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. �

� ��öBº ¸f �Ë;êf êWKj &æº 
�W �ÒÖ.ê(polyurethane, PU)j ææÚ(matrix)� �Ï~�,
FV *�� ethylene carbonate(EC), propylene carbonate(PC), tetraethylene glycol dimethylether(TG)f 1 M
LiCF3SO3¢ ¦bj 1 : 1 jN� b�~� �Ú *��j B�~&b�, ¸f ��Ïïj &æº Li/S *æö 'Ï~�
*V z�' ßWj �Ò~&
. 1M LiCF3SO3ö TG¢ Î&� ãÖ FV *��~ ��ï� £ 750% Ã&~&b
� O*Ïï(1065mAh/gÁsulfur) 5 Ò�� ßW� &Ë Ö> ~&
. 1 M LiCF3SO3ö TG/EC(v/v,1 : 1) 5 PC/
EC(v/v,1 : 1)¢ Î&� ãÖ �N *êêº '' 3.15Ü10-3(S/cm) f 3.18Ü10-3(S/cm) � ¾æÒ
.

Abstract : Polyurethane was used as matrix for polymer electrolytes with liquid electrolyte consist of organic solvent
as ethylene carbonate(EC), propylene carbonate(PC), and tetraethylene glycol dimethylether(TG) and 1 M LiCF3SO3,
which has high mechanical strength and porosity. Electrochemical properties for polyurethane electrolytes with various
liquid electrolytes were evaluated. The amount of immersed liquid electrolyte for TG with 1 M LiCF3SO3 was
increased to about 750% by weight, and initial discharge capacity and cycle performance was better than others.
Ionic conductivity for TG/EC(v/v, 1 :1) and PC/EC(v/v, 1:1) with 1 M LiCF3SO3 was about 3.15Ü10-3S/cm, 3.18
Ü10-3S/cm
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1. B �

�Ú �ª¶*�îf 1973jö Fenton1)� �N*êWj <º
�ª¶¢ ¾r BÒ�b�� ÒÏ>î�, 1975j Wright2)ö ~
� PEO(polyethylene oxide) �ª¶f r�Ò .³" ��Ú&
çNöB~ �N*êê& 10-7 S/cm¢ ¾æÞ
º ©� B�B
�ê Armand3-5)�ö ~�B PEOê �ª¶ *�îj ÒÒ2N
*æö �Ï~V *� ��& �B® ê¯>î
. �Ú �ª¶
*�îf *~ Ú>Ú� "j �Ò � > ®b�, ª¶~ F�
W� Ö>~� "~ Ú>j ö�~² ~º bî�Ú¢ ~� "
� PEO, PPO(polypropylene oxide) �j "*b� ~º ��
& ê¯>� ®
6,7). ��¾ �Ú �ª¶ *�îf �N *ê

ê& Ôj �WË~ *æ �Ê�öº 'Ï>V ¾� �6� ®

. �Ú �ª¶ *�î~ �N*êêº çNöB 10-5 S/cm ;
ê�B º�>º 10-4~10-3S/cm º*~ �N*êê¢ ¾æÚV
& ¾

6,7). �"öº �Ú �ª¶ *�î~ �N*êê¢ Ë
ç�ÊV *� O»b� F*� ç> 8� � FV *��j
�ª¶ *�îö Î&�Êº ��f8-10) ^¢� ÏêB(ceramic
filler)¢ Î&~º ��& �B® >¯>� ®
11-13). æ.ræ
��B &²zB �ª¶ *�î~ �N*êêº çNöB
PVDF(polyvinylidenefluoride)~ ãÖ 6.4Ü10-3S/cm ;ê��14),
PAN(polyacrylonitrile)~ ãÖº 1Ü10-3 S/cm ;ê��15),
PVC(polyvinylchloride)º 2Ü10-3 S/cm��16), PMMA
(poly(methylmethavylate))º 3Ü10-3 S/cm� ©b� rJ^ ®

17). *f ?f �ª¶ö ethylene carbonate(EC), propylene
carbonate(PC), tetraethylene glycol dimethylether(TG)�~ ¸
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f F*N ç>8j &ê FV *��j Î&~º ãÖ �ª¶
*�î ßW� Ö>� öò jî¢ ¸f �N*êê¢ æî�
®V r^ö çë'b� wÏ� V&>� ®
.
� ��öBº �� B®zB �ÒÖ.êj 
ÞÓÊ� ÒÏ
~�, �Vö FV *��(TG, EC, PC)" ÒÒ"(LiCF3SO3)b
� �WB �Ú *�îj ��~&
. �-² B�B �Ú *�
î� �FB �ÒÖ.ê *�îj ÒÒF�*æö 'Ï~� O
*ßW 5 .V Ò�� ßW�j �Ò~&
.

