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9 :;<.% �=!"(> ?@AB, CD' ��� ���� E� ,-, 01 F 45 �
	

GH�� 0.42, 0.33 F 0.25	 IJ�) KLM#. N' �� ��� OP ��� ���� ��� ��� � ' AB,

70 mesh �Q	 �� ��� 100 mesh �Q	 �� ��� �R CD' ��� ���� KL�S#. 2TK 70 mesh �Q

	 ��) ����% $�!� UC, V
� WX�) YZ[\ G][^)_ ��)_	 �`�� a?!J b#. 2T^

) ��)_	 �`�B CD' ��� ���� cd� �e'#f 100 mesh �Q	 �� ���_ ,-, 01 F 45 �


	 ���� 0.42, 0.33 F 0.25	 ��� � ?@���_ gh ��i� $d!"#.

Abstract − This study was investigated effects of the thermal shock resistivity according to the variation of raw material
composition ratios and particle sizes in the heat-resistant container. The raw material components were selected by the natural

low-grade clay(NLC), the natural low-grade silica sand(NLS) and Talc. Triangular diagram on these three components was

constructed for selection of the optimum chemical composition ratios in the heat-resistant containers. As a result of the study,

the optimum blending ratio was the condition of NLS(0.42) : NLC(0.33) : Talc(0.25). And as a result of the thermal shock

resistivity according to the condition of particle sizes of raw materials, the thermal shock resistivity was increased at the range

of particle size under the 70 mesh than the 100 mesh. But the case of manufacturing heat-resistant container in the condition of

particle sizes under 70 mesh, salt crystals in the container are permeated into the inner wall and exhausted out the outer wall.

Therefore, the container can not maintain the function as a container. Considering the function as a container and the excellent

thermal shock resistivity, the optimum condition for the development of the heat-resistant container was the range of particle

sizes under 100 mesh and the blending ratio of NLS(0.42) : NLC(0.33) : Talc(0.25) in this experimental condition. 

Key words: Heat-Resistant Container, Thermal Shock Resistivity, Particle Size, Composition Ratio
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� �
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�� ���� ���� ���  !"�# �$%�& '(� )*

+� �� ���,. -. �/�� ��-0� 1�2 3456 7

8� ����� 9	�: ;� <= #>� 9	� �? @A. B

C,. D� ����� 9	� E� �:F G�� HIJ K#� L

M NO� PQ R� �? ,S�T "#+B �� UV& @WX <

EY Z[� ��-0� \��� ]�� U� ^_�,. �`� G

6�� a�+� G�2 �b#� "cd G�e a��� �� fZ

g� hiG� 0X� @�V� �� U� jk�,. hiG�� �

lWX� mn ;� o[J_�� *0Y 1�� pq� rs�t �

��u� I0G�� ��t v� w�x y�� Lz {bq� |}

� S, K>� ��� X� R� ,~,. ;� pq� *0J o[J

_� G�� 0[� �,� NO� �T +B �<� y�z# rs

g�& �� ��� Lz Zg� ��2 )*�T +B 9Z� Z[

\��& <_� *y��� ����2 @A. BC,[1]. �`& �

��� 9	" G�2 @�V� ��� �x ��z ���� >��

W22�2 �F ���� �b#� G�� ��F D^5V� {2

��u� � i���� �`� hi� G�e �@� a��t ��

��e 9	�� ����� ���� @� f�0� O�"�� g

� �_o4� NO� ���t �4� ��-0� �� �����

9	 	 � ¡¢�t y£��� 5� 2�� ¤�¥e 9"��>

�,.

2. � �

2-1. ��

� ^¦��� fZg� §¨ y©y hi�ª� a[ �«� ¬n�

a��­,. \® hi�ª� a[F �� ¯�+B UV° �± ² �

ª� a[ 0X� X«�� g�t �²³´�� ���­,. t��

�ª� a[F �²³´� �? gµ�� �� �ª 0X �«� �¶

µ�� �� a[ 0XV� Xd+·,. �²³´� �? XdY �ª

� @WX 4 µm 4¸ ��� ¹Xº6 =» a[F �²� �� ¼½

° K§� ¾ �¿e &À�·,. t�� a[ 0X� Á 
��(ball jar

mill machine)� �? XÂ�­� Ã¸Ä�(standard sieve)e ���t

Xd�t ^¦� a��­,. ¬n� §�� i0q[6 78� Á 


��� �? (ÅT 4 µm 4¸ ��� ¹Xº� XÂ+·V° �e

=ÆG�� a��­,.

