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Abstract The pressureless sintering behavior of AL,O;/Cu powder mixtures, prepared from Al,0,/CuO and
AlO,/Cu-nitrate, has been investigated. Microstructural observation revealed that Al,O, powders with nano-sized
Cu particles could be synthesized by hydrogen reduction method. The specimens, pressureless-sintered at 1400°C
for 4 min using infrared heating furnace with the heating rate of 200°C/min, showed the relative density of above
90%. Maximum hardness of 16.1 GPa was obtained in Al,O;/MgO/Cu nanocomposites. The nanocomposites
exhibited the enhanced fracture toughness of 4.3-5.7 MPa*m"?, compared with monolithic Al,O;. The mechanical
properties were discussed in terms of microstructural characteristics.
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Fig. 1. TEM image of the AL,O,/Cu nanocomposites pow-
der, hydrogen-reduced at 300°C for 1 h.
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Fig. 2. Fracture surfaces of pressureless-sintered Al,O, monoliths: (a) sintered at 1300°C, (b) sintered at 1500°C and (c) sin-

tered at 1500°C with MgO additive.
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Fig. 3. XRD pattern of the Al,O,/Cu nanocomposites sin-
tered at 1400°C for 4 min.
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Fig. 4. Relative density change of specimens in a function of temperature: (a) monolithic AL,O; and AL,O,/Cu nanocom-

posites and (b) nanocomposites with MgO additive.
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Fig. 5. Fracture surfaces of ALLO,/Cu nanocomposites: (a) sintered at 1400°C with MgO, (b) sintered at 1500°C with MgO
and (c) sintered at 1500°C without MgO additive.
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Table 1. Properties of the monolithic AL O, and AL O,/S vol% Cu composites

. Sintering temperature
Specimen & p

Relative density

Vickers hardness Fracture toughness

°C) (%) (GPa) (MPa'm'?)
ALO, 1500 99.0 17.5£1.0 3.540.5
ALOy/Cu 1400 96.5 13.742.5 4315
ALOy/MgO/Cu 1500 96.0 16.10.6 5.740.9

el e o] F2 FAM] ©Jt 7R A}
9] #alodA) w2 A=) irEiEgs
MgO #H7lell Atgle]l AW Cudl Ysid=x
Cu-nitrateE AM-EF 7397} CuOE ARS8t 7A-5-Hch
ofz7F ke AU EE vepli: vl o] AWl
o CulAle] =7] 9 BAbesl Adslel] oJsks
F97) wEe® AT 2y 19 4(a) E
(Pl & 4= sl=el, Mg02] 7P} 244 el
= TRl J ke v|XA] e AeE e, g

F 502w 4a 5 olo] Bjg AT 2Ao] &
o).
9, Mg07h A7hEA e ALO/Cu vhedg

A7 Af- 1400°C7H] 2A-L%7} $713kel ufe}
U7t F7BIE 1500°Col s 548 UEitas
vepdet, o] 11 5(c)9 wMERA ARE e
v 2dAe el upE Cufe] el 71913t 7]
39 HA o2 Aduslet v 13 4(b) E
a8 5@t (b)ellA & = dxel Mgo7h A7k
5ol 1500°C 24 oM A e 7Hav)
HHAYEA] odert. ol AR MgOs} Cu®l Hb

gl Slale] MgO7h ALO, UAlel EASHA g
Cu 59l EAISRE = 5 Mg0e] el 7]alat
Aoz gerElch Webd, F45eS 443 ALOY
Cu V=83t 7o) AgtaAders gt 2434
o) Alol7t F23HE 2 4 3k,

ARFAAS ALO, B ALO,/Cu Y-Baa)as] A
dze} 7142 EAS £ 10 YepdEh ey
FARe] AEE 13.7-16.1 GPaZ w573t ALOHE}
W e HelFH oy FE A e 7]
gt Aoz siME) 7o FYst AR
B R Mg02] A7l ute} 7 e} 7] A
o] 7P, 1500°CollA &7 ALO,/MgO/Cu 1}
B3RS A9+ 5.7 MPa - m"2 Hdigks o
Rl

