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Optimization of Synthesis of LiMnPO,/C Powders by Solid State Reaction
and their Electrochemical Properties

Sung Woon Jeon

Major of Materials Science and Engineering, The Graduate School,

Pukyoung National University

Abstract

The cathode materials of Olivine structure type (LiIMPO, M=Fe,“Mn, Co) have
many advantages for lithium rechargeable batteries such as. excellent structure
stability, high discharge capacity (167~171 mAh/g about M’ /M redox couple)
and nontoxic nature. Among olivine families, LiMnPOs has higher energy density
than LiFePO,; because redox potential of LiMnPO4 is 4.1V vs Li/Li which is
higher than that of LiFePOs (3.5V vs Li/Li+). However, LiMnPOs shows poor
electrochemical performance because of the very low electronic/ionic conductivity,
large volume change during charging and discharging, and low diffusivity of Li
ions through the solid electrolyte interface. Therefore, many -studies-have focused
on improving them.

Recently, several researchers reported-that polyol and sol=gel process was useful
to control the particle size and shape and get a good electrochemical performances.
Especially, thin platelike carbon-coated LiMnPO, with small particle size showed
an excellent performances. However, those powders were made by liquid phase
process which was less economical than solid phase process. LiMnPOs; powders
synthesized by solid phase process were also reported, but showed the large
variation of electrochemical properties among powders, eg. 80mAh/g at C/20 by
Kang et al, 95mAh/h at C/10 by Deyu et al, and 140mAh/g at 0.28mA/cm® by

Guohua et al..



Therefore, the main purpose in this study is to investigate the reason why the
electrochemical properties of LiMnPO, powders made by solid phase process are
not consistent among the researchers. The another is to establish a reliable solid
state process for LiMnPO, powder with excellent electrochemical properties.
Synthesis processes such as powder mixing and annealing process were carefully
controlled and the intermediate reaction products were analyzed using TG/DSC,
XRD, FT-IR and SEM.
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Table. 1 Physical and electrochemical properties of Li—-ion cathode intercalation
materials[12]

Discharge Theoretical . . L.
Cathode material voltage. capacity True ;1 ensity D1ff12131v1ty

V vs L (mAb/g) (g/cm®) (cm®/s)
LiMnPO, 4.1 171 3.43 1077
LiFePO, 3.4 170 3.60 107®
LiCoPO, 4.8 167 3.70 107
Li107Mny.0304 3.9 117 4.15 ~107"°
LiAlo.05C00.15NiosO2 3.6 265 4.73 ~107*
LiCoO: 3.6 274 5.05 ~107*
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Table. 2 Previous studies using liquid reaction.

Ay zuds 2 ¥4 471854 54
LiNOs3 ~100nm

Spray pyrolysis
(2010) [16]

Mn ( NO:;) 2° 6H20

USP +wet ball milling

153mAh/g at C/20 , 149mAh/g at C/10

HsPO4 % carbon 10wt%
Solvothermal LiOH-H-O 150nm x 600nm ) . A
method MnSO,-H,0 rod-like particle Ve at Cé /(i(())’ SmAb/g at
(2010) [17] HsPO4 2.2wt% carbon
Hydrothermal LigSO4 . HZO 100~ 200nm
method MnSO;-H:0 plate-like particle 68mAh/g at 1.5mA/cm’
(2007) [18] NHsH>PO4 20wt% carbon
test temp. room ; 141mAh/g at C/10 ,
Polyol method LiH>PO4 ~30nm thick 113mAh/g at 1C

(2009) [14]

MH(CH:;COO)Z : 4H20

20wt% carbon

test temp.”50°C ; 159mAh/g at C/10,
138mAh/g at 1C

Sol-gel method
(2006) [15]

Lithium acetate dihydrate
Manganese acetate tetrahydrate

Ammonium dihydrogen

phosphate

140nm ~ 160nm
20wt% a.b

156mAh/g at C/100, 134mAh/g at C/10




Table. 3 Previous studies using solid state reaction.