2-2. ����

�ª� �²³´� �? ¬nF XÂ� �? ¡Ç (ÅT 4 µm �

�� K#e 2�u� K#� LM ��� f�0� NOF �� a[

0X�x ?�Y,. �`u� a[ 0X� 50 mesh(297µm) ¹x,

70 mesh(210µm) ¹x �«� 100 mesh(150µm) ¹xV� È2��

�X�t K#´ NO� ���­V° l K# 	 � @� a[ 0X

� Table 1� HI�	 � Lz �ª� ¬n� HI�t ��ªe 	

9�­,.

	9Y ��ª� =É� Ê ��� ��e 9¼�� g�t 3Ë

�� =Ì5V� Í� ªÎ�(de-airing pugmill)� �? Ï�"Ð

,. Ï�Y ��ª� Ñl"Ò 9Ó� g�t ÑlÔ ¡S� n�

$� 9Ó�t G� ��e n� $� ÕF Ê 80 kgf� Ö×�t

Ñl"Ò� Ø·,. 2Ö 0ÔY Ñl"Ò� @�t 25 oC�� 24

"Ù  	"Ú Ê, 5_ �0/#� �0"Û �� Ñl"Ò� 9	

�­,.

3. � �

G�� Ã¸Ä�� ��t K#´� Xd�­,. G� 0X� ÜÝ 	

0F X-³ Ôp Xn�(X-ray Fluorescence Spectrometer, Philips PW240

Philips Analytical B.V.)e ®�t Xn�­V° �0/#� LM ��

� Þ_�� oÜe Xn�� g�t X-³ Ëß Xn�(X-ray diffraction

Analyzer, Rigaku, CuKα Filter)� �? ,à 	 (Scanning speed 2o/

min, 30 kV, 20 mA, 10oá2θá70o scanning range)�� Xn�­,. ;

� �0Ê "Ò� Ã»J 'A»� �aâ>D¹§(Scanning Electron

Microscope, JSM-840A)e ���t E��­,. � ^¦�� 9	Y

�� Ñl"Ò� @� ��� f�0F �ãy£P� KS L 1003� �

¼�t Xn�­,.

4. 	
 � �


� i���� ������ )*+� ä�� ���� g�t G�

q[±� åT	0�� K# X�� NO� ���� �_o4� 	ß

� ®�t ��� f�0� O�Y ����e 9	��> �­,. G

��� y£�_�� ̂ 9� ��+� fZg� hi G�e �@� �

��t � i�ÞJ2 y£�_� 
æ 5� 2��#ç �­,. hi

G�� y�� Lz pq� *0�& o[J_� èz {bq� |}

� S� ,~° éF y�z �êz# rë+� g�& ��� Lz G

� 0X�& pq -0� �� ���T &À&u� �ìí b#2 �

� ,0Xî ÌI q[6 G��� �D0 U� ����e *y? �

Table 1. Blending ratios of NLC-NLS-Talc system for heat-resistant
earth preparation 

No.
Raw materials, wt%

NLC NLS Talc No. NLC NLS Talc

1 4 40 4 29 32 12 4
2 8 36 4 30 28 12 8
3 4 36 8 31 24 12 12
4 12 32 4 32 20 12 16
5 8 32 8 33 16 12 20
6 4 32 12 34 12 12 24
7 16 28 4 35 8 12 28
8 12 28 8 36 4 12 32
9 8 28 12 37 36 8 4
10 4 28 16 38 32 8 8
11 20 24 4 39 28 8 12
12 16 24 8 40 24 8 16
13 12 24 12 41 20 8 20
14 8 24 16 42 16 8 24
15 4 24 20 43 12 8 28
16 24 20 4 44 8 8 32
17 20 20 8 45 4 8 36
18 16 20 12 46 40 4 4
19 12 20 16 47 36 4 8
20 8 20 20 48 32 4 12
21 4 20 24 49 28 4 16
22 28 16 4 50 24 4 20
23 24 16 8 51 20 4 24
24 20 16 12 52 16 4 28
25 16 16 16 53 12 4 32
26 12 16 20 54 8 4 36
27 8 16 24 55 4 4 40
28 4 16 28 - - - -
���� �41� �2� 2003� 4�
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�� ï� Bðñ ò� D^�,. Lz� � ^¦��� �³5V� �

