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Sintering behavior and mechanical properties of the Al,0,-SiC nano-com-
posite using a spark plasma sintering technique
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Abstract A spark plasma sintering technique has been used for the fabrication of Al,O;-SiC nanocomposites at the low
temperature of 1100°C~1500°C. The sintered ALO;-SiC composites shows very homogeneous microstructure without any
particular abnormal grain growth, indicating that the addition of nano-sized SiC particles is very effective to control grain
growth and to induce the residual stress in the ALO,; matrix, resulting in the intragranular fracture. These SiC particles are
present in the grain boundaries and also intragrain, depending on the sintering condition, and improve remarkably the
mechanical properties of Al,O,-SiC composite through the mechanisms of strengthening and toughening induced by crack
diffraction and crack bridging.
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Fig. 1. TEM micrographs of raw powders; (a) ALL,O; and (b) SiC.
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Fig. 2. XRD patterns of ALO,, SiC powder and ALO-SIC
COMposites,
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Fig. 3. Shrinkage behaviors of ALO,-SIC nanocomposites dur-
ing the SPS process.
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Fig. 4. Variation of relative density of pure ALQ, and ALO,-
SiC nanocorposites as function of sintering temperatures and
the volume fractions of SiC.
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Table 1

Variation of mechanical properties with the volume fraction of SiC for dense Al,O; and Al,O,/SiC nanocomposites prepared by a SPS

process; Vikers hardness, fracture toughness and fracture strength

Sintering temperature ("C) Vickers Hardness (Kgf/rnmz) Fracture strength (MPa) Fracture toughness (MPam
P! g

12
)

Monolithic AL,O; 1200 1726(x4.98)
1300 1622(+5.83)
1400 1496(+20.66)
1500 1345(x£22.93)

5 vol.% SiC addition 1300 1899(x12.05)
1400 1692(+7.88)
1500 1659(x15.15)

20 vol.% SiC addition 1400 1999(x2.43)
1500 2049(x12.20)

663(11) 2.81(0.02)
580(32) 2.95(x0.08)
467(36) 2.92(+0.07)
411(29) 2.72(0.09)
693(14) 3.03(0.05)
677(16) 3.07(x0.04)
626(27) 2.87(x0.02)
768(29) 3.16(0.02)
812(x13) 3.66(0.08)
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Fig. 6. SEM micrographs of the fractured surface of AlL,0;-SiC nanocomposites; (a) AS5 sintered at 1300°C and (b) AS20 sintered
at 1400°C.
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(a)
Fig. 7. TEM micrographs of the ALO,-SiC nanocomposites; (a) ASS sintered at 1500°C, (b) AS20 sintered at 1500°C.

W2 Aok A AV T 27 LE ) e /)
AR B4l i oleld Mzl Qsle] fuES

oli
s

gl &+ 2t

Fig. 6& AS5 3 AS20 thx= H349) mjehde] SEM
qugi A7HE SiCe ALO.Sl AR HEA} ZA P
RAtEe] EATE & 5 U, puredt gl vl vl
22 44" 2718 vEeRfo] SiC YAl o 44
47l A aHE Eld 4 Qth. Fracture?] R4
o T e FE °)E° BoErh Eg a5
Holl HEA4HE SiC YA F bridging/pull outel]
gt E4o] AFH I )

Fig. 7& 1500°Co)x AZE AS5 @ AS20 L =
Aol TEM ARRle 2, 2] A719 Fels i
A pure EFANte] Fof vl wie- 2R AAY A7)
& 7HAIARE, AS200] A% AXE] et A gk
2 A4 ZAREC] A, oldd Hele] AAY
AR AT F7HE Sic BRolA FA4EHE Sioq)
SHAHORE Wkg FAIL olelgh el thE
AHTE AR o R ARY o] dojur] 47) wie
AYsL7) mEolrh9). ]9 o] FEH FAlM F
AE A ke e AYYES crackS diffraction
AA crack®) HePg W ET] ozl AS209] ¢ %
A ALst & 27 257 SRS E Bk 7
AA Bade] 3 74 Flolet AlRETH2, 4).

