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B EHEATERUE, EBFRLAHT CERRE. A TFHATEHRE,
BER, BLERMRFOREIEE, NAMEARE Z. EERREIRAH
W, @z habRAATESFHAERRN—EINHE. ARMEET
BlERT, ERMENEEZXES, frlmENFUER T ahERM B
HAREAREEFHBRENEEMS. MEUTARESH/LFERME,
LiCoO,. LiNiO2. LiMnoO, %3577 703 A A ik s HE LA 230 /7 it O B 2 o

1997 4, HUET —#HFHEOBEEREMEME LiFcPO, A THHE Fhit
EEPHE. EAFRAMNERER, RIFNMEIHER, EERERSRE, KEY
BA, RIFHZEMHAURIIREAIF SR, AT, LiFcPO,MitSRAFE
METHRSENMCMERFEBEE, PEEWT ZAE B ERKE, B
HTEEEE T hRbP RN HRERE.

AR & B EERER LiFePO, X B A7, EAARRMERTE, & HE&H
HATIRAL, FIRBRAHKEEN T EHE T AFRMYE LiFPO, M8, tiEA3
KEERS, HAHEHBLEMATR, %4 TG-DTA. XRD, SEM. TEM.
FTIR. Raman E3HrHAR, sHHESMERD R RNFIERET T BA.

—. it B4 R % LiFePO, 3 BXI ML TR AR, BR&. B
ABR-BRCAR BT, 334 F (AP 20 ERERLATERES) T
BT TBAMA: ALBREBRNBREGANHE, REUTHRT. Al Pr.
Zn. Sn fl Ni VR AR ERA BB BLERRE, FEHREITES R
HRAKE &R BT R.

(1) DERTE, SEL8E. BR_IEIEEEY, ZHEIKE, &
# TGA-DTA B4R, KR P MR, BS%H|&H—RFBABKA LiFePO, H
HmaHiaE. &id XRD MR H, REEEE 650°C LI LA LIBRZAE
HEEB A RN LiFePO,, BT pmnb ZFEE; BABRE SN 5% ERER
S FRAIRIE. £ 750°C THIZNF D RA R B EHRE, 72045V
AL 0.1C FEH L, BB AERPTLUAE 131mAl/g AR, 153F 35 REMNR
FHRBEEN 98.8%, HAERTRFHTH AN LiFPO, ML, EILEHR
750°C W BRI RE.

(2) EMEPREAOMAEIIHEEERERAER. 25LUTrER.
W ZHNE PEBE MRS B & 1 T BB LiFePO,4. TEM B E R FiA AN E
HMAEET—EYSMKE, i Raman X%, 85 I HE, UHRERNAES
R BRI, FHYARES & MEBRM BB g T 2R BNk
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FERABHE. R YRER B, 7 2045V XELL 0.1C FEH,
HAEMEBRMARN 148mAb/g, 7ELL 0.5C R HE, HEARND 125mAh/g,
&* 75 AR, AREZE 130 mAl/g, TR T EEMH RTFMHRE.

(3) BRT _TEMHIENBRY, H&THBIM LigssMooFePO, (M
BRTE), BALHMHZ B LiFePO, K SFRBTTHE, RUBRHH
R SEBMAEN LiFePO, MERERAT 12 M ERE, ERXESHENE
WEMGNRFRIEENE. Ak, #—P44TRIRANBEFEH T, U
ZIRBHKE, XMABRDHEN T =+ HUFEHEK-B RPN LiFePO,, #
HHRRXMIERRAEENEL. &ERYH, SHHBREA-BRGRES (I Ti.
Al, Sn. Zn. Pr %) BURABAEIREGE B AR MBI B B RSB ARk
BARREENEA. HYF, CLiowTonFePOs RARFMEMEM.E, & 02C
T, BREABERRX 154.5mAlvg, 1835 120 ALLG, ERERVIAERN 92%;
£ 05C T, HXKHEARIE 140mAl/g, 76 80 AJS, i£F 122mAl/g; 7 1.0C
F, B ERZT 130mA/g. iBid SEM & BB A7 T LUEF R R A A
Bsth, a4 100-200nm. FEFREZEMAEE FE C-LiosTiooFePO,
FRHERATHEEHAN 234x100%m’s, EXHEREMBHE R

(3.47x10" %m?¥/s YA . B F C-LiFePO4(3.66x10™ cm?s), 33T B F 4 LiFePO,
(¥ 1.8x10em?/s. EHFAHL R ER, C-LigesTionFePO, HHER RITR P, M
bR A EAR D, MERRLEFEHMK. i, DEFERAREHET
B LiooTiooFePO, M8, HMIA T AR Ti BRRSHE L ZHEER M.
TR E R R EDBRBERNE, BREOHHEEAZEERES, W
LB AN R, PR R BB A 1B A B M T I .

Z. ERRMEI =8k Fe,0- BT8R, 205 LABERERIIE R 808 ik IR 77l
26 TGA-DTA T4 R, BdHERRMHE T LiFePOJ/C HaHH .

(1) A Fe,03 H%iE, ERANERM, HBTRRNAAMT LiFePOJC E
CRZEES

3Fe,0, + 6LiOH - H,0 + 6NH ,H PO, + C,,H ,,0,, ~

6LiFePO, +3CO +9C + 29H 0 + 6NH

HRTHRERERNHEERGTMH. K 700°C THEMBE SRR, RF
BF R b #1ERE, UL 0.1C R H KB HRAR N 1445mAN/g, 157 190 AE,
BRA 1492mAl/g; 0.2C F, BKNEBAERND 135mAh/g, B 248 BARiAE
141.3mAb/g.

(2) BIKLL Fe,03 HEIR, R ALEN, HEIBRE, HTFARMNE
BT LiFePOyC E &5
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Fe,0, + Fe +3NH H PO, +3LiOH - H,0 — 3LiFePO, +3NH, +9H,0
M EiR R 700°C FH&MESHEE 0.1C. 0.2CHETHRINEERES
WA: 1383mAh/g. 129.5mAb/g. 0.1C TFTHEHFZE 201 A, HBER{IRERF
7 1422mAb/g; 0.2C THEHFE 170 Bad, MABEARTAND 126.2mAh/g, REIMH
HAEARN 97.5%, RAHTRRKEREELE.
=. ffH FePO, HEIE, AHUEHMEREH HEER, 4& TGA-DTA
PR, ETHERRNEI#ET LiFePOJC EAHE.
(1) BAFePO, AR, BEBAEEN, ETRERT LiFePOJ/C HEHH:
6FePO, +C,,H ,0,, + 6LiOH - H 0 — 6LiFePO, +3CO + 20H ,0 + 9C
B BB R 700°C FTHIEMEEMEE 01C. 02C FETHXNAAEE
S50 %: 142.1mAh/g. 137.1mAb/g. 7E 0.1C fEE T IR E 200 AR, HEAR
IRAEFFE 141.2mAh/g; 7E 02C THEHE 200 A, HBAERN 129.8mAh/g,
EVIAHEERK 94.7%.
(2) U\ FePO, A%IR, CEBMAHTEN, BERHAKE, BETRAE4RT
LiFePO,/C R4 HH: 2
2FePO, + Fe +3LiOH - H,0 + NH ,H PO, — 3LiFePO, + NH, + 6H,0
BIE LR KA 700°C TREMBEBRMHREAS RIFMBLENLSE, &
02C THRBHE, EXREBERY 1523mAb/g, B3 19 )5, HRERE
151.5mAl/g; 1.0CTF, BXEREERN 1343mAh/g, &3 40 G, THRERFH]
HARMN 92.3%. FEHRREZHEMAHEHE T30 H T % LiFePOy/C
HAMHPRRMT BERSN: 1.17x10%cm?¥s F1 9.63x10cm?/s. ZHHAHK #
%R LR LiFePOJC HEHMBER BB, hfffsdHEsb, mERBLR
PRERER.
WXRAEETAAZMEEHEHERRAE LiFePOJC EEHEHAIAT
#, AAXHREREEHEHHNREER, EFSILAE>NTR.

M. BXRHE Fe(NOs);9H;0v LIOH-H,0. NH;H.PO«» BERENISHH,
FIUTRES1%& LiFePOJ/C B & MEERPMAZ SN, PBuh I EHE KR
HRMb . SR8, YBEMRESSREFRELET 258, AR
. EERATRESEMEBERES, ZFENHMA, T FESEEFEEEK
#EHANRE TR FENESHEENTERES, BEHEERMAL S
FIHERHEERERRE. 750°CHENEAHERERFABRLEERE. 02C
THXBBAERN 1349mAb/g, A 180 ALLE, ZARME 136.2mAlg. 354+
BRHTRFAERTERE.

I. BRERTUER. FRR+ERIEEH, AERERERZ
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LiFePOJ/C REaMEl. AR ENEMRESEE TR A 3.5, pHEN 40 &4
i, ARG mRERETER, hibiEdhtENRE LiFPOJC Ea#
HAARKHEARN 123mAlvg, &5 30 ARREFEN 121.6mAl/g. HiE
R T — S HS#.

XA, EETFHEM; BHRAR LiFePO,: ZHRE: B Ti-BR; BEHER
% PORRIE: ks BREKRE
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Abstract

With high voltage, high capacity, high energy and good cycle performance,
lithivm ion batteries developed rapidly since 1990s. And high power lithium ijon
battery becomes a new kind of power source with the emergency of energy crisis.
Cathode material is very important part of the whole battery, and the research of new
cathode material with high electrochemical performance and low cost is necessary.
LiCo0,, LiNiO; and LiMn,0, are studied widely by now, but they all can not fit for
requirement of high power lithium ion batteries.

In 1997 a new cathode material LiFePQy with olivine structure was reported, It
has high theoretical capacity, good cycle performance, low cost, safety and low harm.
But its shortcomings are low electronic conductivity and low ion diffusion kinetics,
which restrict LiFePO4 commercialized.

In this thesis, several synthesis methods were used to prepare LiFePQ,. Carbon
mixing, carbon coating and doping with different elements were used to improve its
electrochemical properties and advanced results were obtained. XRD, SEM, TEM,
FTIR, Raman , CV and EIS were used to study properties of products and reaction
mechanism.

(1) Carbon mixed, carbon coated, doped, and carbon mixed-doped LiFePO,
were prepared by solid state reaction. In this part, more than 20 kinds of unreported
dopants were used to prepare doped LiFePOy; combining carbon mixing or carbon
coating with doping method to improve electrochemical properties of LiFePO,, and
bi-¢lement doping and carbon mixing was firstly used to study for improving
electrochemical behavior of LiFePO,. The results showed the materials doped with
Ti-, Al-, Pr-, Zn-, Sn- and Ni- exhibited good clectrochemical characteristic.

(a) Iron oxalate, lithium hydroxide and ammonium dihydrogen phosphate and
acetylene black were used as main raw materials for preparing LiFePO4 mixed with
carbon. Carbon mixed LiFePO, was obtained by two-step heat treating. By XRD
analysis, pure phase LiFePO, could be synthesized when calcined temperature above
650°C. Product synthesized at 750°C showed the best electrochemical performance. It
could deliver 131mAh/g initial discharge capacity at 0.1C rate, and discharge capacity
remained 98.8% of initial capacity after 35 cycles.

(b) Carbon coated LiFePQ, was prepared using citric acid, PVA, and sucrose as
carbon source respectively. In TEM images, a layer carbon film with 3-4nm thickness
surrounding material particles could be observed. From Raman spectra, the ratio of
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In/lg was calculated to estimate the degree of graphitic carbon. Carbon coated
materials showed better properties than that of carbon mixed materials by charge
discharge results. Among these carbon sources, sucrose¢ was the best one. The
LiFePO4/C composite prepared with sucrose presented the discharge capacity of
148mAh/g at discharge rate of 0.1C. Its initial discharge capacity was 125mAh/g at
discharge rate of 0.5C, and it could reach 130mAh/g at the 75® cycle.

(c) More than 25 kinds of dopants were used to synthesize LipgsMggFePOy.
The conductivities of these materials were measured by AC impedance method. It was
found that their conductivities were higher than that of pure LiFePO,, but most of
them had bad electrochemical performance. To improve the electrochemical
properties of samples, doping method was combined with carbon mixing. Cathode
materials prepared by this method showed higher discharge capacity and longer cycle
life compared with carbon mixed materials or doped materials. Good results could be
got when Ti, Al, Sn, Pr, Zn were used as dopants. Among them, C-LigTio01FePOy
exhibited the best clectrochemical behavior. Its initial discharge capacity was
154.5mAh/g at discharge rate of 0.2C, When discharged at the rate of 0.5C, its initial
discharge capacity was 140mAh/g and after 80 cycles its discharge capacity remained
122mAh/g. Even discharged at the rate of 1.0C, its initial discharge capacity could
keep as 130mAh/g. The apparent lithium ion diffusion coefficient in
C-Lip9oTio.01FePO4 was calculated by CV experimental. It was 2.34x10 em?/s,
which is higher than that of C-LiFePOj (3.66x10™'cm?s). The apparent lithium ion
diffusion coefficient calculated from AC impedance results for C-LiggoTio01FePOs
was 3.47x10%m?s, which was corresponded well with that obtained from CV
results, Moreover, citric acid was used to substitutc acetylene black as carbon source
for preparing carbon coated LiggoTig01FePOs, LigosTio0FePO4 and LioorTip 03FePO4
matetials. From charge/discharge results, the conclusion could be drawn as follows:
low dopant content material showed better electrochemical performance at low
discharge rate, and high dopant content material showed better clectrochemical
performance at high discharge rate.

(2) Using very cheap raw material Fe;0s; as iron source to synthesize
LiFePO,/C composites by thermal reduction method.

(a) Using sucrose as reduction agent, according to following supposed reaction
to prepare LiFePO4/C composite:
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3Fe,0, + 6LiOH - H,0 + 6NH H ,PO, + C,,H ,0,, —
6LiFePO, +3C0 +9C +29H,0 + 6NH,

By studying the influence of calcined temperature, it was found that the
material synthesized at 700°C showed the best electrochemical properties. Its initial
discharge capacity was 144.5mAb/g and after 190 cycles the discharge capacity
reached 149.2mAb/g at the rate of 0.1C. At the rate of 0.2C, its initial discharge
capacity was 135mAb/g and the discharge capacity reached 141.3mAh/g at the 248™
cycle.

(b) In first time using Fe;O3; and Fe powder to prepare LiFePO4/C composite
according to following supposed reaction:

Fe,O; + Fe +3NH ,H,PO, +3LiOH -H,0 — 3LiFePO, +3NH, +9H ,0

The sample prepared at 700°C showed good clectrochemical behavior. Its initial
discharge capacities were 138.3mAh/g and 129.5mAh/g for charge/discharge at 0.1C
and 0.2C respectively. The discharge capacity was 142.2mAh/g at the 201* cycle for
0.1C and 126.2mAh/g at the 170" cycle for 0.2C discharge rate.

(3) Using very cheap raw material FePO, as iron source to synthesize
LiFePO4/C composites.

(a) According to following supposed reaction, sucrose was used as reduction
agent:

6FePO, +C,,H ,0,, + 6LiOH « H,0 ~» 6LiFePO, + 3CO + 20H,0 + 9C

The LiFePOy/C composite was synthesized at 700°C. When charged and
discharged at 0.1C, and 0.2C, its initial discharge capacities were 142.1mAh/g and
137.1mAh/g respectively. The discharge capacity was 141.2mAh/g at the 200™ cycle
at 0.1C. It remained 94.7% of its initial discharge capacity at the 200" cycle for 0.2C
discharge rate.

(d) According to following suggested reaction, Fe powder was used as
reduction agent:

2FePO, + Fe +3LiOH - H,0 + NH ,H,PO, — 3LiFePO, + NH, + 6H ,0

The LiFePOJ/C composite was synthesized at 700°C. At the rate of 0.2C, the
first cycle discharge capacity was 152.3mAh/g and the discharge capacity kept
151.5mAh/g at the 196™ cycle. At the rate of 1.0C, the first cycle discharge capacity
was 134.3mAh/g and the discharge capacity remained 92.3% of its initial capacity
after 40 cycles. The apparent diffusion coefficient of lithium jon in LiFePO,/C was
1.17x10°cm®/s from CV results and was 9.63x10™%m?/s from AC impedance results,
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LiFePQO,/C composites were synthesized successfully by thermal reduction
method using Fe;O; and FePO, as raw materials, which reduced the cost and was
more suitable for the requirement of industrialization.

(4) 1t is the first time that complex agent was introduced to precipitation method
to prepare LiFePO,/C composites. In this method Fe(NO3);*9H;0, LiOH-H,0,
NH4H,PO; and sucrose were uscd as raw materials, citric acid was used as complex
agent. The results showed that when the ratio between complex agent and metal ions
was less than 2.5, precipitation could be obtained. The complex agent could decrease
the precipitation rate of metal ions and relieve unevenness of each composition. The
clectrochemical properties of products prepared with complex agent were better than
that of those without complex agent. Composite prepared at 750°C exhibited the best
performance, When charged and discharged at 0.2C, its initial discharge capacities
were 134.9mAh/g and the discharge capacity was 136.2mAh/g at the180" cycle.

(5) Based on the complex property and reduction property, oxalic acid was
firstly used as complex agent to prepare LiFePO4/C by sol-gel method. Discharge
capacity of LiFePO4/C composite prepared with oxalic acid under the ratio between
complex agent and metal ions being 3.5 and pH being 4.0 could reach 123mAh/g and
its discharge capacity was 121.6mAh/g at the 30" cycle. But this initial research study
need go further to improve the electrochemical behavior of LiFePO./C composites.

Keywords: Lithium ion battery; Olivine LiFePOy; Carbon; Acetylene black; Ti-doped;
Solid-state reaction; Thermal reduction method; Co-precipitation method; Sol-gel
method
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HEEFHMEAHR, R, REZERBREOF AN b mmh, KR
RS e MRAEE ThRb. RRRAVEE FRbNeREERE
T, SEARER. K. ER. BEASNEELMES. 5HMERY
TR, @R THRMATREE. REREE (MABEREREENG
ERELER. KEABEE, RHNEAERELER. KKNEFEHS. R, X
BB RATA R AR SR A, B 1991 &, EETEBHE Sony 2
A ERRTIRUER, BEMEANATENL. ZE5=4. ELXamil R ER
REED, EETERENARFEN PR LHER, RETRERR
MFEEEHERZ —.

BT ARIRERSE K AR SRR AN R 0 B %, FFREHERE. AN
BhHA R B R A BRI AL B T T R T A
ZRRBRFFERA, B HHER FHBAIH AT RS —HEENFH
£%. @R THRbEARNSRE, BRAEELRETARMEHERN%E, Bt
FBAE M IERM A LiCoO;. LiNiO;. LiMn0, BA K LiCoNiMny,.,0: %,
TRHHEEERE. B, SEXFMH, ARXEMHKARFEERER
R4, BRLUSHEHRERTFRBAER. Fit, FRFTLHREEHHE
FRLEMEPZE, BHEHRKERME.

BTV ARTRBAREREST

£ 20 4 60, 70 EAREMT MAESLEREAMNF REFVFHRER. &RE
REBCRANTETRZEHER (RTEY 694, FHH 0.534g/em’), HH
FHE BB R (3.045V), HEHHERK (BAESEN 026g/AN).
gk, EHEA 70 RIS MLE B A B, —, XAahaRER
&R, EHREEH MnO;. SOCL. SO: (CF) o (x<1) F. EARFHKHR
A REBEENATERARA, FERFRBEAT AER SR,

W2, BT &RBRARENEREE, RIIFANTEHET ZREERMTIA,
EEEBEARBTHEFAIBPEERNER, THRAFHRE, 5IREARKNE
B, B4, —hEBNMERBAIREPHREARREONAAREREER, #ES
FHEHBE U ELETHID APEN R ERTEN RN, AT S, HiR
FHERXSEEREE, REZHCEED, BERTER TR, FHEEE, xh
A, EREMEURZ2HaEMmE AN, MRS T ZKERBE Sk
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RE. WNATERREH, S KEbERRIRBEN.

ATRBEREMRINERE, —REEAERREN RN, FENFE-
BHE-EES. 8RS ANRERBR AT EEER 1000 K PLL, HREHH
B (DOD) RfiEs|—kERins 1-10%°. FRE&RRH— M TERER
HWEARER KR BN BURE, A5 D FER.

1980 %, BEF “BHRHik” HSHEAHEESET BRBMERAH
MR, BFTERTHBNER. 1985 ERABME AT LUHELNER B BTN
kbt L. 1986 £ THE7E LA Li/MoS, B dhit, BRI F Mkt
et E. 1987 4, HA Sony AFERABREAR Li.Cs REER NI,
BT &M .

Li,C¢/LiX-PC-EC/Li;..YO; (Y: Co. Ni» Mn)

EZHbERRIZAAE T ERET MR ERREN AR E . EERESK
REAZE RN FEKESRTTH, BRI ESARMALE™,

1990 4, Sony AFIRMALE (£R) RAEKE SN AR, SHEAML
H4 (LiCo0,) HIERMEL, H¥ A RME IR itEn TR ML, 25 “H
BFEb”, ZRMERTEREBREY 41V, ZEREBEER 275V, AA X
Pl B R HE AR BT LUE B 80Wh/Kg, A FRRERZRET LA E) 190WHL, & Ni/Cd
TR 2-3 %, fEFF A 1200 X (DOD100%), 3#AFLL 1 /M7,
BB E 12%/ A . R4, Moli f Sony Bi Kb 2 FHEH BN M EE TR
fi. 1991 F, HARBREDRARDESRMBESTRT —F IR ERAMK

(PFA) Atk B F .

1993 4, %M Bellcore (JURHRAR) EHEME T RA PVIF TEBER
FEE&YEE R (PLIB). BERAFEAMERFRENT FKibELHEL %
EA ARSI, 1995 4, Sony 2 B AGIHI AR EE Frih (100Ah) £ Nissan
ARRATFHRINEFE L. 1998 F, ZEFERRFRAFNVEREHEREH TR

(50Ah) BEFPRAEFTNE. BMEFHERMENRETER, EXFHE
A TEWERRE, FEFE RAOTHARMARER.