²³´� �? b#2 ó³Y �ª, a[ ô ¬n� G�q[� Ø·�,

ØBÍ G�q[� @�t 	9, 0Ô,  	 ô �0�_� ¼õ ��

Ñl"Ò� 9	�­,. 9	Y �� Ñl"ÒF �ãy£P� KS

L 1003� �? ��� f�0� Xn�­,. ��� f�0F �ö÷î

4� ø0î4, ùú#, û\� ��ü, �â##� NO� ý�,. \

® �ö÷î4� ø0î42 Ó�4ç �«� ùú#� û\� ��ü

ô �â##2 þ4ç ��� f�0F ��� òV� ÿð� UV&

[2] �ãy£P���� �`� ll� �� Xn�t ��� f�0�

Xn��\, Table 2�� \� �� é� �ö÷î4, ø0î4, ùú

#, û\� ��ü ô �â##2 ��Y |I56 �¸V� ��-0

� Xn�� U,. 

4-1. �� 	� 
 ��
 ��

���� 9	� 3456 � G� 0XV�� �ª� a[ 0X��,

�25V� \® ¬n�& �n 0X� ��� �
Ü� ��0 9��

g�t �2Y,. \® �ª� a[� � G�� �n� �� �2�» �

�� �
Ü /#e �! 4� UV& J�V� �2+� §�, ¹È� ä

�� )*J ��� ú#2 f�+� k9�� )*"Ú,[3, 4].

=»� ¬nF 4ÜY ���� ^«��	� �nJ �<� 
Je

)*��x 1,000oC��� /#� 2�+� §� �F �ö÷î4e

2Í,� ÿð� U,[2]. Lz� � i���� �ª� a[� �G�

� ¬n 0X� �2�t ��� �
Ü� 3�� �0/#e ��»

� ��-0� ó³��> �­,.

� ^¦�� ��� 30Xî� G� 0XF ll &�@�� ���

2�� UV° HI 9	Ê ����� ��� f�0� úÜ"�� �

�� *0+BÍ,. 
e ±B �ª 0XF 4 µm 4¸� ¹È K>�

V� ¡ÈE�� ��J Ã»��� �2e 2�� ä� )*� G6

V� Ó��& ,S� ¡SV� 0Ô�� g? 2�0� Wt�� �

G��,. =»� a[ 0XF ¾ K>�V� 6? ¾ ��� Ô0+B

�±� �? à�q� ��H!� &À& ����� ��0� f?�

� k9�� 2�� UV& ��� �@� éF ��� �� � 0X�

,. �`& a[ 0X� J�V� �2+» �
Ü� 3�� �0/#

� �2e 2�� �0��� �2e �¶��# �,. ;� ¬n 0X

F �0" �@5V� �F /# �g�� 1«Ü+B ��� �ª�

a[ 0X K>±� �� iÞ"Û �B �0ì« ��� ��"�&

[5] J� �2" ���� c�� ¹È� ä��& �B�� )* G6

� +�# �,. Þã � 30X� �5Ü� ����� 5I� 	9ª

e 	9�� ò� ��
�° �e g? Table 1J é� HI 0X�e

oÜ"Û �� LM ��� f�0� ���­,.

Table 3F XdY G� 0X X-³ Ôp Xn� �� 0X XnÞJ�

,. � ÞJ�� \» a[ 0X� §� SiO2 ��� 50% ¹x� fZ

g G��� ÿ 4 U�, ¬n� §��# MgO ��� 30% ¹x� f

d� G��� ÿ 4 U,.

Fig. 1-3F K#� 0X HI�e oÜ"Û 9	� �� Ñl"Ò�

@�t �ãy£P�, KS L 1003� �? Xn� ��� f�0� ÞJ

�,. Fig. 1-3� XnÞJ�� \» �F ¢V� Ã"Y WXF â 

ä��& �$% R� )*+� �F 0X� N���, !F Ë¢V�

Ã"Y WXF ¹È� ä��& �B�, �«� cÙ� �$%� )*

Y 0X� N��,. ;� i� Ë¢V� Ã"Y WXF ,�� ä��

& �B�� )*� N���, "¢V� &À# WXF ��2 �$%

� &?+¼& Ë42 {2�� 4¸� 0X 	0� N��,. Fig. 1-3�

� \� �� é� Fig. 1F K# 	 � 50 mesh(297µm)¹x�� Fig.