FEUAL A Al B3 se] ARSI
F2 7] S50 71 sAlelE Hl
o oI5k Z1x4F AR} wAIEE 9 G AlG Zfolo|
23t 28 [10] Soll 71918k} 3kA Alzb 53
A Jol M2l QlAF717] 7= crack bowing, crack
deflection, crack bridging 522 A93 4 3o

o
L

Vol. 16, No. 4, 2009



284 o|7% - o5

[11]. & A7l Az e se] Ax ke
H)5 o] 2Hel ghurhe Hovt, Agkadel o3| A
L X7 R A FE] ARAH R e AlHlE

s %= ’\@ﬂ]‘ﬂﬁ 23 o) on] gl= Az}o|c}.
=3 43 ALO,9b H]asted »};tiq}xn g_oﬂ/q‘»
<7 JM"W e HelE vl ol S5

o 93t o3ko 7 A E 4 g}, 3k, Mg07]- A
7 ALO,/Cu vh=B3PRe] 7§ 3 71414
EAS Vel o] F2 Mg0ogl AE 71zl

lﬂf& Aoz Mt F542 77 Desie

wpebA] 2 AT Akl 23k ALO/ES
=EFRN L] A 7)1 549 aRte] Thsdt
= AIsIdrhe AHellA Fn|2 Ao, 35 &
AZAY] osF 1 oA 2U3S 93t FAZFAY A
Aol #3 A7} 2780}

2ol ogt 2542 AE ALO, VS
g2o] A2E 913 HH] FAHERAE A s 214
e Eghiae] £ 9 AFFA e whE wHEA]
I 71AA BAQ &S 1A3IsIH. ALO,/Curt
rEZEES. cy0 2 Cu-nitrateS Y22 $43H)
TS Tt Az RAEL Seds
200°C/min®] %é—’g«g—g ﬂ&s}o:] 1300-1500°Cei| A]
487 2o, 03 ALOS % 99% |
ALO;/Cu®] 739~ & 96.5%‘4 ANEES A5 5

Journal of Korean Powder Metallurgy Institute

udet. Axd B ge YeTrle] 544t
7F gdsl Ak e EA 5AS VeRsie A
443 ALO/MgO/Cu YB3 l8= 16.1 GPa
o FHd Ax IS HAFen £43 ALOS
3.5 MPa - m'?¢} w]asle] veE3 8 4.3-57
MPa - m""2 7k QA ke vehlsic). o
W] S5 Al 27 Al 71T
2 M09 ke sjAslolet.

ra

nk=

m

[1] K. Niihara: J. Ceram. Soc. Jpn., 99 (1991) 974.

[2] M. Sternitzke: J. Europ. Ceram. Soc., 17 (1997) 1061.

[3] T. Sekino and K. Niihara: Nanostruct. Mater., 6 (1995)
663.

[4] T. Sekino, T. Nakajima, S. Ueda and K. Niihara: J.
Am. Ceram. Soc., 80 (1997) 1130.

[5] Y.-K. Jeong, A. Nakahira, P.E.D. Morgan and K. Nii-
hara: J. Am. Ceram. Soc., 80 (1997) 1307.

[6] S.-T.Oh, J.-N. Kim and K.-M. Kang: Korean J. Mater.
Res., 14 (2004) 696 (Korean).

[7] W.D. Kingery, H.K. Bowen and D.R. Uhlmann: Intro-
duction to Ceramics, John Wiley and Sons, New York
(1976) 474.

[8] L.C. Stearns, J. Zhao and M.P. Harmer: J. Europ.
Ceram. Soc., 10 (1992) 473.

[9] S.-T. Oh, J.-S. Lee, T. Sekino and K. Niihara: Scripta
Mater., 44 (2001) 2117.

[10] Y.-K. Jeong, S.-T. Oh and Y.-H. Choa: J. Korean Pow-
der Metall. Inst., 13 (2006) 366 (Korean).
[11] A.G. Evans: J. Am. Ceram. Soc., 73 (1990) 187.