S Y=E 24 ¥4 71383 &4
Guohua LixCOs, MnCOs, NHH.PO
lr «’ n :’ - y N N
et al (20024) Y b T 500CAA HAe FHz7 140mAh/g 24
9.8% carbon
[19]
Kang . off —stoichiometry
LIQCO:;, MnC204 ZHZO, J N .
et al (201093) 350C_10h-+700C_10h 80mAh/g ;LiMnPO4 at C/20
NH4H>PO4
[20] < 50nm
Deyu . 5
MnCQs, LiHsPOy, 600°C_24h
et al (20103) C/10 at 95mAh/g
20wt% carbon black 100nm
[21]
Y Li>COs3, MnC-204 2H-0, ) ) )
onemtra P, A S 600°C_6h C/100¢) ratex =4 % thoker
et al (20043) (NH4)2HPOy,
80nm c-rate= WA
[22] 10wt% carbon
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Table. 4 Characteristics and the components of Lithium Ion Secondary Batteries
[10]

TAALA 2A/54 2A19 dEH 4
3 Aol 7 &2k E/
O]:J = ] . . . .
AR M XJX].@] %%1: 7‘%7@ LlCOOg, LIMI’IQO4, LlFePO4
EhA - Eh A A ) L
oo gun S/ oral graphite, hard(soft) carbon, Li, Si, Sn,
ol 1.0 lithium alloy
7&% 7]'—”5]‘—0‘
XA EA/HA A=A | acetylene black
EIRSRE] L E2/ A=A PVdF, SBR/CMC
' 74 25/
z —
A A e A Cu(=), Al(+)
b o) FEAF/%F-S-= | polyethylene(PE), polypropylene(PP),
o 2], &4=9#] | polyvinylidenefluoride(PVdF)
e 37 HF LiPFs,LiBF4,LiAsFEs, LiClOq, LiCF3S0s,
FE L g3e/ oA E | LiCRSO)N
ethylene carbonate(EC)
ke ! P
B =7 propylene carbonate(PC)
Asfd & | §71€m/28]FY | dimethyl carbonate(DMC)
-3 diethyl carbonate(DEC)
ethylmthyl carbonate(EMC)
7=/
H71A SEI A %4 "2 vinylene varbonate(VC), biphenyl(BP)
3 WA
b =&/ @2 | Al(+), Ni(-)
217FA A w3 2 Wy | Mo-rich stainless steel, Al pouch
71er R CIE =t
hasg | spga e, | SUE VRt
8 positive circuit module(PCM)
SR
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Fig.2 Schematic diagram of the discharge/charge process

Secondary Batteries
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A 24, 22 94 52 bk A olgd ¥FBRAL Y
o 2= o3 ZoH26]
- ggol=ol gk a&3HA T wojof o
- we olEg W F/UA Ego] Tolop wri.
- sl 2 BFES o8, ¥ WA A sHAck Ak
- glEol9 o]k R AAAEETE Aokt
- FzHoz} setHoz kel Holupol Fil.
- xS UAUES 93] AR AAe] PAgl Fu, B a Fx
& Aol %}
- Aol folsta AR AL o, IIAAAHA Edolojof g}
G2 Table 5l A9k 7o) F2ME 1 BAS T2 5 9
Table. 5 Cathode Materials for Lithium Ion Secondary Batteries.
LiCoQO» LiMnyO4 LiFePOq4
Structure Layered Spinel Olivine
Theoretical &
Availabl 274mAh/g 148mAh/g 170mAh/g
vailable
) 145mAh/g 120mAh/g 150mAh/g
capacity
- High - Low price - Low price
conductivity ..+ Non—toxic - Excellent
Advantage
- Easy to - Excellent thermal thermal
synthesize stability stability
- High cost o - Low
] - Low conductivity o
) - Toxic o conductivity
Disadvantage - Reactivity of

- Poor thermal

stability

electrolyte

- Low energy

density
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2.2.1.1 Olivine Structure

