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Abstract Mechanical properties of oxide based materials could be improved by nanocomposite processing.
To investigate optimum route for fabrication of nanocomposite enabling mass production, high energy ball milling
and Pulse Electric Current Sintering (PECS) were adopted. By high energy ball milling, the Al,O5-based com-
posite powder with dispersed Cu grains below 20 nm in diameter was successfully synthesized. The PECS method
as a new process for powder densification has merits of improved sinterability and short sintering time at lower
temperature than conventional sintering process. The relative densities of the Al,03-5vol%Cu composites sintered
at 1250 °C and 1300 °C with holding temperature of 900 °C were 95.4 % and 95.7 % respectively. Microstruc-
tures revealed that the composite consisted of the homogeneous and very fine grains of Al;O3 and Cu with diam-
eters less than 40 nm and 20 nm respectively The composite exhibited enhanced toughness compared with
monolithic Al,O3. The influence of the Cu content upon fracture toughness was discussed in terms of micro-
structural characteristics.
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Fig, 1. Change of specific surface area with milling media
and milling time.
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Fig. 2. SEM image of powders milled using zirconia ball.

yAje] Apolel 23t Aoz wdgd 70, BS At
L3199 A5 30 Az AR PeRlegw E‘?—l«]
HEHAE 33.17 m¥YgrhR S 4 g,
o] A& AF 60 nme| T FHe| viEHAH
e Flolnh, ojdt A 2] BHE k. =
718] g ARESIA] 42 7ol high energy
ball millingS E3) vhe =7]9] 2ake wkE 4= 9]
o A 2m)Ei.

a4 2% "é%‘ﬂ ko] FE-SEM ARAlolt}. o]
ARIE-E B3 U= A)7he] 20 AJ7F o]le] BEnke
03 o] o]FoiR|A] Usk] Wil B e
7 DA vehls e 3SR 9l
L1}, 30 AFE o] Felle 1 B =rh dASkR
¢F 100 nm =7]e] o] dolxv}l. dH, Laser
diffraction particle size analyzers E3lod A3l
< ), 30 A7k L3 Fde] =7]= ¢F 100 nm
E deiisled, ol2idt Al dAMe] vigeA &
é——i—r“ﬂ AR T80 37] 60 nmEct
& Fe HAFET. o2q Aol de] Fle]
1% E}Uﬂxﬂ HAE et} 2] AA| =74 w1
1 82 g2 vERAS 77 diel Aoz

e

(d)50h

20 40 60 80 100
3
<
£
7}
<
Q
-l
£

20 40 6l0 80 100

2 theta (degree)
Fig. 3. XRD patterns of milled powders.
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Fig. 4. AI203 grain size of milled powders
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(a) Bright field image
Fig. 5. TEM images of powder milled for 30 h.
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Fig. 6. Heating profile of PECS and corresponding shrink-
age curve of the compact.
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Fig. 7. Change of relative sintered density with sintering
temperature.
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Fig. 8. FE-SEM image of sample sintered for 5 min at
1250°C.

Table 1. Change of relative density with sintering vari-
ables

Sintering condition

1,25°C

1,250°C, soaking for 10min
1,250°C, in Ar atmosphere
1.300°C

1,300°C, pulse frequency 24msec
1,300°C, pulse On/Off ratio 8/2

Relative density(%)
95.4 (SD=0.31)
95.5 (SD=1.04)
95.1 (SD=0.88)
95.7 (SD=0.45)
94.8 (SD=1.34)
94.9 (SD=1.28)
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