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  �)�*+. ��, ���� %&'(  300oC - 400oC�� �)$ ., ���� /�01, 2301, �45  67

��, %& 8�  67�*+. 9& :.� /� 01; 67$ <� ARABON ���� 300oC�� 36.3% =>�*�,

CARBON ���� 38.9%? =>�*@A, �4BCD ARABON	 13.7%? EF 01GHIJ CARBON ���� 21.7%

? KL M 01GH+. ���� ���� ���� %&��  NO%� #�� 01I�, CI; 7��� ���*+. 300oCP

400oC�� CARBON ���� 9Q 
�$ ��RSD Al(NO2)3 	H+.

Abstract − This study has been accomplished by the coating experiments to develope the synthetic fabrics with thermal resis-
tance, which are the economic and efficient filter at high temperature. The thermal resistance of the fabric filter was experi-

mentally determined by the changes of the weight, thickness, and contraction of the coated and non-coated filters. The tested

temperatures were 300oC and 400oC. The weight losses of the ARABON and CARBON fabrics are 36.3% and 38.9%, and
the contractions are 13.7% and 21.7% at 300oC compared to 400oC respectively. The change index, CI, was defined and used

for providing the thermal resistant information of the tested fabrics. The most coating material is Al(NO2)3 for CARBON fab-

rics at 300oC and 400oC.
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1. � �

��� ��� ��	
� �
 ��� � �� �� �� ��� �

��� �� � �� !"�# $�%&' () $*+� ,-. �

�� /0�� 12 3 ��� 45 6 78[1]. � � ���� ��

�9 :;<+= �>2 %?� 9�+3 7�4 300oC 9�� 3 

�� :@A� BC+= ��<D EF9 GH� I� JK98. L:

� BGF Industries Inc., BP Chemical, Air Purator Co., Thermal Material

System Inc., Burlington Glass Fabrics Co., Du Pont, Gore-Tex MN�

COLAN Inc. ��# 8O2 PQ� ���R BC�� S;�3 78

[2]. 9T U�:� VW�#X 3 �# YZ[�� ��\ 6 7� ]

^_� ���R BC�� 12 Y`� aZ[�� �b�3 7cd G

HecX 3 � ���R BC�� ��<� ^f2 gR h�% =

i8. 3 �# jY� 1k ��\ 6 7� ���R BC�� ��<

2 �l� 7cd 9T ���� �X% :@� JK� mc n� op

� :@� Xq�� r� ����% st uv98. Table 1�� A:

�# S;+= ��+3 7� �w[x ���T� yz {|�}cd,

YZ[�� �� %~2  X� ��� �� KX�  X�# ��9

%~��, �� glass a�� ���T� 3�� f�R 9��� ��

[�� �cR 9��� o 3 �# �?� �W ��� op� L�

2 �cT� 9���� =�� ��\ 6 I� JK98[3].
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jYE� ��� E2� �a�� � L:9 �� yb�� jY< Y

`�K�# \��< �
�� ;<���9
� ��[x jYER C

���#�  ¡Z� C��¢ +£8[4]. ¤ ¥ \�� <]¦� ;<

���� �§c ¨�� �2 ©ª «¬­®9 ̄ °±��² \�� <

]¦� ��P³� �w[x jYE� ´�c¢ +£8. jYE� µ%

u, ©ªu ¶ ·]u�� 4¸� ©ªu jYE� jY ��^�9 ¹


&º� <»[�� ¼]+= 7= A� ·½� ¾aI3 �¿À

(blooming) Á�9 I9 jY^9 cZ+� N� �V<^ ¹
&º�

ª�+3 78. 9� ©�� µ%u jYE� ¹
&º� ¦0[��

�;+= 7� Â��# N� �%Ã^ ¹
&º� ��+3 78. 9

VW ¹
&º� =Ä KX ��^9 7� VW %Ã< �\� �¢ +

� ¤Åc Æ2 VW� ��E� ��28. µ%u jYE� ©ªu j

YE'� Ç0 `· ¶ A� ·½� �
 ¹
&º w��� �¿À9

+� VW% 7= ��� N�R È28. ·]u jYE� VW ·] u

É� �
 jY �Ê¨� Ë� �k¨�R 4ÌÍ8. ¤Î4 jY �Ê

¨�% 4Ì4� VW S; .%% ÏÐ+3 E© ¦^9 Ñ�� Ò�

+Ó� %� ��2 	
9 D8[5].