A, HEV 32 EVel 3 33 do= glEolxdA7t F8 wrowx] =

o

FEL FH F 53 RKolF 9 dHAAS 7HA I JdE LIMPOsJM=Fe,
Mn, Co and Ni)¢} 72 phosphateZ] olivine= & tfdt #A o] Folxla Q)
o FFEEA FolA @A Wol AEH A e T FF9 LixCoO, &

=
& 2o Fbell tiRk At o] e) gele g 2H A EAVF A=

2Rk WY el & deA QUHh[27] o] % x4 AW LiFePOss ©l&
3}Zlt}. olivine 1%+ Fig. 5ol B Z A7 be ®ol H33HA [FeOqln sheet
7F i o] drt o] [FeOuln sheet= FeOg ZHAZF TR A F

At} o]efdt 22U H sheetir a WFOZ POpAlHA ol os] AAs o] A=}
LA F25 olEr. 9714 POy ALEA9 FeQp 2R A= HAHS T3

A Azw shtel RAHE FHES Fig 5% 884 % + Atk ol d 3%

2 WEo

A4 ool A Li e b dFew A48 HY Fo) 27 A P b
Foz A o5 A Hrk

FARS skl 7] wEFe P-O ¢ 0-0 9
UTFaL kA Arh[28] sHAINE B E
1 FeOg ZHA oA Fe-O ¢ O-O0 24
ool Ze Wsks AL x wi9sta = PO, AMAAISE FRAQ 9
A €y 22 A, olivine TFANA EAYE FHetar A= A
HA S} ZAAE w724 feelA AE =S doFin ofdg =54l
A 37F LiFePOsol A Fe’' o] 2] WAL, FePOsollA Fe''o AL o7 8t
W gAY dods wE7] FEA Sk ol¥g o]fF=E LiFePOy/FePO,2
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Tunnel in the

Fel, b direction

(a)

(b)

Fig. 5 Structure of LiFePO,. (a) is prospective view and (b) is the interatomic
distances in the LiFePOy [27]
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2.2.3 A 3|3 (electrolyte)
A AL AA 9 Al DA Ui F5 3 SFedA Ar1steH qkg-of
g BAEE fEl29 ol WA IS I o FANES HEY
(Lithium salt)¥ +71& 7% (>99.9%)7} A}

A HEe] e 22 A oA LV =S5 E F7]18vF9  oxidation

o
A
2
N
i
__\TL{
©
i
ofj
of
2
filo
)
1B

AR A A Aol thEk skt Ad7)sksh A kAol = b

W ANWAE ztor] AMor A AR &% Wt Welok s, o

Ao ol2dEEE &MY A& HEd 9 FFs A H=v
24 & [HPS(high' permittivity, solvents]> & &o] 7] uwio 4 a7}
Hlad ey Herl ol o]2e] o]F =zt wHolxin A ARAE

[LVS(ow permittivity)]2] A& SXnt HE7F vt SujEs 231510 A}

d

43t} EC(ethylene “carbonate), PC(propylene carbonate) ¢} #o) f+d44
o} Azt 2 St Ax 7k &2 DMC(dimethyl carbonate), -DEC (diethyl
carbonate), ¥ EMC(ethylmethyl carbonate)S Z&tsle] #7|3}sts oF4 A =}
dag A s zZle dafjd S w50 AEsth dafdol AHgH = #Ed
2+ LiPFs, LiClO4, LiBF,, LiAsFs LiCF3; SOz 5°] A

g5 oA AE Al gEads F71&mel &aiAzl HA dajde] A}

S5, A defjdo] ztFojofp & S =3 2o
- W Fg A ool of gt
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A3 nAA-SEHE o]&3 LiMnPO/C A

31 A&

LiMnPOy/CE 1d¥-EHos 238 FAT oA A3 B2 oy
A d F9 34l planetary millS o] &3t ol 2 AF o]xd A
HAGD LiFePO/C T4 AolA S35 A7t 54 (o] 2822 90%
oS €& T UMY FHHA o] U7 wiiEolnt. A% LiFePO,/C

59 =9 Aldde &

o
o
FAF ERTL A7) 5kl 0 Qg degy B Az g

Table. 6 The raw materials, according to the mixed state by high energy milling.

