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Abstract − High temperature characteristics and the corrosion resistance to slag were studied by the specimens of the man-

ufactured according to the addition of clay, zirconia, talc and used the titanum oxide as a sintering agent in high alumina

ceramics. These specimens were fired under the temperature at 1,500oC and 1,650oC. The specimen fired at 1,500oC was a

better in the properties at room temperature and the mechanical strength than that fired at 1,650oC. There was no change of

phase between the corundum, AT and baddeleyite at the temperatures 1,500oC and 1,650oC. The existence of liquid phase was

observed in the specimens with the composite additives such as clay, zirconia and talc. The specimen with talc and zirconia

was good in the thermal bending strength, linear thermal expansion and elasticity at high temperature. The corrosion resistance

of TiO2-added specimen was higher than that of the composite additives specimens.
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�
! "#� $

�%& '(. )� ((*)+, 
! +,-(.), /0, /01(2), 3

45 � $6 7	
 8�%9 '([1].

:;<= ����(alumina ceramics)� ��� 5>?@A� B�

C DE& '	F, �(G)��, �HI�, &(J)KI�, ���� �

LM� 7� B� NO� PQ RS� T#%& '(. :;<= ��

��� <�8UV W9XP B�C YZX� [\� X=
! ]D

WD �#%& '([2].

) :;<^ _`a�b(aluminum titanate, Al2TiO5, �X cATd�

e)� fg �hi�, �HII � j�k 7� B�� '&, lg #

mnI(1,860oC)�! ��� o��, ��� � �� pq� 7� '

9 rst uv, �w�� RS, x> � �@5 RS 7� "#%&

'([3]. �y AT+,g �hi �[�	
 z� {|} <� ~��

��%9 $0� �ID �X%&, )� 800oC� 1,300oC u��!

���(corundum)� ;`�(rutile)
 R��(. ��! SiO2, ZrO2,

Al2O3 � ���b(mullite) 7C ]DXP ID�, ��(nozzle), ��,

�� � �H� ��� 7� 1#@D �;9E& '([4]. � M8

�!� &:;<= ����(high alumina ceramics)� �@_`^

(TiO2)C ]D� ATV ��&, P$� �D
 ��-E����(clay-

zirconia) � ��-E����(talc-zirconia)V ||  ¡	
 ]DXP

&n�!� �¢ B� � £¤¥(slag)� �� �(G)��(¦§)C ¨

©(.
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T Wv(4I Al2O3 99.5%�1)	
, 25-40 wt%� 3-1 mm ®
�

25-40 wt%� 1-0.2 mm R¯ 7g #m:;<=(fused alumina)�&,

°~ /K 25µm� <�R¯ 10-30 wt%� ±+:;<=(sintered alu-

mina)V T#X²	F, ]DWz �@_̀ ^g �� ³>@A6´(yakuri

pure chemical)T Wv(4I TiO2 99%�1, /K 0.7µm) 0-10 wt%V

T#X²(. ��� µ��C �#X²	F °~ /K 50µm�&(SiO2

58.2%, Al2O3 27.5%, Fe2O3 2.1%, TiO2 1.5%, CaO 0.3%, Na2O 0.5

%, K2O 0.5%, Ig. Loss 9.5%), E����� �� W�¶«±(ª)

Wv	
 °~ /K� 8µm�& ZrO2 99.8%·�&, ��g µ��	


! °~ /K 21µm(MgO 22.9%, SiO2 35.6%, Al2O3 22.8%, Fe2O3

4.9%, CaO 0.8%, TiO2 0.4%, Na2O 0.4%, K2O 1.2%, Ig. Loss 10.7

%)z «�V �#X²(. ¸z¹(binder)
 x$ ¸z¹� ��V T

#X&, �D ]DW
 ��-E����� ��-E���� 7C ]D

º¡XP || pRX» ¼½� ¾ 900 kg/cm2� �¿À	
 230Á

114Á65 mm Â$� }y	
 �¿X²(.

ÃU
�! 24}¢ �1 ÃU}Ä ¾� ±�
�! 1,500oC�

1,650oC
 3}¢ sÅ ±�XP 6{}Ä (Æ, |Ç ÈÉC Ê� }

y	
 T#X²(. | }y� 8R $�
� 1,500oC ±�vg

1500-Ë, 1500-Ì, 1500-Í 7	
 Î}X²&, 1,650oC ±�vg 1650

-Ë, 1650-Ì, 1650-Í 7	
 Î}X²(.