3�Ô _�R jY< ��� 3�Ô P³� jYER ¦0[�� µ

%��Õ4 jY Ö×lR f�]�� 3�Ô� jY .ÃT� �(�

�XØ 28. 3�Ô P³� jY<� ÙÚ 3�Ô P³� ¦^9 ��

+c n¢ jY .ÃT �� jY �Ê¨�R 9�, %~2 [� O�

jYER ���� Û�� jY ¨�R Ü=Ýd 28. x� \�� <

]¦, ���� \�� <]¦ �� jY .Ã�� jY �Ê¨�R 9

�2 �w[x ·]98[6, 7]. jY<� x� jY.ÃT� Þ��� j

Y �Ê¨�% 7= [� O� ���3X Ã�� ^�R Õß 6% 7

=, Ûà 9T jY �Ê¨�R 9���# ��Ôá8� 3�Ô� �

K<D jY P³T� BC\ 6 7= x� \��� jY .ÃT� (

��� jY 3�Ô P³� ¾2 Y`T9 9¿=c3 78[8-10].

â Y`�#� ãZä 4 �
åä ' Ç0 ^~9 W6��#X

�>2 ]^_� ���R ���� 3 �# ��� ��\ 6 7¢

�� 1�� x� æç, ́ ¿Lè, áé �� 9��� êë¦Q� E·

�� ]^_� ���� jY^� ìXØ dT3Ô 28. WU, �í�

BCD ARABON ���' CARBON ���� �2 ^~ î% ¶ �

ï� ð�� ���� @� �^� ´Gâ ¥ ]^_� ���� @�

^~� Ò���� 12 êëJñ� 6b��, 3 �# ��� ���

�# òX% ó¢ ÐÃ�c n� (^_� ���� êë ·½� E�

�3Ô 28.

2. � �

2-1. ���� ���� 	
� ��

Table 2' ô� x��^� %c3 7� ARABON ���' CARBON

���R ���� �õ[x @�^� öK�� 1�� 3 �# ��

�� %� �¥� ÷¢, ø), 6ù, w� ú� �� û<R ¾ü�� @

�^� öK�}8[11].

ARABON� CARBON ���� @�^� �ñ�� 1�� Ù ý¹

� þK2 ó�� ÿy�� %��� �� �õ ¦^� öK�}8. ¤

03 ARABON� CARBON� 300oC' 400oC� %��� ÙÙ �3

3�� Ñ� � �� �c�}8. %� ¥� Ù ���� ¦^� 8�

öK�� Table 3� 4Ì@£8. 300oC�# %� �¥� ÷¢ ¶ ó�

û<R öK2 ¼�R á� ARABON� CARBON ���� ÷¢û<

� 12.3% ¶ 19.4%� ÙÙ ÐÃ�}3, ó�û<X 6.9% ¶ 9.6%�

ÙÙ 6ù�}��, 400oC�# ÷¢û<� 48.6% ¶ 58.3%93 ó�

û<� 20.6% ¶ 31.3%� ÙÙ û<+£8. 300oC ¶ 400oC�# %

� �¥� ��[x ÷¢ û<R öK�� ��á� ARABON�

CARBON ���� ÙÙ 36.3%(12.3�48.6) ¶ 38.9%(19.4�58.3)�

÷¢% ÐÃ�}3, ���� ó�� ARABON9 13.7%� û<+£c

d CARBON ���� 21.7%� �� � û<+£8.

]^_� ���� @�^~� ��[x û< ó�R Fig. 1� 4Ì@

= yz�}3, @� Jñ� 6b�� �¥ ý¹� ó�' ú� �� �

x\ 6 7� ��� Fig. 2� 4Ì@£8.