2. 
þ O»

2.1. �ÒÖ.ê *�î~ B�
¶Ú B·� .�V¢ �Ï� �� ç®z >Ú®º �ÒÖ
.êj vþ 300µm� .�~&
. .�B �ÒÖ.êj jª
;�~ *�î� ò� ê >ªB�¢ *� 48 hrÿn 90oCöB
ê� ��~&
. FV *��~ «~º ¦bj 1 : 1� B��
TG, TG/EC, PC/EC 3«~ ''ö 1 M(mol)~ LiCF3SO3~

ÒÒ"j Î&~� B�� ê j�
 ª*V~ glove boxÚö
B 24�*ÿn v>~�, TG/1 M LiCF3SO3f. TGEC(v/v,1 :1)/
1 M LiCF3SO3, PCEC(v/v,1 :1)/1 M LiCF3SO3~ 3«~~ *�
îj áj > ®î
. v>B FV *��³ö ê� ��B �
ÒÖ.êj ��ö V¢ ��" ���B PU-based *�îj
B�~&
. ��B *�î �W7ö FV *�� TG¢ ÒÏ�
ãÖº �ÒÖ.ê~ ccö ~� æª� £ 5 mm ;ê ¾Ú
Òb�, TG/EC f PC/EC¢ ÒÏ� ãÖº £ 2 mm ;ê ¾
ÚÒ
. � Î� ";f j�
 VÚ& jòê glove box Úö
B 
¯~&
.

2.2. F� *�~ B�
50 wt% F�ªö(<200 mesh), 30 wt% PEOªö, 16 wt%

Carbon(�1 µm, 99.9%), 4 wt% Li-Salt (LiCF3SO3)¢ 44 mL
acetonitrile" ?� â'2¢Ê�ö I�, 24�*ÿn v>~�
&¾Ê ¶Ê+ � ê 48�* ÿn &V7~ çNöB ���Î
ê ��>Úê *�ö >ªj B�~V *~� 50oC ê�~ö
B 12�*ÿn ê� ���Î
. �� ê �òº £ 40µm v
þ~ jª;�& B
. 

2.3. *æ~ �W
*æ~ �Wf anode�B 0.38 mmvþ~ Li foil(CYPRUS

Co)j ÒÏ~�, cathode�º 50%F�*�j ÒÏ~&b�, *
�î�º PU-basde *�î �Ï~�, ÒÒ/PU-based *�î/F
�*� Bb� '[~&
. *æ�Wf j�
 ª*V~ glove
boxÚöB 
�~&�, *æÚ¦º j�
 ª*V� 
ç(sealing)
~&
.

2.4. *Vz�' ßW �þ
*�î~ �N*êê¢ G;~V *~� SS(stainless steel)/

PU-based *�î /SS BB� cellj �W~� v~ ªb~Ê
(AC impedance)ªCj 
� ~&
. "2> 1~105 Hz, ê�
10 mV� ~&
. *�î~ ���*" ���*, �Ò� storage
time" Nê æzö V� �N*êê¢ G;~&
. �Ò� *
�î" ÒÒ*~ ê�ßW 5 ÖzÁ~ö� B�>º *�>w
j �Ò~V *~� Li/PU-based *�î/Li Bb� *æ¢ �W
~� scan rate 10 mV/sec, **º*(-2 V~2 V)~öB G;~&

. *æ~ O*ßWj �Ò~V *~� ÒÒ/PU-based *�î

/50%F� Bb� '[~� O* rÊÞV¢ ÒÏ~� 
þ~&

. *æ
þ��f çNöB Zæ�*j 30ª ÿn Fæ� 

r, Ï/O**~&ê¢ 100 mA/gÁsulfur� ~&b�, cut-off
voltageº 1.5 V� ~&
. Ò�� ßWf ?f ��b� 10Ò
�� ÿn 
�~&
. 
þ~ Î� *æ�Wf j�
 ª*V
~ glove boxÚöB 
�~&
.

