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Abstract

Porous carbon from charcoal filled polypropylene composites were prepared and their mechanical properties were
evaluated. In preparing the composites, crosslinking agent (sodium benzonate) were used in order to improve the bond-
ing force between matrix and fillers. In this study, the effects of charcoal powder and sodium benzonate concentration
on the mechanical properties and interface phenomena on the composites were evaluated. The mechanical properties of
composites increased progressively with the decrease of filler loading. In the case of addition of the crosslinking agent
into the composite, the mechanical properties were increased and showed maximum value at the 3 wt% concentration
of sodium benzonate. According to the result of the TGA, the weight loss of composite according to crosslinking agent
was not observed and initial thermal degradation temperature of composite reinforced charcoal was located at 390oC.
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¢>'b� *V *êW� ¸f bîf *¶2� Nö~º

ËKj æî� ®º ©b� rJ^ ®b�[1] ê² Òò� U

f ãï, ��, Úz, ÚÖz, Ú�ÏÏ, &B�W �öê ��

¾ *V~ *êW� ¸j *¶2 N�Î"¢ ¾æÚº ©b�

rJ^ ®Ú �" �» ��Ò�~ �Ïö &� &�� ��

>� ®
.

�Þ �» ��Ò¢ B�ö ô� �Ï>Úæº �&²W>

æ~ ãÖ Ôf �' n;W 5 ÏêB Î&ö V� �» �

�Ò Z² Ã&& ^B6b� æ'>� ®
.

V¢B � ��öBº :�Ò, ãÒ �ö ÒÏ� &Ë� V

ËW ãï �» ��Ò¢ B�~V *~� �Ò*�j2

(Polypropylene)>æ¢ Ö�Ò� ~� ÏêB�º ãï� U

(Charcoal)j ÒÏ~� Ö�Òf ÏêB*~ ê� Ö�Kj Ã

ê�ÊV *� &vB� sodium benzonate¢ ÒÏ~� ��Ò

¢ B�~� Vê' bWj G;~� �
 Ö"¢ Æ&� �

' bWj <º Ö�Òf ÏêB~ V��� 5 &vB Î&

ï~ �'ïj �V~&
.

2. 
 þ

���� �ò 5 �£

Ö�Ò� ÒÏ� �Ò*�j2f (")̂ ÎCFz�öB �

Ö>º B®b� ï�ª¶ï� 10ò�îb� &êº 0.959�

� �Ë;ê& 300 kg/m2� ©j ÒÏ~&
.

ÏêB ÒÏ� Uf ãÎ ê"� ªë��²öB �Ö� ©

b� 1,000oC �çöB êz� &¾Z U(bamboo charcoal)j

ÒÏ~&
. �Ò� charcoal~ >ª�ïj 8% �~� Fæ~

V *� 110oCöB 2�* �ç ��� ê 
þö ÒÏ~&
.

6� Ö�Òf ÏêB Ò�~ ê� Ö�Kj Ã&�B ��

Ò~ Vê' bWj Ã&�ÊV *�B ÒÏ� &vBº Aldrich

Ò~ Bê 99.9%~ sodium benzonate¢ ÒÏ~&
.

���� �ÞB�

Ö�Òf ÏêBº Î&B¢ b� ê Table 1ö ¾æÞ ©

" ?� ''~ Z²jö V¢ b�� ê �ò¢ ¶Ú B·�

.;(190× 90× 40 mm)ö I� hot-press¢ �Ï~� {»W

;�B �Þj B�~&
.

� r W;Nêº 250~260oC~ º*öB ¢;~² Fæ�

V�, {Kf b& 1.72 Mpa� &{~� 12ª ÿn &�� ê,
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� 2.87 MPa� 15ª* &{~� Ïª® W;j �Vb�.

W;� �Â ê {Kj 2.87 MPa� Fæ� j 1�* ÿn ï

'�V
[2].

���� «ê 5 WªªC

�ò� ÒÏ~º charcoal~ «ê¢ ªC~V *� Malvern

Instruments ~ Particle size analysis¢ �Ï~� ï�«ê 5

«êª�¢ {�~&b� CE Instrument~ Elemental Analyzer

¢ �Ï~� Wªj {�~&
.

���� �ªC

B�� �Þ~ Ú�W" 7ï6²¢ {�~V *~� Ïê

B~ b�jö V¢ Dupont 2100 �7ï ªCV¢ �Ï~&


. �r ªC��f j�
 V~~öB &�³ê 5oC/min�,

30~600oC~ º*öB G;~&
.

���� Vê' bW ªC

ASTM D790�þ»ö V¢ ��Ò~ �� êW�, ��;ê

¢ G;~V *� �Þj B�~� support span" �Þ~ v

þj(L/D)¢ 16, cross head speed¢ 2 mm/min� >ê� �;

~� three point bending test »ö ~� G;~&
. 