2-2. CARBON ���� 	

� ��

� Ï�# Jñ2 ¼�� ��� 3 �# êë� �c n� CARBON

���% THFC(tetrahydrofuran)� êëD ARABONá8 @� ^~9

4�¢ 4Ì	cd Ñþ2 ·½�# ø Ú
� ���R ���� @

�^ Jñ� �� VW CARBON ���� @�^9 � �� Â��

kï+=, â Y`�#� CARBON ���R �â .Ö�� UK��

Table 1. Fabrics for medium and high temperature

Product
Weight
(kg/m2)

Usage Temp.(oC) Differential pressure
(mmH2O)Cont. Max.

Huyglas 1607-S felt 0.640 260 310 66.0
Huyglas 1701 felt 0.379 260 310 70.1
Woven fiberglass 0.522 260 290 128.00
Woven fiberglass 0.379 260 290 125.70
Goretex/glass 0.403 260 270 60.7
P-84 felt 0.379 260 290 78.5
Nomex felt 0.332 190 220 85.6
Ryton/rastex felt 0.379 190 230 85.9

Table 2. Comparison of the tensile properties of the fabrics

Fiber type
Density
(g/cm3)

Tensile strength Tensile elasticity Elongation
(%)g/de kg/mm2 g/de kg/mm2

Reinforced thermal resistance fiber ARABON (S) 1.39 28 350 590 7�400 4.6
PPTA(reg) 1.44 22 285 460 6�000 3.8
PPTA(HM) 1.45 22 285 1�000 13�000 2.4
MPIA 1.38 5.6 70 60 800 38

Steel Tire cor 7.85 3.4 240 280 20�000 1.7
Glass E-Glass 2.54 9.6 220 300 7�000 4.0
Carbon PAN(HT) 1.80 26 420 1�400 24�000 1.7

PAN(HM) 1.81 15 250 2�400 40�000 0.6
Pitch(G.P) 1.65 5.0 75 200 3�000 1.3

Polyester Tire yarn 1.38 9.2 115 100 1�300 13
Nylon 6 Tire yarn 1.14 9.4 100 50 500 19
HWAHAK KONGHAK Vol. 41, No. 6, December, 2003
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@�^~� Ò�\ 6 7� êë¦Q� BC�3Ô 28. CARBON �

��� @�^� Ò��� 1�� â Y`�#� @�^9 W62 ÷

�¦Q� 3�Ô <]¦� ���� êëJñ� 6b�}8.

2-2-1. JñÏ�

1) 
^9 Õ� I3 ��� � ��� �� ò2 ÷�¦� 3�Ô <

]¦� UK28.

2) y9¬� ¦� �3 Table 4' ô� ���� êë ¦Q� E·2

8. ý¹ �M 1� 9� ��% ¦9� 11� 12� «��� ��� ��

�}8.

3) E·D �� êë �]¦� CARBON ��� �³R 30õ� ��

� �à ¥ ½�# � �# Ú9ä R �3 �0���# ½·��

¥ ���9 �# ��� ½·��8. 

4) ÷¢' ý¹� ó�R � ¥ 300oC' 400oC�# 3�� áí2 ¥

÷¢R öK28.

2-2-2. ÷¢û<

êë�c n� CARBON ��� ý¹� �MR 09
 �3 êë �

¥� ÷¢û<R ¾ü�� 1�� ÷¢û<�� � (1)� ô9 K��

}8.

÷¢û<�=  100 (1)

êë�c n� ý¹� 400oC�# 3�� !*�}� o ÷¢û<�

� 98% 9��� �W ó¢ 4Ì	8. êë ý¹ 9�x water glass�

êë2 VW% ÷¢� û<�9 %� [cd êë ¥ ú�� û<' �

"= CARBON ���� �Y^� �J�}8. ý¹ 2' 12�� êë

� CARBON ���� yk# 20%KX� ÷¢û<% #=T£8. Ë

2, 300oC�# 3�� 	$2 ý¹ � 10, 11, 12�9 êë�c n� ý

¹� ÷¢û<R 20%9� BU�%8.