2� 70 mesh(210µm) ¹x �«� Fig. 3F 100 mesh(150µm) ¹xV

Table 2. Thermal Shock Resistant Standard  by KS L 1003

Type Content
Temperature 

difference(oC)

Thermal shock 
intensity(oC)

For direct-heating 
(high temperature resistant)

Resistible material against steep heating and cooling with direct flame contact for 
heating and cooking

280-290 280�

For direct-heating Resistible material against direct flame contact for heating and cooking 150-160 150�

For oven(�300oC) Resistible material against heating of oven less than 300oC without direct flame 
contact for heating and cooking

150-160 150�

For oven(�200oC) Resistible material against heating of oven less than 200oC without direct flame 
contact for heating and cooking 

120-128 120�

Table 3. XRF result of raw materials 

Comp.
Starting materials

NLC NLS Talc

SiO2 46.45 49.03 47.65
Fe2O3 2.10 2.21 7.41
Al2O3 34.89 31.47 6.40
TiO2 0.17 0.10 0.17
MnO 0.02 0.02 0.09
CaO 2.53 7.16 1.67
MgO 0.71 1.03 27.16
K2O 0.41 0.60 1.28
Na2O 0.75 2.15 0.13
P2O5 0.02 0.03 0.14
L.O.I. 11.32 6.18 7.96
Total 88.05 93.8 92.1

Fig. 1. Diagram of thermal shock resistivity on NLS with the range of
particle sizes under 50mesh.
HWAHAK KONGHAK Vol. 41, No. 2, April, 2003
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� 9	� Ñl"Ò� @� ��� f�0� XnÞJ�,. � ÞJ�

� \» K#2 ¾ �g<4ç ä� )*� ���� ÿ 4 U,. ��

K#�g2 ¾ ����� §�, ¾ ��� ���� �4� x� �Í

µV� Ó��t �ö÷� �4�­� jk�,.

K# �g� Ó�4ç ����� ��0� x'"( 4 U�, ��

0� x'Y 	 ��� 0X�� LM ��� f�0� 2� �F �

5 �ge )� ò� � i�� *Ã�u� Fig. 1-3� ÞJ ² K# �

g2 2� ÓF Fig. 3� ³+�� ò� ��
�,. �`& Fig. 3� �

g ���# �5 0X� �ge )� g?�� Fig. 1J 2� 	 J#

WI+� 0X� �ge �ð�t,x � ò�,. Fig. 1-3� XnÞJ

� ��t ���� *y"� 5I� 0X 	0�e 9"�» �ª, a

[ ô ¬n� 	0�2 0.33 : 0.50 : 0.17, 0.33 : 0.42 : 0.25, 0.42 : 0.33 :

0.256 HI� 	 � 5I� òV� &À-,.

�ª 0XF ¹È�t ¡ÈE�� ��J Ã»��� �2e 2��

ä� )*� 
æ56 G6V� Ó��& ,S� ¡SV� 0Ô�� g

?�� =." 3�� �G���, a[ 0XF ��� �ú# ô ��

� ú#e O�"�& J�V� /�" �
Ü� 3�� �0/#� �

2e 2�� c 1,300oC �� �F �0/#��x ��� �@ ú#

e )0�T +B �1� ��� �2"Ú,. ;� ¬n 0XF �0"

�@5V� �F /# �g�� ��e 1«[Ü"Û �0ì« ���

��"Ú,. �ìí l 0X� ��J �� ,M 0[� �ð�,» 3

2� 	0� 2ñ¤ ����� 5I� �ª, a[ ô ¬n� HI��

0.42, 0.33 ô 0.25�� ÿ 4 U,.

4-2. ����
 ��

Fig. 4� 2�� ����� 5I� 	 V� �6Y 100 mesh ¹x

� K#	 ��� 0.42, 0.33 ô 0.25� �ª, a[ ô ¬n 0X 	0

�� HI+B 9	Y Ñl"Ò� @�t t` �0/# oÜ� LM

X³ Ëß Xn ÞJ�,. � XRD XnÞJ�� \» 1,200oC �0ì

«Ê 3z�	 Þ_�� &À&� UV° 1,400oC��� ¡Ç 3z�

	 Þ_�V� oÜ+·à� ÿ 4 U,.

