
Journal of the Korean Electrochemical Society
Vol. 4, No. 1, 2001, 1-5

1

†E-mail: sweom@keri.re.kr

�*Özb ;�~ �B�Wö V� *¶*ê ßW 5 ÷*Úf~ 7OßW

êß×†
Áê�îÁ^W�

��*V��ö

(2000j  10ú  17¢  7> : 2000j  11ú  24¢  j�)

)NGXGIZKXOYZOIY� UL�+RKIZXOI�)UTJ[IZO\OZ_� GTJ�'JNKYOUT�]OZN�)[XXKTZ�)URRKIZUX�

'IIUXJOTM� ZU� )USVUYOZOUT� UL� 2O3T�5�� )GZNUJK

Seung-Wook Eom, Chil-Hoon Doh and Seong-In Moon

Korea Electrotechnology Research Institute
(Received October 17, 2000 : Accepted November 24, 2000)

. �

ÒÒ�N*æÏ ;��bî� LiMn2O4 ;���B~ �Wj �'z ~V *~� �bî, ê*Ò, Ö�B �~ j��
' jNj �¶� �Ï~&
. Ö�Bº �²�~ ·b� ÒÏ>Ú ê� ê, �Ò� *��ö �� >îj röê ÷*
Úf~ 7OKj Fæ� > ®Ú¢ ~�, �¢ *�Bº 130oC~ �{O� Î"'�î
. Ö�B~ �² jºïf �
bî 5 ê*Ò~ ��'ö V¢ æ~º 8b�, �bî 5 ê*Ò~ *Ú��'ö &� Ö�B~ Z²jN� 1.1%�
ç¢ r îÒ& ¢Ú¾æ p~
. ;�~ *¶*êê¢ Ã&�Úb�B cell~ Ú¦&�j ÔÂ > ®îb�, *¶*ê
ê¢ 0.019 mS/cmöB 0.036 mS/cm� Ã&�Úö V¢ 0.2C rateöB~ O*Ïïö &� 2C rateöB~ O*Ïï~
jNj 76%öB 93%� 17%BF� > ®î
. 

Abstracts : Composite ratio of LiMn2O4 in cathode was optimized as function of specific surface area. Binder has
to be used as possible as little, and it should maintain adhesive property between cathode composite and current
collector even though in electrolytes. For this purpose, We used 'Hot Roll Pressing' method, and it was effective.
To prevent separation of cathode composite from current collector, PVDF(Polyvinylidenefluoride) has to be mixed more
than 1.1% in weight ratio to sum of surface area of lithium manganese oxide and conducting agents. Specific internal
resistance was reduced as by increasing electrical conductivity of cathode. And Ratio of 2C rate discharge capacity
to 0.2C rate discharge capacity was increased by 17%, as increasing electrical conductivity from 0.019 mS/cm to
0.036 mS/cm.

Key words : Lithium manganese oxide, Composite ratio, Adhesion, Conductivity, Rate Capability

1. B  �

LixMn 2O4(x=0Ê1)º ¸f ��ö.æ&ê, Ôf &Ï, �Ò
� ~ã�zW~ Ë6j <� ®V r^ö ÒÒ�N*æ~ ;
��bî Òò�B &Ë "ÏAº Òò7~ ~¾�
. ��¾,
cyclingö V� Ïï 6²N� ��, FVÏ
ö &� ®n;W
�~ �6ê æ'>� ®
.1-6)

;��bî� ÒÏ>º .³Özb~ *¶*êNf 10-1~10-6

S/cm~ º*¢ <º >êÚWîj <º
. ;�Òò�B &Ë
ô� ÒÏ~� ®º .³Özb~ *êNf LiCoO2& 10-2S/
cm7), LiNiO2& 10-1S/cm, LiMn2O4& 10-6S/cm�� �7
LiMn2O4~ *êN� &Ë Ôf 8j ¾æÞ
.8) V¢B,
LiMn2O4¢ ;�Òò�B ÒÏ~V *�Bº *¶*êWj ¸¢
> ®º '.� ê*Ò~ F�" �~ V�j~ �'z& jº