BN B THBMERRE

HETHARAIESHEARN KAl (4R, 8%, 4% )
REBRHAAR, EF7HRbERBRNEES, BERTHEE, FHEEH
THREABRSY (LE 1. Bit, S5 THRRERTEESREH R SER 48
BT BB ARERERGEEERES R EEA . EBbi R REED
REMZEERRE P RRATRS, EETERPRENBHRRNE B
FRARDN, EREEMYERT (RT. 2FEEBRT) BAXkhaEkP, £
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Fig. 1 Schematic illustration of working mechanism of Li-ion batteries
BRI EH R AYT ERREEARRETANLESED, RETRRN:
YG + [H] < G,[H]

K GHIHBRAMLAEY, B—HFEHRAEY: G REEZHHT, KAK
B HREESRT, RHRE: y RABANKE, 0SySYpg. ERARNE
AR, BBARET T ERENIRBTHEE TEETFHIE, FAET
7 R B PR £ 1N B AR P9 A L R (R AL LA B U . SR R B B h
Fugh EvE R E MR- R R RN kAL .

ERTHARRCRERPREN BRI, B LNIO, hIERME, F2Y
SRME A, SHMF

WE#&: LiNiO, <> Li, NiO, +xLi* +xe”

fitk: 6C+xLi* +xe” o Li,C,

BB RMN: 6C + LiNiO, < Li, NiO, +Li C,

K, 0sx<1, HimREARBERN, Li' AIERMEDEY, 2idhiiK
AR R ERRMEABERMN, Li"AGIRMEPEE, 2iTHRRix
AERHETS. BMREEEEFELARZATE, TETERENER, X
EE5EENERMARK. ZHUHBZHEEFatk, BENERMEERTH
B FRILAY (LiCoO,. LiNiO, %), M AR LiC AT, N
BRTEBANER, KXEAT Bl <tk MBHEdap.

S SR TR E AR AR BT

ERTHBNEEHRMHEEESEE. MFR. RIS, EAlEs
AR R R R T e B A T e B AR IR, MR N KRR —E M
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Sik, ARHEEEETHARRRNEE.
4.1 EwFE

BELAYHNEEAHREE TR P EEFRHRES, RESTHbME
BARIS, FEET RSP BB, e R AT R w it K 6,
FALRAHERE RMMRARK. BERQERMEELE TS,
L MEPEE RS REEUERRNMNET, ANdESR;

2 M EERAETWMHPRMN, EHRERARNMEER, HHANSHAMERT
AT AL

3. MEEE RN E B, () TURIEEE, SMIESREFEDH
M—MEF TR, (b) BPEE, dT2EMEREENRR, Btk
RIFEAVER, (¢) HELRE;

4, BEFEMEPRBHRENGARTY, XA TUREEILHE,

5. MHAERMETHEE, () ZRETUFRTFERLERMNIETS TH
#, (b) FLMERERAEYES BRRZ RS RN L, TIARE
MEEEYH. ERESSEN (WER) ZRP=ZEHEMPL, (c) BB
DA ERIE RS S BRI R,

6. MEliaE, xR THBEMEAEHESHAE,

7. MBI RAE, HAFELLT.

BRTERME —RENTESEOELY, —TAdESEFESEREN
& FHBEEARTIENE, 5-FALESRAERESILRI. ¥ LAHE
ER# LIMO: RSB EHIN LiM0, (&4 (M: Co. Ni. Mn. 3SR
BT,

4.1.1 LiCoO;

1980 %, Goodenough %PME iR HH LiCoO, 1S T i i EE R K.
1990 F, Sony 2 KA LiCoO; fEN IERMAEHEL M HMEE FrRMLLE, e
A AHBBEE S Tt PR BT, BN E, LR,
BHAR, RREAENSEREEHERLRTN.

—HBARE W) LiCoO, AH 5 o -NaFeO, HFIMR AL, BALRE,
BE R3m ZREE, SRTRASTFERBFF, SAEDH ST ERES
fNEE (32) F1 (3b) 2B, EETE CoO: BT —4iss), EETH
B8, VHRERTE 10°mys™, BERAEHN 274mAlvg, TILEGHERN
140mAb/g &4, XRHTHMETESELES5IBEHWATREE.

LiCoO, BT Hifitr ik B, HNBRFEER, FALHFRAERFERARN
50%kHE, BRETHHARE, ¥mTHE. BR LiCO, —#BFARBEHR
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REFlE, HFAFBELER S, BERME. EETIRAER, BRBHFESFUT
B REYRLESHYS, BERTHRMEREAECHRMNE, fEX
YRR ATRAEEE, ERAHRN, BatE, FERLES, 28l
HREANE, HTRBEMRMOSE, BR-ERE, KM, 3t
FLEEIP), HRES I ARSIE LiCo0, XEHLMMSRTLME LitA
Co” BT T e, HARIRTKFNRE, BRI MR RMARE,,
HRXEEE FETFLE R, TZHEREE, RERH, AERTFLILER.

o, ATERE T HEBERIMNEREH LiCoO,; FHRILEMRE, KA Ni.
Mg, A8 T pel@E e R Co MTHB AN, LBEEREH, B
R EN A H R ERA. 5t & LiCoO, X ARHMEIP. ALOA,
MgO. TiOs SiOPl ZrOP V5%, B ikt 5 R Rl B E e, W
FEERIER, B AR,

B2 LiCoO, MiBHEHE (EETH CoOos NEHR)

Fig. 2 The crystal structure of LiCoO, (lithium ions are isolated by CoOj octahedra)

BEIFRB, LiCoO,fENEETHIMLMEAE UTHAN: FIEMEE ik,
HERBCRAESH: BETHERE: AL HRFERZS.
4.12 LiNiO,

HTFRESHOERMAL, BHik, AMNFRTEZEAYERME. LNO,
5 LiCoo, FIRTERSEH, BRARN 275mAlg, LHEAERT UL
200-220mAl/g. 5 LiCoO. #itt, HAFnM. M thsRimms, F A THES
EMETF LiCoO,; M AMEMEMT LiCoO,; MHBARAT LiCoO; HETA
FE, MEBFRBFERCLBE, HHteE; RAMRK. BT, 4488 LiNO,
EAEAFEETRmMERMES, Bk, BAIRTHERETELETEN
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LiNiO; 7 7E, REBEFAHMHEFELMEEE, A8A LiiNiuL,0:, #2
h R, NI, BEE—E, P THERETRT BAROBENTIE. Hit,
RESERN (WRRE) EARE, RSt ER, AESAVNBRBBERE
REMEET BRI EZE,

LiNiO; & B &S5 Zl, SR E P THRE TERMERE. —rag
LA =R K LINIO, XS BB TERREABNS#, FE~YN
BRI, i, 2 hBit 720°C i, LiNIO, RAFEMAAFH (R3m
FREE) WA (Fm3m FAFH) #35, Hik, 7E51%08 MR ERIE RN
BE, KAESH, ¥mENHAR, B4, EFEXRNMTEAETRSRE,
REFESFRMEEREMEIIT 58, CMERE S B2 Kt ARG E.

BT LiNIO, MINTESH, TEEWEZME M aettay, EdBRm
REXLEAER, ABEAEEAREE. EAZRBREETP, U Co BN
LiNi;<Co,0; RILH T RIFHLEAEDYS, ZHHEAETRSERMHNEES
RHMERRA: HEFFRA. BEBE, BAFEHEAR. LiNiCo,0, AIH
AR LLAT] 180mAl/g, EX AT LiCoO, M LiMn;04. A. Rougierd® VSR
T LiNipCo0, & HICAR B R, 1R, BMEGSEMNEN SHEF
iR, % x MO KE 0.4 FHRE, o3a FWELEM 1.643 iNE) 1.652, HFHHx
2038, SARFRETHE. % LiNiL,CoOx k&P, CoMHIT Nif Life
WiE%. o, HAEARTHESRTEBM (Ga. Al Ti. Mg, Zn %) %
LiNiOs, B# LiNi;.Co:0: M3, Park ZPIFRT S B2 LiNIO,, %
BT S BEABTUBEMENEH, THERRRMSraLEie.
4.13 LiMn;0,

BHRABLEME UMn0, B FAHFEOLEBREERES, —ARPEH 56
AEF: 8 MIBETF, 16 MEETF, 32 MEETF. N TREETRIL ERF
N H AR, &R SEATERR (@ 3), ERE=4&RESEH,
ERHEYH 4B EEHNTESFHBRASRE. LMo, HERARN
148mAh/g, EFFAE N EEEE 120mAh/g £%. 5 LiCoO, F LiNiO, AL,
LiMn,O4 RH FHIA B MR, KOETERKBEE, KOREER, FRAE
Yk, ENERELE, KA, EEHEM, BRENIEGRE,

REAH LiMn,04 RA T LU BEANAS, REHAAARENERT
R IESM R —, ERMBFEES John-Teller M, ERB BRI LEHEE
i, ERERNER, RERERHEAEFEH, FRESAENEH. AT
¥ LiMn,O, RYBALEPERE, TISUE AT SR GRS ), £XAmE
FAHA R EM L, AR R T BHEMRMNE. BHI4RE. EREE



HES s NG LZ2DO NG LR A ARY

Bek. HEUTBERL . Pechini 5%, @M RNE&S, €8 LiMnO, BRIL¥
WHA T e EENKE, EREMEARE LBIARFERNAE. 55 T
REFAEBEBRNOTERAEF R R BRAFEEPD), KB ARDEHE
o, BRF LR RTUH BB NET T, AR5 ENRERAHRR,
HEWT e ER, TEARAT A F BRREBEHRNHA R,

XEAHN G ERKE LiMn0, HEHEENI—122, WER Snol*,

zio,M), TioM, sioMIRREAHLRE RN, BaR, T
AR LR, SRS B R 2 MR MR R, BETAERR
RTERMH T ER, BB T SRR RBRRRES, HAE THEEOREME,
R—MWHBHES &,

B3 ReFEHTER

Fig. 3 The crystal structure of spinel LiMn;O,
4.1.4 LiNi;.,.,Mn,Co,0;

RO LI, W =045 LiNiy,. MnyCo,0; B & IEHRHHE KIFT KRS .
LiNiy.,;Mn,Co,0, M &2 #t{ LiCoO; J @ -NaFeO, 2R 45, BT R3m Z R,
Yoshio“ M55 T A LiMnyyNi,0, F A Co Tz —SMEREH, BHXH
BEEHIBIA, EENTHAR S B LiMn, Ni,O, B H K KR, 3FHH
BB AR LT 150mAl/g. fE4 LiNiyy.Mn,Co,0, R 5 P47k HIH 5
LiNiisMny3Coy30, B2 3] T ANMERMBIR, 7 1000°C Fl&HXHHH, B
0.17mA/cm’ 7E 2.5-4.2V Z A 7K, BT U2 T 150mAl/g AR, MRER
REBEAR 5.0V, MATAEERT 220mAl/g MR AR, BERABERKEER
T4 8. Fidx LiNiyy.MnCo,0, ZHIFHFRATLULRR, EE M 15 R, &
MBEPN a H5 c EHHE Ni SEIEMA Co SRMMATAER; T
LiNi,MnyCo1.2,0, ¥, a {55 c [HH58E%H Co S REMTTREHD: R E
ENFEE, a5 Mn EEBNERTS Co M RARE. BdXNAREE
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BEFEERGEMEN o3a LEKNHR, BHREF Co FETHRIEKS,
B AL EREHHER.

LiNi;.,.;Mn,Co,0;, KR AR —Hk A R BRI R MM K. & LiCo0;. LiNiO;.
LiMn,O, 48, BHRAE, fEFEksF, Ry, sHkBBeSRA,
BJEABRA LiNiO, A1 LiMn,O4 B4 2, 3 B I LiCoO, #4515 B - LiNiy.,.Mn,Co,0;
P, Ni TEU-NEEFE, Co B=H, Mn MENY, BIEFEHRSTE
R Ni, ERABEY, CoAFHESMELERE, T Mo —HREIFEHN, BE
2> Mn BIFEE RS T #18H Hi#  LiNiy.y.,Mn,Co, 0, ¥ 3.5 B X LiCoO, 1RE # 1)
AR R,

4.1.5 FHBEAHLEBRAH

BT &RENDTT UHE N EE T RMOERME 25, SRR AT HER
HEFRMBGIERSE. HiFANRSYERMEE: Rk, BE. Biteg.
FEnZ, EfEdAETHBE. BBREIELETEN, ERXEHEN
ARTHME, XEFEXBNEME, BUBHREREEY.

EEERLSYRA—EBSYELRMSE, R LELZAHEREPARER

REF LA, SR THIRUCOELESY, TEATLEIARNER
. XEMEFTFERPEENHR (S-S, ETTHMNERE-REATE
(28 —8-S+2¢) MRLEREEZH, BRRBFEHEFHE 1500-3500Wh/Kg, bR
fit B % BT LLA B 830Wh/Kg, REMERHRARTUARBRENFRBHHA
NERAMPFERURETHE., HERSTRWA, hEMBILEHE. HN
RESYERATHREERR, LARK, RNTEHTFSRA, BRNERH
ST A,

4.2 KB E

HETFHEMART k@G SETHE FRUER T RELGURE
TE&BEEEN R AR, XEMHFMZAEN: KARLSE: S5 THHRA
R4 5 @RFEARAMEFERmNTBER: BRARNHET
i, RIFMFPHE: BAN¥LBERRASRBRRERN;: REFEE: MEHE
B KEAEAN. HilEBEFabalis EEFUTILE: KEARE. &
BEADIHE . &SRS,

4.2.1 HEME

REMEHERRARNASBEESEFFRMARME N, HARL, 4
BEAASNE. ARUREREE. KRERFEREMEARA R,
WU HF N =2 8. % (BEBUK, KB A ReKR (FEO.
Hip BT RIEMEHEMAFRTAF, Sony ARREEFHER TRBERA



NE S 2 BHH LZD0, Mo A R UME

FIR—MERBAR, —FATMERTRAAE, MR TARXKATABLM
HEBRMBR (MCMB) 7, sxeskt Rl AL E RBEMNHME. HabE
BEMGEFEEX, KM AERIEIIEEEE.

4211 7%

FEARBRETERTHRNKARME, TUSSRRABNABEE,
HEBRGEW, BETUNAREFIEREFFEMW, EMPER 0.335nmM*l,
AREHEVEBERE: S KEYIE (0-02V vs. LiY/Li), TTUAEHTFH
MRGHNTERE: BEEFRE, EERMEDTERLSUNERRERNY
LiCs, HERFRIE 372mAl/g, LFEARTDIES 330mAlg UL L: 5HHH
MAHARDE, BRESTBARSR, Wi ET Bt 4 as
RARFFIERIBR A, W LUE A BT R AL IR . KRR UCAC A s AR R A 1)
AR AR IR A e o B AR

4212 FEREHH

FERIMHRETHABRTE BB — R ERE, BIEEH B AR R LS
hmHE R, AimES. AR EFTUBEARFROEHBEAHNEK, REXH
BPTHF, dop KA 0.334-0.3350m, ERED, BERRE, BILEHE,
MHABE=HTRAEAGEH: EEREH. LEAREHREFRBLEH.
EEREGHHBERE, HFRAMREERE LC $MAREHRLFERMN, AL
BRBEMNTRARAEEREY T, SI2aR0BtBRERK. JAE,
PLE PC R, SR TY ECEER, E4hERAE, EXAEHEN
EEYE, FEBME MARER—BEGE.

B ME (MCMB) A 4 400-500°C #AsE AR &R T H K
IR, BEEET 700°C B ERZMAEREIN, BEAFHETEREH
M. 7 700°C LUF BBk AL 3ERT, MR BT LA 600mAh/g BL L,
BEAVTEERHN. MARBEAAR, AFRLBEAEA, F¥zRER,
L FRHR BE % 2800°C BA L, T A Bk B 300mAh/g KA, ATTE AR AT 10%10,
BREABSHEFE MCMB &3, 1% c A RNORER K, CUEBIRE
HEEARMEN, £ 0.2mA/cm® A1 0.8 mA/cm® MR EE T4 T LIKS
310mAb/g f1 260mAh/g FIARP. B2, MCMB FEFEERR, BELER
WiE, 3+ BMaER.

42.13 W%

¥ B AR BRIEE 1000°C AWK T LA BRI, X3
7 2500°C Pl LR R LR LA RL, EEATESYHHMEE, BAFRAENT
WHAR (500-700mAl/g), AWEAEMEH, HAXBERERGK, RE



Lok +gdad

HBr KLY 1V, SEERA OV, AHEE 1V AT 2, FANEPY, mRKssH
5L EERGHERKTH, EREEHARBRERFLFHELREEETH
B, BETFHUBANXEHARKRTREGE—BNEHRTE. BETER
EMHFYRBEARKRTFESEZR, MERMENEURERRTENLFS
H, BETERUEHTRKREEF, ATIEAERMENBEERLTERTBH
B, SRR 1: 3, A% LGP, ARG REERNA
W, BRI RATT AR, &3O ER, RER RN —EE.

4.2,14 HAamsE

AR R A5 R R ETFR RIS U, BRGVKE A T E R F e sk
PR R H R B E A B R AR R E AR BE R AR B B A
FEHEA/EERR, TARBNAREZET LiCHERAR (372mAl/g) P,
{ERBRAKE 1 Y T s it S AR L B KT B B, Bk H A, FEH
FEH, LA Al IRR G B T3 S LR T e b AU R, DU
FEMEMSHRERIER, ENAFARANTITEN.

FEIRT 1000°C LIFHAREEY. FOSLIEI&88 &H MK, X8
WA B 600-900mAl/g MITEAR™Y, F AN, SERTENREKBAR
REHRPAN S B HI5 B RIX KB B IEER GRS RS a2
L IS
422 ERENYHEME

BN 1997 4, FHEEALES (Sn0) HIRBIRETLAENER FhMiR
BAHEN, BAEHHH R EE EERNRRAGREREE, S1ET
AMEBEFE (Bl Sno F0 Sn0; i E) MIBrsENE. BiARLRNMIE, &
BTESHEEMYNRERRENEBARN, X FEEESENEG&UNEEE
it 8, 4.4 MES 1 MBBR LinSns 84, BigARLUEE] 900mAb/g.
Sn £ Li-Sn &%, REBEXHHEBATML (KT 300%), RESFHE
BABEBORFREAEROES, ERRBRTESD, BFRMERLEER
N, HERAERN L0 BRIFFHRS, ERTRANHFATHEAR. Han'™
BT HKEPZER Sn0, 2R, Ll 100mA/g KR TLEEE 0.04-0.8V 2 [AIFTHH
A9 A3 T 500mAb/g KIAR, HEMEF 40 &, ARFEHFEN 825%. Kim™
EiEXS SnO, KRR, LA R BRI EHIZE 3nm B3R, LA 300mA/g IR HE
JETE 0-1.2V Z A7, fEe578 3] 740mAl/g AR, HFE1E3F 60 AAR/LF
REFER. XU R DR RZE R s R M T T B B .

BEEANX S BEAYHRMRET, AT HELBELEHTLRE
RETEAMEKERN, EERBEARE, HEARFRLRA, EEMEIE

-10-



NEICRERHB LD, ML L BARE

A WOz MoO;. V,0,+ LisTisO1 LigMnsOyp %1, TR AR 3d A9 & BEAL
Wi Ti0, (44 AED. Cu,0. MO (M=Mn. Fe. Co. Ni. Cu--~) %, BT
HeMTERAEETAhBEBNEY, FAETEEERAEE, MK
IHREAEATRARRB AR . B3 Poizot BB T RUEEMMSER
RERMEEEN, BEEERN L0 BRSAFBLEEE, femiliths
BERN, HEEREFREHATARFRENER, MLEHT —FHEHEHER
[62)
423 A&HH

gt 5E£4£ R (Mg. Ca. AL, Si. Ge. Sn, Pb. As. Sb. Bi. Pt. Ag.
Au. Zn. Cd. Hg %) ERTRELREILEY™), bTEELMNTRRIER
MEMHK, HH, AERE, TUREEHBERAASNERTESRTLUES
B AR E. BRERBRASERD, BB, MR EEd
BB RN B MRS, AT, BREReEE. WRUERMA
HEPBERESYBRAEN &R, TUZEXRESEARNBIFLER, £—EM
BERENT, B—EMARBRET, ERALAYIIEDFH—HEEHA
SHESTNMRE, CRERSEEK S, THOAAMENEERZ, RN
HRNEL, NTEFHHSHREEE. BiPIREEEPE S, Si K,
Sb . Al EA&HH S,
424 BitHARLY

ROE R A S R BAAD BV L E B F B it i) AR R B S5 R
TANMHANSE. BTRFREMERELENEEERNER-EERILHR,
RATHEEHCNER-BETRARKNEFRELN, EAXHHEARKAR
A E A EBA B WX SR TR R T A PR FLEPHE
PR EEY, FHELT EAERMEE, TS RLSYHELERNFEES
LR B B AT,

43 HBER

REREEEFRBNIE. ARZAREREERTFHEN, BRRSaR
A E SRR WA APERE, TR B RL AR — R R ER: B
R FEE: ANENNMEREER: AERNBENEERHE; SaiLiE
HYRARENFERN, FRAEEXERE. 8 THROERATEQEIER
PLERR. SEERSYRER. BREZESYEMKS.

4.3.1 AT HLRER

HETFEBFIRBREEH=ESEML: BRAEY. FIAERAEM
. Wsh, BEF-BERDAK. BHE. SBRETE.

-11 -
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HETHEAERE LR THETUS AT E FEE (LICIO,
LiBFs. LiAsF¢ # LiPFs %) FIEHARE FEE (LICFSO:%). B THIZHE
EMESARNERRE, RERDHREEEESEAIENTRE—eH®
RS ELY, Hit, EEPEFUARERANETES HXRETE5EE
THE, URBERENBIE. ik, AEFELAAT RIFMBRALFERENE,
HREEUR MR ] AE AR ETE SR E K SEl % . LiCIo, R A RA
R, FESMReE. AREHAREKBENE, BELASE—FEREL
RITMARERA T KRt AR+ . LB AEENE, HTKELRZERMK.
LiAsFs BH FERRE, BiFfdbetnanbseE, BEN As HFET
Rl TEMMA. AR TEEFAERMERERENRE. LiPFs BB R
W iaett, SR eR, CAELFERRERPAI ENNA, B2
CHEENEEHE, BTAESAEY, Bk, —HRENTRELNER
FERE (LiBOB) #iA% R84 LiPF FUB A 23 T AN %18,

AR TP EE YA R — R E A RSN, EZPa—FERMEAD. i
HEHREMOEIER (R ZHEE EC. BEESENEPC) 5—FEYE. BIER
AR (B8 _ P8 DMC. —HE % 2% DME. Y& 5km THF) 4.
BIAMHRAERTRENEE. BRANTBER. RIEMERYE.