Fig. 5(a)-(c)� t` �0/#� LM K>� Þ_�	 oÜe �aâ

>D¹§V� E�� aÍ�,. � ÞJ�� \» �0/# �2� L

z 4�Ô� 3z�	(mullite) Þ_�	� â�+B 2� Uà� Á 4

U,. <=5V� 3z�	 0XF ��� ú#e �2"�� òV�

ÿð� UV&[6] 1,300oC ��� �0	 ��� 3z�	� 4��

	� �? 5.ð ¼@ ��� )*+� Uà� ÿ 4 U,.

2�� 67� �� é� �0/#� 1,200oC2 ��� 3z�	 Þ

_�� 1#�»� ¼@��� )*� 8� 4 U� 	 �u�

1,200oCe ²9V� Q�� �0/#e PQ��> �­,. Fig. 6(a),

(b)� 1,200oC ²9V� 1,150oC� 1,230oC� Ç 2� �0/#e ³

+�t �0ì«� Ê ØF ����� 'A»� �aâ>D¹§V�

E�� aÍ�,. � ÞJ�� \» �ª, a[ ô ¬n� �5 0X H

I�� HI�t 1,150oC� �0 ì«"Û ØF ����� §�, Fig.

6(a)�� \� �� é� ��� 3�G ®�� iÞY {P:� ¼@ �

�� ,� /��� Uà� ÿ 4 U� =»� 1,230oC �0 ì«Y �

���� §�, Fig. 6(b)J é� ��2 �Þ+B ¼@ ��� az�

� Uà� Á 4 U,.

,à Fig. 7(a), (b)� �5	 V� ³+Y 	9Y G�e a��t

����e 9	� Ê 1,150oC� 1,230oC 	 �� �0"Ú ���

�� @�t ;X� ��H! D�� E��� g�t �W� �<q

� =F Ê 30< Ê� ¡>� E�� aÍ�,. 1,150oC� �0ì«�

Fig. 2. Diagram of thermal shock resistivity on NLS with the range of
particle sizes under 70mesh.

Fig. 3. Diagram of thermal shock resistivity on NLS with the range of
particle sizes under 100mesh.

Fig. 4. XRD pattern of heat-resistant earth according to various calci-
nation conditions.
���� �41� �2� 2003� 4�
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����� §� Fig. 6(a)�� \� �� é� ��� ��� �� �

ð UB � �� µ� ®� ;X� H!+B�� Uà� Á 4 UV°

1,230oC� �0ì«� ����� §� Fig. 7(b)�� \� �� é�

â  ;X� H!+� �� Uà� Á 4 U,. �� Fig. 6(b)�� \�

�� é� ��2 �Þ+B �? ¼@��� az�V�� &À# Þ

J� %AY,. �`u� f�0� �� ����� 5I� �0/#

�g� 1,230oC 	 � 5ß� �0/# �g�� ÿ 4 U,.

5. 	 �

� i�� ���� 9	e *Ã� �ª, a[ ô ¬n 0X� ³_

�t G� HI� 	 J K# 	 � LM ��� f�0� ���­

V° K# 	 ´� G� 0X� HI�e oÜ"Û 9	� "Ò� @

�t ��� f�0 Xn ÞJe 30Xî Ñl@Ã� &À�·,. K#

� NO� ��� ÞJ, a[ 0X� K# 	 � ¾ §� ��� f�

0� �2�­V& ��� f�0x� �ð�t a[ 0X� K# 	

 � �T 1��� §� à�q� ;X� ��H! D�� &À& �

������ ��0� ,�� ]�u� �e ���� g�t 100

mesh 4¸ ��� K# 1�� 345�,. � i�ÞJ 100 mesh �

Fig. 5. SEM Photographs of heat-resistant containers according to cal-
cination temperature; (a) 1,200oC (b) 1,300oC, (c) 1,400oC.

Fig. 6. SEM Photographs of heat-resistant containers according to cal-
cination temperature; (a) 1,150oC, (b) 1,230oC.

Fig. 7. Photograph of heat-resistant container with salt solution according
to calcination temperature; (a) 1,150oC, (b) 1,230oC.
HWAHAK KONGHAK Vol. 41, No. 2, April, 2003
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-

�� K> �ge 1�� �¿�� ��-0� �4� �5� 0X 	

0� 	 � ¡¢� ÞJ, �5� 0X	0�� �ª, a[ ô ¬n�

HI�2 0.42, 0.33 ô 0.25� 	 �� ��-0� 2� �4� òV
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