2-2. �� ��� �	 
� ��

| }y� @A �R� ¼½ 1ÏV ÐÑX$ ÊXP ¿Ò XZ R

� ÓÔ(XRF, ���@AH$(ª), Rigaku-3070E, 5B-92U)V �#X

²(.

2-3. 

 �� ��

1n�! }y� �� 5>� B�� ±+ B�C ÐÑX$ ÊXP

KSL-3114(�@ÕÖ� ×�$ $6k, Ø�Ù � �Ú Û,), KSL-

3115(�@ ÕÖ� ÀÜ �I }É), KSL-3117(�@ ÕÖ� ÝÞZ

hi �Ük Û,) � KSL-3110(�@ ÕÖ� ßà �I }É) 7C

�#X²(.

2-4. X� �� �� � �� �� ��

||� ±� nI�! ]DW� �� Þ
X� W21(2) � AT�

¡� PuV áâX$ ÊXP XZ ãL R� ÓÔ(XRD, Rigaku D/

maxIIIA Type, Japan)V �#XP Ò51C R�X²	F, }y� <

� Uäg ªT¿ Hr å<K(SEM, JSM-840A, Japan, EDX, UK)

C �#� �æX²(.

2-5. �
 �� ��

&:;<= ����� lg nI� çèX» %é=, PQ &n�

#m � $ � çè%9E$ NO� êDE ë@V �	ì� �"

� �9=$I �([5]. �� í� &n�! �9=� ésC ÐÑX

$ ÊXP, �¢ Zhi �Ük }ÉC KSL-3116� Àî� �hi

}É ÓÔ(EKOT HD-52, Japan)
 1,400oCïE È}X²&, &n

ßà �I� �¢ ð�I ÓÔ(EKOT HV-30H, Japan)
 1,400oC

�! 1}¢ xE¾ È}X²(. &n j�k }Ég &n j�k Ó

Ô(MARUIT MIN-1105, Japan)
 ñ± D� RÊ$�! 1,200oCï

E È}X²(.

2-6. ��� ��

&:;<= ����� äç #m £¤¥� #m ��� çèX�

1Ï�! T#%ò
 #m5� äç �"C �	ó u�%9ô([5].

�Q� u� 1ÏV ÐÑX$ ÊXP KSL-3130(�@ ÕÖ� ID�

\� �� £¤¥ õ� }É)� �� �,ö� W�# slagV ]D�

(Æ H$
�! 1,500oC
 2}¢ xEX²(.

3. �� 	 
�
 

3-1. �� ��� �	 
�

}y� ¼½ 1Ï� @A �RC ÐÑX$ ÊXP XRFV �#�

R� }ÉC � +�� Table 1� í(.

TiO2V | }y� 5 wt%÷ ]DX²�ø, Table 1� =`ù�
 4.63

wt%, 4.42 wt% � 4.28 wt%� R� +�D =ú&, ZrO2� 3 wt%

÷ 1500-Ì, 1500-Í }y� ]DX²�ø, 2.50 wt%� 2.66 wt%�

R� +�D =ú(. � +�
uû &:;<= ����� ]D� |

]DW� ¼½ 1ÏD �ü� ý�� þ	
 ÿo�(.

3-2. 

 �� ��

&:;<= ����� ���	
 � Ç� )� ¥ �1� +,ñ

/rD x>1(2)�= <�� /r
 � �b��(matrix)� �� +

¡%9 '	F, NN
 $6� R�%9 '� 3~ñ� UäC =`

ù K�D �([6]. $6k, Ø�Ù � �Ú 7g &:;<= ���

�� B�C ��X� Ú�� zr� � � '(. 1n 5� ÈÉg

1,500oC� 1650oC ±�v� ��! È}X²& +�� Fig. 1� í(.

Fig. 1�!� í�, PQ +,1� $6C �e� &:;<= ��

��� $6k(a)� Ø�Ù(b)�! talc-zirconiaV  ¡]DW
 ]D

� 1500-Í }y� DÓ fg 14.55%� 4.40%V =`	�ø �þg

talcD ��� ¹39 ±+C èô
$ NO	
 �|%9EF, ��

�½XP 1,500oC ±� }y� u� �Ú(c)� 1,650oC ±� }y

�( l» =`� þg 1,500oC ±� }y� ±+�� 1650oC ±

� }y�( ý�
$ NO	
 �|�(. �þg ±� Zë@Ù(d)

�! 
 � '� ¸� í� 1,500oC ±� }y� 1,650oC ±� }

y� �� �,� �C =`�& '� þ	
I �â� � '(.

