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Abstract

FeP04-2H20 powders with various morphologies and structures were prepared in a solution of 1.0
mol/L FeSO; and 1.0 mol/L H3PO4 without any additives, by adjusting pH of the solutions during
oxidation of Fe2* ions. LiFeP04/C electrode materials were synthesized using the FeP0,4:2H;0 pre-
cursor, Li,CO3; and sucrose by the carbothermic reduction method at 700°C for 10 h. The powders
were analyzed with X-ray diffraction (XRD), scanning electron microscope (SEM), thermogravi-
metric-differential thermal analysis (TG-DTA) and cyclic voltammetry (CV) methods. The results
show that the spherical FeP04+2H20 agglomerates of primary particles about 200 nm can be ob-
tained in the solution of pH controlled within 1.6 - 2.0 when adding H:0: for oxidation of FeZ* ions.
The spherical LiFeP0O4/C materials with particles size about 1 pm were synthesized from the na-
nostructural FePO4 precursors. The LiFeP0O4/C materials show favorable electrochemical perfor-
mance in 1.0 mol/L Li>SO4+ aqueous solution.
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7£1.0 mol/L FeSO,RHsPO B, & AT B b Fe IS I pHAE, 7ETCARTHR N7 B0 1tk T 1 & 1
AREHME M FIFePO42H,0013E . PAFePOLATIRMAE. LiCO:FERANEEL, 2700 CHK#HKRPI10 h)5
fBLiFePO,/CHARMEL. BHAX-H&ATH (XRD). H#HE T BB (SEM). #E-ZH(TG-DTA)MIEFFR
Z(CV)ZEFEXRERHTTRIE. ERER, HIMAH0:MER KpHAEL.6~2.02 8], W7EE|H200 nm
E A W — R BRI ERRFeP 04 2H2 08 K « IO K S5 HIFePOL BT IR A & B 2R A N1 pmZE A FIERTE
LiFeP0,/C, 37£1.0 mol/L Li»SO/K¥EH + BoR RIFHI LR .

K ia

T4 B ¥, &4k, pH, FeP042H;0, LiFeP04/C

1. 518

BN S5 F 1) LiFePO, HLA #L B TR A PERE LT . e Atk Rlm HARAIRER . BEURF & S50 s [1]-[8], @
WA GRS Bk 75 55 U5 1 m] G F T L S R B i O 2 [9] [10], LiFePO, AEMEZ) /1 HL
Ja. A RE VR SE T T A 2 R .

LiFePO, ¥4 e A SRMH T B 2 A o FLUTTE « /K oo il [ AF 25 05 1 24 R ) 46159 21 LiFePO, A1 KL
FePO, f& i i [ AH & & LiFePO, [ 1 EH AT IR 1A, [ FePO, L& T 45 BE /K LU I [Fe* 1 FI[PO,* ],
LiFePO, IR E A 5 [11]. E WA CAH KEY K FePO, & M7 A4 E W St RiE [12]-[20]. Horr—Fl
J5 iR I S A Fe® Rl HaPO, IR A VAT ) Fe, TR TV pH 733 FePO,-2H,0 i, 7 it /K753
FePO,[15]-[18]. XMSEEAHITIERI %, W1 Fe¥ /KM LLIBE G, /KR 158 448y FePO, 7
RA PR B[] o 5 B (1 2 T N A T LS 0 7 K42 i) FeP O, 2H,0 TTTE I e b RT3« 52 -B AR [19]
SEAE S A UTVEVE T 4 HT UK A& FePO,xH O B, SRR M7 PEG SR8 A SR A4 i T35, k2> — it
RLI A5 . 2 ] B[ 207 26 e ik mbngs 1) J5 A7 58 B SR i) FePO, 45 i 72, 13 BRI/ o A8 5 4L
FePO,/PPy i HK {4 o

AR SR FH T 25 18 SR pH B T VR 4% FePO,xH,0 RTIRIE. 87T H,0, Efk Fe IHE &
) pH E(pH), R BEAE R B R A i Fe(l)-Fe(1) 2 1% 48 &P 215K 4% ] FePO,-2H,0 (1)
SEERIEAR, A IMANAEATE NIRRT, 4 HZRERIR FePO,2H,0 # oK o I i B Fd J5 il 4%
HERIRI LiFePOL/C M kL. H 5T pH )% 5T SR 1 25 M FE SRR 00, R T LiFePO,L/C 1E Li SO, 7K
WA IR 22 (CV) VERE

2. SCIGERy
2.1. FePO,-2H,0 # LiFePO, BIHI&

£ 250 mL FLEUEIR T, KX 15 g FeSO47H,0 [E 44, 3.7 mL 85%/1] HsPO, (p = 1.70 g/mL) #1150 mL
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PRI pH AH AL Fe2 B Tl 4 BIR FePO42H20 K LiFeP04/C HIF A EL