432 REYEER

EEYhRmAER SR ER T, ZRBPER, RRBEH
¥, RO kGBS N. BEREVERARALEREREDP. B
BAFIR AR T EREER (R, BRERT) B, EHRGHHERAT, EEE
EYREX S THRNEZES), BB TFEREEAFNRERA SHAN, ATE
REFHESY, SRR BRASRE, AMIETMAGREADTR TS
#, Xiong™H T TR EARBIMLBIOMERYE THNER. BKE
AR 0 7 F PIEE P 53 AR R AR, 37T A Bl AR AR RO e R R I 4
&, ELBIHALNA.

BRY Bl IERMERBIRHTR

51 N4

B E—WXIERM BN AR LA, BRI ZHANNHKN SRSy
¥t LiCoO,. LiNiO;. LiMn;O, %# % AFEH — 28 S, RUMEEE TN
M ERM R E. Hik, FRFEMERNHERMENRBHHRERT
HREEXEEN. BELSDMREE GEEE, LH. NIIHIRESRE
5 LiCoO; FIB T EREHIM LiFeO, ™k, {HRHT Fe**/Fe™ X} Fermi #%%
5 Li*/Li MR, i Fe™/Fe** XAHRAE, R, LiFeO, 7 B=Y Li,FeO,

-12-



RS BUK LZDOMEB L BEME

FHBE, FOETERE LI'BTFERZEY 088, KT 0.86, FikEEREH
AR, % TRIGKERNE, Goodenough MMARFR T —RFAERKE
BF (X0 7" (X= S. P. As, Mo. W, y= 28# 3) Bb&Y, Kb roS
0 SO RaELEH, FH HTLAE Fe™/Fe? xt i BALE R EEZ KB AT FA Y
. HER X-0 X MBHKFARFEL Fe-0-X BERM, BET Fe¥/F?
PR EE, ATEEEERIRMEE. BRSHTLHEERREARBLRNEE
G B ET),

Energy
] LVLi* (PO (SO

% _Fe¥/Fe: 346

.g. Li,Fe,(PO,),: 2.8V

E =

2 %

§. [

< R

Fe, (SO, 3.6V

JFebt/Feds: ads

B JLHEERRENRRILORERER
Fig. 4 Schematic energy diagram for some phosphates and sulfides.

KM AR HINE &M LiFePOTRE 170mAl/g BIEIEAE, 3.4V vs.
L/L'R B E, RIFHBHFERONEENE, FENEMERE, TESHE
A BRABEMANERTHRBERME, AXEATHHHE ARy, BTHEN
BR, FHARURRLEFESHIE, LiFePO, MABGERERETH LN
LiMn, Oy, ERHERE TR RLH LiCoO; A LiMn,0™, E i, LiFePO, 82
THRERIZXE. ks, AR THRERERN LiMoPO, >, LiNiPO,™,
LiCoPO,/" "8l & A% Nasicon £HI#) LisV, (PO,) ;™S E B AT, HEH
F&BIFENPATIHERS.

5.2 LiFePO, 1454 UL B 75 il eg L EL

LiFePO, 7E B R R R UBRKEY HAFLEN, REAFNMRARLEH, &
FIERRR, ZREITFH Pmnb, R—FHRU M AT REHRRLE . RS FeO,
NER PO, NEAHRERASE, P SENEAELE, T Fe Li HAFEEN
EAMZERT, HF Fe GRAAMHNRALE, LiWAEIEHHNTELE.
AR M FeQs L be EIRAILAERERE, Lios WA b #J7 ARLL K.
—A FeOs NI 5B LiOg \EAM—A PO, [ EAIA, T PO, WE AN S5

=13~



S NI A LR A

—A FeOs \H AR LiOs A\ TH3Ei. BSHCH 2=6.0084, b=10.334 A,
c=4.693 A, v=201.392 A7, Lit RE—@ Bk, ARt ERaarY
RN . RSP ET PO EEAMBMEEMIE TN, 78 LiFePO, A
R F#ie & th Mg R TR fE .

B LiFePO, Mgl RERE™
Fig. 5 The structure of LiFePO, viewed along the b axis *,

Goodenough % A 12 H4 £ LiFePO BT R R S i T,

REBRB: LiFePO, ~xLi* —xe” — xFePO, + (1~ x)LiFePO,

MR R: FePO, +xLi* +xe” — xLiFePO, +(1-x)FePO,

K RTE LiFePO, 1 FePO, Pt Z RIHHAT, RN EEETFERRHT
B B RIPIMIR A IE . FePO, MBS N : a=5.792 A, b=9.821 A, c=4.788 A,
V=272.357 A}, LiFePO, 5 FePO, R RN ME. ERBLES, RfFS
HaMsH oL, MBRcHRPHEX, SBEEDT 6.81%, MEEHNT
2.59%. FIEEIESFROZATUSRMARNGEK, A TFRAEHETE]
SRR AR ET,

5.3 LiFePO, FFEMI =X FE UL K& BRIk 5 ik

£ LiFePO, HIEHI, BT EHELN FeOs MU NEARILE, HILALER
BETSE; FN, AT N\EEZEK PO, HEARS T SRAERKIRL, N
7 LM 22 TRARER, EHT LiFePO, MEHRIRRI R T FRE
METH HORET. dTHHMXSs s, EAREORRETE, EXRRT
BRREARTRA, MENHAT LiFePO, MMNAURERE. BHit, XEHRT
SHEURE T BEERYTIR LiFcPO, S EEFH, Hi, FEMHERE
A: BEHEMIFER (%, €RRAE) UEABIRAEHHNBETIENE: &
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BRI ERNHE LZD0 MG A RUME

HREHEETEFEMREREETY SEE; EdEfbEAsmng, 8
BTFER®E, BT 8etn.
531 REHFFHE

53.1.1 FEmHEEHE

B 7E LiFePO, & L2, WASHEME, TR KITR 2 R FH
¥, WA R, ATRFEAEAFAEE, AIRANKEER. EEEMNE
FHAMEERENEEHA.

MABCREEHERETIRENTERNARE BT RN —FTE.
Prosini* 18 i BREE R 85, W L RTEELA0 T R B NE 300°C SRS KR
AT, BEIRERAHNE, Bt 800°C B4 H 16 A8, HIEBIMN
BB LiFePO, AL HEREAKIRH, SR 9 A 10% LiFePO, 4 1.0C
THEFRIRAETLEASR 50%; £ €10 T, FIAEES 73%, 455 125mAl/g,
THAFER LiFePO, 7E 2.0mA/g MR HH E T RE 120mAl/g A E™. Huang™
ZHRBERRSEMAEME (ZRE. ZBRT%, BR_E%) R, 282 7K
SFHBSRER, £dPPREE, BERSB LiFePOy/C EAME, HHHEAR
R MR 7 Co FET LB 163mAlg AR, # C/5. C2.
SCRIEET, AHITUBEEREREN 93%. 90%. 70%, RILESCHIBEE
T, BREBT 120mAb/g, 3 BE5F 800 KELE, RERFERIAE 8%&4, B
T BEFIOHERE.

Ravet®I3f b T R RAB N A BE A EMRBA H M B2, AHTE
FHRUEMAERERENER. CheaalPERT=HFAMAR: E—FHES
A R LiFePO, MABE KD, BEOHLBEAIRRAME: B_HEHEEN
ABRNEMHPRANS, BETHREEBRERNME: F=MRLKEE
“HHESBEE, BB EEK. HEBHNSAHME R R
B ERDHIH 2.7%. 3.5% 6.2%. =FFEHEKHEE 2C EETHRE
ZREE 120mAl/g, BEHHEHIENMEE SC HETHRAARTLUER
125mAh/g. 5, Betharouak!™ M EH B TN A ERME, B FENRE
EREw. mETLUEH, RAFNYRESEOERYE L EERmEEHE
FIRAEME AR TR RAEF NG ENRE. Eik, FATIELR
R TERB T BB ZRINA .

BE, ATERNFERESE, FEEERMEPRIEFEN, Bk, BN
B U R A BRI AN BB O S MR K, Zaghib® IS AR T RS RN
0-12%#9 LiFePO, E R FE R TR AR, RIL LiFePO, MR EREER SR
MMM, ROFEEMTHFEMEORAE, BHTHREKNZEOER, HE

-15-
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KT HB A REE B FRE. MRTT, Dominko!™ & BRI EH% T AH
WA BAEKE LiFePO,, FHATHREREX BRI W, Mi1REAK
EEERUELHEMAERRES. EdMEERERN 1-2am. 2-30m. 5-10nm
RRBIEHE BTN, SREFETEEET, HENBBEERZIHRER
EEMBX, HERERE, AR, EEAAIRDHTEPEEET, EHR
BB T B ES 55 RIELIREFBENRS FaP £, HHRK
THHOEE. Yo S BdH AR s BEE5HREEEURMHOERER
RI%R, BHTHREEN 455 oA BEME L. H'™ DEREFRNE SRR
R E S A BB FREENK, MREY DG (RERAABUES)
LM, sp” RUSHRERERSE, MEMFEEATLUNE, XEFAEHE
H, RNEHEERBRHEEREY, —eEENESENBRFHELEAR.

KAERAZHEARIRE LiFePO, MR FENFEEE —LHAERA.
CroceVE R MBS, DEFE. MR%k. BREAEAITERRE, I
AGUSE MR8 4L R A, Fin 1% BB E 5 SRR K (Cu. Ag), & H I LiFePO,
B4l LiFePO, ML RE R RERIER, HASRB KM IMARE EWEFE 41,
HIRE T B R ae, Pak® S EALITIR M A 1, LU LIOH. (NH,) JFe
(SO4) 2+ HsPOLAERIRFHEL, AgNO; AR, Lidxtyise b &8 2# 5
M%) LiFePOs, 7 0.2CEET, HWHAART UL 139mAl/g, KKXH
FAREROMEHER: 121mAb/g.

5312 &EETHBHX

FRBALREFEMHINEERRENSE, TERRRB THTZEKH
FE, WX THEEENFRERARTEW. Hit, ERBERARSRE, 5
B AR AR R ERE X R E, Cung® Sl BV BRENESRE
F (Nb™, Mg®. AP Ti%, W™, Zr*), B LiFePO, IS RERFT s M 4R
%, ¥ T4 LiCoO,. LiMn,O, MR FH, {EEMIET KBS LiFePO, M1
HEEHEIR S00meV, TUBRIEMIEILAERF 60-80meV. LiFePO, —F 314,
SEENEZ BMEEEEAR 03¢V, FENY, EMEMRRATES,
Fe**/Fe bl &k £k, MER LiFePO, S 47E P A N B2 [B) R T,
HRE PRI Fe* R ILEE, BEBREEK F P RANS, B
WhNT LiFePO, G tk. shi*ME@ad B —HERHEBR CrHrETFHBaT
Be{E LiFePO, FOiGILAE, REMENRSE, Hele®Fi\NBHME NS Rl
BmEETEMEFREMKUERHESEPEROBULD AT ERN REH
R B R # LiFePO, S MR BEREHRN., B ZEZHRE, |
RMERAEKRERABREO T ERE T SR LiFePo, 1, 3 BB & K H

-16-



BRI R ERUK LED0MEALREADL

AE R BFEEE.
532 WERTY HEE

3 LiFcPO, AR BARAES RAEGRNEN, TAKFTATEZER PO,
Mk ZBRE, FET LMEHY B0EE. ST E KX b e R
EHERAKEW, REdX, BFIBmEaEdk, UERXPRZIIR.
bk, B LiFePO, BB TR PREER T HEEHNXR. Yamada 53
B R, #&BFRBET 300 m i LiFePO,, 7 0.12mA/cm’ A& R H
# T IR A BT LA 165mAh/g. 0 Huang ™V & mtE ek B Kk
AR/ T 200nm. REFARNEF NS, EHERAK. B EIEP, Bem
ABERS T PR PRt i) S, RS T MERAEK, B2 ERER H .

BE R BT R W AEERANEY. Takahashil' SRR T T
TEERBE R BE X LiFePO, PERERIE M, AT R IR BB F IR R B 7 A9
R A TR, WA TR BT RIS R AR
ERELRERIBE, HEE 20°C THBEZERD 114mAl/g, TE 60°C THHEE
BATLLUES 133mAl/g, RET 16.7%, fE& NN, EHHEBE THHRIBE
ANHEARTERBTE FERNPRROYT BOEESER.

5.4 LiFePO, M4 & Fik

HM 1997 4, Goodenough F|F B & B H i4$] & LiFePO, LR, BAAH
IR T H AR K& LiFePO,, K#E. BB, iRk, RE
Rk, AATRE. SRS, RBrnRsgss.

54.1 BEIHE B

EH& LiFcPO, IBTR S, EHERERNARYEN—MHE. R
FRMER—BMAER T AR ERMT S, H— Ry, Jatd. 28
9, BREEEEHRR _ SRS RME . RS TREREY
55, ERESR (N2 A AL %) F, BEERKEET (300°C £4)
A3 5-10 piY, EEMEASE, REFEREBT (550-750°C) 4 10-20
V27475, 8081, 8485,90,93, 596100, F REFMBFIER E (EAH=F, Bk,
ZRNAENXBERMBRES LA,

Herstedt!'® Z{# ) Fey(PO,)8H,0 M LisPO, W EM K, SEREAEMERS
&, Bl& M T BKK LiFePOs, XPKRE RN 0.56 w1 %, HE KB FER 2¢10°S
em’. ZERBEPEENRNRMEAEHR, FAEARREYS, HAE
FABPERT NH; FYRAER. ERAEH Fey(PO)-8H,0 & HLE .

BHEREREMTEZRE, SE&E&HELEN, G4FIkL4Er, BE
BEEERA: UHARS, PYBRERK, HESIHEETESE.
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AHBZERIBERBREET, EKHERRFREPRITHFETRAUER NN L
H, Yang!'™4 {5 F FeSO,. H3PO, LR LiOH HEERHH, EL10: 1.0: 3.0
FIRERHRE, EARERNMED 120°C 408 5 M LLLE, ARHEREEKED
¥, ZRP 40°C TTHRFHENMMTE D] LiFePO,. XA HBEES &Y
R ep, A EEE R 2/3 I8 R . Franger "2 N Fes(PO4)zSH,0 1 LisPO,
HEBEME, ERHRSENN 24 BHRMEP, 220°C F 1 e, JRT
WA 182 LiFePOy. LTt —SMEBLE, MHL CR0 FENEERT
53] 160mAh/g. Shiraishil’®VE7fK P& #9 LiFePO, HHT IR HMCEE, 0F
RTHEEG R RAEER, BITRALLFEMTE, HEPBEER
MALFEEG ) 65mAl/g 1 IME)] 150mAl/g, {EEFRREEMT o -Fe03 K.

KMEH SO EES—, BEReR D, TR, EREA TR
MR &, BT XAER, SHRERSHERR, &K,

5.4.3 FrirEme:

Crocel 5 & 454 LiOH R Fe (NO;) Bl MASK BB T, REHR
EEHMAZ) HiPO, WS, BidEAKAY pH H, HMA 1%0 505488,
fEA R, FRE 60°C T EREER. KRERST, 58 350°CF
12 /pEERD 800°C F 24 /pRHHKEIER, BABIFY. WMAFREIEE CS FE
FATLAE ) 140mAl/g B A & . Hsul'MELUF R Y& H), HAH R
B RS W B ARG B VA AR TE IM I THRRES TP, 2R5 IMAHERE B B (M — S 4
WAHER, BEHEHRELTZBERBRNBIREK, TROBRRERAZAT
400-950°C #R1RB B BB LiFePO,, HAMKHRHEEES 2.46x10°S cm™.
Yangl'®lih 7. 548 . Z MW BAIBRILIRAERIL 1 1 1 KBIBAZZBTH
B, BEERST 700°C 3B 12 M, BIFEKE LiFePOs. BE
FEESWHTE 2C FETHKRHEARX 150mAl/g, FEHMZ 300 AfE, AR
R RFEAE 125mAN/g BL L.

R AR R AT LUK B 3 FRAMRS, BERALEREME, #
/AR ZDRSS, RNELEH, RE&FAH, BRESBAMK, 8%
Tk,

5.4.4 Sty

SRASIRES BRI, EEHITRAMAZRERY, FIEHETFHK
BERBUEFRAOTFERER, %6058 KR E & ©H R TSR,
Arnold™MO% ik & (b2 B ATRERL T Sk B MR SR W, IS5 %0 ot 1, FEITIR
xR, HEERIRPTESLE, Bk T'’E, 85T 650-800°C T4E
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12 /pEt. & BBIMATELE €20 ERFHRBEARN 160mAl/g, 7E CRIEET
AR Y 145mAlvg. Park™% (NH,) sFe (SO4) »6H,0 #HiA H;PO, ¥
HIMAZI LIOH %+, BHFAME, £8ST, NELdkE, ThR, 58
HERTMBRKRBRAYWEE, 7 No+1%H SR T 550-800°C FALE. #1483
MBS EREY 380nm 28, RAFFEEMSE, SWBaEEN c/10 K3
1CE, AN 13%, Yang "L 564 Fe (NO,) 3. LiNOs. (NH,) ;HPOy4
WRRAE, MAGHORER=M%, BMA 20 wt. %R, L8082k,
REHTRERSARA TR 350°C 5% 10 /M1 600°C L2 10 /M JE, B3
BB LiFePOs. HMEMRMEET (CN10-CR) HEABREBRERN 85%, U1
3 143.6mAh/g.

RUREAFRAHS. ARERK. SRHR, BTRUEETERA,
BROTEANNNREEBHFEER, THESSHARMRENYSHEKER.
54.5 #uk R

ERMEHRED, FANKBEIER_MNEMTZRERRTE, s
ek, Eiib, FREFHEMO=MEA AR, Bl mEERENFERDIH
% T BWRE LiFePO, R 4418, Barker' 1% LL Fe 05, LiH,PO, h X EEHH,
BAEEFRRE, FTRBMEREERT 650°C WM T RIh& R T 4 M
LiFePO, F115 821 LiFePOs, HUR Z B 7 LUE 3 156mAh/g. Mil" 12 B FePO,4H,0
AHEH, 5 LOHH,0 BEWAE, MA—ERNRASE. ZERSHAT 500-800°C
AbEE 10 /D, BREEFHE. EEAS, ERLEIERD, RRRASESE
FEHEFELTERENOEM. BRMMEHE 0.1C FETRAERE 164mAb/g,
0.5C f5#E Ti% 150mAh/g. Liao!** "G IRERE R, Bl i BN, B
FOSR N, BEROUBRIR, MAEEREE 24 SIS, RAHH 600°C TR 30 5340,
BIMEGHEE 1IC FETHHRERE 138mAb/g, 5C FETHEARA
109mAl/g, AEFEEHZEEREMN LiFePO/C BEMBEIRIN, & LiFePO,
T PR TH M. BN &,

54.6 ARTHE

Myung™ 55455 1: 1: 1 HAES A9 LINO;. Fe (NOy) 5. (NHy) ;HPO,
PRSHEB S —HAER WO BALH, FRENITRAEELZSHET 300°C
B4 400°C BbE—e e, BEIMRKREE Ac ST, EXPhikgiit.
FENTAMELAR 10'S e 1 FRE, E NCHAETHHUFEST 0mAl/g.
R AFERTRAEDROTRK S, SRS EEERRIFNFHRER.

5.4.7 BBk
BRSERERERENE—SER, TLESERBIAREROMAE.
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Sides! ™51/ Croce! V& FIMIBIBERLI i, #IE T AU AR, LURH
MERIER, 2UFZXRERE, BEEWESHEKE Ares%H, ART
250-650°C Ab2R 12 /P EL L, BBIGKAYEREHRE LiFePO,, 7 3CHEETK
B AR LUAH 165mAb/g, 7 65C THAARMELARNK 36%. Lol Mgy
AHRERT . BR_NENRREERERRERT, HE LiFePO, XN
0.5mol/L, DIEEZMF-PEANKETE (P (St-MMA-AA)) fELBEIR, BAT
HRABEREMAER S, B0 8, 70°C TT4, BB RERALT LT 400°C
T 8 /My H0 600-800°C F 16 /Dot ALEEIR], HIEBIMHBAERBEARSH,
7 6C fEZE T R A BRI 100mAh/g. Z5EA ELATF T AER,
5.4.8 Bk BOLTIREE

Iriyamal V58 Se R E M & Rk BI & H LiFePO, RERBHEENGHE
Ar 51 800°C 4% 24 /pit, {ERE R BKMBOCTIR RA R ZIHE M LiFePO,,
AR BGFMOEFRELE, 1EF 100 AEARGENEEEDY 0%, Sauvage1%1E
AR RE LiFePO, MIRM BLE MR, AT RAR TR IR R HEHRA
BRIEEEE. SEhER—HH&REARNTZ BRFERBNRE.

sboh, s RN, PR A & B PIA FePO, BT BT E %
#1% B LiFePO, AL 24 8.

BAT ARXMTAERKEX

L& R ATRN LiFePO, IR, LABIERA R BILFH AN LiFePO, IEHK
N BAR, AICFRTEUF LA E T

— S BARE % LiFePO, 3 BX B TR, Bk, B4 R
MRS RILBO T ERTR . HAWATBE e EWR. Eid XRD
AR, REBREE 650°C A LH W LB RIS MM E A LiFePO,, 3
BT ARG B B & PR 0 R (LS PR BRE IR 750°C R EENRAERIE. 54, &R
ZREY, ROHBRE SR SRUREZBES TALRIBHEOMBATSR
iR,

BRCFERR. RLBRE. B ABRESI% N T BKE LiFePO,. BIEF
K%, RBMAER, FHARENSOERME LT T 2R R
ARFERRABE, RHUMELNRE.

BN LiFePO, SEM A —BHE. BAT ZTEHTEIBRY, &
T B8 LipooMooFePOy (M ABRTE), BABIARABRMEH LN
REFAIINE. ALk, 46 TRAKANBAARHRERYE, EHEHELE
FEMAZRBAERE, XMABZAG BT =2 HEMKBRBHK
LiFePOy, MIIHRALER, KRBRMEK- BRI T EF &cttits, BaE
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BRBABARHEE X, it o B Rt BB R KRR KP,
B Ti TERHEPEASZERRIT. Wb, BRSNS A F LA &N
R RANT BiFR B FEaE.