3-3. X� �� ��

}y� ]DW ]D� �� AT� ¡�� Þ
X� W21(2)C á

âX$ Ê� XZ ãLR� +�� Fig. 2� í(.

1,500oC� 1,650oC ±� }y� ª +,1g corundum, AT � bad-

delyiteD �æ%�(. TiO2�C ]DW
 ]D� }yz 1500-Ë�

1650-Ë�!� ª Ò51� corundum�& ¡�� AT1�� �æ%

��ø, �� ±� nI� �0�� s�� XZ ãL +�V �9

Al2O3-TiO2 1°¿I� �ÔeC : � '([7]. Clay� zirconiaV

]D� }yz 1500-Ì� 1650-Ì�!� ª Ò51� corundum�F,

Table 1. Chemical compositions of high alumina ceramics with com-
posite additives after firing at 1,500oC (wt%)

Specimen no
Composition

1500-� 1500-� 1500-�

SiO2

Al2O3

Fe2O3

CaO
MgO
Na2O
K2O
TiO2

ZrO2

P2O5

2.15
92.50
0.13
0.10
0.17
0.23
0.05
4.63
-
-

2.34
89.79
0.15
0.12
0.17
0.38
0.10
4.42
2.50
0.01

2.82
88.74
0.07
0.17
0.75
0.36
0.10
4.28
2.66
0.01

Remark TiO2 clay TiO2 clay zirconia TiO2 talc-zirconia
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600 �����������
AT+,1� W21	
 baddeleyite1� �æ%�&, ±� nI� �

0�� �} s�� ãL +�V �9 Al2O3-ZrO2 1°¿I� �Ô

eC : � '([7]. Talc� zirconiaV ]D� }yz 1500-Í� 1650

-Í�!� ª Ò51� corundum�&, AT +,1� W21	
 baddel-

yite1� �æ%�(.  ¡ ]DW� X=z ��[talc, Mg3Si4O10(OH)2]

g 780oC�! enstatite(MgSiO3)1� quartz(SiO2)1	
 R�%�ø

[8], XZ ãL R��!� �æ%E ��	=, Table 1� @A �R +

��! 1500-Í }y� MgOD 0.75 wt%(1500-Ë� 1500-Ì� 0.17

wt%)z þ� Fig. 5� 1500-Í }y� <� 8U �æ(SEM)� EDS

R�� EDS(2)�! ��� ª �Rz SiO2� MgO �R� �z%9

�1 ±+� þàC : � '(. �1� XZ ãL +�
uû 1,500
oC� 1,650oC ±�v�! �æ� +,1g | ]DW ]D� ��

±� nI� �0�� s�� XZ ãL +�V ��(. �þg qr

,�D ±� nI� é� ��C �E �$ NO	
 �|�([9].

3-4. �� �� ��(SEM, EDS)

1,500oC� 1,650oC
 ±�� }y Ú�! ±+ 1ÏD ý�� 1,500
oC }y�C DE& <� 8U �æ� EDS R�� +�V Fig. 3-5

� =`	(.

Fig. 3g ]DW
 TiO2�C ]D� 1500-Ë }y� �� þ	


SEM �æ�!� corundum ®
, corundum <- � AT+, �Ó�

¹39 �� ±+� �� �1 ±+� <� 8UV =`�& '(.

EDS(1)g <� 8UV �;& '� <- uRC point R�� þ	


 corundum� Al2O3� ]DW �Rz TiO2V =`�& '	F, EDS

(2)� +, /r 0�C point R�� þ	
 corundum� Al2O3, ]

DW �Rz TiO2 � clay� SiO2D �z%�(. Fig. 4� ]DWz

TiO2 �  ¡ ]DW
 clay-zirconiaV ]D� 1500-Ì }y� ��

þ	
 SEM �æ�!� corundum ®
, corundum <- � AT +

, �Ó� /0 0��! �z%�&, 1�� +,Ü� �� !
 (

� �hi 0�
 z� S$%� 
�� �u "�� �� <� ~�

Fig. 1. Physical properties of high alumina ceramics.
(a) porosity, (b) water absorption, (c) density, and (d) firing linear shrinkage at room temperature.