MK, NIRIERIA 1.0 mol/L. 7E¥:# 500 rpm HLESEFE T, ¥WlTHRZE 45°C, B 2.5 mol/L (1)
NaOH VAV T S MR Y pH7E 1.2~2.2 Z [i] . V&) pH ] BANTE220 #5778 pH THIl & . 285
30%I1] Ho0,, B EETIE ™2, [FIVAR A IR, W) pH AE B2 B8RS, @i o-o-BX
MG e S £ (4T €0) AR M P Fe™ i, PR KA. FRRH NaOH i pH & 2.0, FF &Rz s
80°C, FPEMRAL 2 he JRMIESHG, HhiE. BE. T, BBEIAEBARER . FTA S5l R 4l
A

HEUTIES 500 CHIFMK 4 h )5, %18 FePO,:Li,COz REMEFE /R Ly 1:052:0.1 ILLBIRE A, FEIIA
& B AR AIREA T, 7£ 500 r/min ## FEREE 2 h J5, EESRYT 700°CHE 10 h 53| HE A
LiFePO,/C.

2.2. MRIEYRAE

FE i &5 74 5% FH a7 22 Phillips 23 7 42 7% () PW 3040/60 4 X5 26 17 54T 20 BT » X 63N Cu Ko 5 28
TAEHL 40 KV, TAEH 40 mA; TS HAS Hitachi /A & [ S-4800 24 &4 #37 Rk S 3 LB A H A HL 1
2\ 7] [ JEM-2100F 32 5 H 7~ R AU B R AIE s #4741 F 78 [ Netzsch /A 7] (1) STA449C B 4 id % TG-DTA
Mgk, BASH. TR 30°C~800°C. JHE#ZE A 10°C/min.

2.3. BHLERR

BIEPEYIR LiFePO,/C. LR EEAT PVDF 18 75:15:10 I LR A5, FotBEM TG,
I NMP R AREE, IRAGTE 0.2 om? (& Al b fl s TAE . Ao xtdl, WAH R AS . 28
SCHR[22] [23], fE= G T @I CHI660C HLAL % TAE Ul LiFePO,/C #4EHE 1.0 mol/L Li, SO, 7KV H 1
PEERAR 22 i 2k . IR EALYE B N—0.6 V~0.9 V, FHi#FRIEH A 1.0~50 mV/s.

3. B/R5WiL
3.1. pHXt FePO, BBR{ALEFFNT SR AR

1.0 mol/L ] FeSO,-7TH,0 Al HaPO, HIHI 4G TR &7 LT pH 9 0.8, il NaOH ¥ WU 5 pH(yyfE 1.2~2.2
Z I8, FE HO0, B AT5E M HTT pHpyEl 2.0, 80°C FHtFEMRLIG, HREM R AGMTiE. K1 ME 2 %
7 ASE pHey Tl FORE S XRD A1 SEM 20t B, 1] L(1) R IE pHpy1.2~2.0 TEE N, HETTEER
SELHAA FePO,xH0. 1fi pHy2.2 B ST =4, XRD B2k A HIUVRFIE FOAT 06, RZ“ A
ERUIRES . ISR 285 MKIG, BT DUE =35 528 N oK 1) FePO4 (1] 1(2)).

2 (1) SEM i 4 R, A pHyfE 214 Nl & -k L 78N, B pHoH 1.2 T+
£ 2.0, FEPIR— R RAR IR DB BN 5], K/ME 200 99K 754G . 1 BLAE pHyfE 1.6~2.0 JE A
I, /NSRS R TV UK — IRRORL 52 SRR o (H pHy A 2.2 I, BIORE T3 A4S RN 50, TR TG RN .

PO R IITE pH(py1.2~2.0 il £ (0 i DR A4 R A AH R o R o 151 3 45 H T pHry 2.0 il 45 TR b
] TG-DTA HiZk. 7ETHEIEFET, TG #hZiRMI7E 30°C~200°C 2 A4 —AN i1 Tl 25 45 i /K i 2k F i 2.
SRHEFT 20%, 5 FePO,2H,0 MR E/K EAHAT. DTA HIZE7E 90°CHI 195°CH AN I S fhy i Fhu e,
X LT AT IRAR KOS AR . TWIFE 670°CAb HIL— AN, (HIA tEBE T E R, FTREXT T FePO,
AR A AR R 2l G A [ 45 d i FE[24]