2-2-3. 6ù& û<

]^_� ���R 3 � !*�� �� ¥� ý¹ ó�R ��[�

� yz\ 6 7XØ 6ù&� K��� ���� @�^~� öK�

}8. Fig. 4� êë¦Q� �
 CARBON ���� 6ù&� 4ÌÍ

8. êë� �° �c n� 0� ý¹� 300oC�# 15%, 400oC�#

75%KX 6ù�4 400oC�# 3�� !*�� VW�� ý¹ 10, 11,

12�� êë�c n� VWá8 30% KX� BU� á}8. ¤Î4

%��÷B−%�¥÷¢
%��÷¢

Table 3. Experimental results of thermal resistant fabrics

Unit

Weight Thickness Contraction
Color Etc

g % mm % mm2 %

ARABON 300oC Before 0.814 12.3 3.40 4.4 2,500 6.9 Black 3hr
After 0.714 3.25 2,328

ARABON 400oC Before 0.809 48.6 3.40 27.9 2,500 20.6 Black "
After 0.416 2.45 1,985

CARBON 300oC Before 1.646 19.4 6.55 29.8 2,500 9.6 Not change "
After 1.326 4.60 2,259

CARBON 400oC Before 1.605 58.3 6.55 43.5 2,500 31.3 " "
After 0.670 3.70 1,718

Fig. 1. Experimental results: the weight change and contraction of the
test filter.

Fig. 2. Shapes of the ARABON (top) and CARBON (bottom) fabrics.

Fig. 3. The weight loss of the coated CARBON filters at 300 and 400oC.
���� �41� �6� 2003� 12�
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300oC�# 3�� 	$2 VW�� êë�c n� VW� yk# '(

9 4Gc� Á�9 ¾ü+c n)8. 9� ��� [*� ¥ +�� ý

¹� H· uÉ� 8Ã� û<% 7�� 9� ÁP Jñ�# ,-2 ê

ë	
� pE.�� c[ / 6 78.

3. �� 	 
�

3 �# ��� �0 6 7� êë¦Q� BC�� 1�� ÷�1�

� 9¿=� ��� E·�� ]^_� ���� êë� 6b2 ¥ 3

 � !*�� �� ¥� ���� ÷¢, 6ù, �Y^� öK�}8.

��, ]^_� ���� �^� ·��� 1�� 300oC ¶ 400oC�

# _�R %� �¥� ��[x ÷¢ û<R ÙÙ öKk# yz2 ¼

�R á� ARABON ���� 36.3%(12.3�48.6), CARBON ����

38.9%(19.4�58.3)� y2�¢ ÷¢% ÐÃ�}cd, ���T� 6ù

� ARABON9 13.7%� û<+£cd CARBON ���� 21.7%�

�� � û<+£8.

� Ï�# Jñ2 êë¦Q� @�^~� Ï�[�� yz�� 1�

� û<c6R � (2)' ô9 K��}8.

CI=CW CC  (2)

��# CI� û<c6, CW� ÷¢û<�, CC� 6ù&� 4ÌÍ8.

Fig. 5� Ù ý¹� û<c6R 4ÌÍ8. CI% 0� %e36Ø 3 

�# ÷¢û<' 6ù9 þ=4c n� op� @�^9 7� ÃP�

4Ö\ 6 7�Ó�, ý¹ 9�9 êë�c n� ý¹ 0�� yk @�

^� ó¢ BUD Â�� ¾ü+£8.

Fig. 5R á� 300oC ¶ 400oC�# CARBON _�R êë2 �Î

%c ý¹ ��# ý¹ 9�� water glassR êë2 ¼�% ÷¢' 6ù

û<% ÛÃcd �Y^9 I3 êë ¥� ÷¢% ¬� J�<� pE

.� %Q Â�� 4ÖD8. ý¹ 10�� CI% 9� ý¹� EA�3 %

� 5� 6� 4ÌÍ8. Jñ ý¹ 109 .P³ ý¹ 0� yk 300oC

' 400oC�# @�^9 Ò�D Â� Al� ô� ÷�¦Q9 @�^9

ó3 ]^_� ���� ò�¢ êë+£� opx Â�� 7KD8.