Fig. 2. XRD patterns of high alumina ceramics after firing at (a) 1,500
oC and (b) 1,650oC.
�: corundum, �:AT, �: baddeleyite.
���� �37� �4� 1999� 8�
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� �æ%�([3]. EDS(1)g /0 0�C point R�� þ	
 corun-

dum� Al2O3� baddelyite� ZrO2 � ]DW� TiO27C =`�& '

	F, EDS(2)�!� ]D� TiO2, corundum� Al2O3,  ¡ ]DW

z clay-zirconia� SiO2 � ZrO2 7� �z%�(. ��Q Na2O-Al2O3-

SiO20� �1 Uä� baddeleyiteD /0 0��! �æ%�([7, 10].

Fig. 5� ]DW TiO2�  ¡ ]DW
 talc-zirconiaV ]D� 1500-Í

}y� �� þ	
, SEM �æ�!� corundum ®
, corundum <

- � AT +, �Ó� �� <� ~�� �æ%�(. EDS(1)g <-

uRC point R�� þ	
 corundum� Al2O3� baddeleyite� ZrO2

� ]DW� TiO2 7C =`�& '&, EDS(2)� /0 0��! bad-

deleyite� ZrO2� corundum� Al2O3 7C =`�& '9 baddele-

yite +,1	
 8�� <� UäC �z� � '�(. )� ±� }

y� <� 8U �æ�! �  AT� �[� NO� ��� <� ~�

� �æ%�(.

3-5. �
 �� ��

&:;<= ����� &n�! Å,� +,1(2)C D!S XF

Ô"� Uä� 8�C #XP D!S Xò
, &n�! ��z $�

� }¢� $�V ��! Ò51 ë@(phase transition)� 5>?@

A� ë@V I�XP pR% ±+� UäC DE» X� þ� Ú�

X([6, 8]. �Q� B�C ê& Uä	
 8�� &:;<= ���

�� &n� &n� #m  � $  7�� çè� �� &n B�

C =`ù(. 1n�!� $0� �Iz ÀÜ �I, ßà �I � &

n ßà �I� }É +�V Fig. 6� =`	(.

1500-Ë }y� 1650-Ë }y� ÀÜ �I Û,�(a)� 970 kg/cm2

� 375 kg/cm2 7C =`�, 1,500oC�! ±�� &:;<= ���

�� ÀÜ �ID ý�X(. )�, 1n ßà �I(b)� 1500-Ë�

1500-Í�� xTX&, ) 1650-Ë� 1650-Í }y� Û,�� xT

Fig. 3. SEM photograph and EDS spectra for specimen, 1500-����.

Fig. 4. SEM photograph and EDS spectra for specimen, 1500-����. Fig. 5. SEM photograph and EDS spectra for specimen, 1500-����.
HWAHAK KONGHAK Vol. 37, No. 4, August, 1999



602 �����������
� K�C =`�& '(. 1500-Ë }y� 1500-Í }y� DÓ ý�

� 145 kg/cm2 Û,�C =`	�ø, 1,400oC�! 1}¢ xE� ¾

Û,� �¢ ßà �I(c)� 1500-Í }y� DÓ ý�� 58 kg/cm2

Û,�C =`	(. �þg Fig. 5� 1500-Í }y� <� 8U �æ

�! �z� /r �Ó� �� ±+� �1	
 z� ßà �ID 1

n� &n�! DÓ ý�� Û,�C =`ù þ	
 �|�(.

)� &:;<= ����� �C D� ¾ {|X� nI� ��

(�$� XE� D�H� D�¾� '� ë@D '�ø �Q� &

n�!� �hikC Fig. 7� (a)� =`	(.

� +�
uû &n�!� �hikg 1500-Ë }y� 1500-Í }

y� xT� 1.02 %� 1.00 % Û,�C =`	&, 1500-Ì }y� D

Ó fg 0.85 % Û,�C =`	(. �þg Fig. 4� <� 8U �æ

�! �z� �g ý� AT ¿�� �� «z	
 �|%9ô(.