LURRER-8B Ti A8, #ATT#H—S R, BB REMHER, TR
HEATHRATHRAE, AERFERUBRMEFHERT BHRKLAN
3.66x10  em?/s, ZERAB-B Ti H R MEAY 2.34x10%m?/s, TR T4
LiFePO, # 1.8x10™ em®s. BAIREBRHBRMT S, BT RO, X
AT A% r b M AR IE R B9 LiFePO,, %77 A% % B LLAE R LiFePO, B {44
BHEGET —F B,

T ER TR R R B R AR R, RN BRI =48 (Fe 03, FePO,)
BRI &, S2HCUERNERERAEEN, EdALRRNEET
LiFePOy/C E45MH. FERMEAFIH:

3Fe,0, + 6LiOH - H,0 + 6NH ,H PO, +C,,H,,0,, —

6LiFePO, +3C0 +9C +29H,0 + 6NH, )

Fe,0; + Fe + 3NH H,PO, +3LiOH - H,0 — 3LiFePO, +3NH; +9H,0 (2)
6FePO, + C,H,0, +6LiOH - H,0 —» 6LiFePO, +3C0 +20H,0+9C (3)
2FePO, + Fe +3LiOH - H,0 + NH H,PO, = 3LiFePO, + NH, + 6H,0 (4)
PATRRM (1) TR4AREMNMEERNER. KRB 700°C THEMER
HREFNBLEER. RIERMN (4), F 700°C TREMBARHEARRE REF
RIRLENRE. T (2) M 3) FIENEAHHNELERRZTHE (O
A Q) wlEFEOMRE. FRARERZERDHEE Y LiFePO/C BB, 0
R T RB =Mk & AER R ) LiFePO/C RS HBIITTHE, FIA#ER
HHEHHNEEER, REETHTE, EFEITUAETHER.
=. Bl Fe (NO3) 39H,0. LiOH-H,0. NHH.PO, A EH ¥, HERAIEE
i, REAHBERR, SIRT RKAKERAH & LiFePOyC B AR ATHERE. W
RER, HBBREHREESSRE TRELMT 2.5 0, EidAY pH #, TR
BIARARAL. TIHILEAT 25, REREYR. BTHEMM3IA, TLLE
ERATRRBHOFANIVR TR, —EBE L& % T HRMMENSIEN
TR, BAEGH. BHEBLELEOLE, TR TARRSRERNEW, SR
Y 750°C F& WP RH BT R AL RE . 207 RO Y, XIS H
Bt P g iR & &R BT IR EFR AR 4 T BB .
M. SHMERTER. FrRR+ER, ERIEEH, NABRERE, &
750°C THIE T BME, AT AENE. B XRD HAKA, $&
B PSHES AR, B 1SR, HRERIERAEUNA T LiFPO, K%
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Fig. 1 Schematic overview of tri-electrode button cell.
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FREHARTRRE, AR EE, LERENEYBRRRZ XM
B, TSR T BOEE RO A RIEASERERAT B EMR
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B, ERBTHRREFUERME, HHAFEDT LiFePO,, Mw/h T diifH
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BS54, BEEHHFE (CuKa). §IRBIMTFEEY R F A NMEH
Philips X130 V64 FL 451 Japan JEOL JEM 2011 RUEH Bk i@l JRFIBK.
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Fig. 1 The charge-discharge curves of pure LiFePO, and carbon added LiFePQO, (left) and cycle
performances (right). (a, 2”: pure LiFePO,; b, b’: carbon added LiFePO,)
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Fig. 2 TGA curves for the raw materials 2
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Fig. 3 TGA and DTA curves of mixed precursor
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PR E, SARERET &8 3B ERITHR.
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3221 RMRER LiFePO, & HRIL W
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Fig. 4 XRD patterns of C-LiFePO, prepared at different temperatures.
(a: 550°C; b: 650°C; c: 750°C; d: 850°C)
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223° ,23.2° and 24.8° L E (FA*ESHRWH) HRFEHI, XN NEL;PO,.
B4, REMAT —ERBMZRE, BRXRDE LREHRAKNFTHE, HHT
KEELCERESFETERT.
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7 LB T il % B IR R BRI LiFePOL,7E0.1CT B IR TR U i B FE B S A 4%
H. BTREYFESSOCTRETEERN, Eit, ZEETHERHEATRE
MR AR. BEHEMERENEN, HBARBEZHEM. 650°CH750°C
THlEMERRig L, 7338V (vs. LiYL) WESHE—ABEFE, #A
BEERETHAMBAEBRANRDBAR, HEMEERIEAR132nANg. 850°C
HIEBRES B T RIS R R, PE T LiPOZ M, MR RERE/D. R,
BT UER, FRBRETHEHHHORRFERESREFEEEMNEEHERE
MM, BRTS0°CHI& B AR LiFePO, RE B/ MRE R, W T HHZ
B TR &M R AT BRI, BXEFEME. REREN
MRS ERRMEEE LUAESEEGTE . HEREEREN R EEEE
RABEW. ZE550°C, 650°CHI750°CHE L T #l & KB AERATEHY R R FK
RmiEEtE. HERRERBEAEOA MR, R LkEREEB50°C
HEERIINBARMEMNEATRERTA™E, CilTRAERERT
52%. Eid ESHIFEIC thER LA R GEERHERE IR, FT AR RITS0°Ch BRERL LS RE,
ZEE T HE&GRABEHEEEERAARAFI132mANE BHISALUE, &
B R IF129.4mANg. Fitk, XEPLUTFHEMLAHE (BK. B&N
LiFePOy) HEBEIETSOCHIBRIE T4 .
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40 120 000097 990,07 000000 ,00000000000
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= A8 uw_l
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> 28 ﬁ:- 'v' s a
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E5 FRHRE T & %R HBKLIFPOMTH XM B ML () R BEFERER] ()
(a,2": 550°C; b,b’: 650°C;: ¢, ¢’: 750°C; d,d’: 850°C)
Fig. 5 Charge-discharge curves of C-LiFePO, prepared at different temperatures (left) and
cycle performances (right). (a,a’: 550°C; b,b’: 650°C: c,c’: 750°C; d,d’: 850°C)
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Fig. 6 Charge-discharge curves of C-LiFePO, with different carbon contents (left) and cycle
performances (right). (a,a’: 0; b,b’: 5%; ¢, ¢’: 10%: d,d’: 15%)
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Fig. 7 Charge-discharge curves of C-LiFePO, containing different lithium amounts (left) and cycle
performances (right). (a,a’: 95%; b,b’: 100%; c,c’: 105%; d,d’: 110%)
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Table 1 The carbon content in LiFePO,/C composites

WE Z®B g 44 RZIES i
BEE (%) 4.66 8.76 8.59 5.66
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B8P0k SiH) & RILIFePO,MTEME A
(a: ZRF: b: HFBR; o RIEM; d: EHE)
Fig. 8 TEM images of LiFePO,/C composites,
(a: acetylene black; b: citric acid; c: PVA; d: sucrose)
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Fig. 9 FTIR spectra of pure LiFePQ, (a) and LiFePO,/C composites (b)
(S: sucrose; A B.: acetylene black; P: PVA; C.A.: citric acid)
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Fig. 10 Raman spectra of pure LiFePO,.
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Fig. 11 Raman spectra of LiFePO,/C composites between 1200 and 1800cm™
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Fig. 12 CV curves of LiFePO,/C composites at the scan rate of 0.1mV/s.
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Fig. 13 VC curves of LiFePQ.,/C composites at different scan rates (from inner to outer: 0.1mV/s.
0.2mV/s. 0.5mV/s, 1.0mV/s).
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Fig. 14 The relationship between the anodic peak current on voltammograms in Fig.13 and the
square root of the scan rate, v'2 for the samples.

MFREHRARNERT S, AT RET W HOEE TR I E KNE
ERRR. X Ty fusheRREY, kg TRy mEFTHy B8R,
HWFRRRARIPL,

I, =2.69%x10° An**C, DYV  (25°C)

ALY B AT R E BT, RENHE (A): ANBRNERER,
7R IR A BRI R RER (cm?): nb BRIV RS BT H%
B CHEETRE (molem®); v yHMIIWEE (Vis); DIEBTES
BRI RS BEE (em¥s).

BuUutladBTBAHMNEAELRNFAEIHNA: AB.: 1.03023; CA.:
3.12521; P: 2.6025; S: 3097976, B RmA/ (mV/s) *. #H B BILi*FELiFePO,
PR BARBOELUES B A

AB.: 3.66x10Mcm%s; C.A.: 3.37x10%m?%s; P: 2.14x10"%m?%s; S:
5.01x10%cm’/s. ATLLEH, BOAEEAXBEENER T BRAEPETHRL
FHAY "THEEABTHIVEARERRARETRETER T HENERSEH

(BT st BRI T LLEH), BERTHE FIE.

Myung!™ % 4 &%, T Li* 76 & B #9 Li,..FePO, (x=01) FHIF H R KN
2.9x10 em?s, 5RANGE R R WEHETH, ZEHT Franger VS5 FIZE HBEH
R B 1010 em?/s; 8 T Prosinil V4557 F 48 A i (4] B <2 B AR FIAT i
PRI R 1.8x10MemYs, FEFRFE R f1 FMyung5 Z A1 1% % HILIFePO,
HME R EA S ROBEMEFLE, W Franger M Prosini 8 538 £ E B FEA RN
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LiFePO,F Y AR, RN, FKIEH TREEE, MEREE T e Bk a
RFHEE, MARS TEETERRMEPHRAT BAR, #FUAKERT
HMHEmRAFEREE FAERFIYEEKNLIFCPO L Z 5 R EEMA R %6
RAKPLIFPO AT ERMER TRAY HAY, ERAEFAIKAHZHEE
LiFePO it H, HAKRITERM, ZHRBARBE. NESHKITEMME A PRI LLE H
BEME KR EREAEA3-4mm, FHH455, EETRAT HARMNE
GRENTREFHRELH, BAEMERTEBRME PR .

Bt SHMARAERESROLR, RENATEFEERRER, HHL
Bt FERRERE, ERIAN, RAE YN BRE T %M ELiFePO,
FERTHRERT BRAMIZAA —ENTIREN.
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BLRAARE 53 T EFRHERE (2: 0.1C; 4: 0.2C; 6: 0.5C) Hel: a2’ ZHE: bb: &
B®; c,c: XLIEM: d,4: KR,

Fig. 15 Charge-discharge curves of LiFePO,/C composites at different rates and the corresponding
cycle performances. (1, 2: 0.1C; 3, 4: 0.2C; 5, 6: 0.5C and a, a’: acetylene black; b, b’: citric acid;
¢, ¢’: PVA; d, d’: sucrose)

Bl1545 5 T M FPLiFePOJ/CE AR R R L EPERERT LB . HLLI0.1CTEE T
BeRE, UZRR., FERR. BLER. BEEIRENEXRBERD N,
131.8mAh/g, 128.2mAh/g. 140.9mAh/g. 141.4mAb/g, TEFFI20A M EEESD
H28: 127.1mAh/g (H40/). 131.1mAb/g. 136.2mAh/g. 145.1mAb/g; £L0.2C
BERBEH, ARESHENE KR ERS 5 %: 120.5mAl/g. 124.6mAh/g.
136.9mAb/g. 139.8mAh/g, TR0 MM ARFHHA: 117.7mAlg (3E49/8).
128.1mAh/g. 130.9mAh/g. 141.5mAh/g; H{FABEEEHINBI0.5CH, HIKHHA
AESYHN: 109.1mAh/g, 119.8mAh/g. 129.3mAh/g. 125.2mAh/g, FEH40A S,
HHRAERSHA: 98.1mAl/g. 118.1mAh/g. 127.0mAb/g. 129.5mAh/g. FEHH
fhEEFTUE Y, BERMBFERRAMR, RRTFEEEEBFEEENEEHR
BEENK, AT RRBEE B SR KRR, Bt i e bR, £
BE AR &R LIFePOMILEM T THEEMA ZRBHE MR
ARG, REEMMEERTNE, MEFRIPXENEm, KEERE
—ERENNEM, XE2hTHEERIIBPEHEL SBHERBAEGRE
RNZR. BTN, ARGFEIY, RER0REEHNN, REERamans 7P,
FERENRKEHINENABLEERS, BERARTBRERNE, EHEFEL
REMERTHE, EEARBERTHS, HERBEREN, FEERHT
RIFQEHRERE. BRARNHEPEASEAR, WREE B LiFePO,M
BEERKE ROUGENHBERRTERE, BEXRXEELILIFPO/CE
AMEAAN S, EdtEEHERBLERRIETERITE. Hit, &
%t DU BR IR & () B AR A AL P RE IR b, BATAAEER AR, H
KERZEH. ITER, BRENRZRE.

BEY BRURBNKBRIAEI %R LiFePO, B9 RERT 5
5.1 BRARH BN E LR B EMBHR

B B, BREVTIA KK T LiFePO,M R iLEE R, ERETEKN
TR R SRR R EN R SR, MAFREMHEERRIE,
Chiang™ B 53R 1 T BRI B LIFPOM AR S, H AREH LB
Nb™. ZEEBET, ERAMEEHORKE, BRF P B, BHkiS



R IRt BN H 2720 MNE 8 K HRAK

RERBETICRF R, MREXTHHOMRAEH. REExE A
BAERESRNIBRH TARNEE', BRBAEN - RN EELH
WRETZRA.

FRUERAT A AP, Ba?. Ca%, C¥. Ni*, Sn¥, Ti*S @i —+H
B & BETHNLiFePOMITEB SR, HSMBEM T ELR MBI, Si( IV LiFePO,
BITBR, K EF R K ELiossMonFePO, (M: BRET) Mgl
THER.
5.1.1 BZMLiFePO,M E F RN E

FAXRERMBERFE, ZEBRAMMERBRERMEEBIRZ A,
A m—ARERRERBE, RE, E—RIAERTICRERGFIBENMCE, B
AT AR SR, RMARENT:

C

/

D A

7

16 MAHEHSRNEER
(H: A, B: AE#A: C: FHMAAR: D: PIFE £ E: 3
Fig. 16 The electrochemical cell for the conductivity measurement of the powders. ( A, B:
polished stainless steel; C: steel terminal; D: cell body (PTFE); E: spring)
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(a: 10005%; b: 1500 85; C: 1800 &%; d: 2000 &%)
Fig. 17 Nyquist plots of powder pellets treated at different pressure.
(a: 1000 pound; b: 1500 pound; c: 1800 pound; d: 2000 pound)

EERMEN AR EA LEN, ERNEANHEERRENREEERK
fEm. Bk, BAEETAREATHHEABSHE. NE1777CLEH, B
FEHFEK, BISRRERNEHED, REARAEDEE—EEN, #REm
Rz EATUEMRE. Eik, FE&EMIATURZEES, K 2000 B4 &
tEES, HEZENTMABRK LiFePO, F8 R E,

*
= B ‘..”
104 ®* Ba ’ 'y
4 Ca .{&?-"I
v Cu "
] ‘n.'
E ¢ NI Ll g
2 + Sn Mf‘:‘a v
~ 054 x TI 'V'
.§ x Y
N
0.0
P 05 10 15 20 25

Zre [ Mohm

B 18 #4515 74 LiFePO, ) Nyquist Bl i%
Fig. 18 The Nyquist plots of doped LiFePO,.

B 18 AILLE L, WT/EREHS (UTRBERD BXERE, BN
AhERAEE, ARG R— &L, RIBSTRBED, SR HBERBLTR
BN A AT EEFRSHT, FARNAGRSEREEEE R, URL
FIRA Co WHERREBERR, BR/FER RERNEEHMA C.Fm. i THEARL
HEAEN) BRA A REEEREX, FETUASEEENFANEERE
Cee B EXARBAMEMELNMLHER, HIABL b—HEER. WHE
191, ERGT HRFEASTEURTREENRN RN (CnRHESR
R, EEFEMABIMZREGESEAXERS x AT LEH, Bd¥H
R E KRB ARSI Lio oMo oiFePOs # i HHFE Ry

741 LiFePO, I8 S R RH K 0 R, BB T A H AW

5=d/RS
AH: S HHIR, RoAKRKEME, dAKANEE, SAHAFBHBESEFE
fl IR
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Fig. 19 The equivalent circuit (left) and the Nyquist plot (right) for the ideal system.
HHERWE .
R DEBATCRB R LiogoMopFePO, BT RV
Table 2 Electronic conductivities of Lig oMy o) FePO, samples,

dopant Conductivity(SCm1) dopant Condsctivity(SCm-1)
Ay 9,88E-8 Ma 6278
Al 62258 Mo L88E-7
B 45958 Nd 68259
Bs 6.16E-8 NI 1.5B-7
a 52788 ) 31588
Ce 1.72E-8 Pr 4.585.7
Co 1.068.7 si L1BE-7
[ 9268 sm 495E8
G SA4TES S 4SBT
Bx 1.01E-8 T LOIE-7
In 65188 v 5.06E-8
Mg 27487 Y 48658

MR X B LiFePO, R EFTHEAENLUEL, FRKNBRITEIS
LiFePO, FE 3 E MW R A FH, R Nd SR BB R LR H %336 LiFePO,
R R R 10710° BB R, TTARN LiFePO, MB SRS T ENTHH R
3.23X10°S cm?, Bttt LR B, ZE R LB PIE T B 40 7 AT BUE LiFePO,
R SREHRT 12 1M HRE.

5.12 B LiFePO, L 2 BT R

¥ B A LiFePO, fE FIMMA T 78 B MR 4 HIREA T #H4E 0.1C
EETHO02CHEETHRL B, R=FLHTARBRIMBERRSER
TE-ARBARNETANRAEE.

R= FRFCHFIBIN LigosMooFePO, 73 M 0.1C #1 0.2C R T
RN+ R AR B
Table 3 Discharge capacities of doped Lig goMg g, FePO, samples at rates of 0.1C and 0.2C

-57-



12244248004

0.1C 0.2C 0.1C 0.2C

Dopans | Capacity (mAlg) | Capacity (mABg) | poape | Copacity (mAhig) | Capacity (mAlvg)
1st 10th st 10th L 10th 1st 10tk
Ag 419 24 298 183 Mo 76.1 539 503 333
Al 394 198 228 131 Nd 3 417 63 397
B 751 56.7 62.1 395 Ni 96.6 581 87 378
Ba 921 64.6 731 523 ) o] 473 24.1 372 222

Ca 803 514 653 428 Pr 1141 189 913 73
Ce 784 478 753 471 Sc 1188 7 1203 66.2
Co 459 5.7 43.4 28.7 Si 934 616 776 578
Cr 70.8 391 542 377 Sm 1003 589 92 542
Cn 83.1 319 581 317 Sa 887 58 66.8 478
En 719 383 599 335 Ti 100.5 678 882 67.1
Ge 1311 108.3 1169 96.1 v 843 5346 710 473
In 869 346 783 364 Y 76.4 380 504 283
Mg 619 58 279 175 In 110 503 94.6 488
Mn 323 k254 183 118 /3 100 54.9 1.4 373

MR=PALUEH, KEHBLABE LiFePO, MM FEMMEER T H KK
AARKK, FEERFHOHTRERNFESRT S ™E, TAEEH LiFePO, 7
0.1C FETFTHRHBERY 101.0mAb/g, B+ ANBKEERY 63.6mAb/g; 7
0.2C fEETHRMBARN 87.8mAlg, BTABTETME 49.6mAh/g. HILA
DLEH, RERAIBIEG LiFePO, M SERAEM LiFePO, H DYFHIRHE, #
RAUBHH 7 A 6L B & R LiFePO, F b E AL,

5.2 BRK-BRICH B EHHENBTIAR

tH E—8 3 KRB, RARBRTERIE LiFePO, ML M. @il
PARTRPI R B &, BMOMATT LR BT SR R h TR, FHRE T HEK
BEARMERERE, Fih T A3EER RN LiFePO, MH, £H2E4
TERABRIBEILAN S, R T RREKBSE LiFcPO, M E ik, B
HBWZHR, RBREYHN 5%, & 750°C THET =+EHBAH- BN
LiFePOy.

521 BABK-BRHENEHTR

20 PEH T = HUAMRABE-B R LiFePO, i1 XRD B, MEFRILL
E, BAK-BREE LiFePO, RF MR, BT pmnb TFin)i. REFBAT
FHMA, XRD Bi#EPHEH KRR LisPOs 2REHE, 5XWPIPHREMRR.
5k, XRD PREBMBIRTFRAMHE, A TREZULEHERSFLET
HaMEd.
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15 20 25 30 35 40
20/ degree
B 20 AR 440 LiFePO, i XRD 75 %

Fig. 20 XRD patterns of doped LiFePO./C composites.

XRD EEANALUMBAATREN T, RETUMERRSK. BR
RAEEHERED. FRBRMBENE dpeer #7555 bkl & SES 52 6
MXREFARE. LiFePO, BTFEXRR, HEXRERXY:

Yd,.,..) =h"/a® +k? 6% 417 )c? ¢))
XARYE Bragg THR: 2d,... . sin6,, =nd (2)
# (2) KA (D) FITLEAHNTAR:

sin® Gy = (A2 /4)Yh2 Ja® +k2 /b2 +12 /c?) (3

BB ARATH B H Bragg M Oy MK sin0y EHHTHE, BATEL
BUHATRATHENAH BRI RO R H,



RS EBRK LEPOMEB R HRHRE

RO TREFR-B RS C-LiosMonFePO, H 51 E RS H
Table 4 The lattice parameters of C-Liy oMy 0;FePO, samples.

