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Fabrication of porous clay ceramics using surfactant

Yun Ju Kim† and Ok Jin Bae
Department of Ceramic Engineering, Dong Shin University, Naju 520-714, Korea
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Abstract Porous clay ceramics was fabricated using the surfactant as a foaming agent in the secondary-clay pro
Young-Am area in Chun-Nam province. The concentration of surfactant in ceramic slurry was the key factor controll
pore characteristics and physical properties of the porous ceramics. The more increase of the surfactant conc
increase the more foaming ability and the stability of foamed layer were improved, but the foaming ability was 
within 6.0 wt% of surfactant because the initial viscosity of the slurry increased with increasing the amounts of sur
The formed specimen were sintered at both 1150oC and 1200oC, the porous ceramics showed 0.9 of specific gravity, 50
of water absorption, 45 % of apparent porosity, 14 % of shrinkage and 70 kgf/cm2 of compressive strength.
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��� 1�. �`�2J slurryf pq�� qOg6 


qf 
�2J �(�� XYw �pR�6 @�� ;�

k�i6 
�� Ul� (���, R�� �|�� y

uP ��ib @U� �^ 1�.

�� �� @UXY� �p�� Z� ��� ����

� �� -.!"�v �(b^ K, LM � 12�,

�|e (bf �� ��i6 �pR� \ 7�� �e

��� �7�[8].

  ���v� ¡¢ `£�v -�e �,K¤f qO

g6 
qf 
�2J �(�� XY2J slurry� �¥

'�@f ¦^�� pq§¨, ��if @U�©�. ªb

� Z« 78; [�< ¬=��, �­8 �b \ pq

§n /6 ®9f ¬=�©�. ¯e SEM� 6� @U

z §°6 �¥< �±�©�, �%�bf ¬=�� e

°, ��� ���� @UXY² pq§6 �¥'�@6

ªb®9� Z« 
�®9� 78; [�� ��� �±

��* �©�.

2. �� ��

2.1. ³´�=b

  ��6 ³´�=b� �~ Fig. 1² ��.

2.2. R� \ Slurry @U

¡¢ `£�v -�e �,K¤f �pR�J ��

Fig. 1² �� ��� ����f qOY2J @U�©

�. @U�=w slurry@U, pq, �P, $U \ k��

=2J �µA`�, slurry� �,K¤f ¶·�� 2~3

§n =b magnetic stirrerJ !-§¸�. @Ue slurry

6 ªb� K¤ 60 vol%�¹�.

2.3. Slurry6 pq \ �P, $U, k�

º» qO< P��� XY�� !-Y(dispersion pro-

cess)² ª%Y(condensation process) ¼ ^`^ 1

�[10-14]. !-Y(dispersion process)w �
;# ½

iu 
� CH�� ��� ¾¿f �(�� ÀÁ 


if ÂA qO< P��� XY��, ª%Y(condensa-

tion process)w �b� �Ã< Ul�� �
;#½i

u 
� 
if Ä�§Å� XY��. Æx6 Ç)��

qO k9
� ª%Y� 6e qOP�6 MÈ;# É

��.

  ³´�v� slurry6 pq� ÊSJST �
f �

@ 	m�� !-Y< §bË2� pq � �
XÌ6

]
^ Ív ��� tube6 hole² m*Î 0�6 nÏ

< ÐÑN�? P� �Vv 
# � �P6 A���

1Av Hot plate 
B< �� magnetic stirrerf �(

�� u��v 110oCÒ` Ó�§Å¥v CH�� pq

§¸�. � Ô pq¦^@J� §�Õ< Ö` ×�, x®

�v ØÙ �� � 1� ~�� �¥'�@# !O�@

(��Ú�)f �(�©�. ¯e slurry6 �¥'�@ªb

� 0.5~13 wt%f ¦^�©�. �
�v slurry6 pqÃ

w N=Û6 qO� P� �V k� � §n< ¬=Ü

2Jv Ý^�©�. Þ8�, pqz slurry� φ50 mm,

ß� 3 cm6 RàP Ä� mold� xme á âP §Å

� slip casting XY2J �P�©�.

�Pã$Ue §°6 k� �=w Fig. 2� ��, Ó�


b� 3oC/min, W k=�b�v6 	`§nw 1 hr2

J ��, 5oC/minJ ³�Ò` äW�©�.