3. Ö" 5 �V

Fig. 1f �ÒÖ.ê *�îj v>B FV *�� ³ö ��
�B �*ö V� Z² æz¢ ¾æÞ ©�
. ��~V * æ
æÚ� �ÒÖ.ê~ Z²& 6.0 mg�îb�, *�î~ �W�
TG/1 M LiCF3SO3~ ãÖ j* �� ê Z²& £ 45 mgb
� 750% ;ê Ã&~&b� �� 2�*ræ ê³ çß~
&
� �ê� �~ ¢;�j " > ®
. �©b� j* ��>º
�*f 2�* �ê� " > ®
. TGEC(v/v,1 : 1)/1 M
LiCF3SO3 f PCEC(v/v,1 :1)/1 M LiCF3SO3~ ãÖ Z² Ã
&& £ 470%, 600%;ê Ã&~&b�, TG/EC~ ãÖ £ 2
�*, PC/EC~ ãÖº £ 6�* �ê j*® ��>º ©b�

Fig. 1. Weight change of PU-based electrolyte with soaking time. 

Fig. 2. Weight change of PU-based electrolyte with drying time. 
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" > ®
.

��N(%) = (��ê~ Z²/��*~ Z²(6.0 mg))Ü100

Fig. 2º j*® ��B *�îj 45o 'ê~ �"æ *öB
���*ö V¢ Z² æz¢ G;� ©�
. TG/1 M
LiCF3SO3~ ãÖ j*® ��B 45 mg~ *�î� 6�*ræ
º BB® 6²~
& � �êº 6²ï� £ 4.5% ;ê� j"
BB® 6²�j " > ®
. TGEC(v/v,1 :1)/1 M LiCF3SO3

f PCEC(v/v,1 :1)/1 M LiCF3SO3~ ãÖ '' 2�*" 6�*
�ê BB® 6²�j " > ®� 6²>º ·f £ 6.5%f
9.5%�
.

6²N(%) = (6²B Z²/j* ��ê~ Z²)Ü100

Fig. 3f �N*êê¢ êÖ~V *� G;� AC impedance
G; Ö"�
. "2> º*º 1 HzöB 105Hz��, *æ~ �
Wf v B~ SS(stainless steel)*�j blocking electrode�

ÒÏ~&
. TG/1 M LiCF3SO3~ ãÖ &�8� 8.71Ω�îb
�, TGEC(v/v,1 : 1)/1 M LiCF3SO3f PCEC(v/v,1 : 1)/1 M
LiCF3SO3~ ãÖ '' 2.73Ω" 3.16Ω�î
.

Fig. 4º �ÒÖ.ê *�î~ ���*ö V¢ �N*êê¢
G;� �¾*�
. TG/1 M LiCF3SO3~ ãÖ v>B FV *
��� j*® ��>V * 2�*ræº *�î~ �N *êê
& ê³ çß~
& � �êº £ 4.8Ü10-4 S/cm ;ê� ¢;
~² Fæ >î
. TGEC(v/v,1 :1)/1 M LiCF3SO3 ãÖº ��
2�*� >V *ræ ê³ çß~
& � �ê�º 3.3Ü10-3S/cm
� ¢;~&b� &Ë Ö>� �N*êê¢ ¾æÚî
.
PCEC(v/v,1:1)/1 M LiCF3SO3~ ãÖº �� 6�*ræ �N*
êê& ê³ çß~
& � �ê�º 3.0Ü10-3 S/cm� ¢;~
&
. 

Fig. 5º �ÒÖ.ê *�îj ���*ö V¢ �N*êê¢
G;� ©b� ^ &æ *�î �W Îv �N*êê~ 6²&

Fig. 3. Nyquist plots of PU-based electrolyte with organic
electrolytes. 

Fig. 4. Ionic conductivities of PU-based electrolyte with soaking
time. 

Fig. 5. Ionic conductivities of PU-based electrolyte with drying time. 

Fig. 6. Cyclic voltammograms of a Li/PU/Li cells with 10mV/sec at
R.T. : (a) PCEC(v/v,1:1)/1 M LiCF3SO3 (b) TGEC(v/v,1:1)/1 M
LiCF 3SO3 (c) TG/1M LiCF 3SO3.
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j" ·~b� 2�* �ê�º TG/1 M LiCF3SO3~ ãÖ 4.5
Ü10-4 S/cm, TGEC(v/v,1:1)/1 M LiCF3SO3f PCEC(v/v,1:1)/
1 M LiCF3SO3~ ãÖ '' 3.24Ü10-3S/cm" 2.96Ü10-3S/cm
b� �~ ¢;�j �&


Fig. 6f B�� �ÒÖ.ê *�îj �Ï� ÒÒ *�~ Ö
zÁ~ö >w� ¢Ú¾º *�~ æz¢ rj��¶ 
¯�
cyclic voltammetry 
þ~ Ö"�
. *æ�Wf Li/SPE/Li �
�W~&b�, scan rate 10 mV/sec, **º*(-2 V~2 V)~öB
10Ò�� ÿn 
¯~&
.