&:;<= ����� j�k Û,g ±� )� {| Ú� �$�

�u� "� � 3~� Uä 7	
 z� 5>� �ñ� ë@V Û

,� � '� [\� X=�([6]. &:;<= ����� é� �u

R� &n�! T#%9E$ NO�, 1n�!uû 1,200oCïE n

IV ë@}ó DF ñ± D� RÊ$�! j�kC Û,XP Fig. 7

� (b)� =`	(. |Ç �@5g 1n j�k� u� �Ú� ×�

$ �Ú� lC�(, ¥>& $6k� fC�( l» =`=�ø[6],

� M8�!� 1500-Ë }y� 1500-Í }y� W� 5�� xTX

²	= (�, j�k� ë@� 1500-Í }y� DÓ Å,� K�C

=`	(. 1500-Ì }yg ë@Ù� Å,� K�g =`		=, 1500-

Í }y� �� ë@Ù� (± l�(. 1500-Ë }y� DÓ 3Å,

� ë@ÙC =`	(. �� �� M8� )	
 ¹* ô+%9S �

þ	
 �|�(.

3-6. ��� ��

&:;<= ����� #m5� �� u�g #m5� Ç�� �

�! ��  ,X&, #m5� �R, Î� Ó�, �� � 1� �"

7� ��! (�$ NO�, ��� ÈÉg }y� ¿1, Â$, ÈÉ

Ú� nI R�, ÈÉ }¢ � #m5 ]D [\ 7 ��C ª� z

rD �� 9-. OW�([5, 6, 8]. }y�g || 70Á70Á65 mm

��&, 70Á70 mm�� äK 30 mm, /� 35 mm� °�� 80C

��9, P$� Table 2 �R� W� slag <R¯ 25 gC ]DXP,

H$
�! nIV 1- 1,500oC
 2}¢ xE� ¾ rM {|XP

ID� Ú2uV LoXP ]D 5ñ� #m� �� }y� u� #

�� uRC �æX²(.

Fig. 8� }y Lo�� '9! £¤¥� �� ID�� õ3 ��

C Û,� +��, 1500-Ë }yg 2.68 cm2, 1500-Ì }yg 6.91

cm2, 1500-Í }yg 3.81 cm2 7C =`�&, | }y� õ3 1Ï

� ���(4¦5)� 1ÏV �æ� +�
uû 1500-Ë }y� �(G)

��� DÓ ý�� +�V =`	(. 1500-Ì }y� 1500-Í }y

Ú�! 1500-Í }yg 1500-Ë }y� 1n 5�� &n 5�� x

T� +�V =`		=, Fig. 5� <� 8U �æ� EDS R��!

enstatite +,� ��� ±+
 z� �1 Uä� ��6� �� �

<� 8UD ���� 7³� B�C =`ù þ	
 �|�(.

4. � �

&:;<= ����� �@``^(TiO2)C ±+# ]DW
 T#

X&, ��� zirconia � talc 7C ]DXP 1,500oC� 1,650oC 7

� &n�! WU� }y� &n B�� slag� �� ��� 7� M

8 +�� (Æ� í(.

(1) 1,500oC�! ±�� }y� 1,650oC }y� �� 1n 5��

$0� �ID ��XP ±� nI� 1,500oCD �¡X²(.

(2) 1,500oC� 1,650oC� ±� nI� �� corundum, baddeleyite

1� ë@� ��E�, AT ¿�ög 1,650oC�! 8D%�(.

(3) ��, zirconia � talc 7C  ¡ ]DW
 ]D� }y�! �

Fig. 6. Mechanical properties of the high alumina ceramics of (a) com-
pressive strength(at room temperature), (b) bending strength(at
room temperature), (c) hot bending strength(at 1,400oC����1 hr).

Fig. 7. High temperature properties of high alumina ceramics (a) linear
thermal expansion(at 1,400oC), (b) elasticity.

Table 2. Chemical compositions of iron slag(wt%)

SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O MnO TiO2 P2O5 Cr2O3

9.42 2.80 29.45 39.20 7.98 0.07 0.01 3.88 0.65 2.10 0.13
���� �37� �4� 1999� 8�



����� ���	
 ��
 ��� �� �� �� 603

tsu

.,

w-

m

io,

k,
1 ¿�� �;9E&, talc� zirconiaV ]D� }y� �¢ ßà �

I, �hik � �¢ j�k� ý�X²(.
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