~
.
V¢B, � ��öBº LiMn2O4¢ ÒÒ�N*æ~ ;�Òò
� ÒÏ� r, *¶*êWj ¸�V *~� Graphitef Carbon
Black� 2Wªê~ ê*Ò¢ j�~� �~ Î&jNö V� *
�~ *¶*êê¢ G;~&�, Ö�B� ÒÏB PVDF~ �ï
j æz�B �Bf current collectorf~ 7OKj �&z�Ò
> ®º �' �B�Wj ¦Æ~&
. 6�, *�~ �B�Wö
V� *¶*êW" �¢ *æ� B�~&j r~ *æWËj j
v~&
. ;�~ *¶*êWj G;~º O»b�º 2-probe
O�~ *êê G;O»j ÒÏ~&b�, ;��Bf ÷*Úf
~ 7OKj ï&~º O»b�º ê�B *�j ÒÏ � *�
�ö �� �B �r~ *�ç�¢ ÚÚ�~
.

2. 
  þ

2.1 Ö�B �ïö V� 7OK
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� 
þöB ÒÏ� LixMn2O4(x = 1.03~1.06) ;��bî
Òòº ë¢~ MERCKÒöB B�>Ú SP30~ ç®«b� 6

>� ®º ©��, ê*Òº Graphitef Carbon Black(Super
P, MMM carbon)j b�~� ÒÏ~&
. �Vö Polyvinyl-
idenefluoride(PVDF, Aldrich)f N-methylpyrrolidone(NMP)¢
b�~� �B slurry¢ B�~&
. B�B slurry¢ Al current
collectorö ê� � ê ��, {O~� *�j B�~&
. �
Þ, {OB *�j 130oCöB � {O~� �~ 'Ëj ÚÚ�
~
.
;��Bf Current Collectorf~ 7OKj ï&~º >�b
�Bº *æB� � ÒÏ>º *��(1M LiPF6 in EC+DEC
(1:1 vol%))ö *�j �� �B *��B& current collector�
¦V îÒ >ºæ~ �¦¢ ÚÚ�~
. 

2.2 ê*Ò �ïö V� *¶*êê
LiMn 2O4 ;�~ *¶*êWj Ëç�ÊV *�B 2«~ ê
*Ò, ¯ Graphitef Carbon black j 5~8 wt% ÒÏ~&
.
ÒÏB �bî" ê*Ò~ «¶�V, j��'f Table 1ö ¾
æÞ :f ?b�, *êê~ G;f Fig. 1" ?� Micro-
Ohmmeter(Keithley 580)¢ �Ï~� ç¦*�" ~¦*�Ò�
~ ~7j æz�B {Kö V� *êê 8j jv~&
.

2.3 *Vz�' ßW
B�B ;�~ *Vz�' ßWj rj�V *� Cell~ �
Wf 3*�ê~ Half Cell� B·~&b�, ·ë*�öº B�

B ;�j, ç&*�" V& *�f Îv .³ ÒÒj ÒÏ~�
Polyethylene separator (Tonen, Japan)¢ ·ë*�" ç&*�
Ò�ö v� winding~&
. 
þö ÒÏB *��f 1M
LiPF6 in EC+DEC(1 :1, vol%)�î
. Ï*f 0.2C rate~ *
~� 4.3Vræ ;*~� ~&b�, O*f 0.1~2C rate� 3.3V
ræ ;*~O*j ~&
.