R $ N

Ba a (A b (A e Ay v (A%
Ag 5.9634 10.2757 4.6452 284.6491
Al 5.9634 10.2825 4.6445 284.7945
B 5.9606 10.2825 4.6459 284,7466
Ba 5.9606 10.2821 4.6412 284.4475
Ca 5.9606 10.2825 4.6459 284.7466
Ce 5.9634 10.2825 4.6445 284.7945
Co 5.9606 10.2821 4.6412 284.4475
(I 5.9606 10.2753 4.6418 284.2061
Ce(VI) 5.9577 10,2816 46379 284.0931
Cu 5.9606 102821 4.6412 284.4475
En 5.9634 102884 4.6346 2843505
Ge 5.9606 10.2821 46412 284.4475
In 59577 10.2816 4.6379 284.0931
La 59577 10.2816 4.6379 2840931
Mg 5.9549 10.2711 4.6402 283.8103
Mn 59577 102821 4.6426 284.3948
Mo 5.9549 102775 4.6349 283.6628
Nb 59577 10.2816 4.6379 284.0931
Nd 59577 10.2753 4.6432 284.2435
Ni 5.9549 10.2625 4.641 283.6215
Pb 5952 10.2775 4.6363 283.6103
Pr 5.9549 10.2775 4.6349 283.6628
Sb 5952 102775 4.6363 283.6103
Sc 5.9549 10.2775 46349 283.6628
Si 5.9549 10.288 4.634 283.8974
Sm 5.9549 10.2775 4.6349 283.6628
Sa 59577 102775 4.6336 283.7165
Te 5.9663 10.2862 4.6476 2852258
Ti 5.9606 102821 4.6412 284.4475
v 5.9634 10.2757 4.6452 284.6491
w 5.9606 10.2821 4.6412 284.4475
Y 5.9606 10.2821 4.6412 284.4475
Zn 5.9606 10.2821 4.6412 284.4475
b/ 5.9606 10.2821 4.6412 284.4475
#LiFePO, 5.99 10.294 4.678 288.739
BRMLIFePO, 5.988 10.295 4.667 287.676
FYELiFePO, 6.0189 10.347 47039 29295
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F % H T ARBEAHK- B LiFePO, KK 2H, BilIE5RA&BTHE
IS LiFePO, A B /B FIBR () LiFePO, 1 R SHIILLE, BRIOMAES K a R
c B, BTE/T RRAER, MBRETHMA, FREHESHa b
FlEED, GRABREZRIES. XRABFOLETENBARLT LiFePO,
i Li-O 87 Fe-O 88 (B M-O RER T X HAJRIEM, M: BETE), B
HTFREBA R RASHERRERTRERF R EHD,

522 BAIBK-B K LiFePO, s b AT
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FHRE—MBR, 55w %HZHRE—E, FANBARMEDEHERERN
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Fig. 21 Cycle performances of doped C-LiFePQO, composites.

& 21 41 T =+ FEIRMRK-B 20 LiFePO, IR ERE. SR 15 (B
(2) f1lf (4)) BB RIKET LiFePO, MITERERI L, WRLRHR, BRT# Mg, W,
Cr(DME &R R B AR KT B4R (0.1C: 131.8mAh/g;
0.2C: 120.5mAh/g) 5b, HE=1+—HRAEKB LK LiFePO, KIE KN B E B
HHEs, FRANBHRTREANEEHMAR, REEEKE C-LioswTionFePOy
##: 0.1C: 157.1mAh/g; 0.2C: 154.5mAh/g. AT, VKR E KHHRHER
RIF R B AR EEREN, Bk, IR P b ERRR—4

BEENER. Bl 21 FHEEOEHREEEE 15 FRABFKM LiFePO,
MTARE R, REXZEMEATBRATENIARB T ERREER,
ERBBEARERNTH™E, RHB AL, Ni. Ti. Pr. Mo ZD0%/L Mt
HHEAREERERAT2HE, TiB Co BIMBBEHLEEERE, £ 0ICHKET,
BHIXBEBRARIE 135.6mAh/g, FEH 15 AR ARFMKE 88.5mAl/g; 7 0.2C 1§
ETF, gKBBEERY 1223mAb/g, 55 18 /5 EWKE 68.6mAh/g, XTJHER
T Co R FEMTFERERGHEFERMNT., ZEBCRERYREFHE
BRI SERAER, ATLARBBH Ti. Nis Al Pr. Zn ) Sn %58 C-LipswMoo1FePO4
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B 22 BT ES R-BABICH B ot S TE s . 5
AR FIBKI LiFePO, ) AL FHERBAILEL, LA Ti. Zn. Al Pr. Sn ZHFTHE
IR EBREEERABRORBMENESHEREE R, I HAFRITFN
TaErtE et AR, 3 EEXUTC R B AR R RAB R M B T BB b H AL,
MERR, BFEBRT, WEBRAMEBTFREENSET —EHER, &
WILHRBREAEH LN B TR BRI EAE RN EREEE D, B2
HBAAERHHNAANBRLESRERARN, F Ti-Al BAHFRE
0ICEETHRNAFRY 1464mAl/g, TR 4 ALLE, BEEREME
151.3mAb/g FHFEFEFE, SHHB Ti HEHEHEEE, SREERFRRPTX
29 10mAl/g; THEM Al BRPTEWMEEOICHEETHRIEERY
136.5mAh/g, TESFZEHE 6 S AZE 143.5mANg ERAFRFAE, 5 Ti #17%
BREERBRERIRE T KA 10mAg. Hit, FERWNBRTENTE
C-LiFePO, B EEITIHER, HAEREXGFHEREFSENBRATEUR
HBENBRIE, k5 BNBARURFERBACROAREHHESE Rb
TRERER—EREM, XTRBREE LB R ERABILHAR LiFePO, UM
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B, T Rl — SRR ABAT.
AT BABK- BN LiFePO, K — P B

BESLVHLRER, BUBKSS TI 5ERKN LiFePO, TR NS
FEuf. Eik, AWLB T BB (Swt.%) B LiFePO, MR AH, HITHRADF
%o

6.1 5RARMBENRABEKE LiFePO, Rk AER BT A

6.1.1 St LA B FERMR LB 5
#id XRD Eiff SEM M =M B8R . RELEH. ARBHURER
FHATTHR
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Mwb
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20/ degree

& 23 =FHH K XRD H
(a: JBAIK LiFePOy; b: LiposTiomFePOy: c: RAHK- Ti MHH)
Fig. 23 XRD patterns of three samples (a: C- LiFePOy; b: Ti- doped LiFePO,;
¢: C-LigosTig0yFePOy)

B 23 4 T =#odk i LiFePO, # XRD Bl i, =ZFH 8 E7 750°C T
HEBEN, ZHRIAKE, T, ABFEYW. XRD E7H TR LEREE
M a s, RT pommb ZRIE. REEBRTEDN, BRFYFEE
KRB Li;PO, WA M. RAGH THABEK=FHENRRESH.

FH FREMNERSN
Table 5 The lattice parameters of samples

samples a (R) b (A e (A) v (A
C-LiPePO, 5.988 10.295 4.667 287.676
LiggyTiy, FePO, 5.988 10.269 4.676 287.531
C-Li, 5, Tiy ,, FePO, 5.961 10.282 4.641 284.452

LiFePO, 5.996 10.294 4.678 288.739

RETH I TRAK, Ti-BRURBAK-B Ti SLRHI & LiFePO, AR
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RESH, HTHLLE, BHIKZR LiFePO, MRRBHEL—FHH. AEP
WEER, BARNBRGEAD a B cE: BAKTLIE b EHKX, TBHE
/b fH. Bk, BRAK-BLEEN LiFePO, RREERERKX, RER PR
HER.

& 24 =HHEH SEM B
(a: Eﬂﬁ UFGPO4:
b: I.io_gg’ﬁo,olFePOﬁ
c: RFB-8 Ti B E)
Fig. 24 SEM images of samples
(a: C-LiFePOy;
b: Ti- doped LiFePOy;
[ C-l.ia”'l‘iamFePOO

FEARNMERERINS, RRXL4% 100nm, B Sk AETHREAR
REBJL MK R DO RES, IHRETREMHESREK, RREIEPR
EREOF AR, S R E A, H ARNEENS T HRBR N
B—BKR, HBTHEFASSIME, Amd#THEPEFTeERBm
AP, T HEMBHRMBRA T ES I HEKERSHI, WSEM BH
AIAVRE, REFHTFEHEOBRE, 3 EREMNHETHRERH BT
MERBTEEMNER. MA L BEH, BERFENIRS Ti- MRt
ARBE, RERBEFHKRER, BRI ABEARE, MLT4KF 200
FOKULE, WRIER RIS Ra B, BRI SaRERE
BN — M EERE.

6.1.2 B{LEPRERFR

6.1.2.1 {RIFRZH*F LR FT
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SRARNHENEEZER 027V, BRM HAERKKEL.
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Fig. 25 CV curves of samples: (2) C-LiFePO,, (b) Lig ssTio.01FePO,, and (c)

C-Lig g9Ti,01FePO,composite. Scan rate 0.1mV/s.
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Fig. 26 CV curves of C-Lis g9 Tip 1 FePO, composite at different scan rate (left, from inner to outer:
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0.1,0.2, 0.5 and 1.0mV/s) and relation ship between L, and v *2 of the sample (right, curve b)
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Fig. 27 Charge-discharge curves of samples (left) at the rate of 0.1C and cycle performances of
samples at the rate of 0.2C (right). (a, a’: C-LiFePOg; b, b":  LipgeTig 01 FePQy, and ¢, ¢”:
C-Lig.00Tip.01FePO, composite.)

B 27 ¢, EBA=FHETE0ICHEETERAR B HLE. ATLES,
BRI RME L, fF 3.5V EAE—RBPE, MAEREMEL, F—
AL 3.4V ERMBUERTE, ¥ NEER FE LiFePOJFePO, P T RIB AT .
BHEME (e, 2', o o) MEBFPERMRRA, MARFGHRABE, &
T SRR/ PIERL, 20T BROME (H%b, b)) RARFMNE
RAENREKERBRE B5TRAMHRL. ki, SN TRRESER
BIRT B4 Ti-B 7 H LiFePO,, LR LLRHEK-B Ti tASEHE RE R AN
HRREER 157.1mAg. B EERNEFREERAAFRILE,
DR AN E AR RNE, RAK-B T AN AGRENE KR
BEH 98.7%, FMBAREFEK 89.9%, TiEMSB Ti-FIHEBIKNA 67%.
B EEZFHHEE 0.2C FE T RBUR AR LAER. WTLIEZ], SR O



NR SR ERNY LO70, WG AR RRIRE

&afc) WRARKNES e, Bk a HEKEEERN 1205mAlg KA
B, 8% 49 A, BEERN 117.TmANg, BFEN 97.7%;: c PEXKEBAR
2 154.5mAl/g, fEFF 120 AR, MABEERNFRBEBEERY 92.1%. THRB
Ti MR ZETEER G+ A, BRFERT 32%. BKIEH TRAOB-BESENRE.

6.2 JRRIBR-BEK LiFePO, (b 3L BERITT AL
6.2.1 BAB-B Ik LiFePO, 53 H BT A
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B 28 EHIBR- B4k LiFePO, AR RS R TR H KB MA (ER) L RABNSE TR
R CHED (HP: a,0: 01C; b, b’: 0.2C; c,¢’: 05C; d,d’: 1.0C)
Fig. 28 Charge-discharge curves of C- Liy 9 Tip 01 FePO, composite at different rates (left) and the
corresponding cycle performances (right). (a, 2’: 0.1C; b, b’: 0.2C; ¢, ¢’: 0.5C; d, d”: 1.0C)

LA, ZBHRAEK-BE LiFePO, 7 0.1C. 0.2C, 0.5C YL & 1.0C f5%
FTHXARBRABLE. TUED, S4HE EBEF—IRETE, TRBEN
BEFSMT 3.53.6V 4, HEMENEEYEE 3334V EA, MEELRR
R TEE F7E LiFcPOJFePO, BRI B3N, 7EKMFEET (0.1C. 0.20) B
BEFERAER, MARFERARE, RATHRRERERTRBEBEFER D
A4, BEEABCAFEEREA, AR TFEHESHATFEBEZANEEES
BEEMA, HAT BRNIRLEE TR BEREMTmIEK. 15, HEERIR
AR O KR R KD, M 0.1C. 0.2C. 0.5C B 1.0C {78 K H
BESMA: 157.1mAh/g. 1545mAh/g, 141.7mAb/g. 129.4mAh/g. i HHBEF
FEETEXRABBREE, %h: 98.7%. 973% 90.9%. 85.1%, B WIHK
B3R B R E R AR I KT B BRI EEA RS T R R E %
fEl. TTLUED), SEFERBRBRHEAEREETRERTHREAELRE, £ 01C
BET, B 75 ASERER 96.5%, £ 02CEET, K 47 AGARER
96.2%, EOSCHE#ET, A% 13 AARHERE 96.0%, ME 1LOCHET, HHFS
BB RAERE 95.5%, B3 ERA P B EE RN, 7T LEEEEN
WX, PHERBNER. Hik, 538 LiFePO, BRI R¥FH, BRAKAER
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BeR%E 20V, AETUE, #5 be 23 A LETH3D
Fig. 29 Nyquist plots of C-Lig 3 Tip01FePO, electrode at different charge or discharge states. (a:
initial state; b: charged to 3.53V at 0.2C rate for 2h; c: full charge state 4.4V; d: discharged to
3.29V at 0.2C rate for 2h; e: discharged to 2.0V)

2945 i T IR A - B 4K LiFePO, IR F — R RRB L BPARRET
AR, THRBEEND Smv, HAAREHEEMN 100KHz 3| 10mHz,
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BT LERERERERBl, ZESRRBRELR, X4% 700 £F.
MEPERTLAEY, FHT&AX M ENEEE B RN TR BREZATERNL,
B ET, FRERLEERBEERENED, HARRLRES, BEHEK
R R MR,

FHHBERRAERTRETEN— N BRARNHE, EREBRREHN
R B G &IOS PR R R, BN RS RA, B
AU T FRCRBMAREITERITHE, FASRERTITRA.

CPE
R e A

A 30 AL LiFePO, BRI % 2 L 2 Hl
Fig. 30 Equivalent circuit model used for fitting the impedance spectra,

30 7, RihERIBEGL: R AMBFEEAME; WAXINE LA
i B A Warburg BHiT; CPE RIEMTTA, HARAERRAS AL BHN BN
RIEGERER. Zoypp =A(jo)™", n=1 8, RIHEEEE; =08, XN
A B

BN EARHHRRETEPRAEANBLFSH@E. b, o d. e XN 29 HFE)
Table 6 Impedance parameters of electrode materials at different states,
(a, b, ¢, d, e correspond to Fig. 29 respectively)

HRRY R, R, CPE (10°F) 1
a 7177 3432 3.4829 0.76234
b 7.033 323 3.6451 0.76894
c 6.802 323 10.714 0.70337
d 7126 3887 5.1664 0.74217
] 715 52.78 6.7868 0.71281

AEPHRETM, ERRBERD R ERKBERELX, BEFRPINE
ft: EAHTTHF CPE 25 n MBER AR EREEHAK, BELSRE 0.700.77
2, BT CPERRTNEZRAT gl TREMRE ERT n/hT 1.0; R
MEESRBUSRHEHXR, MERRMRT, HEBFRD, TRHLE
EFHRR, JEFHEK, RATEREN, SHEEHHT LR ERER,
HRN S B A R A 2 i 1 K12,

Myung*MEFIAZ RBRGLEBH AR, NATENKXFEMHET Li'EA
B YT BR
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Fig. 31 Nyquist plots of electrode before charged.
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ERR L HB NG R T EIE.
6.3 SEHBRIEN R ALt R MR

Bt AR R 4 R B4, 7EHIE LiFePO, TER, MAZREBERETNY
TERBRIE, BInCARE AR RIL R, SRS, BRMIRRBREBRES
1, REEBSENBRAE, FIENERNK-BAN LiFePO, AEFEFMNE
LR, ATHERTERIEARE, 58 Ti 46&%, 7 750°C T/AH, #
#T—RFEK-BLN LiFePO, IR, BEirERMHIMAR GLIXKARN
BNFHENME RN —3), XEAR T MBRE, ML dbedtitir
THEH.

B 32 4t 7 DR PE B LiFePO, 43 HITE 0.1C. 0.2C. 0.5C TRBAKNHE IR
FERCE SRR PERR 2R, IR PR REARN Ti B &, REAXHA:
a: LiFePO4/C; b: Lig e TigoFePO,/C; ¢: Lip9sTip 0oFePO4/C; d: Lip.o7Tin03FePO4/C.
MR, EREETRRAE (010 F, HFMEHEXEEERRTRAM
£, H%: 1483mAl/g. 148.5mAh/g. 146.5mAh/g. 147.4mAh/g, B KA
BAEFNAN: 90.1% 952% 92.7%. 93.2%, TEH 40 AE BRI M A

o
2,
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Al 32 ARkBRBABK LiFePO, EARFEE TR EMER (1: 0.1C; 3: 0.2C; 5:
0.5C) PARARREMSE T RIEERERER (2: 0.1C; 4: 0.2C; 6: 0.5C). HF: a,a%: HiBH
BAO0; bb: BREHN1%: c,c’: BREH2%: d,4: BFREH 3%.

Fig. 32 Charge-discharge curves of Ti- doped LiFePO,/C composites with different Ti- contents at

different rates (left) and the corresponding cycle performances (right).
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DREMTS%, SEGE. BR_A%ATERY, B4R E
LiFePO, # EX BT R, B, RAK-BRALAM T LS. BAK
KIFT B R L Z e AR, SdmSREE, BRABHEEE, FEMAEMLE.
AR TRENMEE R Y. @i XRD S48, SRHEMHEARS
#I81 LiFePO, 7E 650°C LL L HR4 R BT LB B, BT pmnb 2 8)8¥; 1E 750°C
T &R R B R E R, FIER 750°C hRIENBEERE. B35,
LREREY, BOREE D SRR ERRY FALE T BHENHHR
AR B2,

BRI MA R PR R A R AW . 23T BE. BZ%B
B, BERE ABRE S % T LiFePOy. TEM MR FHEATMEET —EHOH
K. B EFRE. AR R, FHYAREF &K LiFePOyC &+
FHBELEREFTZREIRENBREME, REUERIEE, &£
2.0-4.5V X [R] L 0.1C ZE/f ., HE M8 AW LI 3] 148mAb/g AR, T 0.5C
M, HEARN 125mAlg, TEF 75 A, ABEZ 130mAlg, RN
TEHME R TR EEE.

BRAT T ERITEABEY, ERBREITERX LiFePO, TRV,
Hl& TR LigeoMooiFePOs (M AB 7T E) MIMTE, B HMIIN B2
LiFePO, 1M S EHT T HiE, RABEMEHESEEABRN LiFePO, RS
BEH 12 MR BRAMRE, BLEHENEFHIEENE. Bk, 55EAK
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MBRAFEARENTE, EHRGIETEPLZRELNRE, XIMABRDH &
HT=+EFHBNR-B AR LiFePO,. RIEXMELERE, KIABAKR-BR
B R, BAARBBARABMEEX, Bt RLB
FHEARXEERRE. FAMBNALEHBEEBRALERX, K, B
Ti TRFMEREBIT KIS, & 01CT, TUAE 157TmANg HA R,
YIARRERN 93.4%;: 7£0.2C T, HKNEFRIE 154.5mAl/g, T83F 120 B3
PAE, ZRERFVHERMN 92%: 7 0.5C T, HRBEFREA 140mAh/g, EFF
80 A5, HEERARA 122mAl/g: # 1.0CF, BRKHEBEZERET 130mAb/g.

CURRIBR-B Ti AR, #TTH-PHHA. SHRLRIK. 248 Ti
PABCRFIERS Ti ZFhHEM, JEI SEM RIUB M2 LUE M R B K/ Y5,
S50 IR B BN TF-BL, W LAHI-& B B4R 4 100-200nm Y FIRATH . i 7R
BREZFHWR, T EERTHRRY HRYE, BREETFARNEMESPHN
ERTHAKAN 3.66x10" cm’s, FERAK-B TI M HHEL R
2.34x10%m?%/s, ITiT R T4 LiFePO, 7 1.8x10™ cm¥/s. BL5h, LAMTHERR HBKHR
HETREBRS TiMH, HHATAR T BRESHHRLEEENEH. B
BRBEERBHM TSR EABRRBRBER, BRRDRMERLEERE
i, LIRS, MR e E S AR NI, AR
5B MR EE B & HAF R EE BRI LiFePO, BiEHE .
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FIE HOERIEHE LiFePO/C B 51K
WA
£ 57

SRR P& LiFePOy BFER M (ERELNEREBREL).
BRHABFoMELERH, FARMEENFLELEPERLESZ, TER
BB, XRAHETEWRTRERM, LRIV ER.
HAFEZRERRN N, EEHLEN=MENEH, Bl TERERN ik
% LiFePOy, 3FEUAT Bith. BarkerdZ ¥ %Ll Fey0s. LiHPOs N X EBHH,
PARK 3 R AR BE, SE B BGE RIEE B T 650°C RIS T RIh & R T 443
LiFePO, F1i5 8 1) LiFePO, BLiR41 K, FEBEMMHBOR AR LLAS
156mAh/g. Mi?% L FePO,-4H,0 X %%, 5 LIOWH,0 BEWSE, MA—E
BRERE. ERSSEAT 500-800°C &7 10 i, BREBIE. EHIAN,
fERL IR, BRBARERNEEERLTEERANER. BRKHEE
0.1C R TR HBEARL 164mAl/g, 0.5C FE T4 150mAh/g. Liaol 14 LIRS
BABHE, BRAERN, BMEHEE, EHEIKE, SRERE 24 M,
REHE 600°C TR 30 474h, REMEAMEE 10C FETHEAFREE
138mAh/g, 5.0C {5 FiBAR% 109mAl/g. Kim™4 ARANKEE (M)
&R, UZREBIER Fe,05, FIAMNEEHEE C20 BETHRBEEHT
160mAh/g IR E. RIFES L Fe,0, K8k, IEMMBIR, XML RS
& T BB LiFePOy, 7E 15mA/g MAEEEE T HRREERET 162mAh/g.
I8 F#0E [R B35 &t BE 1K B 49 LiFePOW/C R A MBI, K LiFePO, TokAibAE
FERET —EM. RN,

RATEALL Fer05. FePO, BRI =M NEH, HHEREHEL IR E
F, B HERN T, #l&BEKEY LiFePO,, iiif XRD. SEM. TEM.
FTIR. Raman, CV LA RFMEBLHA T XEMBHEH. BLEHE%. UT
PO F R A 4 Pk R & BB E N E B R .
3Fe,0, + 6LiOH - H,0 + 6NH H,PO, + C,H,,0, —
6LiFePO, +3CO +9C + 29H,0 + 6NH , (1)

Fe,0, + Fe +3NH H,PO, +3LiOH - H,0 — 3LiFePO, +3NH; +9H,0 (2)
6FePO, +Co,H,0,, +6LiOH - H,0 — 6LiFePO, +3C0 +20H,0+9C  (3)
2FePO, + Fe +3LiOH - H,0 + NH ,H,PO, —» 3LiFePO, + NH, +6H,0 (4)
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BV AEREHE LiFePOJC REH BB LR
2.1 WEH LiFePO, #E R H %

KREVPLHARPREFER, BEFEXPRHTBIEHRIE A FEH
. HPUBEENERANRNE (1) f1 (3) F, BT RFE 30%, WiffHE
FEERAERAGRE (2) 5 (4 P, UHERR 5%HEREFDEREADKE.
HAMRMEMEERRHTERE, HEA 450pm, 3KE 6 at. RELFS,
FRTARAE, REHTROBEHERAEMRP, £ Ars5%H; HIREAR
T 400°C b3 5 i, AHZERE, BRNGHHERER, REEHRKAN
THEEMBET (650-850°C) &3 15h, BIW[#3ZE] LiFePOJ/C H &M K. P=4wt
Bt 300 HiFF, BT TFREBPHERFHH.