Li source Mn source PO4 source U3y AH

“MnO °Frs
MnoO3 A7

LisCO4 Mn oxalate (NH,)-.HPO, AstA T A

Mn acetate At Al A A
"Mn carbonate s

LiH.PO, Mn carbonate LiHsPO3 MskA TAH A

T2 Mn sourced] W3tE F=om 1 A3 Mn sourceE Mn oxide (a)9}

A5 JEi7 53 a9t bE FAHSE S JdEE dYsta 9S4 s
H 3kt MnOE Mn source?] &% 9852 o] &3 a9 A+ Fig. 6914 =

T A%l dA F T3 AT EE 47 FEAT ol= MnO9 95 7]



7F 250um HEolw, A Al A E37F o] FoA = Li source B POy
source®t= 2 500°C7HA] Holds= MnO7ZF L3k st el A& AxAp= 2
&5t ae Fig. 79 244 #45 34 & 5 A olgd S st
o] Mn sourced ®3|=%=7} 200°C~300°C ¥-Zolw U8 =7]7} 4 um

= S$AH ez LiMnPO/C 4

ol

(Fig. 8), 18] ¥& de)7} 453 bel 4
o I EEUdsRg Li12CO3, MnCOs, (NH,)>HPO, =S A}-& 33Tt

44

Oll

O
LiMnPO,Z A 3l7] 938te] Fig. 991 TG/DSC dlolg ® A oo g
F31[19-22]8Fe] 600°Coll A 10A17F ot dAe sty 71 Ax
Fig. 10014 HE A" A 248 ##FHA 2= dAdA9 LiMnPOES &4

=

U

T ARG A, 1 A7ty 52 W&ol C/109] rateol A 10

o
e
2
2
(o]
fr
ol
3
o
)
o
9
Ev)
rlr

~40mAh/g AL Hg- stk 27] A
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Fig. 6 SEM images of LiMnPO, made by MnO for the Mn source
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Fig. 7 XRD patterns of LiMnPO, made by MnO for the Mn source at' various
temperature. (& is MnO peak)
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Fig. 8 SEM image (a) and TG/DSC data (b) for the MnCOs3
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Fig. 9 TG/DSC data of mixed raw materials for LiMnPOs/C
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Fig. 10-XRD pattern of 'LiMnPO4/C.

_36_

60



3.2 439
3.2.1 LiMnPOy/C A Z

LiMnPO,/CE A|z3s}l7] ¢t 2998 2402 Table. 6 3 S 2A4AE

=

[e)

S AHgEkdth LiCOs (Aldrich =98%), MnO (Aldrich =97%), Mn:Os
(Aldrich =97% ), Mn acetate (Aldrich =>99% ), Mn oxalate (Junsei Mn
30% min), MnCOs (Aldrich >99.9%) , LiH:PO,, (NH.).HPO, (Aldrich >
9RB%) AREw A7 sgEdled A 051118 = HE&=E s =

el 3wts A== AM H 4R A Ao HFHS®E carbon

black(Ensako 350G)& H7IAZ A ZFsth #2¢S A=23Yof &7]o i
5

Table. 7 Mixed conditions for a variety of high energy milling.
(5 % A= 20g, dsitgy 29 FA v &2 112002 1453tk

A= zo} ol ul&

(10mm : 5mm) Lyl A =
400g : Og 250 3h
320g : 180g 250 3h dry
280g : 120g 250 3h
400g : Og 300 2h wet (use acetone)

ol grd ZEe FHEES o)&dte] Ar 971dA EAHE st

AAy exe AMY 2 PR Atel=e EIE wusts]l $1stel 350°C,
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500°C, 600°ColA ZF 10417 EA- 7 gt €48 2 %+ 5°/mine
= ANE

7} dxg eLoA FAE e FxEAS 98te] X-Ray Diffraction
(Rigaku, Japan, CuKa, graphite monochromator filter) patterns #2331t}
=% 2712 40kV, 100mAol™ FHHx12 15°~60° WAl step interval
0.05°, scan speed 3°/min® 2 ATt AA e & 913 XRD 212 40kV,
200mA°]™ step interval 0.02°, scan speed 1°/min® 2 3}t LiMnPO,2]
reference® JCDPDS No. 72-7844E5 o] &3} t}.