3. Ö" 5 �V

3.1 Ö�B �ïö V� 7OK
*æ~ jelly roll� *��ö �� >îj r current

collectorö ê� B �B& îÒ B
�, ê�Ò�~ &�� /
Ï® Ã&>Ú *æWËj ÎÚNÒº Ö"¢ &^R > ®
.
�B& current collector�¦V îÒ >º � ö�f �BÚ~
Ö�B·~ ¦�öB R > ®
. ��¾, Ö�B~ ·j Z�
® Ã&�Î
� �B 7 Ö�B~ jN� 
æ² >Ú *�~
*¶*êWj 6²�Ò > ®b�, ÿ¢� Ú'ö ç&'b�
�bîj ô� ÒÏ� > ìV r^ö *æ~ ö.æ&ê¢ Ô
º² B
.
� ��öBº Ö�B~ �'�Wj Ö;~V *~� ê�B
*�j *��(1M LiPF6 in EC+DEC (1 :1 vol%))ö �� ~
� �B& current collector�¦V îÒ >ºæ~ �¦¢ ÚÚ
�~
. *��ö ��~º �*f 30ª�îb� �r, îÒ >
º ;ê¢ 6�~V *~� Table 2~ V&j ÒÏ~&
. ¯,
{O �; 7ö îÒ>º ãÖ, *��ö �� � *��'~
10%�ç� �³'b� îÒF rf ®�³'b� îÒ>º ã
Ö, ®�³'b� 10%�ò~ �'� îÒ>º ãÖ, �Ò�, �
� *ê~ *�ç�ö æ�� ìº ãÖ¢ �ª~� 50~90b
� 6> z~&
. �r, ®�³'� îÒº *��� �Bf ÷
*Ú Ò�� Ê�
Ú �B& �³'b� ½Îæº ©j ~�
~�, ®�³' îÒº �Bö ¦ª'� V� ?f ©� �Ò�
ö ÷*Ú�¦V ½Îî ;êº jþj ~��
.

Fig. 2º Table 2~ 6�V&j "�� 
þ� Ö"�B �B
7 Ö�B¢ B�� �bî 5 ê*Ò~ *Ú��'ö &� Ö
�B~ Z²jNj 7OK"~ &ê� ¾æÚî
. �VB 'Cold
roll pressing'f ¢>'b� ÒÏ>Úæº O»b� roll
pressing � ©��, 'Hot roll pressing'f roll pressing� �ê
ö 130oCöB hot roller¢ �Ï~� �® z pressing� ©�

.
b&, cold pressing� *�~ 7OKj ÚÚ�� Ö�B~ j
Nj £ 2.1%�ç b�~�ê *��ö �� ~&j r ¦ª'
b� îÒ& ¢ÚÂ ©j r > ®
. Ö�B jN� 2.1%��
Z²j� �'®j r 9%;êö ��>� � �ç b�B
�
J®J *�~ *¶*êW" ö.æ &ê¢ ÔÂ > ®V r^
ö z �ç �ïj Ã&�Êæ p~
.
�Þ, ?f �Wj <º *�j 130oCöB hot roll pressing

Table 1. Physical properties of materials

Materials Particle size
Specific Surface 

area

LiMn2O4 (MERCK/SP30) 28µm 2.9 m2/g

Graphite 1µm 18 m2/g

Carbon Black (Super P/MMM carbon) 0.1µm 61 m2/g

Fig. 1UU Schematic diagram of Conductivity measurement cellUU

Table 2. Criterion for binder weight ratio decision

Criterion of decision AdhesionProperty Remark
Separated from current collector during coating, drying, or pressing 50 Impossible to manufacture
Separated from current collector more than 10% area, when electrode
immersed in electrolyte

70 High internal resistance

Separated from current collector discontinuously more than 10% area,
when electrode immersed in electrolyte

80 Increasing of internal resistance according to cycling

Separated from current collector discontinuously less than 10% area,
when electrode immersed in electrolyte