2.2 HlE=HRHERIR

3% H Perkin Elmer DTA7 1 Perkin Elmer TGA7 {88 3118 & Ja 01 B AT L 1T
EMEHDHT. € Bruker D8 B! X HEATH I FRI&H T Bl& M= PitT4H
s, BEAHEE (CuKa). HIEBRMIR=YMREEL T MER
Philips X130 H4334#% s 850 Japan JEOL JEM 2011 RiEH Bk M. $1&%83
I LiFePOy/C BB BIRMMEHIK A Nicolet 360 ZUE i 2B E 4151 i (U
;M Dilor /] LabRam-1B & 8 ¥ i {478l €.

& 11 LiFePOy/C H &4 e i itk B R BT CR2016 B2 itk st T W
R, ERMEARR: BEYR: SR BERNRRTI N 80: 15: 5,
EUHYRNAERND 20mg, ARMEIER, BBEER Celgard AR LK
Celgard2300 KN, MR TRAR Fero AR MEH IM LiFP BN 1:
1/ EC I DMC BRAHVEHE. XREMEEFERTAXKN, BTN
HORFARSH IB04-1 WERENN. R EBRED N E B L
EHEHARHET, REEEE R 2.0-4.5V, FREEN 23°C £H. HEKTER
REFUHALZRARAMARFHERA = RERRER, TERRARRTR
i, EHYRE amg, MBS HARRSXERR.

=N U Fe O3 HECIR. BERNIERHB & S MR

Fe:0; HIEERRFIF RN 5 RMEMF, KRREGTEX (1, FTHEHF
AR T RN TZ 2R RS & PE .

3Fe,0, +6LiOH - H,0 + 6NH H,PO, +C,H,,0,, —+

6LiFePO, +3CO +9C +29H ,0 + 6NH, (1
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3.1 #abr

A 1 BRRMNEMHETRERSHNENHRMTE (TGA-DTA). M TGA
W& AU EEAMHRMRELRE, AERE 155°CHEEREHRTERBK
IR, TR 2 L& LiOH-H,0 4 Kk %, M 155 3 400°C IR B XN
FHIER. NILHPO, 1 LIOH H4 3R, BEET 400°C UEEREFTHR
k. 75 DTA #iZE ERTLLE BT ME, 78 120°C R 206°C P AME Hudexd Y
EERMFHAMRERR AT, 7 220°C RIS T 8 2 8 A RS,
%t Fe,05 KRR R R, TZE 470°C RIS PEXT e LiFePO, B4 RIE, HRIIH
BHSI& L AERT 470°C BE F#T, AXEFETE 650, 700, 750, 850°C
Tl &EFH, HBATTHHA.

Weight / %
o

_ 3

w v ] ¥ ¥ ¥
0 150 300 450 600
Temperature/ C
B 1 REDHHREEHFH TCGA-DIA B
Fig. 1 TGA-DTA curves of mixed raw materials.

3.2 R R X AR BRI

321 RNBEN RESGHUERELRNEW

25 TARBE FHI&M~WH XRD B. TTUESH, O MEETH
BB BT M E M, REVWEMBAREHE, THEEXT XA
Fe,0s 1EHHE, MHAERNFE LiFcPOJ/C BAEMBMTH. dTRE
TI0°C A FEARAER A, N\E LEH, £K T HEE Fhi& 1 T LiFePO,,
RHATRER (1) BEREHMOARBLBEIMOK, 0N ZEERL®E>E
MiEtE. RESSHERSHER, FRENNMATS SN, RHKEZLEH
B FBULERRERE. HAME AR LR TS @ aEMEREHR T
SHEMEL. H5h A XRD BT ERINARRETHEMENRESH

) T
750 900



HE SRR ERNY LOTO M AR NRAL

ER P45,
8 ® -1
: 8T o§
§ °.a-s 8 E?—sgg"

3026 / (fggree "] 50
B 2 FEIRE T #&M~490 XRD Al (a: 650; b: 700; c: 750; d: 850°C)
Fig. 2. XRD patterns of samples prepared at different temperatures
#£1 FRBETHEHHNERSHK

Table 1 Lattice parameters of samples prepared at different temperatures.

%15 A s (B b(A) cA vl
(«C)
650 6.002 10.285 4.720 291,368
700 6.002 10,302 4.709 291.170
750 6.002 10.302 4.709 291.170
850 5.909 10.243 4.716 289.788
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B3 FREBETHERFE R SEM Bl (a: 650; b: 700; c: 750; d: 850°C)
Fig. 3 SEM images of LiFePO,/C composites calcined at different temperatures.

ME1FTUFE, HHAOBNEEENERSEE—ENEW, a. b, M
BERREZ L ERHBAFRRLES. ER SR AHREE RSN =4
/Mo

B 3 ZIMEETHABINEAMER SEM B R, BEHEEENHER, &
VTR MR ZNA, HHARASEA™E. 7 650°C TH|& M I SHEBR
AN, BMBSBERBEER. T 700°C T #4808 SH B BRAEN 855,
HEMHPBRIOFERERR TERKNSSER . T7E 750°C 1 850°C T &
WHERERANERER, HOTE.

322 REEEXNHEBRAFEENER

3221 EHRRE

= * Po:otzntial / Vvs. Ll’al'ls.l * .
4 AFIE S %M LiFePOJ/C A HEMEHFREZE (0.1mV/)
Fig. 4 CV curves of LiFePO,/C composites prepared at different temperatures.

AN EE T H &M ESHEREFRZEER 4 Pad. NETTLUEH,
SHMESE AT RGN, MAH Lt RAR Fo/Fe f—xt 21t
B, EXRR, BT EMBRET. AREET $I& KR e B i 2 AR,
750°C THIZME A HRARKMEERR, HIKZ 700°C K& HHE, HE
LR PRIR 850°C THIZMEEHE. H AR EM 5ERESMHFTA
Fl, ARz BEZEERDEAT BRI D, TEURM, 700°C TH&
MR EHELRER/MRAE, RN T RN, W 650°C THEMEAH
HRALEE R 2GR, BRERKHHRE.
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FRBETHENESHEE 01C BETHERTRMLER 5 £EP
Bl NEAXEBENRBHE LFTUEH —ABREFES, MET Li'E
LiFePOy/FePO, B IR A FI % H .

/)

doo
P a:mrmq W w e EEEF XXX L L
5 TRBE THENRAHBE CICHBETHRERBME (Z) URMBHERE ()
(a,a’: 650; b, b’z 700; c,c’: 750; d,d’: 850°C)
Fig. 5 Charge-discharge curves of LiFePO,/C composites calcined at different temperatures (left)
and cycle performances (right). (a,2’s 650; b,b: 700: c,¢’s 7505 d,d’: 850°C)
HEEONMAE FHENEAMHE 0.1C FETHEARERHZE. Tl
Fill, # 650°C M 700°C T Bl &M S M AR BIFMIEFFHERE, T 700°CF
HEOMHAAERNAR, KEKRAEERAR 144.5mAb/g, ERHAER 4
)G, A B KR 149mAb/g, TEEFE 190 /&6, R ER DA N 149.2mAl/g,
RAHREFMBHRBEHE. 850°C THIZHNEAHMHEXRKNBERY
125. ImAh/g, MAERNABBERKZE 104.8mAb/g, HKTHiE 16.2%. Hit,
FIERiEMH % LiFePOy/C A PR TR EEH 700°C.

33700°C THIZMEEMEERNE—STR

331 A ENE AW RLEERNER

BT EERGETEPY AR L, Bk, FEiPePENHEEMHSHKN
HH B ZHRERAEN, AEHEREX (1) PiEMHEREEN100%,
SHHFRT 95%. 100%-. 105%. 10%HIERFEHM—RAEAHH, Hihixe
FHEHRY AL R RRSHAT T XY LB L.

3311 FEHRRE

BTRHENE#AEEHBE0InV/SHETHERREZE. NEFTLE
W, S&ME ERE BB RGN, MR LB 0T Fe® Fe™ 3T 1
FULER R, MR, Balti g, AR fiEERBOA R AE,
100%H BRERFIAMESHERERANEE AR, HKZIS%ITHEHIEN
HE, BERREDIYEI0%TEHENEESHE. g A S5 R
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BAHFFAR, TTUAR, 100%iHBEHENEEHRAFTRDOEME, KA
HT RDARBALE, W05% T REENISHHMBRAZHERR, RERKH

Bit. ATLLEN, EMEGIEIES, REEATCHRR, BRIEHT
W, WHTEMARA.

15

]

1.0

Current/ mA
g

B B = w2

Potential / V vs. LI*/LI

Be FREAEMEAHMBZEImVEEE FRFH R EHE
(a: 95%: b: 100%; c: 105%:; d: 110%)

Fig. 6 CV curves of LiFePO,/C composites with different initial lithium contents at the scan rate

of 0.1mV/s (a: 95%; b: 1009%; ¢: 105%: d: 110%) .
33.1.2 FBCREERE

gl . ﬂ*w
> 1"

% o~

) D V| T 'l

/ mihg’ Oycie number
K7 AREARNHESHEELICTRE RFME IS () LEBHERR (B)

(a,2’: 95%:; b,b’: 100%; c,c’: 105%; d,d’: 110%)
Fig.7 Charge-discharge curves of LiFePO,/C composites with different initial lithitum contents (1)
and corresponding cycle performances (r). (a,a’: 95%; b, b’: 100%:; c,¢”: 105%; d,d’: 110%)
METATLLE HE R A B0 SR it sR R Ew. 5B 100%1H)
BRBAERFNBMZLRE, HRRHERR, BRERRT, HEMNaR
BHEEPMHRL. Bk, QTHAKILFPOJCEAHEREKBRER (1) F

-88-



HR SR ERHR LOPOMEA KRR

it R, FE700°CTHEMEEHE.
332 B RGHT R
3.32.1TEM

8700°C FBI&# LiFePO/C H AR K TEM B A

Fig. 8 TEM of LiFePO,/C composite prepared at 700°C.
8 REAHEEK TEM B, TTLUEBIf LiFePO, B R EMER A RIL
HE, BEARYS, KATE 2-10nm. RKEFEAK, THSEREETER
BHEPREB, Bt aEes. CRERERGHE, MET

FEPHREESRY 8.76 wt.%.
3.3.2.2 FTIR F! Raman X3} £ 3 B3
FTIR Parmen

I R I P L X I I K.
Wavernarber / ot ‘Wivernamber / omi

9 HAF KN FTIR #E () BURZE 1100-1800cm™ X A A5 Hr 8 kW (B)
Fig. 9 FTIR spectra of LiFePQ,/C composite (left) and Raman spectra between 1100 and
1800cm™ (right)
WA 9 &b A B FR, 76 1140cm™-940cm™ X (@] F932M KAIZE 650cm™-540cm™
EIR R, WNE POS AR EEA B HAIE . B4%: 1138cm?
MEIERET PO, MM REIER. 1097cm™ M 1054cm™ 75 &b BRI I £ 1 i
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HRT v 3(POy), B PO H1 R X BRI 45 5 - LiFePOy i1 v 1 (PO HELTF 970cm™s
649cm™. 638cm™; v (PO, HBLF 579cm™; v (PO HBLTF 552cm™ A 470cm™,
55, 50lem™ L8 H KR PO BIERSKE, F-AHRZE 1100-1800cm™ &
P49 Raman Y57 E 9 PHAEA N, 7 1300cm™ § 1592cm™ 4 £H —i%iE,
SHMNELFEENEK (D) AAGBAMEK (G). FLEMEREZH /s 1
REBRTALEE, ZILESED, BOARAEERR, FRESRR. KNE
BUAERSAEMBEREX, BESH, ARAEERSHE. Bilit881H%E
VRN I/l R 1.96, BTE=EZNWPERNME 1.44, K TZE 700°C &
RBRET, BEERIROEBAREET 750°C TRARKMA BLEE.
333 wibFHEARRBI

333.1 EHRE
40
44
28
24 an
g g=
'é‘* 0]
3
o 15
o2
1.04
R a2 a a e ® ' ' ' '
Potertial /V v LI o ® o e w

E10 HAMEARSE FHEFRERE () (AA@: 0.1, 0.2, 0.3, 0.4, 0.5, 1.0mV/s)
A v VX REE R)
Fig. 10 CV curves of LiFePQ,/C composite at different scan rates (left) (from inner to outer: 0.1,
0.2, 0.3, 0.4, 0.5, 1.0mV/s) and the relationship between Ip- v *Z (right).
B10EBRESHMEARARTHERREZE. FTLLEE, BELHEERN
WK, BAEREME B R BEEZ MK, I B S5iE R [/ EE
HA, HRRE, BEREMAER, HRIORATAR. SMNEEN, BiEd
ERERACAER B AL ) # AL 5, LR (5 R A B 3h . R E T LA R,
ARARTREERREHFT N 2LEXR, #T R EERLE
. CHgBERA (1) HEEH=4Z—KF (v {8, WEI0EE, HE
PREXHNMBSRERHEMERXR, BRE THEPBRERNE ST BE
FlH. EELHE, EETAEEZREAMBPHENY B R H4.94x10cms.
3332 R BERE
ALt EER LiFePO/CHEAMEAE0LC, 0.2C, 0.5CHEET HKMFHA
sk, fERBMEAR Mg LRTUEE - BEFE, 0.2CHRETEHE
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FIETFOICHIRBEAHBE, A T02CHEET M AR, HRNRIER.1CH
K, MOSCEETHREFSUERS, KB TFERERK, EHTHEOSCHEE
THERFREANRL. EAMETEIC, 02C, 0OSCTHKRBBEARS N
144.5mAb/g. 135mAh/g. 119.4mAl/g. O.ICFIERZH4R)E, HBEARIEXE
149mAb/g, TREFZE190RAR, BAZFRIAGLFFEL149.2mANg; 02CTFEHESR
TR, BB AR INE140.1mAN/g, TEFFRE248FAR, TREBEAR{IA H141.3mAb/g,
HAMBRAHNTRROBH BT, MSABCBEEREKF0.5CH, EMIFGT
37H, MEEREHMER AHE132.2mANg, FEEENMED, Fe0AN, KBEE
B Z1259mAl/g, EHARKEXKKBERR6.SmANg. HILTTLIEL, %86
HHBEEERBREENMK, HEAFBRTEREN, AR BEHTE, TS
EHER &AM ERSOEZURERNKEEEFSSSREST XK.

¢ be
I'z’-'b'mh;&.b'ﬁ-% - &Mg o m
E11 LiFePO/CRAMBERRBE THERABEK (L) REFHEEER (B)
(a,2’: 0.1C; b,b: 0.2C; c,c”: 0.5C)
Fig. 11 Charge-discharge curves of LiFePO/C composite at different rates (left) and the
corresponding cycle performances (right). (a,a’: 0.1C; b,b’: 0.2C; ¢, ¢’s 0.5C)

ST LA Fe, 05 BRI, BB FH Bl & B S H0R R T

KERMK (2), KEGHRIEKREREE, SRARLTREK 100%. 55t
R A B SwiBHUH LT R A RER 1 DB R .
Fe,0, + Fe +3NH H,PO, +3LiOH - H,0 — 3LiFePO, +3NH, +9H,0 (2)

4.1 #HHT

A 12 B RMEHHSERBREHYEARIIE (TGA-DTA). 7 TGA
gk LA UE R =AM HEMAEITE: TH8-53°C. 114°C-156°C 1 172°C-328°C.
#iiw T RE: ZR-50°C ZRAMERRAARBTREEMEHHREHANMKA
LM, 114°C156°C BB TRE FEMEPRHHAS U RAELEPLERHK
I KGR, 7 172°C -328°C MR EX AR T NHHPO,. LiOH FAERK
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Fig, 12 TGA-DTA curves of mixed raw materials,

4.2 HEMERESHES
4.2.1 XRD #}5%¢
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5 2 2 3 35
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H 13 FRAKRR (2) 700°C T &+ E# XRD
Fig. 13 XRD pattern of the sample prepared at 700°C,
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MEFRENRATEHHRMAEEF LR . ALTUAY, REBESHETE
MNEUHERAEEEERANEN. B E RS EEIME NSRS S
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Fig. 14 SEM (left) and TEM (right) images of LiFePO,/C composite.

B 14 PAHTEAHE K SEM 1 TEM E. )\ SEM FHLUFH, HEM
W ERHWERG, KEKXMY 150om 6, BREXLAN 80nm 4, I HFRIL
8, FHENRNRNKERE—E, BEAEAXGRMBARE. TEM Bi
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MK 1nm KA, TEEBRKOBFEET Sim. REEERYS, T
L—ERENEHER TR HRARY, S$#HEsHE 8 sEEEE
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4.2.3 FTIR 1 Raman )t i
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i#, BfLAF BZE1300cm ™ M1593em™ AL & H —ilkig, FHMNEMEPTFEE

B (D) FRBLAKEK (6), BEHERANEESHTENLIELTS, BhE
L2 R LL B

g i
E
AL
8 2 J\ /3
> B%”
- 200 00 1d/mm_, 120 W0 0 1RO 1600 ﬁﬁlr?a;‘,‘llﬂ o 1w

15 SAMEK FTIR 8 (Z) LLRTE 1100-1800em™ K K1 8 Ji4M ()
Fig. 15 FTIR spectra of LiFePQ,/C composite (left) and Raman spectra between 1100 and

1800cm™ (right)
4.3 &R L AR A
43.1 EARRE
0.3
Istcycie
0.4
-g o,o.{
3

28 3.0 32 34 a6 38 40
Potential / V vs. Li'/L

B 16 EAPEE 0.1mV/s FHE T 57 = A1EFFR T2 22 )

Fig. 16 First three cycles CV curves of LiFePO,/C composite at scan rate of 0.1mV/s.

B 16 & T ZESHEIE 01mV/s SE TR ABRREZ L, NEF
AL REI—XMENERENTE. AE—AK CV & LTI, S
ERABK, FHERRE, FRERZMIN, TAEZATS, wEBREX,
FULETRIRE, BREAXTF, BT BRNEE R ERF T E— S
2. FETLEES, EEFTZANEMEREREELFRESE,
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H 024V XFH, MBEET LiFePO, REBTIVEZBAMAETIHE,
024V MR Z R AL H A S H ZE SRR A RIFMEh 2 apl,
43.2 FIR R

=

Ak

/

-

E. B ¢ ¢

3

L |
g s b

O D © b P WD W W ) 3 5 @ @ M T e W W w0
Capackty/ méhg Cycle resrioer
17 LiFePO/CEAMEIHER AAR FOERRM B BL (£) REHFEErE &)
(g,a%: 0.1C; b,b": 0.2C)

Fig. 17 Charge-discharge curves of LiFePO,/C composite at different rates (left) and the

corresponding cycle performances (right). (a,a’: 0.1C; b,b’: 0.2C)

B17H4 8T LiFePO/CH AMEIE0.IC, 02CHEE T B IKIMFE Itk Ll
EHNERTHERERE. ERAMEAHAEE I BEEE —IMRETFS,
0.2CHIH A& BRI TO.ICKII S HE, MARFERERT0.ICHEE
THRBFEemE, KHTOCHET KB, BEMELEFRNX. E4H
B7E0.1C. 02CHEETHKBAEERSSN: 138.3mAh/g. 129.5mAh/g. 0.1CF
BHAEFESARE, BHEAEENABN42.4mAg, TEIFE0185, HEERTHRE
FFEE1422mANg: 02C TR E 40, MARRNME R K {H141.8mAb/g, R
ERAEREHERL HBHRZ170AH, BABZEIARN1262mAlg, R
BARMNIS%, KRB THRAMNBEHIEELE. dUTLEY, ZEAMEHEE
RN AFRAYK, RRERE/D, HABRFBEHEE, THEdTFZTEH
AU HSENRERBEEHTHERLMAE, URERKNKEREEENAKS
EFEERH.

FHA UL FePO, R BERIVERAGE L SHREITT

KR RN, (3), FRIGHREFIRNEE, SRR AHER 100%, B
& 30wt.%.
6FePO, +C,,H,,0,, + 6LiOH - H,0 —» 6LiFePO, +3C0O +20H,0+9C  (3)

5.1 #atr

Voltage / V
[
Capacity / mAhg™
2.8 & 8 8 & B
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B 18 AW SH RN R EH TGA-DTA Bi%
Fig. 18 TGA-DTA curves of mixed raw materials,
REBEHHETRERSHIER#RSHTE (TGA-DTA) ZE 184 M.

TGA MZ LW UFH=AHEMKRETE: FHE-112°C. 138 °C-193°C A
195°C-380°C. i TFIHA: FiE-112°C Z2 AN EEREXRE O TREEHE D
REAN. BEEMEPREHKSUREEHETERKAREERD,
138°C-193°C 2 EIR4RE R ER H T LiFePO,4H,0 4 MKMIREERM, 7
195°C -380°C W LR B 18 R EX A & th T LiOH FIRER A2 A IE A . TU7E DTA
£k L AT LLE BIRLTF 201.2°C F1 448°C RN B HGWEH I, 7F 201.2°C &
BB SR B T IEE O MRS HE UL R FePO, IR BESIHBHT, 448°C LRI
MR #E LiFePO, 4. Hik, LiFePO,MA&RBELHHT 448°C. EE4¥=
THERGR, RITENT 700°C A BALHEBE, HXH&AMEMET H—F
fITERERT AL

5.2 HlEMERSHES

5.2.1 XRD B 5

19 REFRP (3) $I&MFEKH XRD FHi%. TUEITWREREREF
AV ERME, BT pnb ZREIF. X T RA FePO fEL MK, M
AR R ARG & LiFePO/C REMHM T, Aifi, FEAZEXRD B LE
BT LisPOs (BAKERIH) F1 FePO, (LA v izHY) ZFEMALE, HBTEMES
=B R2BER, BRT K. dkiTa, REBESHE TSN =Y
MERAEFAERKAEN. EdHELRSEEIMEN SRS E>FH:
a=6.005A, b=10.274A, c=4.734A, V=292.066A°.
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111(121)
121(200)
131

B 40 45 50
19 FRARERX (3) 700°C FH&HE A XRD B
Fig. 19 XRD pattern of the sample prepared at 700°C.
5.2.2 SEM fil TEM Bf 5%

Fig. 20 SEM (left) and TEM (right) images of LiFePO,/C composite.