U Al 2= SEM (FEI XL-30 FEG)S ARE38te] fd® 2o 43 %
WstE vl A5k T

3.2.3 FT-IR
2 AT Bde] HHolA dojys WelE #&EsH7| 18t FT-IR &
Ao 2 (Thermo Mattson)dbv]& o]l &3t i, KBre °©]&3te] FH35k pellet

o7 vtEo] 2AEAUY. FH4H peaks 59 A7 (%T)E EEEH 1, 54
FHd A WztE #AFalglch resolutione 2cm o= &t ok

3.2.4 cell Az =4

A71sked B4 APES 8 daAzxze A9 S5 2EEY =4A
(denka black), ZAgA(PVAF - polyvinylidene fluoride [8wt% in
NMP(1-methyl-2-pyrrolinone))E 60 : 20 : 209] FAHZ 4L 3 A=

&1 (NMP)E #7}3le] paste mixerE AF&a|A] 40E7F &3t o] 2 A
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al
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32
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dlo
mly

o2 #F fols, #yHoz2E Celgard
2500 (poly propylene)= Ab-&3te] WHA 2] (half cel)E ZHaATh olu, A&

¥+ #HfAL EC (ethylene carbonate) : EMC (ethymethyl carbonate) :

DMC (dimethyl carbonate)= 1:1:1 vol%°] 1M LiPFse] £3l¥ 1% 7]
Asld& 24X kst & ARt d7]ste A 54 AlgS AdRHe

2 WBCS3000 battery cycler (WonATech)Z o] &3] A4S 24~45V
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Fig. 11 Schematic diagram of 2032 type coin cell assembly.

. Cell assembly
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o] g oo Fio] FHRHAE k] wiEolth olek gEY b FF
peak ((NHy HPO»)7} Al7re] Azl whel A w, oo} 37 #AE d9]
peak (P-O)7} tt& @49 peak® Wajzto=» MX-PO, (M, X=Li, Mn,
(NH4))®] phosphate &2 F4aS ods) = & Ak LiCOz SA AH
7F ¥WekE AS ¢ peak’t AHE A= AE FIA AT 5 Qdrh et

1500cm ' H:t9] peak UEY AL LiCOl e A Y9w MnCO59)

@8 Wl Fig. 149 XRD A3} dAste AL 2 5 Qo
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Fig. 13 SEM images of the mixed raw materials about the effect of moisture (a)

is before and (b) is after.
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Li>COs, d is P-O bending stretch)
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Table. 8 Comparion of FWHM (the full width at half-maximum) values.

FWHM (deg)
(200) (101) (111) (020) (311)
(a) 350_10h 0.2858 0.2622 0.2853 0.2706 0.2650
(b) 350_10h 0.3119 0.2823 0.3208 0.3154 0.3102
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Fig. 20-SEM: images of LiMnPO,
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Fig. 21 Charge-Discharge curves after 3 cycles.
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Fig. 23 SEM images of LiMnPO4/C synthesized at the different temperatures. (a)
is 350°C, (b) is 500°C and (c) is 600°C
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Fig. 25 Charge-Discharge curves after 3 cycles and tested 30°C at C/20 (a), (b)

cycling performances at different temperatures.

_63_



| /

LiMnPO /C after Scycle (C/20) |
o

180
—®— test Temp. 30°C .‘
160 4—*— test Temp. 55°C |
| [ ]
140 - 9 /
. /
120 H |
. 4
| P
/ /

]

o
I
° i
b4

- S

-Z' (Ohm)

0 T T T T T T T T T
60 80 100 120 140 160 180 200 220 240

Z' (Ohm)
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Fig. 27 Charge-Discharge curves after 3 cycles and tested 55°C (a),
(b) cycling performances and both cut-off voltage is 2.4V ~4.8V