Frd

A&rﬂrlonﬁ—lor

9}113} ]74 2 spark plasma®l <]
gzl el] 7191

13} mass trans-

(b)

portd] 7158 RO ALEHED e A7)9) SIiC Y
A= ALO, matrix®] AAY 4GS AAstr AdstE
AAstL Aok, Hardness, fracture toughness |3l
fracture strength 5 7]A1E 548 SiC Yol webr] &

AE . 573 ALO, 2 ALO,-SIC V=B ¢
AxL3} To 423 LEr} 2715 weE) J)AH B4
o] AslEey|, o)l ARG A w2 Axte)x, vk

of 20vol% SiC7F A7H ALO,Q] ASole diflel A
T2 Holxu), o)y REHO) 9JAdie F wgroz
A2bE AA Yol 93 crack Z1s)e] Hisfe -4?5& A=
ArEE

dAtel 2

B ATE dmske AugRaTaus 59 3
2~

_, {

&R - FRBIAY ShATAE AQoz Fad
e NN

AR .

# 12 8

[ 1] N. Claussen, J. Steeb and R.E Pabst, “Effect of induced
microcracking on the fracture toughness of ceramics”,
Am. Ceram. Soc. Bull. 56[6] (1977) 559.

[ 2] K. Niihara, A. Nakahira, T. Uchivama and T. Hirai, in
“Fracture mechanics of ceramics, vol. 77, edited by R.C.
Bradt, A.G. Evans, D.H. Hasselman and FF. Lange
(Plenum Press, New York, 1986) 103.

[3] K. Niihara, “New design concept of structural ceram-
ics”, J. Ceram. Soc. Jpn. 99[10] (1991) 945.

[4] A. Nakahira and K. Niihara, in “Fracture mechanics of
ceramics, vol. 77, edited by R.C. Bradt, A.G. Evans,
D.H. Hasselman and FF. Lange (Plenum Press, New
York, 1986) 165.

[51 T. Hirano, K. Izaki and K. Niihara, “Microstructure and



314 J.H. Chae, K.H. Kim and K.B. Shim

thermal conductivity of Si;N,/SiC nanocomposites fabri-
cated from amorphous Si-C-N precursor powders”,
Nanostructur. Mater. 5[7-8] (1995) 809.

[6] T. Kusunose, T. Sekino, YH. Chao and K. Niihara,
“Fabrication and microstructure of silicon nitride/boron
nitride nanocomposites”, J. Am. Ceram. Soc. 85[11]
(2002) 2678.

[ 7] M. Poorteman, P. Descamps, F. Cambier, M. Plisnier, V.
Canonne and J.C. Descamps, “Silicon nitride/silicon
carbide nanocomposite obtained by nitridation of SiC:
fabrication and high temperature mechanical proper-
ties”, J. Euro. Ceram. Soc. 23{13] (2003) 2361.

[ 8] Y.H Chao, A. Nakahira and K. Niihara, “Microstructure
and mechanical properties of SiC-platelet reinforced
ALQO,/SiC-particle hybrid composite”, J. Mater. Sci. 35
(2000) 3143.

[9] HZ. Wang, L. Gao and J.K. Guo, “Fabrication and
microstructure  of AlLO;-ZrO,(3Y)-SiC nanocompos-
ites”, J. Euro. Ceram. Soc. 19[12] (1999) 2125.

[10] C. Kaya, F. Kaya, P.A. Trusty, A.R. Boccaccini and
M. Marsoglu, “On the toughening mechanisms of SiC
platelet-reinforced ALO,/Y-TZP nano-ceramic matrix

composites”, Ceram. Inter. 25[4] (1999) 359.

[11] M.P. Harmer and R.J. Brook, “Fast-firing-microstruc-
tural benefits”, J. Br. Ceram. Soc. 80 (1981) 147.

[12] H. Mostaghachi and R.J. Brook, ‘“Production of dense
and fine grain size BaTiO; by fast firing”, Trans. J. Br.
Ceram. Soc. 82 (1983) 167.

[13] M.P. Harmer, B.W Roberts and R.J. Brook, “Rapid sin-
tering of pure and doped-ALO,”, Trans. J. Br. Ceram.
Soc. 78[1] (1979) 22.

[14] M. Tokita, “Trends in advanced SPS (Spark Plasma Sin-
tering) systems and technology”, J. Soc. Powder &
Tech. Jpn. 30[11] (1993) 790.

{15] M. Omori, “Sintering, consolidation, reaction and crys-
tal growth by the Spark Plasma System (SPS)”, Mater.
Sci. & Eng. A 287 (2000) 183.

[16] A. Nakahira and K. Niihara, “Sintering behaviors and
consolidation process for Al,0,/SiC nanocomposites”, J.
Ceram. Soc. Jpn. 100 (1992) 448.

[17] T. Ohji, Y.H. Choa and K. Niihara, “Strengthening and
toughening mechanism of oxide based nanocompos-
ites”, J. Am. Ceram. Soc. in print.