HEFEH SEM M TEM B EE 20 h25H. M SEM HaJLLEH, HE
S SRR RIRL, KXY 2000m £5, REXLAN 100nm £5,
EEBMRBSEHRE, TUREIHERARSRRENHEA, BEEMREEE
REOBERE, I LXBARHS HBR L RSB AP B RE—#2. TEM
MK LT RLE B LiFePO, BRMRBASE T —BEKR, BEFRR4EE, HA
BEGARYES, REMLKAN Iom £5, TEEBRXMBIAE 4-5nm. B
BRBAEE. BRSNS, FAURSEWAEETEERME S RBARSY,
BET RS T B R LT A .
523 FTIR #il Raman )i

ME2FFTIRA B TR, & LUE BI7E1140cm™-940cm ™ (X (8] M TR R ke F7E
650cm™-540cm’ (B FRBM, B TFPOS WA SRR EE M AN R K. Bt



FE ¥ 22 TF S

S8 PFTIREE X H, TR B4 Bl S ieni B2 Es
HEM, Eik, BE21FTIREEPREN 5iEas/mERSERFHRMNER,
BI1138cm™ b A HE L B FPOAIH 45 IR E R . 1097cm™ A11053cm™ B i%
HE T PO R X FRBAEIRE) . LiFePOLMI v, (PO B F9I7lem™, 650cm™.
638cm™; v (PO HELT579cm™; 551em™ M471cm KB MR T v 2(PO,).
503cm™ 4t B FPO KM g, B2 HRamam K EREREAHHE
1100-1800cm ' 7 F A3 Y Raman i, BT BLE BIFE1312cm™ F11590cm 4k % 5 —i
¥, SRIXEEHEHERLERSNE (D) A5 BAHEK (6), BiditHAH%
HEMENIIRELSS, MRS BAEE LBIE.

- o wgmuﬂk Weverurmber / omi’
B 21 H&HE K FTIR &8 (F) BLEE 1100-1800cm™ X BRH 8% (H)

Fig. 21 FTIR spectra of LiFePO,/C composite (left) and Raman specira between 1100 and

1800cm™ (right)
5.3 BlE MR L H AR5
53.1 fFEHRRE
1.2
03-
g o 1st cycle
£ 00-
G
0.8
121 _

28 30 32 34 38 38 40
Potential / V vs. Li'/U
B 22 SAHELE 0.1mVs HE T ZANBEFR 2L E

Fig. 22 First three cycles CV curves of LiFePO,/C composite at the scan rate of 0.1mV/s.
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& 22 43 Ti% LiFePOJ/C HAMHEE 0.1mV/s HE T (8T = AEHFR & dl
%, NEPATLAZER —NELERERFE. NE—RMK CV & LTLE
B, FAREBRRIE, FERENHRIERE, BRAEZAFTR, EERAN
K, BABRTRHRE, BRELTR, WA T BEMAEESSERFIBH—
EE R, RINETRM, E/EFS A= BE LT 5 A2 L FEG
HAZ, HAH0BVESR, HWE—RARAPTIE 001V, REBZESHEHIER
BRAT R EFRIEL A # A, I LREE 1R RAT AR R AL E BT E B (R
FFiaE.
53.2 RBEeR

e "%‘:ﬂ o
\:u_/“ .._'1
i/ \ E

ora-aanumus ,;,;,.'.o;.&.m,;.,;,;,m
23 mePOJcEAﬂﬂE$ﬁfE$Fmﬁ&ﬁwma (%) REHEREE B)
(a,#’: 0.1C; b,bs 02C)
Fig. 23 Charge-discharge curves of LiFePO,/C composite at different rates (left) and the
corresponding cycle performances (right). {a,a’: 0.1C; b,b’: 0.2C)
B23F 4L T LiFePOJCEAMBECIC, 02CHEE T H KK TR thk L
EHNBERTARIEER. EREhENBRhE L BFER - RETER,
X B B B T 2 LiFePOS/FePO B M AT 1, 0.2CHE 2 A 78 7 e 2% LL0.1CHF
ETHRBBHERORBFSHEER, RAFPEHLER, HHETO2CHEETRM
i, HRPEERK. HEMEE0IC, 02CHETHRREARS M-
142.1mAb/g. 137.1mAh/g. AT, ZLiFePOYCR A E MBI SRiA Y
BEMEE YRR, BEBEHRRHET, BEFRYPLAN T S EY, #£0.1C
HERT, BZAMBRAERMEE1399mANg, HEKEREEIIMANSES,
EIFR105ALLE, BMAAR MK 140mAl/g, BHZE2008, HAXENA
GEFFr141.2mANg: FO0.2CTF B2AMAERR/DPF135.4mAh/g, EHE 13440
AR B/MEY126.6mAl/g, RERBARARER, HIFE20085,
HEARN129.8mAg, BIGHABEERKNI%. B2, HHAHEEIE KK
BAARTEMIFAETREKRN, TTREGTEAHEPEHEFPONR, &
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BN, MAEET, FEXKRBRFREX, RUERTROEFIEPE
AR, AMSBONRE BT, BREBHEN, XEMHTRLERK
HiEt, ALRAEBETHRLBA, XESHENHAEEBSHMA. it
REFESEMATEMBE )y, RIAMBHFRYEE, BRETYNERRLENE
THE R ET .

AT LLFePO, WEIR. SR MEFREMBIEZ SRR

KEERNA (4, RIGTBELEHRERME, SRERNIEN 100%, 5,
BB E BA Swr.oBUH N R & A0 RERE1E b Bk IR .
2FePO, + Fe +3LiOH - H,0 + NH ,H,PO, — 3LiFePO, + NH, + 6H,0 (4)

6.1 #HT

447°C -4

Weight/ %
2883
»

0,/ IV

° 20 Té“r"ﬁperatur??“c
24 BEHENRREE TGA-DTA i
Fig. 24 TGA-DTA curves of mixed raw materials.

RIE, (4) #RHE 2 RERE S RER#HSTE (TGA-DTA) 7EH 24
Bt 75 TGA HIZ EATUEB =AM EMRELR: ZEE-90°C. 136°C-168°C
1 168°C-338°C. MW TFHE: FiR-92°C ZRIMWERRER B TRERHH
FREANE. BEEMEPREFKSREERN, 136°C-168°C Z RMREK
E R i T LiOH-H,0 M LiFePO44H,0 45 BAKHI K EE /M, 7E 168°C -338°C
RLLBZER KR EX AR BT LIOH. NHH.PO, RIFEBE KGRI, THE DTA
fhek ERETLLF BT 447°C B EMBHE LI, BITHANIX R FEF
LiFePO, )%, HiL, LiFePO, & BiRE LA T M47°C. HEAWHTHELR
Z8, RATERT 700°C HBA LB, J3H &RAHEET Bt—5 MtEREDT
R
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6.2 HlEMBHIZEHER
6.2.1 XRD BF9L

121(200)
1

111(021)

%_m
1
%’Eﬂl 22
<202

Wi

230/ degresg
25 HFRARBR (3) 700°C THl&+ £ M XRD B
Fig. 25 XRD pattern of the sample prepared at 700°C,

B2 REGRN (4 FIEHEEHEN XRD Bi%. WLEH~YEAE
BFRE MR A AR, BT pmnb ZEE. IEELT EH FePO, fE4 B E,
I R B8y o 3 [ 7RI A0 R Y BRIR 4% LiFePO/C B &KW ITHE. R, FEad
7E XRD B ERBLT LisPOy (BA#BEHI). FePO; (LA v#5H1). FesP (BA x 51D
AR KM (Ulotsil) HIRERENEE, BHTRMEPH=NMERERL
PR, MERSNER POSERTRLY, BRT M. BditERRSHK
BIHHBRRERIHH: a=6.0084, b=10.285A, c=4.7324, V=292.4014°.

6.2.2 SEM ! TEM Bf5L

* ey
ot 8.

¥ L v U

13 20 25 4I550

26 LiFePO/C H-AF R SEM BA (£) M TEM Bl 5 (F)
Fig. 26 SEM (left) and TEM (right) images of LiFePQ,/C composite.
HAHEH9 SEM F1 TEM B 7E/ 26 h44 . M SEM HafLiE i, ##
FHERLMRRATRL, KEAEY 2000m 24, BEKXLAN 1000m L5,
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FR LB, MENTRETESHETHREERE, BT NESH, 5
FHEPETFRETHES. TEM R ETLUE % LiFePO, UK MR EH &
THERE, W8S, FEAAN1m iR, FHEREBRENAREGH

HHEEEN 8.09wt. %.
6.2.3 FTIR A Raman Yt i
] 3
g s
E
: 3316 INg
8 3 N Mg
'53;8;::
&0 o wm, G W0 w0 To  wm w0 we  on uo meo
Waveriurber / ont Wavenuber / o’

Bl 27 EA&MER FTIR #8 (£) LR 1100-1800cm™ X BIH05 84 EE (B

Fig. 27 FTIR spectra of LiFePO,/C composite (left) and Raman spectra between 1100 and

1800cm™ (right)

ME27FFTIRXGEE PR, BF LLE F7E1140cm™-940cm™ [X (7] ) SRR M FI7E
650cm-540cm™ (8] f) PR . BT S R0 A I P RFTIREE X L, 77 2UE 3K
Moy 5 B R B A B R EARMFEIR, BI1138cm™ 4L KM SR T PO M 848
R . 1097cm™ F1058cm™ #5155 A 819 1 1% 9 R T POR) R X R 45 3
Z. 972em™. 650cm™. 639cm™ B TLiFePOM v, (POy); v, (POs) HEF
579cm™; 551lcm™M468cm™ SHIFH MEHRTF v, (POy). 504cm™ 4B FPOIE
ZiRshE0eE. E279 FRaman)til B 2 8 4418 #1100-1800cm™ #5 B A ff/Raman
ki, TTLAE BIE1316em H1583em b & H —iiE, 4HIX N EHE TR
AWK (D) MERLKK (6), BTHHBHZXEEMENLIELM4, BE
R R B BRI

6.3 & PR AL BERT ST

6.3.1 TEHRE

F28 7% B R LiFePO/CH EMHEAFIE FHEF A & E . BEETEERM
WK, SR RIS R MK, H EE Mg B SE R A2 R EE
WA, ARENBEEFEMIEA, PREMRAE R, LM, aitiRidEg
RAEBEE R FRERABES, WEREREBASS), BTN, FFAEE
THIEE B RSN B 2R, BT amaamm©etm. Pl
Bl () MRAEH=S4Z—KF (v 8, WEBHEEEREHHF KX
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AN ZRINRIEXR, B30 TR B RN R 2 HiEH. 208
B, ERTFEZRSHEPRERT BAENLIx0mYs, SEETE
LiMn,0,F RIT BARBHBE, SRH T SR R IF AR T B .

Current / mA

. N ¢+ . ®
L/mA

-

L .

s ‘a2 04 R

v"?‘nﬂ"’s"' “
E28 SAHETRHE FHBEFREE (Z2) (HARRS: 0.1, 02, 0.3, 0.4. 0.5, 1L.0mV/s)
L-v X EE B
Fig. 28 CV curves of LiFePO,/C composite at different scan rates (left) (from inner to outer: 0.1,
0.2,0.3, 0.4, 0.5, 1.0mV/s) and the relationship between Ip- v 12 (right).
632 XHRMEHIHIA

2
3
£ 150 & v
E ‘f'J " o
g'”"fﬂ’ " o ‘s " a
HjJ....l ) : :
([~ -
l-|'J.

° ® 1;;}. , 0“‘1"& 00 2
M 29 ZHRERDP LiFePOyC A HHNRBEARFB AN EFHER LA (2: B
Bi: b: 0.2CfHEFH 2h E350V; c: HEAF 4.2V d: 0.2C EF TR 2h E 321V
e: A 25V)
Fig. 29 Nyquist plots of LiFePO,/C clectrode ai different charge or discharge states. (a: initial state;
b: charged to 3.50V at 0.2C rate for 2h; c: full charge state 4. 2V; d: discharged to 3.21V at 0.2C
rate for 2h; e: discharged to 2.5V)
Bl 29 11 T LiFePOJ/C B EMEHNBRBREE —~XAMALIBFARRET
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FAC LA . AL BERY SmV, #ABERGHEZN 100KHz 2 10mHz.
ALCERIE 20 5E=8FE 29+, SALHRBIELBIR—MESRN
FEM—FHR, FRNBAR N NER TERFETOIB RN, ENDH
ME AR AEERRANENH R ZMETHERME, MRAXGHERR
Warburg P, R LiIEREEEHE ST B ETRN, SdEERER
B LR RAREEE, WMER SRR, STHERE. Wk, Bk,
R, ZBEEHAEER, RESRRERELR, KAh L10%Eh. WA
HHET] LA Y, B RS R T R AR R TR RS 5 R =R
29 PG HHFA, MERRSES, BEIEREMEE T SRR NS,
MERRLES, BREEERREEAEMHEX,
F— BRI AT TRATN B EB
Table 1 Impedance parameters of electrode material at different states.

oy 2 =25 R, R, CPE (10°F) M
a 1.284 14.75 1.5607 0.87214
b 1M 13.36 1.8075 0.86589
c 1112 13.14 3.8183 0.81614
d 1.065 1659 2.1074 0.85055
e 1079 20.72 19138 0.85691

BNERE=EPE 30 WFREHNTREFEBRTUS, X—FPFIHT
BFBEERRNER. NEDEETH, EREATIED R GRBBRELX, &
EMZER D, EHTH CPE M3 o HBEZIRHBRRAEWAK, RER
AR, BESRE 081088 2[F, R T CPE KM T REERAARET
REHE, BRT o T 10; RFFEESHRBEFTHARHRR, BELEN
7, HEESRA, MRESEEFER, JEEHEX. 5SE=ZEFANHK
PHERER, W TERBN, SEEHESH LiRERKR, BARNSY
AL ST K,

#At,  FA Myung!PHE M LitE AR R P Y R B R T

D = nf,r?/1.94
AUELKBEE FEEL LFPOJC REMBFIRHERALT KRR
9.63x10%m%s, 5 6.3.1 L R+ 2R,
633 F Btk

B30 EE%SH T % LiFePOJ/CH & $7E0.1C. 0.2C, 0.5C. 1O0CHERT
BROFTBBE, ERBHENRAEBE LETUFH - RETE, ZHRF
SHELIOCHEET RS, 0.ICEETHRIK, THRHETYEBENLI.ICHEE
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NE SRR ERRH LIZPO NGB L RERE

TR, LOCHE TR, 39 THE M BERNMEH, BRARLEX.
HAMBE0.1C, 02C, 05C, LOCTEHRMBARSHN: 152.6mAh/g.
1523mAbl/g. 147mAl/g. 134.3mAb/g. HOICEXRTHAEHITALE, HAEE
BW KRB A{H156.2mA/g, HWERBMME, BHE208H, BAFRIARLE
Fr7150.2mAb/g, AIEHB AR M8.4%; 02CFBAEHI9H, KREERM
MERKHE154.7mANg, BEFE196AN, BBABERMARHI151.5mANg, JFTHH
BERBIN99.5%: MEXRAHENRRBREEZ0SCH, HRAEFIANERKX
{8147.7mAl/g, BT HHEBER/D, AR50/ )G, WHARB/PE133.2mAb/g,
AV EAERMN0.6%; LOCEET, HEMHBARTBERBFNSTERE
iRiE, TAFF40/ 5B AERN124mAl/g, REMHBBERN23%. A1,
ERABETESHERAN TR ROBEER, THFERBEEHRN, #
B ARAERMD, BRRENTE. TS5 ZEAHESE SRR SR
EREhRX.

) v e——
u-‘ e
>ﬂlP -gm- w-"':\n\
§"' gm ) ' a
* acy " ‘e
20 v d

L A S S S R A S A S BASR
P B N 8 0T N0 BIWIEWE

Capachty/ o'
M30 LiFePO/CHAMEERFFE FRERFTHRME () RIEFEER (5)

(a,a’: 0.1C; b,b’: 0.2C; c,¢’s 0.5C; d,d": 1.0C)
Fig. 30 Charge-discharge curves of LiFePO,/C composite at different rates (left) and the
corresponding cycle performances (right). (a, a’: 0.1C; b,b’s 0.2C; ¢, c’: 05C; d,d’: 1.0C)

FEN G

HHEM B =S (Fer05. FePOs) HARULBHHNI_MPN EBRRE, 7
MU R AR RS HEER, MR TANSEERNK, 8RR N5 %
THEBKM LiFcPO, &KL

3Fe,0, +6LiOH - H,0 + 6NH ,H,PO, +C,H ,,0,, —~

6LiFePO, +3C0 +9C + 29H,0 + 6NH, (1)
Fe,0; + Fe+3NH H,PO, +3LiOH - H,0 — 3LiFePO, +3NH, +9H,0 (2

6FePO, +Cy;H ,0,, +6LiOH - H,0 —» 6LiFePO, +3CO +20H,0+9C  (3)
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2FePO, + Fe +3LiOH - H,O + NH H,PO, = 3LiFePO, + NH, +6H,0 (4)
HE¥AGHARTE—TRNERBE LiFePOJC EEMENELE, KB
700°C THIZMHAERFHRMLFENER, X 01C RHEHERNEEFRN
144.5mAb/g, B3 190 FAJS, ARH 149.2mAb/g: 02C F, HRNHEEN
135mAh/g, &3 248 A JGiEF| 141.3mAh/g. H5F, 7 700°C FTRBE=., =.
A RS SR T LiFePOJC RAHH, BidmMALatEtgmm, KN
() HIENESHRATERBABAEIER: B oICHBAERKBEERY
152.6mAlv/g, E3F 220 Aj5, ABRITAE 1502mAl/g: 02CF, BERHGEER
A 152.3mAb/g, TEHF 196 AJE, {HRMERTE 151.5mAlg; 1.0CF, HUHHAE
§5 1343mAh/g, TEFF 40 AJS, TARABFHIHERE 923%, X (2) 81 (3)
HEME S ELEREETR (1D A ) FE&0HE. REFATRMER
¥, ARMRERAEHOEEHEESTRANEN, BRAMELTRE
HYMEMMXEEREEETTERNL, AHZNEERHNEEERRY
LiFePO/C HAMEIMAI 1T, FIAMEREHEHENREER, EFET
ARG TR,
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RS ERAN LZPO N AL HRARE

BRE FIEEHE LiFePO/C B8 # EIBIA
AW 51

REBMHARERERANIZRAE, HEXGELER, E&TIWAE
FERA, BREBEFEFENYHAES, FEYBREKR, BES 61 EES®
R TUKEB A BN RAR AT CUS B FARMRE, HEFINMHENR
AEWE, REEGEE, RAEMR, HRESSANRE, FREER. I’
fis. BT RMEAER. Arnold M5 & H LT BB T SRR BB,
Wi ol {H, UTEMEK, NRERSKRFTLELE, ik THRE &
BST 650-800°C TALER 12 /B, FLThil & HH LiFePOy. Park FAfH H,PO,
FEHURI(NH, ) Fe(S0s),-6H,0 HH7E R SR T MAZ LioH 9+, Hd ks
BB R R BT PR &R T LiFePO,. BITEREHEH
HRPEAEEALEEAN MR, Bk, ST EERSRY, IHR
SRR T RANAE, FEEWPRTRSIASMERR. T Yang" S5 %
¥ Fe(NO3)s+ LiNO;. (NH)HPO, AR S, MANKLEER=M%, BRA
20wt %HERE, 2AMLOBIGRE, RAEHNEERSKSATEERSALEE,
R &8 BB B K LiFePO,. BRBTHETHERTFHONEREFLEER,
AR SRRADARN MBS R E X,

FWILLERL Fe (NOs) 39H;0. LIOH'H,0. NHH,PO, K [RH#1El, HEEEA
A, SURMERELMBEME, RHKHENT L& LiFePOyC E&HE
REREEPEH, XEAMKESSREFRELST 2.5 &, EidHEY pH
8, TUBBERER. TSERERT 2.5 6, RERGEIRE. BRAMRE
HEREHEEED, SIAKEH, AT LUE TS &HZE & R FITRR
HE, 3ERTERETIREEFENERS R &TERRSBS.

B TEESE LiFePOJ/C E&HE NPT
2.1 WM LiFePO, iM%

EL Fe (NO3) 39H,0, LiOH-H,0 1 NHH,PO, A X E[FHH, TERBRIL%E
A KB Fe: Li: P=1: 1: 1 LFABNER=FFHH, HrERHERRTS
EM5LBRETREOLMA (KH25). HEHTERERTEETKP, &
JRTEBHT WA Fe (NOs) y9H,0 FH##8, LiOH-HO HHE7E HNO; BT LUS
BERMAEEAT, BEWMA NHLHPO, Ll Xk —eRIGER, B#E. BEW
WERATRAYAE, /A NHH0 B Z 53 RIR B E (pHe2~3),
B LiFePOs WL KLY 0.5molL, REEREHRAIRE. 60-80°C THERE
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r SR 42 1 L0

fl. BRRRTLE, BHRANTRIEEARAD, & Art5%H, IR ESN
H 400°C &b HE 5 BT, AHEERIE, BREEMBRER, REERRRSR
PERFBAET (650-800°C) 4 15h. BIF] A% LiFePO/C REHE . =W
EEet 300 B F, BETTREPRESH.