_65_



A 4% 4

O R

T No RN
o o of B W W T WX S
Mo O ow ) ~ H <~ T 7 o3
R N B — o Y o ™ 8
oy W oW S o & = 5 T )
i O ) ,UI Yo — ) N
o w4 E R T LB
mo = = m_w.e Y E ﬂ% B ﬂr MW ° oF
ol — 0
_y%ﬂLuLéﬂ = - SR of
oo o T . = B ot X W [y
: =
e e R = T < &
= 3 = B a7 - S S o oy
o B g K oy [ 5 O B e 0 T
_ wnArO ;&H o oex 17A_| MM & > onv o X — A
= o= o) miy w R 5
B T & IRLTY . W
T oa = A ts O < S olmmp| T oo
I T T o ol o g | 2 X
%%wﬁ@_ﬂg Pg S B S8 dolwd| = 4 BN
o T X0 oy oy = g = = i oo
nEt2Ee3 T O\UEE9, el
< — N ARA iz A El = = 3 J
S o 8 o X T o ) e, ! o 1 O j/i~a
o o T O T H ™ = ,Q o
= o o W L S ., 4 - ol °
= oo Mo mo m._ra T N &) it oo X 5o N
2oy o= oo M Cou w £ U K
3 oy W - o 2 %o S 0| B o do o
LT 7 =2 o D e T
& oy o T a7 o w4 = . M
TER Ty g NBE VU rriet
O 2 - G 5 F
s Ex v % . g O 5 g o7
B o T b oy X T 9 oy C <
W oW g EOEOF MW 5 T T oo 2oL T
=% N T oo K Pk T o
o ow Mo oo T oM A fo O = R y X
- B = o o AL RGN
TR E Ry P B3 B 2 mERT I aEN
N BN T o ON o} ol wog UL L g
of o Wl T O® oW o —_ — 2 X g Mhh —
© o) [ I e S Se B
X W o =

_66_



Reference

[1] D. Linden, Handbook of Batteries, 2™ed,McGrawHill(1994).

[2] M. Wakihara, O. Yamamoto, Lithium Ion Batteries. (1999).

[3] D. Aurbach, A. Schechter, Electrochemica Acta 46 (2001) 2395.

[4] P. G. Bruce, Chem. Commun. , 19 (1997) 1817.

[5] B. D. Pietro, M. Patriarca, B. Scrosati, Syn. Met., 5 (1982) 1.

[6] H AT ZHHEE, Rechargeable Lithium-ion Battery. 2000.

[7] J. Cho, G. Kim, Electrochem. Solid-State Lett. 2 (1999) 253.

[8] R. Kokshang, J. Barker, H. Shi, M.Y. Saidi, Solid State Ionics 84 (1996)
1.

[9] G.G. Amatucci, J.M. Tarascon, L.C. Klein, J.-Electrochem. Soc. 143
(1996) 1114.

[10] gFolatdxe] g B &8, W7 9 1491, 3-5=3AF (2010)

[11] S. Tobishima and J. Tamaki; J. Power Sources, 81-82 (1999), 882.

[12] W. F. Howard, R. M. Spotnitz, Journal of Power Sources, 165, 8837-891
(2007)

[13] H. Gwon, D.H.Seom S.W.Kim, J.S.Kim and Kisuk Kang, Adv. Funct.
Mater. (2009) 19, 3285-3292

[14] Marca M. Doeff, Yaogin Hu;-Frank McLarnon, and Robert Kostecki,
Electrochemical and Solid-State Letters, 6 (10) A207-A209 (2003)

[15] Heike Gabrisch, James D. Wilcox, and Marca M. Doeff Electrochemical
and Solid-State Letters, 9 (7) A360-A363 (2006)

[16] Z. Bakenov, I. Taniguchi, Electrochemistry Communications, 12 (2010)
75178

[17] Y. Wang et al. / Solid State Communications 150 (2010) 8185

_67_



[18] H. Fang, L. Li, and G. Li , Chemistry Letters Vol.36, No.3 (2007)

[19] Guohua. L, H. Azuma, and M. Tohda, Electrochemical and Solid-State
Letters, 5 (6) A135-A137 (2002)

