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Abstract Fibrous monolithic control of Al2O3-ZrO2 composite was investigated by multi-pass extrusion process.
To obtain sound Al2O3-ZrO2 sintered bodies, burning out and sintering process were carefully carried out. The
sintered bodies showed continuous, fibrous monolithic microstructure without any swelling. Many microcracks
were observed at the Al2O3-ZrO2 interfaces due to the mismatching of thermal expansion coefficient between
Al2O3 and ZrO2 phase. Most of m-ZrO2 grains included twin defects such as (001), (010) and (011) type to
accommodate the phase transformation induced stress. 
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. 2NÊ AZ

~ ãÖ ZrO2f Al2O3& '' 350µm~ vþ� V�>

Ú ®b�, 3NÊ êöº �ª~V ¾
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Fig. 3(a-d)º Fig. 2" ÿ¢� �� ~ öB áf AZ

Fig. 2. SEM micrographs of the extruded-rod at transverse direction to the extrusion. (a) 1st pass - ZrO2 powder mixed polymer
(b) 1st pass - Al2O3 powder mixed polymer (c) 2nd pass (d) 3rd pass

Fig. 1. Schematic diagram of the time-temperature for binder
burning out.
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z {ÂB ¯ 4NÊ �ç~ �VN Òêj Fig. 4ö ¾

Fig. 3. SEM micrographs of the extruded-rod at transverse direction to the extrusion. (a) 2nd pass (b) 3rd pass (c) 4th pass (d)
5th pass

Fig. 4. SEM micrographs of the extruded-rod at transverse direction to the extrusion.
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Fig. 6f 4NÊ (a-b) 5 5NÊ (c) j¢~Þ �&{ W

;B ²ÖÚ¢ ã� �î ê � ö�(thermal etching)~
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Fig. 5. SEM micrographs of the extruded-rod at longitudinal direction to the extrusion. (a) 2nd pass (b) 3rd pass (c) 4th pass
(d) 5th pass

Fig. 6. SEM micrographs of Al2O3-ZrO2 sintered body observed at (a) transverse (b) and (c) longitudinal direction(b) to the
extrusion. 
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Table 1. Comparison of size of structure in diameter with extrusion  determined by calculation and experiment.

Pass of extrusion 0 1 2 3 4 5

Calculated (µm) 30,000 30,000.50 404.00 46.00 5.46 0.64

Measured (µm) 30,000 30,000.50 450.00 50.00 6.00 0.70

Fig. 7. TEM micrographs of fibrous monolithic Al2O3-ZrO2

composites after 5pass, showing microcracks at the interface
(a) and enlarged image(b).

Fig. 8. HRTEM micrograph showing twins of a m-ZrO2 grain
in fibrous monolithic Al2O3-ZrO2 conposite.
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{Âj Û~� �^�ç~ Jê& jòB êöº W;
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~
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� �WB
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. £
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�Ú>�Òò�B V&>º Al2O3-ZrO2 ��Òò¢ R

F�ç�;j Û~� �^�çBÚ~ &ËWj �þ� Ö

", {Â²>ö V� �^�ç~ æz& Jê�ç" �

~ ÿ¢~� �^�ç BÚ�B '�~
º Ö�j áî


. ß®, ^¢�~ ö�� {ÂW; 5 �ç~ BÚ¢

*� ^¢� ªö" ?� b�~&~ �ª¶ >æº ~

²�;j Û~� j*® B�>Ú ²ÖÚ~ �^�çö

'Ëj �~æ p~
. çã 30 mm~ 1NÊ {ÂÒº {

Âj 74 :1~ {ÂÅ>ö V¢ '' 450, 50, 6µm& >

î�, �«'b� 5NÊ êöº 700 nm& >î
. 5NÊ

ê Al2O3/ZrO2 ²ÖÚ~ ê�öº �ccê>~ N� 5

çæ�ö V�� ôf �^��� ;W>Ú®b�, ZrO2

«¶~ Ú¦Ö�b� (001), (010), (011)j V¢ 3;�

;WNj r > ®
. 

6Ò~ &

� ��º "�VF¦~ �&æ;��
(NRL) Òëj

� ��Ú rb� �ö 6Ò�ãî
.

^ � ^ ò

1. D. R. Jordan, Ophthalmology Clinics of North Am., 13(4),
587 (2000). 

2. E. Celik, J. Mater. Proc. Tech., 128(1-3), 205 (2002). 
3. M. Sathiyakumar and F. D. Gnanam, Ceram. Inter., 28(2),

195 (2002). 
4. B. T. Lee, K. Hiraga and D. Shindo, J. Mater. Sci., 29, 959

(1994). 
5. B. T. Lee, A. Nishiyama and K. Hiraga, Mater. Trans.,

JIM, 4(8), 682 (1993). 
6. P. Gao, L. J. Meng, M. P. dos Santos, V . Teixeira and M.

Andritschky, Vacuum, 64, 267 (2002). 
7. C. Kaya, E. G. Butler and M. H. Lewis, J. Euro. Ceram.

Soc., 23(6), 935 (2003). 
8. Rodney W. Trice and John W. Halloran, J. Am. Ceram.

Soc, 82(11), 2943 (1999).
9. S. Y. Lienard, D. Kovar, R. J. Moon, K. J. Bowman and

J. W. Halloran, J. Mater. Sci. 35, 365 (2000). 
10. C. V. Hoy, A. Barda, M. Griffith and W. Halloran, J. Am.

Ceram. Soc., 81(1), 152 (1998). 
11. K. E. Hrdina and J. W. Halloran, J. Mat. Sci., 33, 2805

(1998). 