Fig. 1. Flow chart for the fabrication process of porous ceramics. Fig. 2. Heat treatment schedule.
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2.4. !Ä \ ¬=XY

R�6 9:�!w åæ� JY38+
6 ICP� 6e !ç

!ÄY2J =Û!Ä �©�, 1000oC�v6 ^�èÛ<

KS E 3807� 6�� ¬=�©�. ¯e XRD !Äw N

  Rikagu06 30 KV, 15 mA, scan speed = 10o deg/

min, 2θ = 5~70o
6 U$2J ¬=�©�, mb !Äw

Micromeritics06 model mastertech 51� sedigraph

5100� 6�� 0.1~100µm éê�v ¬=�©�. Þ8�

slurry6 Kb� Brookfield6 model DV-II- Viscometer�

6�� ³��v ¬=�©�. §°6 ���U�±w

JEOL06 JSM-5200 x0�*ë�ì� 6� k� z

§°6 �¥ ���Uf L#�©�, �%�b ¬=w

^�% Xí2J 25 mm/s6 
bJ ^��� �ê¥;

î �g6 ®9f ¬=�©�. k� z §°6 ï��,

S��g, ðñ
 
�� \ k� �%� /6 7�w

KS L 3114� 6�� ¬=�©�

3. ���� 	 
�

3.1. R�6 [� U0

Table 1w R�6 9:!Ä< �Úò ���. Table 1�

�Úó ô� �� �pR�� Fe2O3 1.25 %, K2O 2.45 %,

Al2O3 25.9 % /2J �Ú� õ�- K¤6 NH;# Ü

Û6 éêf ñ�x� 1� Fig. 36 XRD !Ä t²�

v� R��v sericite, kaolinite, orthoclase \ α-quartz

peak̂  L# ¹�, 1150oC� 1200oC�v� α-quartz

peak� èk�� mullitê  &� ¹~< ö � 1¹�.

3.2. R�6 mb !Ä \ !- slurry6 [�[10]

Fig. 4� pq( slurryf ���� m*6 mb !q

÷ø��.   ³´�v �pR�6 ÝÑ mb� � 3 µm

J �Úù�V, slurry6 R�m*� ��� ����6

úÏ(strut)< P��aJ m*6 ]
^ ¶^��û N

H;2J 
�]
� ¶^�? z�. Z�v,   ³´�

v ��� ����f @U��V pq � 
�]
�

�ü� m*]
6 ¡íw Ç6 ý� �2J þ�z�.

NH;2J !- slurry6 Kb^ �< ì� pqÃw

ÿ2� P�z qO6 �=�� ��`� H¥ Kb^

�< Ô� pq6 P�� ����. Z�v pq�=�

� ;le Kb6 slurrŷ  ���?  �V[4],   ³´

�v� slurry6 Kbf � 100 cpJ Ul�©� �Ô6

slurry� K¤ 60 vol%6 ªb©�.

3.3. �¥'�@ ªb� Z« pq slurry [�

Fig. 5� �¥'�@ ªb� Z« slurry6 pq§n<

�Úò ���. � Ô pq§nw �
 slurry6 2�^

 � qOÛ� P� �V k�§n< Oe�[10]. pq

§n< �
 slurry6 2�^  � §n2J �=e �	

� ªb^ �w ì� 2� ��6 pqÃ< �Ú�¹�,

ªb^ ��b 3�f �` 	Ë
 Ô
��.

Slurry6 pq§nw �¥'�@6 ªb^ 6.0 wt% Ô

Ò` èkÜ< � � 1�. � ªb^ 6.0 wt%(pq§n

� 13!)Ò`� ªb^ ¶^Ü� Z� slurry6 È¥�

Table 1
The chemical compositions of raw material

Chemical compositions (%)

SiO2 Al2O3 Fe2O3 CaO MgO K2O Na2O TiO2 Ig.loss Total

57.8 25.9 1.25 0.29 0.34 2.45 0.26 0.40 11.3 99.99

Fig. 3. X-ray diffraction pattern of raw material and heated at
1150oC and 1200oC.

Fig. 4. Particle size distribution of raw clay.
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Ã� èk�©
 Ô
��. Þ�� Þ �u�v� pq

§n� ¶^�©�, 13 wt%�v� pqÛ� �
 slurry

6 2�^  ` 	�©�V, Þ�w 6.0 wt% �u�v�

�¥'�@6 |� 
��2J� �
slurry6 Kb^

���
 Ô
��. Z�v   ���v6 �
slurry K

b� ¡í< Ç6 x` ×�, 4;6 qOÛ< x� �

¥'�@6 ªb� 6.0 wt%J L# ¹�.

3.4. §°6 [�U0

Fig. 6w �¥'�@ ªb� Z« W �b� §°��

¥6 SEM 0���. Fig. 66 (a), (b), (d) \ (e)� �

¥'�@6 ªb 1, 3, 6 \ 13 wt%N Ô P�z ��i

§°< 1200oC6 �bJ k�e ���, Fig. 66 (c)�

�¥'�@6 ªb 6 wt%6 §°< 1150oCJ k�e t

²�3, Fig. 66 (f)� �¥'�@6 ªb 6 wt%N Ô6

$U§° 0���. �¥'�@ªb^ 1 wt%�v 6 wt%

J ¶^Ü� Z� 
�]
� �k G���, 
�0�6

Ç8� � ^Ò���.   ���v 4;6 qOÛ� P

� � 6.0 wt%�v6 
�]
� � 100~ 250µm©�.

6.0 wt% �� 13 wt%6 ªb�v� 
�]
^ ¶^�

� 1� 
�s 0�6 Ç8^ �A��V, ��w ²Û

6 �¥'�@^ ¦^ A �
 slurry6 Kb^ ���

v slurry�v6 pqÃ� »� 
 Ô
# �2J 0�

z�. $U §°�v� Fig. 6(f)�v �Úó ô� ��

Fig. 5. Foaming time of slurry as a function of surfactant.

