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Abstract - Processing and properties of Al2O3 composites with Ni-Fe content of 10 and 15 wt% were investigated.
Homogeneous powder mixtures of Al2O3/Ni-Fe alloy were prepared by the solution-chemistry route using Al2O3,
Ni(NO3)2Á6H2O and Fe(NO3)3Á9H2O powders. Microstructural observation of composite powder revealed that
Ni-Fe alloy particles with a size of 20 nm were homogeneously dispersed on Al2O3 powder surfaces. Hot-pressed
composites showed enhanced fracture toughness and magnetic response. The properties are discussed based on
the observed microstructural characteristics.
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Fig. 1. Thermogravimetry curves for hydrogen reduction
of the calcined powder mixture with 10 wt% Ni-Fe and 15
wt% Ni-Fe in the final composite during heat up to 700oC
at a rate of 10oC/min.

Fig. 2. XRD profiles for powder mixtures of (a) Al2O3/10
wt% Ni-Fe and (b) Al2O3/15 wt% Ni-Fe, reduced by
hydrogen at 700oC for 1 h ((::) Al2O3, (00 ) γ-Ni-Fe).

Fig. 3. TEM micrograph of hydrogen-reduced powder
mixture. 

Fig. 4. XRD profiles of (a) Al2O3/10 wt% Ni-Fe and (b)
Al2O3/15 wt% Ni-Fe composites, hot-pressed at 1450oC
and 30 MPa for 1 h ((::) Al2O3, (00 ) γ-Ni-Fe, (55) FeAl2O4).
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Fig. 5. Fracture surface of the hot-pressed specimens
observed in SEM; (a) monolithic Al2O3, (b) Al2O3/10 wt%
Ni-Fe and (c) Al2O3/15 wt% Ni-Fe composite.
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Table 1. Fracture toughness for Al2O3 and Al2O/Ni-Fe
composites.

MPaÁm1/2

Monolithic Al2O3 3.32±0.18

Al2O3/10 wt% Ni-Fe 3.87±0.23

Al2O3/15 wt% Ni-Fe 5.26±0.79

Fig. 6. SEM microstructure of Al2O3/15 wt% Ni-Fe com-
posite. Crack introduced by indentation.

Fig. 7. Room-temperature magnetization versus applied
magnetic-field curve for hot-pressed composites.

Table 2. Magnetic saturation and coercive force for each
hot-pressed specimens and pure Fe-Ni.

Saturation Magnetization
Coercive 

Force

Al2O3/10 wt% Ni-Fe 138 emu/g of alloy 16.82 Oe

Al2O3/15 wt% Ni-Fe 109 emu/g of alloy 6.94 Oe

γ-Ni-Fe alloy 140~180 emu/g of alloy 0.1~200 Oe



166 Î§CÁ;Ò'ÁJßçÁ�ÒWÁ�sÒÁ;'"

Journal of Korean Powder Metallurgy Institute

~� ��Òòº *;'� ;¶W ßWj ¾æÚ�

®b�, V¢B � 
þöB ÒÏ� ªö�W �;f

î�Ú �.æ VËW Òò~ B�ö wÏ&Ë� O

»b� 6�B
.

6Ò~ &

� ��º "�VF¦~ 2001j �&æ;��
Ò

ëæöö ~~� >¯>îb� �ö 6Ò�ãî
.

^�^ò

1. K. Niihara: J. Ceram. Soc. Jpn., 99 (1991) 974.
2. T. Sekino and K. Niihara: Nanostr. Mater., 6 (1995) 663.
3. S. -T. Oh, T. Sekino and K. Niihara: J. Eur. Ceram. Soc.,

18 (1998) 31.
4. T. Sekino and K. Niihara: J. Mater. Sci., 32 (1997) 3943. 
5. T. Sekino, T. Nakajima, S. Ueda and K. Niihara: J. Am.

Ceram. Soc., 80 (1997) 1139.
6. S. -T. Oh, M. Sando and K. Niihara: J. Am. Ceram.

Soc., 81 (1998) 3013.
7. S. -T. Oh, T. Sekino and K. Niihara: Nanostr. Mater., 10

(1998) 327.
8. Y. K. Jeong, A. Nakahira: P. E. D. Morgan and K.

Niihara, J. Am. Ceram. Soc., 80 (1997) 1307.
9.Î§C, Jßç, �ÒW, ;'", f;S : ��Òò�
²æ, 11 (2001) 986.

10. K. Niihara, R. Morena and D. P. H. Hasselman: J.
Mater. Sci. Lett., 1 (1982) 13.

11. S. -T. Oh, S. Namkung and J. S. Lee: J. Mater. Sci. Lett.,
21 (2002) 275. 

12. J. S. Lee, T. H. Kim, J. H. Yu and S. W. Chung: Nanostr.
Mater., 9 (1997) 153.

13. P. Knorr, B. S. Kim and J. S. Lee: Mat. Res. Symp.
Proc., 577 (1999) 409. 

14. C. S. Smith: Trans. Metall. Soc. AIME, 175 (1948) 15.
15. A. G. Evans: J. Am. Ceram. Soc., 73 (1990) 187.
16. B. Budiansky, J. C. Amazigo and A. G. Evans: J. Mech.

Phys. Solids., 36 (1988) 167.
17. B. D. Cullity: Introduction to Magnetic Materials,

Addison-Wesley, Massachusetts (1972) 525.
18. X. Y. Qin, J. G. Kim and J. S. Lee: Nanostr. Mater., 11

(1999) 259.
19. X. Y. Qin, J. S. Lee and J. G. Kim: J. Appl. Phys., 86

(1999) 2146.