SUGLE R, WP Fe® BRI I pHey,  FEAS NN RIS MRS AR A L R Rl 4% H e
AR — BURL R R IFI R ERR FePO,2H,0 F KA. FAEAJF B, M4 25°CHE HaPO, IIZ 4 HL B 45
(Ka; = 7.6 x 103, Ka, = 6.3 x 10 8 fl Kaz = 4.4 x 10 3[25]), A+ 1 pH Jy 2.0 I 1.0 mol/L ) HsPO, ¥
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Figure 1. XRD patterns of iron phosphate prepared at various pH values: (a) pH = 1.2; (b) pH = 1.4;

(c) pH=1.6; (d) pH =1.8; (e) pH = 2.0; (f) pH = 2.2
1 A pH E T & AIRERRAY XRD E: (a) pH = 1.2;(b) pH = 1.4;(c) pH = 1.6;(d) pH = 1.8;

(e)pH=20; (HpH=22

50.0pm

Figure 2. SEM of FePO,-xH,0O prepared at various pHy values: (a) pH = 1.2; (b) pH = 1.4; (c) pH =
1.6; (d) pH = 1.8; (e) pH =2.0; (f) pH = 2.2

2. A[E pHyy N & X FePO,-xH,0 KJ SEM [B&: (a) pH =1.2; (b) pH=1.4; (c) pH=1.6; (d)pH=
1.8; (e)pH=2.0; (hpH=22
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Figure 3. TG-DTA curves of FePO,-2H,0
3. FeP04-2H,0 BIFA D B



P pH A AL Fe2+ B 1l BRIR FeP042H20 & LiFeP04/C HLRAT A}

Wb PO IR EZ 0y 2.1 x 107" mol/L, ¥ P AFLE [ E B R Z H,PO, . Fey(PO,), Fil Fe(OH), 1 K,
{543 514 1.0 x 107°°[26]F1 8.0x107°[25], [l 1tk Fey(PO,), Fl Fe(OH), Uik #R XE T i . i FePO, Fil Fe(OH)s
(¥ Kep 73519 1.3 x 102251 4.0 x 10°%[25], HIA H,0, Bk Fe? i Fe®, ¥k %5 POS JEk FePO,
UHE. ALK FePO, TTIE RN, H,PO, I HPOZ [l B P I A # 5h, S BUATIN pH R BEAK,
VR pH BRARAE RT3k — 2D IR Fe /KR, BB, TERIN HO, M AR, VA Cid i A8 AR
gth, RoR A AR Fe(1)-Fe(IN) 48 S PIIATE [21], XA M SR (0 4% 5 0 7 B B AR A I 2
KREE AW o L PR ECSS BRI T, WA TE 2 A48 B WK BT 5 A i Fe(I1)-Fe(11) 2R S AU B R #h vie (%
BN, FEREE KBRS Fes04[27]. SREAL GRS AR B B M AL 22 S SLTE P . N4 RE S I Ff
POY [28]. i&Jf NO*[29]F1 Ag. Au. Cu B5F[30]. FEASCIEFEM pHoTE 1.2~2.0 20 F, XA
(¥1 Fe(I1)-Fe(I11) 2 %4 &4 vl it 5w 547 10 H,PO,  HPO?™ . PO3™ Fl A4 1) FePO, fis % A HAE
SR | FePO, dihL i AT R, A SRLI R ANRIE S BN S, SBAE— @ kA T AR T — IR AR R 5
JRERTE B R . ARG pH oy (R FE AN B K, DO pH ADIELE A R T Fe* Bk
B, AR TEREFN AR 2 T BT 1R RS A =14t B s LAz o

FHEE I TTIER, 754 1:1 (1) FeSO47TH,0 Fll HsPO, W, 4 lin Ho0, ¥ Fe* A4k Fe**, F ] NaOH
W pH 2] 2.0, B TEACERIABRN pH K, ABEIERL FePO, JTE. 7EMI NaOH 1% pH Mid 2,
TR Fe* BT KR SN 54 1 FePO, [ BRI R A, A B b4 A oK B TRAB EaTie, /K IR
YA L FePO, 7 B K AN IR] o 1 HLAF AN IR TG VE R SEA WA I, 43 2000 7= P ok R~T #6
A5

DRk, 3@ I 54 Fe? I pHL $3] FePO, IR ZE B S5 1, AT FE R A WL IR ) 2614 1 1
o HUBURL RS 1) 511 FePO4-2H,0 R IKAR . 45 FI T FEAK LiFePO, AR /= piiAS, A2 7= A ad

3.2. LiFePO, BY#I & FMFTRIER T

DL pH(2.0 fill % 1] FePO42H,0 NHT IR, Zid ik, JRABRE MBS, §il&1F LiFePOJ/C. 4
4 P18 LiFePO, £ M) XRD. SEM FlI TEM 43 #r &5

Intensity/a.u.
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PEHIVEV pH (AL Fe2+ B Tl & BRIR FePO42H20 & LiFeP0s/C HUIRAFHEL

