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Abstract — A polymer composite electrolyte of a blend of poly(methyl methacrylate)(PMMA) and poly(ethylene
oxide) (PEO) as a host polymer, the ethylene carbonate as a solvent, and LiClO, as a salt was studied. The crystallinity
of the polymer electrolytes was evaluated using differential scanning calorimeter(DSC). The ionic conductivity of the
polymer electrolytes was measured by frequency response analyzer(FRA) method. The effect of PEO/PMMA blend
ratios on the ionic conduction in these electrolytes was investigated. The electrolyte films showed a phase separation due
to immiscibility of the PMMA with the PEO. The PMMA-rich phase and the PEO-rich phase were produced during a
film casting. The ionic conductivity of blend electrolyte was dependent on the content of PMMA and showed the high-
est value at 20 wt.%. However, when PMMA content exceeds 20 wt.%, the ionic conductivity was decreased due to the

slow ionic transport through the PMMA-rich phase.

Key words: Ionic Conductivity, Polymer Blend, PMMA, PEO, Lithium Ion

LA B

A7, WAk, EAL Y AEE Alglol e] il we) s,
QP9 o)zt ARl thg 4=e+= AAF F7FE o shar 53], A

"To whom correspondence should be addressed.
E-mail: seokkim@pusan.ac.kr
fo] R kst vk wde] i S 7dsle] Fas stk

476

71, A A 43 st 0 Folsh S ot urk 2w
o 7 oA ARAHEA A A ol AbA e nEEE
S190 sefalar Qlor FHA0 R e ol AN W71
A AR A7 e O 714 el U3 9iet. o]
ek ol 214 Aol Al Fehg 22 71710 eluiA)
S8 M o ol ola AL F2 AT 9k s €]

FOlZ A= o, 8 9194 52 f1g0] 7] wiitel o] 4l



Li o] ¥351= PEO/PMMA 1A side] Al 9 7|3k As 477

: Ao
ol Mx2) o] ST, Hale]
3 9] Aol =T, v o] WA Al
o] golsirh= A3lo] o] &3 olxF A9} vl A7) AFEAt
2] 187 o]xkAA] Foll &-8o] Z|tfE]o] At AA 2 ZHEg
2 Qi

Ak 2 Az 2 A} o] ol A AR} HallE-2 poly(arery-
lonitrile)(PAN)[1,2], poly(methylmethacrylate)(PMMA)[3,4], poly
(vinylidene fluoride)(PVdF)[5,6]% 2-& A=At HHES ZH= 132
2F 714 ol guljg} o] ol Foi7) Yl FrEolvh. A 1A}
Asfale] o] &HhE ATl U= o] &Fe] olFel 2lste] o] F
ojxIrh. wbA] o] & M AA gufjellx <] o] Azl W
=7HARE, A de 7)A1A Zert okslal BlE a2k oA
o= FAZF A= T, T TS SATE Sl EA1e] 9
TH1-7].

A A A Ae 1973 PV, Wright 5ol 2Jalo] Wy 2
2ofldal $ALO)=(PEO) IAAFS] F&ro]2 dljg]of o8t o]
o] delA A& Sl oM [8] AE7HA] A 1AL M|
st M3 718 5ol et B2 ) Eas] Haso gl
[9-12]. 2AF o7 yA| ywA} Asfde] FHo 2 58k, 7]
s}8H2 QPgAo] a1, 53] 187 gl w5 A=) AR TS
stz o] Qi

T8t 7520 PEO Al 1A} Asl|ae Aol Add 4}
H7d 2o &3tE| o] Q1= o5/ (binary phase) Ao, B3 A2
go] w9~ =2lA| HP3}= 7] wiitel]l Zd=elA 108~107 Sem™'<]

2 O] =T 9H13] Y2 lithium transference number® 13 €]
F oIAFAA RS Agslell WHOR A= JlTH14-16].

o]y e EAHE 8] Asf AL4[17,18], TiO,[19,20], SiO,
JEa Mgk 3oy 5] ) AlskE 347 e ThaA] A
7} 9 MR [2115Y} PEO] 725 HIA7I= W, S 7IAlE
H7kstel At F AR e SIS R 22], VA
o] A} FAREl| AR ethylene oxide B7HA1E AEsh=
W [23,24], WA F2E 7HAE Aol EAlRFo] W2 PEOS
T A AREE FIA7= BN S0l[25] ATE At
A siAe QoA Ak BT Al golshA A 4= gl
T 3HE 7L QoA AEARD A7 HEE T giok26].
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2-1. A2 2 AlSE
2 AT AR 1A el FAAEE PMMAM, =
1.2x10%, Aldrich), PEO(M, =2.0x10°, Aldrich), Solid ethylene carbonate