85 Increasing of internal resistance according to cycling

No difference observed when electrode immersed in electrolyte 90 Compatible to use electrode
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®j r 7OK� Ã&~º ©j r > ®º�, Ö�B jNj
£ 1%;êò ÒÏ~�ê *��ö �� ~&j r îÒ>æ
pº ©j r > ®
. �r, 1%~ jNj Z²j� ~Ö~�
6%ö ��~º ©�� cold roll pressing ®j rf jv~�
Z²j� 3%�ç *¢ > ®î
. Hot roll pressing ®j r
7OKj ¸¢ > ®î~ ö�f Ö�B� ÒÏ� PVDF& �
º6(Tm: 171oC) "¾� 130oCöB {O>�B F�Wj <²
>Ú �bî" ê*Ò Ò�� �¢~² ª�F > ®îV r^
b� ÒòB
.

3.2 ê*Ò �ïö V� *¶*êê
;��bî� ÒÏ>º LiMn2O4~ Ôf *êWj �j~V
*~� carbon black, graphite�" ?f ê*Ò¢ ÒÏ~&
.
ê*Ò�ïj �'z ~V *� O»b� �B 7 ��B ê*
Ò~ 7ïj parameter� âb�, ÒÏ �bîj æã� ãÖ
�bî~ �V, Î·, j��'� æ~V r^ö ê*Ò �ïj
¢ 
� Ö;~V& 
Ö ®���, ôf �*j jº� ~²B

.
V¢B, �f ?f �6j �j~� 7ïjN� jò ��'
~ jN� �'z¢ �ê~&
. Fig. 3f �bî~ ��'ö &
� ê*Ò~ ��' jN" G;B *¶*êêf~ &ê¢ ¾
æÚî
. *êê¢ G;� r G;>Úî *�" G; cell *
~ 7/&�j *�V *� 0.1 kg/cm2~0.3kg/cm2~ {Kj
&~&b�, G;ö ÒÏB *�~ vþº current collector¢
��~� £ 80µm�î
.
�Þ, LiCoO2/KS-6/PVDF = 85/12/3(wt%)~ �Wj <�

80þ~ vþ� *�j {K 0.1~0.3 kg/cm2öB G;B *êê

º 0.04, 0.08, 0.12(mS/cm)�B, LiMn2O4�bîj ÒÏ~�
LiCoO2*�" FÒ� *¶*êWj <V *�Bº ê*Ò~ �
bîö &� *Ú ��'jN� �² 130%�çf >Ú¢ �

º ©j r > ®
. �º Z²j� ~Ö~&j r 8 wt%�ç
ö ��>�, �B~ Ö"� áÚê Ö�B~ �'�W� 6 wt%
f �ê~� �J�
� �bî/ê*Ò/Ö�B = 86/8/6 wt%~
jN� Ö;B
.
ê*Ò� ÒÏB graphitef carbon black~ ��f *êW�
Ôf �* �bî~ ê�j �Ö~� ê* path¢ ö�~² �
"º ��j �&
. ¢>'b� rJê Ú'&�(volume resis-
tivity)f graphite& 10-1ΩÁcm, carbon blackf 10-2ΩÁcm;ê
� graphite~ *êW� ¦z Ö>~
. ��¾, 
þö ÒÏB
ï�«ã 1 µm~ graphiteòj ÒÏ�
�, �*�bî"~ 7
/�'� ·V r^ö *¶*êWj ¸�V Ú[
. V¢B, �
�
 z �^� «ãj &æ� ®º ï�«ã 0.1µm~ carbon
blackj ?� b�~� "� �*�bî" graphite «¶*ö ª
Ö>Ú 7/�'j 9®º� êæ� >Ú z ôf ê* path¢
B�~²B
. ~æò æ¾~² ôf carbon blackj ÒÏ~²
>�, �B~ *Ú ��'� 
æ² >�, �ö V¢ z ôf
Ö�B~ ·j jº� ~²B
. Ö�, �º �B 7 �*�b
î~ jNj ·² ò
Ú *æ~ ö.æ &ê¢ Ôºº Ö"�
·ÏB
.