Figure 4. XRD (a), SEM (b) and TEM (c) images of LiFePO,
4. LiFePO, B XRD (a). SEM (b)#1 TEM ()&

P 4(a)Fn 4(b)RBIL iR A N JG AR R T AiAH ) LiFePO,. P24 2 R EONCIE BRI, Kiftd)
1 um, Ui FTIRYILE BEAH SR O BR A, W] BEAEE SR SRS R R . ] 4(c) 4B 7R A RUR 3 TH A7 7E 5
W BEEZN 10~15 nm (NBEEZE. AFZE T2 RIFSALSEH, i 0.45nm, 5 LiFePO,#)(101)
f [T () BE AR AF[26] [31]. B ENITE fks 280, nIHENIN T & TEARZ[31]. LiFePO, R IH I .78 EHH
FIF B APR T T HE, $E ARG B PR R .

HT LiFePO, &b T/K FFEAL FoE X 0], 48 B P IE K VT ARV h BE T I b i, K RABARRAR B A
MU HE AR T 2 e A 8 1 T R 2 Ak B o (EL IR K 20 i PR (.23 V) R RR i, /KA L A vt ) e oo FELUFR
REfE 2.0 V Zifi. LiFePO, fE/K & HUMRIR T I HAL 24T N O — LB FidiiE . W1 Manickam 28 [32]8 58 1
LiFePO, fEVIAN LiIOH /KB i s Ak 2l itk . R IPIESEALIE RS, BEES T M LiFePO, it th, {HFH )5 it
ITIRJE MRS, B T 2E LiFePO, i Fes04r KM . BRI E[33]5F A 7K B, LiFePO, TEVFN
LiNO; HiLf# i b B R IR s T i . MI[23)56 58 T LiFePO, A EHE Li, SO, ZKIEWR H1 ) CV T RE,
A LI 8RB0 10 4. He[22]26 5 L T LiFePO, IEMABHE Li SO, /KA LiFPe-PC A HL
FEA R IR B 9 BB . AR S5 SRR B, BN HM, 1.0 mol/L Li,SO,4 bt 1.0 mol/L 1) LiPFg-PC
BHUAREIE GRS T IR . BoRTEKREMRT T CV MR RIE LiFePO, M8} HEfk 2 14 G
{1 —Fh T (58 7 92

A E I LiFePO,/C #4RIE 1.0 mol/L [ Li,SO, /KW CV Hi L WL 1] 5(a). ] WLEE & HL AL 3
I, A S5 LI (e R o)t T, [ B A SR 0 FELAST (E g T Eppe) 73 A IFTIE L #2078, U F
PLRITEIER AE 89K B 5(0)AH T i v SRR, SR AFEAT TR E L. KA 1.0 mol/L ] Li,SO,
KB T, LitH3 BOS R R A B 3R B . F T3 SO h i s SO, W S A i E R
WIF 28 R [34]:

i, =(2.69x10°)n¥* AD¥*v¥%c )

A n R OB AR P AR B HR(LiFePO, AR R n = 1), A N TAE B AT AR, D AR B T I B R 5L
VN A R, o OB T RRFR IR B L AE LiFePO, PR B SR A 4 NELES -, B AR 2.929
x 10728[1], U A P4 B T AR ARVR B ¢ = 2.28 x 1072 mol-cm 3. R4 K 5(b) BRIt R, Bk Lit
TEHUR AR SO REH 0P BUR 3, %8 D =8.94x107° cm® s " FID . =6.65x107"° cm?-s™* . Lk
HIESCIRRIE I [23] 0 LiFePO, TEARRIKIE D Li; SO, /KR HG 107 (o3 B R Mo . 220 phi A S0 7 1
145 1) FePO, B BAA & A 1K) LiFePO, ELA R LT () HE AL 2 1 R .
4. &g

1) LA FeSO, Fl HaPO, M JEAL, @it a4t Fe* FHATA pHy N 1.6~2.0, FEARGIMTATA LI
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Figure 5. (a) Cyclic voltammograms of LiFePO,/C in 1.0 mol/L Li,SO,4-H,0O at various scan rates; (b)
Plots of i, vs v 12

B 5. (a) FRFFIERE T LiFePO,/C 7 1.0 mol/L Li,SO,-H,0 &K P EIMAR L ; (D) ip-v'?
RARE

FIRIAE T, G T FRIRIEHI FePO,2H,0 HiiBkiA . ZEERIE — RA0RL B 200 nm 72 47 Ho &k RSF R
S UCRURL A R o

2) LLEH ) FePO, BT 9K & AFRIAZ A 1 um HIBRIE LiFePOL/C IEMR A K} . £E 1.0 mol/L ) Li,SO4H,0
KIEMH, BRIE LiFePO,/C o R AT Litti i vt .
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