(EC, 98%)= F7H4Q1 A&] glo] ARgatalom, Sull 2 AHE-F ace-
tonitrile(ACN) Junsei Chemical(Japan)°l|4] +}J&ted ARESIAATE.
ek 2l 590 AR lithium perchlorate(LiClO,, purity > 95%,
Aldrichy= 127404 2417 A% & AFg3IQiT)

2-2. TERF Mo EL| M=

PEO/PMMAE ACNSZ £33t $ of7]e] ECE #7}ste] PEO/
PMMAS} EC7} @H48] &34 4= &S 3AKE B3t ke AlE
s13om, ojuf AREEl EC®} PEO: 0.1:12] H]&=2 7|8k ARgst
At ECS} PEO/PMMA7} $H:5] 23k g-9lof] LiClo,E 7}at]
IAZE BF WHkE: AJsEeh 3 o]F 40°Ce] ¥ QoA 243E
Bt Axste] 1A 1Al Qa2 (solid polymer electrolytes, SPE)

52 Alxsilt

2-3. 02K} Mool AN

PMMA 7}l 2 PEOS] A7 t2] WislE A iy] $13] Al
25AHE A (DSC, Perkin Elmer DSC6)S E3f 30~300 °C 9=
N, #9171 3ellA 10 °C/min?] 52 &= Alai3ict.

2-4. M7 |2 5y

AHZ¥ SPES] o] 2AEEE Z4317] 918l wH AUTHAAC
impedance)g S733I3IT} YA S F 7S] AEHRIEA A&
€ (stainless steel) A=l Az F-S M= X (sandwich) FE
= AlZ81] 10 Hz~10 kHzo] T3 W 9], Aol Faeenbei
2] (frequency response analyzer, FRA)Z} 914 AUTOLAB 30(poten-
tiostat/galvanostat)(Eco Chemie, Netherlands)E ©]-835}] 573}15]
a1, 7] A FRA & Edo)E o] g3t 4319t

3.8 3 o

3-1. SPEQ| ANEIT

DSCE 1A} ARE2] £-234) (flexibility)?} THAY = A5 AES
=38 5 Qe WY 9] shE, Fig. 12 PMMA F71ol uh2
SPE®] 887 W3} 4l A4l Wsks waslr] 98 veld DSC
A Ao}, szt Ase] 887 WMak= & PEOS] AAs)
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Fig. 1. DSC curves of SPEs with PMMA of different weight ratios.
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Table 1. Preparing Condition and Property parameters of Polymer 0.5 .
Electrolytes
Blend membrane e " M
Cod AH (J/; T 0.4- o v M-10
ode PEO/PMMA(WL%/Wt.%) e m . o M20
M-00 0/100 69.1 63.18 _ . ° :jg
[ ]
M-10 90/10 512 62.70 E 03 .
M-20 80/20 389 60.20 S .
M-30 70/30 23.0 56.93 = a2l .
M-40 60/40 102 54.80 g @ o
N v
v L] ™
oo
0.1 A .
. 1 ]
- O
= S8l g1g = glom o A (1) el ARl o " “oe®
L) - T T v T T T T
AH, O 0.1 0.2 03 04 0.5
X = 0
AH Z' x10% Ohm)

o}7)A, =578 PEOS] AHYS} T,:& 242t 69.1 J/g) 72.9 °Colv]
Az SPES] AH, A= DSC 5785 &3l 75i3ith. DSC 43S &
A A2 DHAHYF 8873 (melting temperature, T,) &5
Table 19| E713153t}. glE0]&S E35h= PEO/PMMA 53] A
axle] A2 S4e 2EE AFHew %*F%ﬂ up}, d=F A3}
5 itk PEOS] AR GelAe] &8l o8 & Fa
£ A5, PMMAE 37Istel wel @ 25 £0 7 o]FH S
& 7 QAT B3k PMMAS] 371l whE PEOS] A sls Wsh=
Fig. 20 JERASITE PMMA 3718°] 10, 20, 30, 40 wt.% 57 Ftol]
wje} ATt 73.9, 56.3, 33.3, 14.8% A 7HAch= A3FES B
Ak olE3 A3l M3k v A PMMAS] H717} PEO
AP A 2AF AFERE] J-g-8he AR A% A8 (molecular
interactiony= F5HA| €-° 24 PEOS] A4S A TS 9
el