6� ASTM D638O»ö V¢ �Þj B�� ê Instron Co.

~ òË�þV(Universal Test Mashine)j �Ï~� cross head

speedº 20 mm/minb� ~� B�� ��Ò~ �Ë;ê¢ G

;~&
.

3. Ö" 5 �V 

���� «êªC 5 WªªC

��Òò B�� Ïê>º «¶~ �Vf Î·f ��Ò~

Vê' bWö ç7'� 'Ëj ��
.

V¢B � ��öBº �
~ �Vf Î·ö V� 'Ëj

�Ò~V *�B «ê ªCj ~&º� � Ö"& Table 2ö

¾æ¾ ®
.

Table 2ö ¾æÂ :f ?� ÏêB� charcoal~ ï� «¶

�Vº 3.39µm� G;>î
.

�Þ Table 3f charcoal~ Wªj ªC� Ö"�B charcoal

~ &¦ªf �;ê²� ��Ú^ ®rj {�~&
. 

���� �ªC

Fig. 1f B�� ��Ò~ .V �ª� Nê 5 �n;Wj

�Ò~V *� charcoalj 50 wt% Î&� ö ��Ò~ &�'

TGAªC Ö"�
. 

Fig. 1öB �º :f ?� sodium benzonate¢ Î&~æ p

f B>� ��Ò~ .V �ª� Nêf (b)~ sodium benzo-

nate ³êö V� 7ï6²N~ æzº 1% �òb� Î&B

ö V� ��Ò~ �' n;Wöº � æz& ¾æ¾æ p~
.

6� 5 wt% 7ï 6² Nêº £ 390oC� �NöB ÒÏ�

&Ë� Ú�W ��Òªj {�� > ®îb�, charcoal~ Î

&ïö V� ��Ò~ �' n;W~ ãÖöº ÏêB Î&ï

� Ã&�>� ÏêB~ �n;W� ¸V r^ö .V �ª�

Nê& ¸jî öò jî¢, �ª� >wö ~� 7ï6²N

ê 6²~º ©b� Òò>î
. 

���� Vê' bW ªC

Fig. 2º charcoal ÏêB~ ·j PP¢ V&b� 50~70 wt%

Table 1. Mixing condition of matrix in composite reinforced
carbon

PES (wt%) Charcoal (wt%) Sodium Benzonate (wt%)

70 30 0 1 3 5
65 35 0 1 3 5
60 40 0 1 3 5
55 45 0 1 3 5
50 50 0 1 3 5

Table 2. Result of particle size of charcoal

Size 
microns

%
 in band

Size 
microns

% 
in band

D(v, 0.5)=3.39 µm 
D(v, 0.9)=4.00 µm
D(v, 0.1)=2.87 µm
D(4,3)=3.39 µm
D(3,2)=3.39 µm
span=0.33
spec.surf.area
=1.7717 sq.m./cc.

7.30 0.00 3.49 40.60
6.30 0.00 3.01 16.60
5.43 0.22 2.60 1.60
4.69 8.04 2.24 0.00
4.05 32.80

Table 3. Composition in the charcoal

Component Conetnt (%)

Moisture 4.4
Ash 6.3

Volatile 10.2
Fixed carbon 79.1

Total 100.0

Fig. 1. TGA thermograms of composite reinforced porous car-
bon. (a) Sodium benzonate 0 wt%, (b) Sodium benzonate 3
wt%.
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ræ æz�Ê� &vB~ ³êö V� ��Ò~ �Ë;ê¢

¾æÞ ©�
.

Fig. 2öB �º :f ?� &vB Î&ïö V� ��Ò~

�Ë;êº ÏêB~ ·� 50 wt%¢ r �& �Ë;ê 8j

¾æÚ² B
. 6� &vB~ Î&ï� Ã&�>� �Ë;ê

& Ã&~� &vB� sodium benzonateö ~� Væf Ïê

B *~ 7OK� Ã&B ©j {� � > ®îb� 3 wt%ö

B ;6j ��� 5 wt% �çöBº 6²~º ãËj ¾æÚ

îº� �º ¢>'b� ÏêBf Ö�Ò~ ��j z�'b

� Ö��Êº &vB¢ Î&� ãÖ Vê' bW� �&¢

¾æÚº �' ³ê& ¢>'b� �Ò~² >� �º ÏêB

~ ;�, ���ê, �W 5 BîÒ~ &ËV~ «~ �ö '

Ëj A² B
º ��Ö"[3-6]fê ¢~~� � ��~ ã

Ö &vB �ï� 3 wt%�� charcoal~ �ï� 50 wt%¢ r

��Ò �& bWj ¾æêj r > ®î
. 

