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Abgtract: In this work, the solid polymer electrolyte (SPE) composites, which are composed of poly(ethylene oxide)
(PEO), mesoporous mobil crystalline materia-41 (MCM-41), and lithium sdt, are prepared in order to investigate the
influence of MCM-41 contents on the ionic conductivity of the composites. The crystdlinity of the SPE composites was
evauated using differential scanning calorimeter (DSC) and X-ray diffraction (XRD). The ionic conductivity of the SPE
composites was measured by the frequency response andyzer (FRA). As a result, the addition of MCM-41 into the
polymeric mixture prohibited the growth of PEO crystalline domain due to the mesoporous structures of the MCM-41. The
P(EO)16LiCIO/MCM-41 eectrolytes show an increased ion conductivity as a function of MCM-41 content up to 8 wt%
and a dightly decreased conductivity over 8 wt%. These ion conductivity characteristics are dependent on a change of
polymer crystdlinity in the presence of MCM-41 system.

Keywor ds solid polymer eectrolyte, ionic conductivity, crystalinity, mobil crystalline material-41.

1. ME A= szl 5 HaE Fof ofe] 7R WellA] ool
Ao, 78 = A el sl Hlste] el A

ERAEE AR U8 B48 Hehlle & B 1 o] =2F- 02 e o] RHELEE T BE AU R X8-S o
sletA o2 FHEE Aphasg) o2 FAE, olHst B3RS & H-go] stk o]23l o]le =T SPES] Bal e} ol &uk
Ae AR O dxre] &3 vE, JEiE), el Bade] 27 & 3 AAEY, o]dg 542 el EAletke ol A SPE
of ofal] AL o]t 1A} BPA = Aol HE 200 T o] YxpNEH o] Qrkal gtk =, PR ARSEE e ol
7hA 9] W 2k el A F2 ARSE M, a4 2Rt sl H(solid < AFsl = B oofel, frEldol 2 (Tl S7ket ¥4% 99
polymer dectrolyte, SPE) E3A1EE olux] L] 23} 2|, a5zl o] s 7HHem, 1 Ay Ao o] RRT} TSl
A, 2l AN 3 2 ok [71sishA gAel -8 7 gt v ) o] ARSS A9 ionpaing FAEES S7HAIA
S A Aoz A ok a9 %7‘(aggregdlm)** FRakaL o) Ax o]2Hwwet 7)A
SPEE gk AEFuE AxTFssh, 78 71A1A 4, 18aL £ Aste] Fd Ajle] H= 74& A Yok ol dt WA
< f4sr] H5H TiO,, A|203 S0, &4 Ak, 2ejar Al 3k

To whom correspondence should be addressed. E-mail: psjin@krict.rekr o 59 7] AkskE 7 R A% /] 7haAY] H7F o] MR El

403



AEE AL QUL o) TkaAlE kgl wheh SPE9] o] A EE
= 37, A A B3 Astet S wheeke &
Aol odrkar kX Wil SpEe] AR F7) AsHES A7t
ol whEhr] SPEQ] o] AR S o), 7|AY B4 g
At FHE AN A e AYar glepte
B Ao A3 PEOE & AZdo|dxs) 5= GY(Ty
of o|27] A7A ] F& 71AA A, el gFe BE AlxY
A3 S5 AU glom, of= SPERA ] -84 ARt st
AR ey olejet ool ® Bralar PEOS] ARA o]
A9l o]l5g Wallste] W o] 2AEEE 2= e AU
olglgt PEOS] AAA 49 et o|2AEEE F/HAITIE WY
%] it f71 F7) SAAE AHEE SPE H§HAEol®
upha, B Ao E 7] FHAZ mobil aydaline material-41
(MCM-41) & AMg-3te] SPE H3HAIEE A|Z=skitt 7= MobilA}
ol A AP w2 Eo|(mesopore) HA 9] 3ol MCM-412 1992
N wlZeo| Eliquid aysd tamplate) HIAUS of3f AlxE o,
MCM-419] -3+ 12H49] poreE©] 6218 <] aray FE= 4% o
Z3¥ 223 FH(mesoporous tube)E o] Foj T}, o]2fdt 2 AHH
Wz~ 6219 B2 Agviel vl v Blog gy
B, o] MCM-41¢] A4 AAgcia 3oy ??
wba], 2 Ao E mjER 2R AR PEO AA 99
g 98|, WzEe A3 7 FTERE 7HAE MCM-41S 34
P(EO)laLICIOz;/MCM—41-4 SPES AZ3IGith Pl Az
ZXA MCM-419] H7hge] Wslel] mE SPEe] ZAseo] W}
2 A7) A EAe vRe dFS @S GITh

“
T=

2. A

o

21 A8

B215k 20x<10° €1 poly(ethylene oxide) (PEO)S} ]H <) LiCIO=
Aldrich Afol] A ?L?jé}stip_ﬂﬂ, S 2 AL2-¥ acgonitrileS Junsd Che
mical (Japan)ell A -} 44‘&6}‘%} FHAAZ AHEHE MCM-
419] AzE S8 *‘rﬂ?’} o1 colloiddl silica Ludox H40S- (57)FY
ol A, AAEAIA 2 AHE-F odyltrimethylanmonium chloride(CTMACH)
solutione Aldrich Aloll Al F3ke] AA glo] AL&313it)