PCEC(v/v,1:1)/1 M LiCF3SO3~ ãÖ *~&ê& 
� FV
*��ö j~� Ôrj " > ®�, TGEC(v/v,1:1)/1 M
LiCF3SO3~ ãÖ O*�*öB ®n;�j ��� ®b�, TG/
1 M LiCF3SO3 ãÖ Ò��� ê¯F>� &Ë n;�j " >
®
.

Fig. 7f B�� �ÒÖ.ê *�îj �Ï� ÒÒF� *æ
~ O*Ïï �þ Ö"�
. *æ�Wf ÒÒ/*�î/50%sulfur
Bb� '[~&b�, Ï/O* � *~&êº 100 mA/gÁsulfur
� ~&�, cut-off voltageº 1.5 V� ~&
. TG/1 M
LiCF3SO3 ãÖ ¢>'� F�*æ O*�F¾" 2.4 Vf 2.0 V

v �*öB ïê �*j BÒ� > ®î�, O*Ïïê
1064 mAh/gÁsulfur� &Ë Ö>~&
. ��¾ TGEC(v/v,1:1)/
1 M LiCF3SO3f PCEC(v/v,1:1)/1 M LiCF3SO3~ ãÖº
v �*~ ïê �*j " > ìî�, O*Ïïê ''
1000 mAh/gÁsulfur, 800 mAh/gÁsulfur� TG/1 M LiCF3SO3 ã
Ö�
 ·f Ïïj �&
. v �*~ ïê �*j ��æ p
f ©f �b� z× ���¢ � ¦ª¢ ©�
.

Fig. 8f B�� �ÒÖ.ê *�îj �Ï� ÒÒF� *æ
~ .V Ò�� �þÖ"�
. 20%sulfurf 50%sulfur¢ ÒÏ
~&�, Ï/O* � *~&êº 100 mA/gÁsulfur� ~&b�,
cut-off voltageº 1.5 V� ~� 10Ò�� ÿn ê¯>î
. TG/
1 M LiCF3SO3 ãÖ 20%sulfurf 50%sulfuröB '' Ñ ®�
Ò��öB 1500 mAh/gÁsulfurf 1066 mAh/gÁsulfur~ O*Ï
ï� v ®� Ò��(700 mAh/gÁsulfur, 610 mAh/gÁsulfur)¦
V /Ï® 6²�j " > ®
. �Ò� TGEC(v/v,1:1)/1 M
LiCF3SO3f PCEC(v/v,1:1)/1 M LiCF3SO3~ ãÖº v ®�
Ò��¦V 
þ� 
¯>æ p� �£ >ÚªÒº *ç� B
�~&
. Ò��~ BF� *�î~ 
ÞÓÊ�B~ 'Ïö &
Ë BF>¢ � ¦ª�¢� �'B
.

4. Ö �

�� ç®z >Ú ®º 
�W �ÒÖ.êj �Ò^ *�î
~ 
ÞÓÊ� 'Ï~� 
r" ?f Ö�j áî
. 

1. �Ú*�î~ ��ïf �W� TG/1 M LiCF3SO3~ ãÖ
£ 750% Ã&, æª� £ 5 mm cc~&b�, TGEC(v/v,
1:1)/1 M LiCF3SO3f PCEC(v/v,1 :1)/1 M LiCF3SO3~ ãÖ
�� ê Z² Ã&ï� '' 470%, 600% ;ê&b�, æª�
£ 2 mm� cc~&
. 

2. *�î~ �N*êêº F*� ç>8� &Ë ¸f FV
*�� EC& ��B �W¢ r 3.15Ü10-3(S/cm)� 
� �W
�
 Ö>� �N*êê 8j ¾æîb�, O*Ïï~ ãÖ TG/
1 M LiCF3SO3~ �W¢ r 1064 mAh/gÁsulfur� 
� FV
*��j ÒÏ� r �
 � Ïïj �&
. 

3. ¢>'� F�*æ~ O* �Ff 2.4 Vf 2.0 V v �*
öB ïê�*j ��¾ � ��öB FV *�� ECf PC¢
ÒÏ� ãÖ � �*~ ïê�*j ¾æîb�, .V Ò�� ß
W� ¾� ©b� ¾æÒ
.

ê  V

� ��º ��"�Ò�~ Ï'V.��æö("B®^ 1999-
1-301-001-5)b� >¯>îb�, �ö 6Ò�ãî
. 
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