[20] B. Kang and G. Ceder, Journal of The Electrochemical Society, 157
7A808-A811 2010

[21] D. Wang, C. Ouyang, T. Drezen, I Exanar, A. Kay, N. H. Kwon, P.
Gouerec, J. H. Miners, M. Wang, and M. Gratzel, Journal of The
Electrochemical Society, 157 (2) A225-A229 (2010)

[22] M. Yonemura, A. Yamada, Y. Takei, N. Sonoyama, and R. Kanno,
Journal of The Electrochemical Society, 151 (9) A1352-A1356 (2004)

[23] I. Yoshimatsu, T. Hirai, J. Yamaki, J. Electrochem. Soc., 135 (1988)
2422.

[24] A. R. Armstrong, P. G. Bruce, Nature 381 (1996). 499.

[25] T. Ohzuku, “Lithium batteries: New materials, Development and
perspectives” (1994) 239.

[26] J. B. Goodenough, Solid State Ionics, 69, 201-211 (1994)

[27] C. Delmas, M. Maccario, L. Crougennec, FL. Cras and F. Weill,
Nature materials, vol. 7 (2008)

[28] Shannon, R.D. & “Prewitt, C.T. Effective ionic .radii in oxides and
fluorides, Acta Crystallogr. B25, 925-946 (1969)

[29] C. Delacourt, L. Laffont, R. Bouchet, C. Wurm, J. B. Leriche, M.
Morcrette, J. M. Tarascon, and C. Masquelier, J. Electrochem. Soc., 152,
A913 2005.

[30] G. Y. Chen, J. D. Wilcox, and T. J. Richardson, Electrochem.
Solid-State Lett., 11, A190 2008.

[31] A. Yamada, M. Yonemura, Y. Takei, N. Sonoyama, and R. Kanno,

_68_



Electrochem. Solid-State Lett., 8, Ab55 2005.

[32] L. Wang, F. Zhou, and G. Ceder, Electrochem. Solid-State Lett., 11,
A94 2008.

[33] M. Yonemura, A. Yamada, Y. Takei, N. Sonoyama, and R. Kanno,
J. Electrochem. Soc., 151, A1352 2004.

[34] U. Von Sacken, E. Nodwell, A. Sundher, J.R. Dahn, Solid state ionics,
69, 284 (1994)

[35] E. Peled : Chap. 3, J. P. Gabano Ed.; "LITHIUM BATTERIES,”
Academic Press, New York (1983)

[36] D. Wainwright, R. Shimizu, J. Power Sources, 35 ,59 (1991)

[37] J. B. Goodenough, A. Manthiram and B. Wnetrzewski, J. Power
Sources, 269, 43 (1993)

_69_



	제 1장 서론                                  
	제 2장 이론적 배경
	2.1 리튬이차전지 개요                 
	2.1.1 리튬이차전지의 분류  

	2.2 리튬이차전지의 구성 및 원리   
	2.2.1 양극활물질                  
	2.2.1.1 Olivine Structure   
	2.2.1.2 LiMnPO4                  

	2.2.2 음극활물질                  
	2.2.3 전해질                 
	2.2.3 분리막                 


	제 3장 고상반응법을 이용한 LiMnPO4/C 합성
	3.1 서론 (선행 실험)                 
	3.2 실험방법                 
	3.2.1 LiMnPO4/C 제조  
	3.2.2 X-선회절 분석 미세구조  
	3.2.3 FT-IR                 
	3.2.4 cell 제작 방법                 

	3.3 결과 및 고찰                 
	3.3.1 LiMnPO4/C 합성  
	3.3.1.1 혼합공정의 문제점  
	3.3.1.2 LiMnPO4 합성과정의 차이  
	3.3.1.3 혼합공정의 차이에 따른 전기화학적 특성의 비교  

	3.3.2 합성온도에 따른 전기화학적 특성 비교                 
	3.3.3 최적화된 합성방법 및 전기화학적 특성 평가  


	제 4장 결론  
	Reference       