¤Î4 ÷� �� êë¦Q� þ� 3�Ô �� êë¦Q� �2 Jñ

� 6b2 ¼�� 6ù�� ÐÃR #þ 6 I£8[12].

Jñ� 6b2 ¼� Al(NO2)3% W62 @�^~� 4Ì@£�8, 9

Î2 ´¿Lè ¦Q� ô� "Y êë¦Q�� 6;< ãZ<]¦x

Al(OH)3' Mg(OH)2 �9 78. 6;<´
Lè� 6;<9¤:;�

YÃ� �
%&R @c n3, jY^� () �CY ¨�R 4Ì@�

�.9 73, ©�� 8×�� $]+c n�� <]¦� .X% �Ê

�� ^u%f^9 ��+3, @6^, �a[ ^Q9 ��+� Ö.9

78. 6;< ãZ<]¦� UL94 V-0 <=&� jY^� ���� 1

k#� µ%×9 äÈkc�8 µ%×9 >�� %f^� ¦^9 ��

+Ó� µ%×� #9� 1�� jY<R ?� jY á·ER ��2

Table 4. Coating materials for non-flammable filter

Sample No. 1 2 3 4 5 6 7 8 9 10 11 12

Borax 3.5 2.35 2.5 0.75 3.5
Boric acid 1.5 1.0 2.5 2.5 1.75 2.35 1.5
Diammonium phosphate 1.65 2.5 1.25
Sodium phosphate dodecahydrate 2.5 0.75 0.9
Ammonium sulfamate 3.75
Ammonium bromide 5
Sodium tungstate dihydrate 1.0
Water glass 25
Aluminum nitrate nonahydrate 2
Poly vivyl acetate 4
Boron nitrate 1

Fig. 4. The contraction of coated CARBON filter at 300 and 400oC.

Fig. 5. The change index of coated CARBON filter at 300 and 400oC.
HWAHAK KONGHAK Vol. 41, No. 6, December, 2003
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8. ÁPec ¨�% �x+= 7� jY á·E�� ãZ;<¦, [x,

J0@ <]¦, [x/x <]¦, AâBC �9 78.

4. � �

â Y`�#� 3 �# ��9 %~��# �%� `q9 �92 µ

%u êë¦Q� BC�� @�^~� Ò���3Ô �Î Ú
� êë

¦QT� 9��� ]^_� ���� êë� 6b2 ¥ @�^� ·

��}8. ��, ARABON ¶ CARBON ]^_� ���R 300oC ¶

400oC�# %��� %� �¥� ���� ��[x ÷¢ û< ¶ ó

� û<R öK�� ���� �^� yz�}8. Ë2, 300oC ¶

400oC�# CARBON _�R �Î %c ¦QT� êëJñ� 6b�

� êë^~� öK2 ¼�, 300oC ¶ 400oC� D�  X�# Al(NO2)3
êë��9 W62 @�^~� 4Ì@£3, J�< \ 6 7� Â��

4ÖD8.

]^_� ���� @�^� �ñ2 ¼�R á� ��� Ôl% 400oC

9�� 3 �# ��\ 6 Icd, 3 �# �0 6 7� êë ��

� E·�� ���� w�� êë�� @�^� ó¢ Ò�\ 6 7£

8. ´¿Lè� ô� êë¦Q� ��.9 DG ]^_� ���� ê

ë�� @�^� ó¢ BU�� 6 7cd, àâ[�� ]^_� ��

�� 9Î2 2aR k¼��� =i8. ¤ÎÓ� 3 �# YÃ% þ

=4c n3 6ù�c n� .Ö� BC�� �
å� ô9 @�^9

ò��#X _� ���' ô� �Y^� �c\ 6 7� jY ���

R BCkÝ 28. Ë2, ]^_� .Ö� P³ �Ô @� "Y^ .Ã

R Xq�� "Y<% 9¿=c¢ �Õ4 \�� jYE' jY á·

ER µ%�� .P³ Ôl� @�^� Ò��� 6 7� Y`% Þb

�� 9¿=�Ý 28.

� 
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