Fig. 4º ê*Ò7 carbon black" graphite~ jNj �'z
� Ö"¢ ¾æÞ
. �âöB &Ë *êê& Ö>� �Wf
86/8/6 wt%~ �W��, �7 carbon black~ Î&ï� Ã&�
>� *êê~ Ã&ê jf�B ¾æÂ
. ��¾, carbon black
~ jN� 50%¢ >b� PVDF~ �B��'ö &� 7ïj
N� 0.009�~� Ôjæ�, Fig. 2~ Ö"f ?� *��ö �
� ~&j r �B& current collector�¦V îÒ>º Ö"¢
��
.
V¢B, carbon black" graphite~ �' �WjNf 5:5 wt%
��, *Ú �B~ �W jNf LiMn2O4/graphite/carbon
black/PVDF = 86/4/4/6 wt%¢ r �' �Wj¢ <º
. 

Fig. 5öº 86/4/4/6 wt%�W~ cathode �� SEMÒêj ¾
æÚîº� �*�bî Ò�� graphitef carbon black� ¾
ªÖ>Ú ê* path¢ ¾ ;W~� ®º ÎÛj r > ®
.

3.3 *Vz�' ßW
�~ 
þöB �'z � �Wj¢ <º ;�~ *Vz�'
ßWj ÚÚ�V *~�, 86/4/4/6 wt% �Wj¢ 7�b� >ã
*æ¢ �W~� 
þ~&
. >ã *æ~ B�ö �ÏB ;�

Fig. 2UU Adhesion property depend on binder rarioUU

Fig. 3UU Variation of bulk resistance according to surface area of
conducting agentUU 

Fig. 4UU Variation of bulk resistance according to content ratio of
carbon black to graphiteUU
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~ �B�Wjº Table 3" ?b�, *¶*êê, �Ò� �B/
current collector *~ 7OK �j ¾æÚî
.

Fig. 6f G;B *êêf ÏO*j Û� áÚê Ú¦&�ö
Ïïj �� 8� specific internal resistancef~ &ê¢ ¾æ
Úî
. *êê& 0.036mS/cm�~¢ rº specific internal
resistance 8" �~ F;&ê¢ Fæ~
& � �ç� >� 6
²~& zz>º ãËj ¾æÚ� ®
. �º *æ~ Ú¦&�
öB *�~ *¶*êW� �~º 'Ë� 
Ö � ©j ~�~
�, *æÚ¦&�� ·j>� z× j7� 
î ©�¢� Òò
B
.

Fig. 7f *êêf rate capabilityf~ &ê¢ ¾æÚî
. Ò
';f 0.2CN� O*®j r~ Ïïb�B 100%� ~Ö~�
¾æÞ 8��, ö;Î·f 0.2CN� O*®j r~ Ïïö &
� 1CN O*�~ Ïïj¢, îªÎÎ·f 0.2CN� O*®j
r~ Ïïö &� 2CN O*�~ Ïïj¢ ¾æÚî
. Ö"ö

¾æÚî�� ;�~ *¶*êê& &Ë Ö>� 86/4/4/6 wt%
�W~ ;�� &Ë Ö>� rate capability¢ ¾æÚîº�, 1C
f 2CN O* � 0.2CN O*�~ Ïïö j~� '' 98%,

Fig. 5UU SEM micrograph of cathode surface morphology (LiMn2O4/
SGO-1/Super P/PVDF = 86/4/4/6 wt%)UU 

Table 3. Conductivity and adhesion property depend on composite ratio

LiMn2O4 / Graphite / Carbon 
Black / PVDF (wt%)

(PVDF W*/S.A.**  of 
LiMn2O4+C.A.*** ) (g/m2)

(S.A. of C.A./S.A. of LiMn2O4)
Ü 100(%)