3-2. SPEQ| O|=FER 9 M REZX|

PMMAZ2] 7}l up2 SPES] o] &A% Hals #asly] $)s)
A A &S SA3I3Th PMMASL] H7Fgo] S7Fel w4
2of|x12] Mae] AR, T Qi IR THZE Fig.
30 YFERAQACE. M=2de] AGHR,)S Fig. 3014 8|S 3514 &

100 -
80~
e
T 60- \
E
3 40
£
8]
20 \
]
0 | I 1 | I
1000 90120 8020 7030  60/40
PEO/PMMA (wt/wt)

Fig. 2. Relative crystallinity (). of SPEs with PMMA of differ-
ent weight ratios.
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Fig. 3. Impedance plots of the SPEs with PMMA of different weight
ratios.
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Fig. 4. Room temperature ionic conductivity of SPEs with PMMA
of different weight ratios.
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Fig. 5. SEM images of SPEs with PMMA of different weight ratios.

41} A7/ (crystalline) jo] ¥E3H= PEOS| A4 4]
a5 7HASE ngd 99 s Ao ® Bl ol o)Ed
o] Z7137] WlE o2 FE) AN, £ AFoA= PMMAS)
7ol Wk SPEC] o] 2R PMMAS] A7k ul#jste] A
o7 Z7V8HA] ko 20 wt.% o) delA] o] LA L] TRAE
B3 5= Tk M-30 2 M-402] 7-9-ollE PMMA A g3]
7kl AR3er) 3718 07 hashe do] whgel s B
8k, o] AR 93] ks AE B3It o=, PMMA
A7tell el AR seE §F Skl vk, A 0w A 5
UARATE, SEM 247 ellx] & 5= Q1501 “d=te] (phase separation)
H go] Wgsleq, o] o] A 4 Q= v|FA goo] 13}
(isolation)=] = &kl Q]3] o] AT T} AT A o7 AzYet =
St} =, SPEQ] H7]3}shs EAL - A/ME- A (filler/matrix)
&A1) A (phase)} I 5/ (surface property)el] &J&strtar ¢
214 ATH29].

o3t Ay= Felaly| Slaf Fig. 50 LR ulel o] PMMAS)
ofo] Z7Vgtel wlel, SEM #2418 o]-g-8lo] ek (morphology)-
AT PMMA 3% o] 10 2 20 wt.%3! M-10 2 M-20
B3 daflde] Agolls 3Ag we vER A S0 A8
el S (fibril-like morphology)s Hol= Zlo| thi #&E=x|ulk, g
gk ] dAdo] flo] tiAld o2 U (homogeneous phase)
< Rolx itk FA|NE PMMA i 0] 30 wt.%3! M-30 &
A Asf 2] Ao, F IAPE LA AR Bkl A
o o] 789 FHE FelE vl (heterogeneous phase) 3
Ellsh(morphology)s 7FA1IL Sz A 0= QL) o] 7S SkollA]
9] o] 2HEES] HE FEA AuET, PMMAS 7ol 20
wt.% ©151R1 73-9- )72 e] PMMAS} PEO M4 ARSI A4 4}
go] ghilslo] o] AT} FFEL, PMMAS] ofo] el 735
of F A SREEE 18t i o]2] WM (transport)S
ASAA AT 0 F o] LAEES] TAE LERH Fo0 = A7)

L

42 E

& ATrels 2R At SRS sl ke A
AF Ao o2 d e WskE 1dsly] 215k, PMMAS o83}

of 7)E2] PEO 3AF A2lst BAGE F, elFUS WK 3
w2 RS Aol AYFE W A71H0 B e

o} 71 A3} A|Z3 SPE= PMMAE 37180 24 PEOS] 1A}
A& AR S FAAA o)L AEET) F7H8EAL 20 wt.% 2
PMMA7} 71l SPEZF 25 °COllA] 5.80%107° Sem™' 9] 7Hg &
O] HEEE Bath skXuk, PMMAZ] dledo] 20 wt.% o<1 7
5, oleAEEE 743t &, PMMA $&0] 20 wt.% ©]42
= 57kt ARt S R sl o] SRRt 5
7FIA] @kt AAshs AES Btk o] s A 20 wt% ©]
4O F PMMAE =318H= 7%, SEM 42 7ollA] Elst 4= gl
£ kel 2o, 24 ARl AREE|7L BAeRE A wRdo] 9l
tha a ¥} SPEQ] o] A== PMMAS] 71 Z71e) vlg)
slo] S7FHAl Al 7 aEAREe] AEel ) AAste] sk &
Sk uEAl Fed MEYAR QI 2| o] 2N Askeh o
By Qo7 wakEin)
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