Fig. 6. SEM photographs of porous ceramics.

Fig. 7. Horizontal microstructure of porous ceramics.
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 at
k�e §°6 
�ñ� �k � 200~300µm6 
�s�

ñ�� 1�. e°, Fig. 6(c)6 6 wt% 1150oC6 
�]


^ 1200oC ñ� G? �Ú�� �w kt� ��� �û


�]
^ G�`� �< L#�? �� t²��.

�~ Fig. 7w 6.0 wt%6 ªb�v6 �N
�6 �U

f �Úò SEM 0���. §°�S�� 
�² 
��

windowf à� �
� 
�2J vJ �t A 1~<

L# � � 1�.

3.5. �%�b ¬=

�%�b� �~ �� Z� �-�� KS A 0021�

Z� =�*8J ��~�©�.

(1)

C : �%�b(kgf/cm2)

A : ��Sf qÜ�� ^� ¥;(cm2)

W : 4M �g(kgf)

�b� �¥'�@ ªb� Z« �%�b6 ®9f ¬

=�� Fig. 8� �Ú�¹�. k��b 1150oC6 §°ñ

� 1200oC6 §°s6 �%�b^ 10 kgf/cm2~30 kgf/

cm2 ���, ~���¥'�@ ªb^ 6.0 wt%Ò` ¶^

� ���� �%�b^ ����. ��w 
�|6 ¶

^�v 
# � �2J ����. 1200oC6 k�§°

C = 
W
A
-----

Fig. 8. Compressive strength of porous ceramics sintered
1150oC and 1200oC.
Fig. 9. Physical properties of porous ceramics.
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a.,
�v �pR�{2J @Ue §°6 �%�b� � 500

kgf/cm2
©�, 
�� ^� 
� L# z ªb 6.0 wt%6

§°w � 70 kgf/cm2
J �Úù�. � t²� �U( ìÛ

ú�6 �%�b
 �v(�U( ìÛú� KS F 2534)6

�%�b 170 kgf/cm2 ñ�� �w !�`{, �j` X

Y(� 39 kgf/cm)[9]2J {sA� ��� ���� ñ

� � 1.5� �u �%�b^ ���, 	
7� Ü	z

K¤f �w �b�v �§n Õ
^� e � �, 	


7 �(Y(� 85 kgf/cm)[7]� 6e ��� ���� ñ

�� �k �w !< �Ú"�. e° �¥'�@ ªb^

13.0 wt%N Ô� Fig. 66 (e) ���U�±�v ñ�x

� ô� �� 100~250µm6 0�6 
�|� ;Av

�%�b� ���.

3.6. 78; [�

�¥'�@6 ªbf 1~13 wt%J ¶^§Å¥v 1150oC

\ 1200oC6 �b�v k�e §°6 7�< ¬=e t

²� Fig. 9� ��. 1200oC6 §°� 1150oC ñ� �%

� \ �gw ¶^�� 
�� \ ï��w èk�� ì

í2J �Úù�, �¥'�@ ¶^� Z« 7�6 ®9�

�¥'�@6 ªb^ 1~6 wt%J ¶^Ü� Z� 1150oC

6 �b�v 
�� 18 %~50 %, ï�� 13 %~45 %, �

%� 11 %~14 % /2J ¶^��, S��gw 1.4~0.9

J èk�©�. 6.0 wt% �u 13 wt%�v� HM6 ë

u2J �Úù�V 13 wt%, 1150oC6 §°�v 
��

20 %, ï�� 15 %, �%� 11 %, S��g 1.5 /2J

�Úù�. ��e t²� �¥'�@ ªb6 ®9� Z

« Fig. 6 
�6 ���U� Fig. 8�v6 �%�b6

®96 ìí² Nü�� 1�.

5. � �

1) �, K¤f �p 7�J e K¤� ��i ���

�6 �PU$w slurry6 Kb � 100 cp, K¤ 60 vol%

6 ªb©�. � U$�v6 !- slurry�v6 pqÃw

�¥'�@ ªb 6.0 wt%�v �
 slurry|6 2�^  

¹< Ô, $U §°6 
�6 ]
� 200~300µmJ Ñ

��©�.

2) ��� ����6 4; 7�w �¥'�@6 ªb

6 wt%, 1150oC6 �b�v 
�� 50 %, ï�� 45 %,

�%� 14 %, S��g 0.9©�, �w ªbJ 1200oC�

v @Ue k�§°6 �%�b� � 70 kgf/cm2
©�.

3) �¥'�@ªb^ 1 wt%�v 6 wt%J ¶^Ü� Z

� 
�]
� �k G���, 
�0�6 Ç8� � ^

Ò���. 6.0 wt% �v6 
�� ^� Ñ��� 
�

P� ¹� 
�6 ]
� � 100~250µm©�. ¯, §

°�S�� 
�² 
�� windowf à� �
� 
�

2J vJ �t A 1¹�.
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