



.29 .

precursor phase[ J]. Crystal Growth & Design,2010,10;1777 -
1781.

[27] Teng F,Santhanagopalan S, Asthana A et al. Self-assembly of LiFe-
PO, nanodendrites in a novel system of ethylene glycol-water[ J].
Joumnal of Crystal Growth,2010,312:3493 -3502.

[28] Julien C M, Mauger A ,Zaghib K. Surface effects on electrochemical
properties of nano-sized LiFePO, [ J]. Journal of Materials Chemis-
try,2011,21:9955 —9968.

[29] Rangappa D,Sone K,Kudo T,et al. Directed growth of nanoarchi-
tectured LiFePO, electrode by solvothermal synthesis and their
cathode properties [ J ]. Journal of Power Sources, 2010, 195:
6167 -6171.

[30] Murugan A V,Muraliganth T, Manthiram A. Comparison of micro-
wave assisted solvothermal and hydrothermal syntheses of LiFePO,/
C nanocomposite cathodes for lithium ion batteries[ J]. Journal of
Physical Chemistry C,2008,112:14665 - 14671.

[31] Murugan A V,Muraliganth T, Manthiram A. Rapid microwave-sol-
vothermal synthesis of phospho-olivine nanorods and their coating
with a mixed conducting polymer for lithium ion batteries[ J]. Elec-
trochemistry Communications,2008,10:903 —906.

[32] Muraliganth T,Murugan A V, Manthiram A. Nanoscale networking
of LiFePO, nanorods synthesized by a microwave-solvothermal route
with carbon nanotubes for lithium ion batteries[ J]. Journal of Mate-
rials Chemistry,2008 ,18 ;5661 —5668.

[33] Hwang B J,Hsu K F,Hu S K, et al. Template-free reverse micelle
process for the synthesis of a rod-like LiFePO,/C composite cath-
ode material for lithium batteries [ J]. Journal of Power Sources,
2009,194:515 -519.

[34] Liu HW,Yang H M, Li J L. A novel method for preparing LiFePO,
nanorods as a cathode material for lithium-ion power batteries[ J].
Electrochimica Acta,2010,55:1626 —1629.

[35] Ellis B,Kan W H,Makahnouk W R M, et al. Synthesis of nanocrys-
tals and morphology control of hydrothermally prepared LiFePO,
[J]. Journal of Materials Chemistry,2007 ,17 ;3248 —3254.

[36] Saravanan K,Reddy M V,Balaya P,et al. Storage performance of
LiFePO, nanoplates[ J]. Journal of Materials Chemistry,2009,19;
605 -610.

[37] Qin X, Wang X, Xiang H, et al. Mechanism for hydrothermal syn-
thesis of LiFePO, platelets as cathode material for lithium-lon bat-
teries [ J ]. The Journal of Physical Chemistry C, 2010, 114,
16806 - 16812.

[38] Yang H,Wu X L,Cao M H, et al. Solvothermal synthesis of LiFe-
PO, hierarchically dumbbell-like microstructures by nanoplate self-
assembly and their application as a cathode material in lithium-Ion
batteries[ J]. Journal of Physical Chemistry C,2009,113 ;3345 -
3351.

[39] Yang S,Zhou X,Zhang J,et al. Morphology-controlled solvothermal
synthesis of LiFePO, as a cathode material for lithium-ion batteries
[J]. Journal of Materials Chemistry,2010,20:8086 — 8091.

[40] Wang G, Shen X, Yao J. One-dimensional nanostructures as elec-
trode materials for lithium-ion batteries with improved electrochemi-
cal performance[ J]. Journal of Power Sources, 2009, 189543 -
546.

[41] 29 RET, B 7. A RHRIB R K 50 A B ST kR
[J]. $ R 542,2007 ,21(4) ;122 —125.

[42] Lim S,Yoon C S, Cho J. Synthesis of nanowire and hollow LiFePO,
cathodes for high-performance lithium batteries [ J]. Chemistry of
Materials 2008 ,20 :4560 —4564.

[43] Hosono E, Wang Y, Kida N, et al. Synthesis of triaxial LiFePO,
nanowire with a VGCF core column and a carbon shell through the
electrospinning method [ J]. ACS Applied Materials & Interfaces,
2009,2.:212 -218.

[44] Dominko R,Bele M, Goupil J M, et al. Wired porous cathode mate-
rials; A novel concept for synthesis of LiFePO, [ J]. Chemistry of
Materials 2007 ,19:2960 —2969.

[45] Liu X H,Wang J Q,Zhang J Y, et al. Fabrication and characteriza-
tion of LiFePO, nanotubes by a sol-gel-AAO template process[ J].
Chinese Journal of Chemical Physics,2006,19.5.

[46] Lu Z G,Lo M F, Chung C Y. Pulse laser deposition and electro-
chemical characterization of LiFePO,-C composite thin films[J].
The Journal of Physical Chemistry C,2008,112:7069 —7078.

[47] Sun J P,Tang K,Yu X Q, et al. Needle-like LiFePO, thin films pre-
pared by an off-axis pulsed laser deposition technique [ J]. Thin
Solid Films,2009,517:2618 —2622. A

L et St e e S e e ket S e So)
A

+

B<piE, RRREENABELELRTEE }

FRHRR (NYSE: TYC) HEF T2 @ 2R sl 47 PR
| 257 CF B SRR ) 2011 4 12 A 15 H B —
ST SEHERAR 6B T 4 1R R AR O3 22—
LI SR . SRR B/ 7 2R ARG
| SELEMRARIB S T P AL, BURSUS AR F1 A
| O SERILBR 4 % PRSI T IR SRS,
D RS T RARIR OV 3 4E AL 1 23T
| (204 6.5 [L AR BEAH R i — 304, oADK Y01 F
AR LR R E TR R L LR IR T At
| AR R

P BRI T AR ] S g 2R MRS
bR b R I B0 7 e R W Y — T B
L WSy, RS TR SRR AP I K R 1 — 2R

e

Ao FRHRAREERIR S RS X E A B ERER 1
HAE B B IrEEREEA G, RAOREXEER N i
h E AR Rk & BRI B — 4.

BERHT AR A 40 000 m® |, R FERRALAREH] B AT
T A BRI 1 AR ) BRIR AR 7 e 3t g A 7= R BT 4 |
BRENA 1 KTM 45 5 R BR iR i, #E B A AR W &% P 4Rt |
MV SRR FHRE XU R = e i i

FRHR S5EHE ERRESRABL S BLHMPHR |
FeEFR BT RORHIR R T RBRE T E XA |
Kl R AT RS E e S, BA R ESL b E G S, A +
MR SR — B BRRA . BT IR R
W o7 P R RF e P 3 T A R R & LR IRR
RRFEFI R EBAREERI,” (BEH) +

A

S O S S S O O O O U U S