Separation of composite from 
current collector

Conductivity(mS/cm) at 
0.1 kg/cm2

88/3/4/5 0.0090 116.8 Separation 0.026
88/2/5/5 0.0084 133.6 Separation 0.042
86/6/2/6 0.0125 92.2 No separation 0.019
86/4/4/6 0.0106 126.7 No separation 0.036
86/2/6/6 0.0092 161.2 Separation 0.041

* W : Weight, **  S.A. : Surface area, ***  C.A. : Conducting agent

Fig. 6UU Relationship between Conductivity and internal resistanceUU

Fig. 7UU Charge and Discharge Voltage profile of LiMn2O4/Li cell
(0.1C, 4.3~3.3V, 1M LiPF6 in EC+DEC(1 : 1vol%)).

Fig. 8. Relationship between Conductivity and rate capability.
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93%~ O* Ïïj ¾æÚÚ 
Ö Ö>� Ö"¢ ��
.
ê*Ò¢ ô� ÒÏ~�, *�&�f 6²�Ò > ®º >�
ö ç&'b� �*Ú'� Ïï� 6²~² F ©�
. Fig. 8
f ;�~ �B�Wjö V� �*Ú'� Ïï �j ¾æÞ Ö
"�B 86/4/4/6 wt%~ �B�Wj¢ <j r 232 mAh/cm3~

Ïïj ¾æÚî
.
Fig. 9º MerckÒ~ SP30 LiMn2O4�bî~ �' �B�W
� 86/4/4/6 wt%jN� B�B ;�~ cycleö V� Ïï6²N
j ¾æÚî
. .VÏïf 122 mAh/gj ¾æÚîb�, 100cycle
r 112 mAh/g, 200 cycle r 100 mAh/g~ Ïïj ¾æÚÚ
.V 100 cycleræº 0.08%/cycle, 100~200 cycle Ò�öº
0.1%/cycle~ capacity fading 8j <º
.

4. Ö  �

� ��öBº LiMn2O4 ;���B~ �' �B�Wj¢ á
V *~� �B¢ �W~º �bî, ê*Ò, Ö�B �~ j�
�'jNj �Ï~� 7"~&
. Ö�B �ï" ê*Ò�ïö
V� ;�~ 7OK" *¶*êê ßW, �Ò� �ö V� *æ
~ *Vz�' ßW �j ÚÚ�~j r 
r" ?f Ö�j
áj > ®î
.

1. �*Özbj �bî� ÒÏ� �B~ current collectorö
&� 7OKj ¸�V *�Bº 130oCöB~ hot roll pressing
� Î"'��, [(PVDF7ï/�bî+ê*Ò~ ��')(g/m2)]j
N� 0.01 �ç�Ú¢ �
. 

2. �*Özb *�~ *¶*êê¢ zBÞÖzb(LiCoO2/KS-
6/PVDF = 85/12/3 wt%)~ >&� 0.04 mS/cm (0.1 kg/cm2 {
K)� Ëç�ÊV *�Bº �*Özb �bî~ ��'ö &�
ê*Òò~ ��'jN� 130%�ç� >Ú¢ ~�, ê*Ò 7
graphitef carbon black *~ b�jNf 50 : 50 wt%¢ r&
&Ë Ö>~&
.

3. LiMn2O4/Li cell~ Rate Capability ßWf ;�~ *¶*
êêö �² ~�~�, 0.019 mS/cmöB 0.036 mS/cm� ;�
~ *¶*êê¢ Ëç�Vj r, 1C rate O* �öº 8%, 2C
rate O* �öº 17% Ëç>º Ö"¢ áj > ®î
.

4. Merck LiMn2O4/Li .VÏïf 122 mAh/g, 1NÏO* Î
Nf 95~96%, �B �*Ú'� jÏïf 230 mAh/cm3j ¾æ
Úîb�, .V 100 cycle ræº 0.08%/cycle, 100~200 cycle
Ò�öº 0.1%/cycle~ capacity fading 8j <º
.
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