22MCM-412] &

Colloiddl slicag! Ludox H40 143 g3 1 M NaOH =89 469 g 353
KollA 2417F 59 uEkste] sodium silicate 8988 A|Z3}15IT) 20 g
°] CTMACIZ} 28 wi% NHs 78 029 g2 A& 3loll A 1A]7F <t
Ak 3 ool wjg] A% sodium slicae 8918 HH3] Hsletar A
ZollA] 1AIZE O] amkegith o] Al E3E-S 370 KAllAl 24413t &
oF 7143k &, Aol Y75k 30 wi% acdic acidE AFE-5Fe] pH
1022 F43}ck pH 5 370 Kol A 24713 E9F 7HE sk 7

A o v AlEe & e AES oAt 370
| HIEHO|EE AAS] 9

A AzFAL? ol F, WYES F7

A &7] FolA 823 KollA BAIZE ek A4 348 713 MCM-41
E=Ps=y
23 L}-E235H| SPE HIZ=

PEOE 50 CollAl MCM-413} LiCIO&= 130 CollA 24413F S<oF
Azxsto] A8l O, LICIOE acetonitrile®™ &3]3 F o] 7|0
MCM-418 %7151 108 &< sonicaionS &5t o37]el PEO

24

e 7l
Kell

mlo :O.LL

Z2|H, A297 A4%, 20055

Atk

= [EOIS} [LiTT9] 16:19) &= 7Isle] 24413 F<F nRkek
40 Co] g oA 24A3F F3F Axse] PEE A%

24 #H RDEZX| A AYIE

PEO°I LiCIOsZ MCM-41S 7bol uh2 SPEe] ¥ WHels
APAAE AW)Z(SEM, Hitachi S2400)8 AHg-sho] dHasaith B3k Al
2522 7(DSC, Perkin Elmer DSCE)9F X-41 3] 2 ¥-4](XRD) <
Eall MCM-41¢] H77h PEOS] AAstol] mA= TS A
’F2ol| A 125 T7HA Np 9713814 5 C/min
SoEHr At
25 M7|5EH EM
AlzE SPEQ o]2HLEEE 5] flste] uR dYHsE
gallt. dvd s F4L2 F Uie] 2HddEs 29 A5
A FEE M)A FHlE AlZste] 10 Hz~10 kHze] Tk
oA Fu}4=HH-3-7-4] (frequency response analyzer, FRA)®] ?“;7,%
AUTOLAB 30(potentiostat/galvanostat) (Eco Chemie, Netherlands)=-
g3kol Ssigiet.

Ho2go] AHR)S FRA AT ESO1E o]83}e] equivaent dircuit
andlysis® E3) Sk on], AERE()E ()47 2t

AQ

1l

_ELQ*;JIN'

uz o, 0

1_RA
P @

o 7]1A, ti= SPES] FA 18]al A= SPES] WA ou]diy,

AL Y ER

31MCM-412| &4

$dE MCM-413} 24 FHS AR MCM-419] 3= Fgure 1

o =) B3 A3}, F 49 2% 3500 omitolA] -OH JJ:L 131
9809} 810 cm™el|A] S-OHst S-0-S¢] 54 ¥]=7F =% vehg
SRIg = Uit e, 24 DS ARI7] He] ddE MCM -41
o] ZellAut 3000~2800 o GellA] f7] ARLAAS] S
;z]g_ﬂ_ L].]q_l/kCL 1]—7?1—6‘]— = 9/1\041:}. ]1‘:_ _%_7] Ei]___gﬂ ]E AC-)]T,‘:_LO]
AFIAE Fal AR Seh, 24 gellM s AES
o] gt

o]2]gt MCM-419]

AR 20 < 7° 99 XRD HFoNA B2

as-synthesized MCM-41

calcinated MCM-41

Transmittance(%)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm™)

Figure 1. FT-IR absorption spectra as synthesized MCM-41 and ca cinated
MCM-41.
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Figure2. X-ray different pattern of MCM-41.
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Figure 3. Wide angle X-ray diffraction patterns of pure PEO and
PEO6LICIO, with MCM-41 of different weight ratios.
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Figure 4. Small angle X-ray diffraction patterns of PEOscLiICIO, with
MCM-41 of different weight ratios.
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Figure 5. DSC curves of PEO,6LiCIOwith MCM-41 of different weight
ratios.
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Table 1. Crydallinity(y) and Mdting Temperature(Ty,) of PEO:LICIO4/
MCM-41 Composite Polymer Electrolytes

MCM-41 SILi Melting temperature, Crystallinity, x
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Figure6. SEM photographs of (a) pure PEO, (b) 0, (c) 2, (d) 5, () 8, and (f) 10 wt% of MCM-41 in PEO;6LiClO4 polymer electrolytes.
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Figure 7. Complex impedance plots of PEO;sLiCIO4/MCM-41 polymer
electrolytes system at room temperature.

-5.0
— \
°
@/ L]
% _54- | ]
S //

—5.6-/

0 2 4 6 8 10
MCM-41 content(wt%)

Figure 8. Dependence of conductivity on MCM-41 content in PEO,LiCIO#/
MCM-41 polymer electrolytes system at room temperature.
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