Fig. 3f B�� ��Ò~ �ËêW�j ¾æÞ ©�
.

Fig. 3öB �º :f ?� ÏêÒ~ Î&ï� Ã&�>�

��Ò~ �ËêW�f 6²>Úæº� �º 50 wt% �ç~

ÏêÒ¢ Î&� ãÖö Ö�ÒÚö ÏêÒ& ��² ªÖ>

æ á� �Þö wK� &�î r ÏêÒ& wK÷7öb�

·Ï~æ á~� «¶"*ö ·f craze& �Î �Ëö.æ¢

ªÖ�Êº ��j ~º ©� jî¢, J®J ÏêÒ «¶º

craze& ��� WË~º ��j ~V r^ö Ôf �ËêW

�j ¾æÚº ©b� Òò>Úê
[7, 8].

�ËêW�~ ãÖöê �Ë;êf îR&æ� &vB~ ³

ê& Ã&�>� Ã&~º ãËj �&b� 3 wt% �çöB

6²~º ãËj ¾æî
.

Fig. 4º ��Ò~ ��;ê¢ ¾æÞ ©b�B ÏêB~ �

ï� 50 wt%¢ r ��;ê 8� &Ë Ö>� 8j ¾æîb

�, &vB~ �ïö V� Î"¢ ÚÚ�� &vB~ Î&ï

� 3 wt%�� ÏêB~ �ï� 50 wt%¢ r 23.3 Mpab� &

vB¢ Î&~æ pf ãÖö j� £ 7%~ bWËçj {�

� > ®î
.

Fig. 5º ��Ò~ ��êW�j ¾æÞ ©�
.

Fig. 5öB �º :f ?� ��êW� �� &vB~ Î&

ï� Ã&�ö V¢ 
� Vê' bW" îR&æ� *&®

Ã&~º ãËj ¾æÚîb� Ö�Ò~ �ï� Ã&�ö V

¢ Ã&~º ãËj ¾æîb¾, Ö�Ò~ �ï� 50 wt%ö

Fig. 2. Tensile strength of composite as a function of sodium
benzonate contents.

Fig. 3. Tensile modulus of composite as a function of sodium
benzonate contents.

Fig. 4. Flexural strength of composite as a function of sodium
benzonate contents.

Fig. 5. Flexural modulus of composite as a function of sodium
benzonate contents.
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Bº Ö�Òf ÏêB*~ b�� ÚJò J®J Vê' bW

~ Ã&�� 
² 6²~º ãËj ¾æÚîº� �º Ö�Ò

~ �ï� "
~² ê«F ãÖ *Ú'� ��Ò B�& 


² Ï�~æ á~� Î"'� b�� ÚJòB ��Ò Ú¦ö

�^� V�� �^ ÖJ& ®Ú Vê' bW~ Ã&�� 


² zz>Úæº ö�� >º ©b� ÒòB
.

4. Ö �

�Ò*�j2 >æ¢ Ö�Ò� ~� ÏêB�º ãï� U

j ÒÏ~� :�Ò 5 ãÒ �b� ÒÏ� &Ë� VËW ã

ï �» ��Ò¢ B�~� �
~ �' n;W 5 Vê' b

Wj G;~&
. 6� Ö�Òf ÏêB*~ Ö�j Ãê�Ê

V *� &vB� sodium benzonate¢ ÒÏ~� ��Ò¢ B

�~� �
j jv ªC�b�� &vB~ ³ê& ��Ò~

Vê' ;êö �~º 'Ëj �V~&
. 6� �
 Ö"¢

Æ&� ãï �» ��Ò B�~ �' ��j Ö;~� 
r

" ?f Ö�j áî
.

 1. Charcoal~ Î&ïö V� ��Ò~ �' n;W~ ãÖ

ö 5 wt% 7ï 6² Nêº £ 330oC� �NöB ÒÏ� &

Ë� Ú�W ��Òªj {�� > ®î
.

2. ÏêB~ �ï� Ã&�ö V¢ Vê' bWf 6²~&

b¾ Ö�Ò~ �ï� 50 wt%öBº Ö�Òf ÏêB*~ b

�� ÚJò J®J Vê' bW~ Ã&�� 
² 6²~º

ãË� ¾æÒ
. 

3. &vB¢ Î&~� B�� ��Ò~ ãÖ Vê' bWf

Ã&~&b�, ÏêB~ �ïö &êì� &vB Î&ï 3

wt%öB Vê' bW� �&8j ¾æÚî
.

6Ò~ &

� ��º �"&�v ¶öÒ�Ï �²Ò��bV(RRC/

NMR)~ æöö ~~� ��>îb� �ö 6Ò�ãî
.
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