2.2 flE YR ERE B A

¥ Fil Perkin Elmer DTA7 ! Perkin Elmer TGA7 {3 28 %t T4 /5 (3 T A HE1T #t
HEREMDH . £H Bruker D8 B X SHEATH ORI &4 T H1-& =Yt T 4
sy, RFEAFE (CuKa). FIZBENARMEERUERTX/MER
Philips X130 £33 B3 45 1 Japan JEOL JEM 2011 RUESH i B kM. %2 2E]
i) LiFePOy/C 8 &+ B E #IK F Nicolet 360 B {&r - A #4044 % i AU
#:E Dilor ) LabRam-1B & $7 8 i T8,

#% 9 LiFePOy/C B & # B 7 Mt R R Bt CR2016 B i ith 1T ¥
Wi, ERMEARY: FEYR: Saf: BEFNARR S 80: 15: 5,
FEHYENOREY 20mg, AHRHELER, BEFH Celgad A7 £
Celgard2300 ENHR, SARHMEH R Ferro A BIRISH IM LiFP AL 1:
1 8 EC ¥ DMC B &FH VI BB, LR RAFERPALRMN, MABERE
HORMGHESH IB04-1 BERXENHL. REBREANXNAEBTREM L
HERFA AT, TREREY 2045V, BRE/EY 23°C £H. HEEGES
REFEHBARRAE =R EFBER, TERRERRNR A, FHEY
J&4 Amg, MAREMSHBRSRAEN.

B= SRR BRI

UESHrRMESSRATFRELAN 05 1 ML, HERRIHREN
Swi.%H B, ESIRAEE, HTRERIINWEAETHASH, REERFAR
ETEREEHH, R ETH R,

3.1 B/t

A1 RBENERELERITRIBENASHE (TGA-DTA). A TGA
ML EMTUERFHMARMAELTE, NEES 90°C HRERNBATREHN
KMk E, M 150 2l 282°C AT —PMRIIRERE, KETAKH 85%
RER, AR, R, IrERURERSELRREX NI ¥, &
DTA #i4% LT LLE B P48, 7E 160 3 225°C Z S HIT =AM T AR #
%, 510 RE EREBURBNDSHEOTRE, BFKERTRAEHBIM
REAASERLEE RN, BUNX=ATHESHBEAKRR, TE453°C HA
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NS LU H LDP0 ML K RUAE

BIBAMEST N 3T LiFePO, B4R, R B &R H & L MER T 453°CRET
AT, ALERET 650, 700, 750 1 800°C {E MBI B HE R BRLER, 3 EI&
BEMEAMESTTHR.

20
100
1 1.5
80- 453°C
T - 1.0
R 00
% ] DTA 05 5
= 404 (';
$" "
20-
) --05
ol TGA
T T T T v T v T v L v Y -1.0
] 150 300 4s0 600 750 900
Temperature / °C
M1 TROWEES TGA-DTA B K
Fig. 1 TGA-DTA curves of precursor.
3.2 R PR BERT AR RER W

3.2.1 REBENRESHURERNEW

W«AMa
5 20 25 32 3 4 45 50
20/ degree

Bl 2 ARG AT HI& M= XRD Bi% (a: 650; b: 700; ¢: 750; d: 800°C)
Fig. 2 XRD patterns of samples prepared at different temperatures
B 2 7 TARBRE T HI& K795 XRD &. ATLLEH, 7 650°C Ll Ewf
EAREMMARAEHRME, BT pmmb ZEEF, FEREEMNSREMEH, £7
HEZHE/RE, HFRREHKX, NHEEAEE, YRR RE. &
650°C T ifl& HIEHHHH FePO, (El+iRi) Z2RMEAFEE, TI7E 800°C T & f944
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BHRH LisPO, (Bl o #RH) Z MM ZE. TOFE 700 1 750°C F 45 14 ) o pr
w, REARMPEFAERR, FHEETHRA Fe (NOy) 39H,0. LiOH-H,0.
NHH,PO, b F 8L, (FRTIREH%& LiFePOy/C MR TTHE. RERS
HHEBEER, PRAENNMTHELR, REREESHEFEEUTERR
BHEE.

£1 AFRBRETHEHENRESE

Table 1 Lattice parameters of samples prepared at different temperatures.

HEBE (°C) a b c v
A (A) (A (A»

650 6.015 10.274 4,754  293.788
700 6.002 10.271 4,730  291.588
750 6.002 10.288 4,719  291.392
800 6.002 10.288 4,719  291.392

ME1HUTLUEY, $&RENMENSRSEHE —EHEw, SRKER
P 25 L S 0 98 780 T S B R/ D A e

o

5
B A

Fig. 3 SEM images of LiFePQ,/C composites calcined at different temperatures.

A3 RESARE THERAOESHE RN SEM B R, WLLEE, HMEE
BEZ, BAMERRREERERANEL, XL TFEEHBPEX
BEKRAFE, ERGEETHIETHEBRNE—SKR, IEEERMEBET
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HREQREBIB LZPO N EALNERE

A8, BPREETERIERR—HFEM. WAMERETH &R AT AL
BB, KEBAFRARZEALAD 2000m, FRAHSHERE, UMEETHE
KRBT HERRRBRAOTR AR, FHLELR AP OREEE—R, R
EAMBIEME, Bk EFSA T Rs AR 2R,

322 REREDHE R AT

3.2.2.1 FEHRE
121 ——650°C
{| == -700°c ::‘\'-_
»r,S
08| .- 750°C ,:’!
- --=- 800°C /'R
~— “
€o0 ~ - v,
: N
3 \“ i
. [ ]
FY et
..\ol
12 y y r ————————— i
28 3.0 a2 34 35 as 4.0

Potential / V vs. Li’/Li
B 4 FFHESE &K LiFePO/C HAMBHBHREZE (0.1mV/s)
Fig. 4 CV curves of LiFePO,/C composites prepared at different temperatures.

MMBETHEXNESHENBERRZEER 4 S H. NBPITLLESR,
FHMEREE AT R NI, WRH Lt AR Fe/Fe® f—2H R4k
ER R, 3 ERETERNRR, FTEERE. FRERET H& kR e E R
MEFFER, 750°C THANEEHEATRANRMAESRR, KL 700°C Hi%&
BIbE, EERFREDIR 650°C THIEMESGME. H B i 5 RE
BAERAR, HAEAZEEMEXDEA TR EAHREX D, FTELREL,
700°C THIEHMEEMBERARDPHBME, KRN T BMORMAEE, T 800°C
THENEAHESELETNERGRAEERK, BHEBEXPRIL,

3222 e .

AFRBETHEOEESHEE 01C FRETHH XA RBMEER S 5.
MNEEXTBBENHBHRLETLUEI - EEFE, XNT L'HE
LiFePO4/FePO, BiHIP R LEIThH., REBEBEBEFEE5REBEEBRETFEH
BEZERRD, MEETEHE &0 RRARIEKD. WA 5 TLEWH,
700°C F1 750°C H% ()5 & H K 5 650°C F0 800°C Tl & 1 H AR aatRit .
BREEFEMKERETHAHENBEER, NB 5 PHATLER 700°CF
HENEEMHEATRANERIEER, TEUAE 142.6mAlvg. B 6 24
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Lot gan

BETHENEEHEE 0.1C FETHAENFEEMEZE. TUEY, & 700°C
1 750°C Tl & B A M B AR RIFRTERERE, BRE 700°C T &8 H A
FERBHERBHRER, EREARBHAZES 13 AF, HAZEE/F 137mAl/g,
ERAARTHAEERE, BFE 180 A, HHARMNA A 132.9mAl/g;
i 750°C THIENESHE T XKRBEERRH 139.5mAl/g, HEERHHE 108
BERMME 142mAl/g, WEHBERBESE 13%9mAlg £, F 180 B, K
HABRIAE BmAlg, FRNHREFMBEFEEHR. 800°C THENEEME
B EBRAERY 123.6mAl/g, TS S AMBARKE 105.5mA/g, AT H#H
i 15%. Bk, FEdH& LiFePO/C HAHEIREBEXRENR 750°C.

Lot

Voltage /V
&

g &

IR AR s e e e A A N X X X
. Capacity/ mPhg number
B5 PRBETH&NESHEE ICHERTHRAMEBME () LLEAEFHER ()
(a,a’: 650; b,b’s 700; c,¢’s 750: d,d’: 800°C)
Fig. 5 Charge-discharge curves of LiFePQ,/C composites calcined at different temperatures (1) and
comresponding cycle performances (1). (a,a’: 6505 b,b’: 700: ¢, ¢’: 750; d,d’: 800°C)

YW 750°C THRIEMESHEERMNE—PHA
4.1 JMpSEHHE R E SR B B E RN

4.1.1 BEEREMSEN G EHE S REEERAER

B o6 FEHTHAMREEMETE0.1C 1 T IRB RN E KT H Mk LK 15
R, R b ERRUESTIFERESRE FIRKELLR 0.5: 1, HEEEE
BHEN SwL2MBHENREAMHE, W a BSEEIRPRIMAERE, @il
BEERNARLIAMESSEHENERSE. TUEH, MR EREE
BRHHEE, a4 137.8mAh/g, bR 139.5mAl/g, B a HERRIBBETES
B, FERBTFAEESHATEEHEESERK, E7HTH b BAKRE.
RS, BNERNESREAEREARFAE, EEF RS, FR
3R A 139.1mAb/g, TIHTH 7 INAEHE 88 B BEE VI REF BT R A B R
i, %10 AWZE 125.8mAl/g, 5 80 BN EEA RN 1189mAb/g. AT HI
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NRE SR ERNH LATO, NS A L REAE

EZAMHLETFMERERLEN. B, ERFNBERAH/LT, LHERA
HEHTHETZaME, B BLFEERE, EHEE 0.1C THRX
BEEAEN TomAvg A, EEFLETERTHIEEK. HEALES, 2
HRETINRE T HE Rt aE.

" a
* b

» 2 g;do.lr:nbi ® N o
6 7FF]3‘JEAHHEEOIC RETHRRBRHE () UREEER (6)
(a,2’s FHRMEEE; b, b FWMIEHE)

Fig. 6 Charge-discharge curves of LiFePO,/C composites (left) and corresponding cycle

performances (right). (a,a’: without sucrose; b, b’: with sucrose)

412 LESSANBEMESHH LR RN

ERERBEER, EREAGNEEBMBETRELLN 0.5: 1, FHHEEREK
FRA Swi%, 750°C THIETEEME, HAXMLTHERMERFAMESH
FlR SRR EER (HIR). BidRREIR, DRSS AR M
HEREaARRE somAl/g, H HEFTREPREFRBDITSL. Hit, £
FrEBRA TS & MRS EH.
413 ZSHARNHENESHEBLZHRKERN

EEEEORHE, MIZRESHEREN Swt. %, ENTHESTITERSSRET
RISRBELL I 50 1.0, 0.8, 0.5, 03, Bl 750°C hHI&EE, HETFRME
AHEL, AR T ENRabFEEE.

. 10
444 16 ._
a0 1204
Y ']

> § S
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Sul ~
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H 2]
201 Ny bd
o
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B7 AEZERARRNESHEEICHERTHRTREME (E) LEBEHFERE ()
(a,a’: 1.0; b,b’: 0.8 c,¢’: 0.5: d,d": 03)
Fig. 7 Charge-discharge curves of LiFePO,/C composites (left) and corresponding cycle
performances (right). (a,a’: 1.0; b,b’s 0.8; c,c¢’: 0.5; d,d’: 0.3)

THEHT AR EFRARHENAEHEE 0.1C FETARBEMER
REEMZ LR ET R . NEETLES, MESERNSSRETFRELA
MR, SREEEFEREHER. HEA 1: 1 BEAMEERBCEARY
124.8mAb/g, 0.8: 1 HESHHEXKBERN 131.3mAg, 05: 1 WA EH
BEHKBBARY 139.5mAl/g, T 0.3: 1 HEAHEHERRE 150.9mAh/g,
AMMEAZETERANBRERERBER, ?JURIABESRSAARNE
1€, REMENERTRRUBEERHE D, KIKGHH: 90.2%. 88.5%. 84%H
78%. # EIBEFHEETUFHSA AR EAHBNRF B EHFEFR
KEgm. RE03: 1MESHHAERXAYRBARE, BRERKE 104
M EERMEE 140.6mAl/g, 43 AEAERZ{H 1363mAh/g, 1.0: 15 08: 1
RIRAP R SRR 20 ARHEREBRRNBBERER, RHE0S5: 118
HEMRIRBHEENRIN R e,

42 R T ZEHENRESHENFA

RIEL ERARE R, ERTHBRAZEN, BEFNSERETFHRREL
5 05: 1, IFMAEERYEHE Swt. %, 750°C THIE K E&HE AT Fext 5,
AT T H— MR
4.2.1 SEMHINRH SR

4.2.1.1 TEM Hf %

8 LiFePO,/C % & #1 ¥4 TEM B/
Fig. 8 TEM images of LiFePO,/C composite,
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NRS R ERRB LEPOMEL L RRAL

8 REAMHN TEM BhH, LIS LiFePO, BHREH —ER 2L
KR, HREE+TS51%, BELKXAZ 1-20m, TIFERELKRLH 15-200m.
KENBEEAKX, TSEBERTEMRMESITBR, Braiiss
HFEaE. FARRERRDE, METHRPENSEND 842w.%.

4.2.1.2 FTIR # Raman Y5557

Intensity

Absorbance

o “g' Iu'fom;iﬁu' Mo W0 T e 10 #m"ﬁ” .

B 9 "AHENFTIR %8 (£) LR 1100-1800cm™ K@i S X %R ()

Fig. 9 FTIR spectra of LiFePO,/C composite (left) and Raman spectra between 1100 and

1800cm* (right)

B9 FTIREI R A, #£1140cm™-940cm™ X (6] #) 38 B ML FIZE650cm ™ -540cm™ A
B RIRBU X IR, REPOS MM B EE N HEK. AkR: 1138cm™
AR R T PO M A REIER, 1097cm™ M1057cm™ B AL BTG MY % 0 R T
PORI R BRB4E 45 . LiFePOJ v (POL) HBLT971cm™, 650cm™, 638cm™;
vy (PO HATF59cm™; v, (PO, HiBLTF551cm™ Al470cm™, 503cm™ibiik
H R TPO 12 RN, 77 B b fiRaman ) itk P & 8 4 44 H £ 1100-1800cm™
75 FE P fIRamanti¥%, WTLAE BIA1306em M1595em ab & A —iki s, 2 HIF R
EHEPTERENRK (D) A BN (G), B HANZE AN
®1.79, MEFREABLEE LB,
422 HEAMEHBAFHRETR

-

4221 BHRE 3

| a0

24 25

g“ 20

B ;

5 = 154

rE

2] 104

MEF IEF PRy " AR A A A o 0 s a8

Potential / V va. LI'AJ s
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10 4HBAREETHBERREE (B) (AAESt: 0.1, 02, 03, 04, 0.5mV/s)
AL-v2ERE (B)
Fig. 10 CV curves of LiFePO4/C composite at different scan rates (left) (from inzer to outer: 0.1,
0.2,03, 0.4, 0.5mV/s) and the relationship between Ip- v 2 (right),
E10EBRE MBI RRARTRERREZE . AE R E R ES
R RTTEAR, HEELeedf 50 R b BaEEE A, B,
FEEAENEK, HEMRAZER, RANTRURH, PRAE T 885
MM RA BEMEXR, BATBRKBEHRER, DRERA (1) X%
W=z —%E (v {£E, mEI0AE, HEPEXRHNSRERH &N
KR, BOUHTHBFELERNEZY BEEHIH.
4.2.2.2 FiRHETERE

441

‘l

LI |
* b

..aaaaa@aaa-“, 20 ko kb e W
A1 uFePOJCEAHﬁETﬁfE$'FB&"§&Em%ﬁ% (%) RIGEFHER C5)

(a,a’: 0.1C; b,b’: 02C)
Fig. 11 Charge-discharge curves of LiFePO,/C composite at different rates (left) and the

Voltage/V
L I '5
Capacity/
E_ &

corresponding cycle performances (right). (a,a’: 0.1C: b,b’: 0.2C)

114 T LiFePO/CEAMEAE0IC, 0.2CHE T & R MIFE A # 2; 2L
PN R T OBAE R, ARAhENRlE I BFEE— M OETE,
H HO2CHEE E TR M R IGIRIE X TOICIE R T R Aant iR Rt BS
MEE0.1C, 02CHEEETHRKMHRERSHA: 139.5mAh/g. 134.9mAh/g. 0.1C
THEFZ180/88T, HMEBERIREFFIEIITmA/E: 02CTIEHFE180/E 8, K
AR N136.2mAN/g, HAARBRERE KT 1.3mANg, MREEBITE4H
B S EHN842 wi%, UL HESHE P LIFePO0.1C. 0.2CHEETHH
AEREISOmANgA L, KRTHRENSEENESHEEAB TR BHHEILE
k.

BRI M
B Fe (NO3) 39H,0. LiOH-H,0. NHH,PO, X EH¥}, Frigm ka7,
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ARIRERUB LOPOME AR RUME

RS OB ER, MAEESE T LiFePOyC BE&5HE. hTEAMGIIAN,
ERETRUSGRERN BN T R, SR B EEREA g S
I E MR R R KR A, . BREBRLEERRLE, TRTHE
GEE. SEH ARSI SRR EERNEN, &RRA 750°C TLUTr#R
MIELEER, HAREMELRETFKELD 05: 1 HEHTHENTHAR
ARAFHBLENEE. 0.1C THXKKRARNA 139.5mAl/g, 153 180 AfE, &
BH 137mAl/g; 0.2C TEH B AERE KR 134.9mAl/g, 1835 180 ALLE, BRE
H 136.2mAh/g. A BRAHT BEFHREER.
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It RAH LEPOMNELLRRAE

BANE BRI H4% LiFePOy/C B &M R
IE
22— 35lF

BRBRBRENRABET LRI FRAMES, REERHLERE
&, SIEBAMMENE AN, REESEY, REMASRL, REFE
BHERAPK, B TR A, BRRETFE MR BB
% LiFcPO,, FH#ATHISL. Croce!4% & %3 LIOH M Fe (NOy) 3 M MASIF
BT, REHBEWAMAS HPO, #H P, LA+ pH &, H A 1%
MERRESHA, FRSTWABIRE. ERERITHLR, BRAEH-
Y. Hsu SLUTHRMAE AR, BB RILHERTRNBREERE IMK
TRV, RE MR R R — AR MAER, BABH2IERER
BWRAEEER, TROGERERABSTREGIEKY LiFcPO /B Al 19
LiFePOSP!. Wang* 1Ll FeC,0,2H,0. LiOH-H,0. NHH.PO, 4 X EF# K, B
AR ERIEST, % TH% M. Ti. Zr § LiFePO,. Yang!®2Zi57Z,
ME, ZRUSABRBAZ _BPAZIRR, EEARTALE, BRER
ff] LiFePOs. Hul"A! Deb®§H Fe (NO3) 39H;0  CH;COOLi2H,0. H3PO,
# OHCH;COOH A B4 H, Bid s & LiFePO/C L& S Mg, Ti B9
H A8, Dominko® "V H M IR — M H% LiFePO/C HAH
.

Fi83C L Fe (NO3) 59H,0. CH;COOLi-2H,0. NHH,PO, b F# K, i
BMEEER AL AT, 5 RERIE 5 8 B8, R B R ke % LiFePOL/C
HAaWH.

B BRBEEELE LiFePO/C ESH NN LR
2.1 B LiFePO, RIS B R 4 &

Bl Fe (NOs) 39H,0. CH;COOLi-2H,0 1 NHH,PO, h X EF#HE, i
MAEERAESH. K- Fe: Li: P=1: 1. 1 LR ER=FEHH, K4
FIMBERRTHARESERBTREGERA (=25). EARBESHABRTEH
FAKY, REEWRETMA Fo (NO;) 39H,0 HER, REKXKEA
CH;COOLi-2H,0. NH,H,PO, BA R —E BNKEWE. BAERERETRERS
&, T/ NHyH,0 A ZE—E M pH {8, B LiFePO, KRB X#1% 0.5mol/L,
REERERRE. 60-80°C TAREN. BRRKIRSD, BHEREK,
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HETTRAZTRE, REBRARMAT, £ ArS%H; BRSIRT 400°C &
HS/E. RHZEZERE, BRESHRKER, REEMRREGSHAFE750°C
T4 15h. BITT 3] LiFePOJ/C HA&FEL. FYmtEEdE 300 BfF, ETT
BB PREEFA.

2.2 HIETHIRIHERE R

{8 A Bruker D8 & X S AT R R K4 T 5l &M=t iT 48358, B
RAHEE (CuKa ). FI&BBIHR R WIS E R F A/ Philips X130
BT A Japan JEOL JEM 2011 RUBH Bk, FEBRMEERMN
LiFePO, {8 45 ¥ K A Nicolet 360 B8 31 M- ek Sk SUE TR 2 .

1% B LiFePOJ/C E&MH M R B s a2 B E 1L CR2016 R n A i ith 24T 8
W, ERMEARN: FEYE: S8 BENNARE LN 80: 15: 5,
EHYENERS 20mg, RBRHEAEN, BBEEH Celgard AR 4K
Celgard2300 B F L, BBEMEHKR Ferro 2 7 14 H IM LiFPs AN 1:
1 B EC I DMC R HVI BN, LRBMEETFEAPAKN, M Ahm
HORMAR SN 1B04-1 MERENPL. FREBREAENNME R FB A ER
B R A RET, BRAXEN 2045V, TREREN 23°C Eh. HEMERT
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Fig. 1 Charge-discharge curves of sample (left) and corresponding cycle performance (right).
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Fig. 3 Charge-discharge curves of samples with different content of complex (left) and cycle
performances (right). (a,a’: 2.5: 1: b,b%: 3.0: 1; ¢, 35: 1; d,d: 4.0: 1)
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Fig. 4 Charge-discharge curves of samples with different pH values (left) and cycle performances
(right). (a,a’: 7.0: b,b': 4.0)

ME 4 PATLUE Y, [REBFR/MG pH EHH T RE S &M R K BiFE
tik. B S5 BH0 D MESRREE, FLEREBILBNIR, Tkt hE.
E 4.5V AT HRIRER N E ARG 8. JF HBEERAMBIT, EBRBEE
WK, BRI,

18t cycle

1

22 as a0 s
Potential / Vvs. LI'J
5 H& D % 0.1mV/s 3 T REFREE
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Fig. 8 SEM images of sample C (left) and sample D (right).
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