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ABSTRACT

Particulate composites of AlLOy/TiC/SiC, ALO,/TiC and Al,O5/SiC have been fabricated by hot pressing and their R-curve
behaviors and mechanical properties were investigated. Al,O, containing 30 vol% TiC particles showed higher toughness by 8% than
that for monolithic alumina and its fracture strength was increased significantly by approximately 30%. On the other hand, the addition
of 30 vol% SiC of 3 pum in Al,O, decreased the fracture strength slightly but induced a rising R-curve behavior owing to the strong
crack bridging of SiC particles. In case of Al,O,/TiC/SiC, a rising R-curve behavior was also observed and the fracture toughness
reached 6.6 MPa+ v m at the crack length of 1000 pm, which was lower than that of A1,0,/SiC, however, while the fracture strength
was higher by about 20%. The fracture toughness seemed to be decreased as smaller TiC particles roughened the SiC interface and
pullout of the SiC particles for crack bridging became less active.
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Fig. 1. SEM micrographs of thermally etched surfaces of (a) ALO;, (b) Al,05/30 vol% TiC, (c) AL,03/30 vol% SiC and
(d) Al,04/TiC/30 vol% SiC.

Fig. 2. SEM micrographs of fracture surfaces of (a) ALO;, (b) Al;0,/30 vol% TiC, (c) Al,05/30 vol% SiC and
(d) ALL,O/TiC/30 vol% SiC.
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Fig. 4. Log strength versus log indentation load for AL, O3(A),
AL04/30 vol% TiC(AT), Al,03/30 vol% SiC(AS) and
Al,04/TiC/30 vol% SiC(ATS). Numbers in parentheses
are the slopes of the lines obtained by the least square
method.

Fig. 3. SEM micrographs of indentation crack paths of (a) AL,Os, (b) Al,0;3/30 vol% TiC, (c) Al;03/30 vol% SiC and

(d) ALO/TiC/30 vol% SiC.
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Fig. 5. R-curves for Al,03(A), AL,04/30 vol% TiC(AT), ALL,O,
/30 vol% SiC(AS) and Al,05/TiC/30 vol% SiC(ATS).
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Fig. 6. SEM micrographs of interfaces of SiC particles:
(a) ALO3/TiC/30 vol% SiC and (b) Al,03/30 vol% SiC.
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Fig. 7. Four point Bend strength of ALLO3(A), Al,04/30 vol%
TiC(AT), Al,05/30 vol% SiC(AS) and ALO,/TiC/30
vol% SiC(ATS).

33. FELUT BT AU ES

Fig. 7& 7} AHEY 43 FYHE 2 Zojt}. 7=
ZAdle dHolH EE F 5.7/ x| AHE] AL
HAeul AAAE-E 600 grit®] thololE= Holx 7hF
Hon ArAlHS dareg 3 AFSHL 1y}
o] 6um, 1um, 025 umé tholoRZ= Ho|AEE 0|3}
o 283 Zo|= dArvtgAnt’) gdAl gRuptel A9
oA el FithAR ¢ste 600 MPaoll Eile F
ZEE Ho|il 9lom ALO,/TICY A% vt 7
TiC 4A2] A72 Qs 800 MPadll @3le ZAEE B4
th. ALOy/SICE dFut AA Y 2715719} SiC YA}
o] H7E s A dFEvte) v Aol avt
gojyron, ALOYTIC/SICE ALOYTIC Brhe =7 o
A Wskout BdA dEnjue] HsjAE oF 25% %2
T} Fig. 82 7} A|HES] wAsY A 2 zojrt

FArE G SN A58 7 e AdEE

58 & ro

500 25

| Efastic modulius

[ Hardness

-

+a

=

=
—T

Elastic modulus (GPa)
@
S
T
1
o
(edo) ssoupiey

~

<

=
T

100 10
A AT AS ATS

Specimen Name
Fig. 8. Elastic modulus and Vickers hardness of AlL,O3(A),
AL04/30 vol% TiC(AT), Al,03/30 vol% SiC(AS) and
Al,04/TiC/30 vol% SiC(ATS).



SiC TiC YA2 a3l ALO; YAESHY] FIAYAE 71414 P4 419

Aoz a3 glor SiC YART TiIC Y7 &

HERE 9 o =y Axe TiIC YAk} Sic At

Sl A7H ALOL/TIC/SIC A1¥e] 20 GPag 7H =9k

on gdF LFute} ALOYSICH vl 10% A% L

23 ALOYTICO] WM 7% S Be e Bt
4. 8@ B

gdH L2 olxde® Sicet TICE H7hek
S W RAE Agd 71AHA AEo] ogA WHst=EA
7 U3 42 o3 2.

1. A,]04/30 vol% TiC E&A= YUl AAle) =43}
E TC 42 Iz 22 g3 es Yepdloy
149 F7h= & 10% F=o 13 o™, ALOYSIC YA
E3¥A= SiC 9xte 72t dRdEez 494l 1000
umelA 7.35MPa - v m¢] & A S eERIA
ot WA g visied Zwrt oF 10% AT

2. ALOy/30 vol% TiC EgrAle 3um SiC JAE A7+
39S W, S/l R-AE A%E HIoH, 1000 umel
A GdA FRuY B} 50% E2 6.6MPa - vV me] 3
A4 Yeplid=d ol 71A 9 ERZAST Zol7}
Zo] vz SiC gAY AR Q1% #8-H S dEeldth
ey 71 #gdoldAe] g A o] ALOs/30 vol% SiC
B} @& o]f+= SiC A¥el ALO:S TiCeHe] oA &
o2 A3 AFAA SiC 4AS B @Al 7437
o E-olct. vk TiC YAte] H7be 71AE nAMsHA &t
o 20% A= AEF7HE 7HA ST

3. ALOYTIC/SIC YAHEFAIE DA GFritol] HI3)
et ok 35% ¥k, AEE ALO,/TIC HohE &2 20
GPao|lth. S7F8ke R-AE AFL=E A3 52 #9A
FE71A 23, o] EdAle WHulREASEZA o 7}

A 2 EHEL A4 AT

ZHAtel =

REFERENCES

1. D. B. Marshall and M. V. Swanin, “Crack Resistance
Curves in Magnesia-partially-stabilized Zirconia,” J. Am.
Ceram. Soc., 71 [6] 399-407 (1988).

2. T. Sornakumar, “Advanced Ceramic-ceramic Composite
Tool Materials for Metal Cutting Application,” Key Engi-
neering Materials, 114 173-88 (1996).

3. R. F Krause, Jr., E. R. Fuller, Jr. and J. F. Rhodes, “Fracture
Resistance Behavior of Silicon Carbide Whisker-reinforced
Alumina Composites with Different Porosities,” J. Am

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Ceram. Soc., 73 [3] 559-66 (1990).

. J. Homeny and W. L. Vaughn, “R-curve Behavior in a Sil-

icon Carbide Whisker-alumina Matrix Composite,” J. Am.
Cerm. Soc., 13 [7] 2060-62 (1990).

. K. Niihara and A. Nakahira. “Particles-strengthened Oxide

Ceramics, Nanocomposites,” pp. 637-64 in Advanced Struc-
tural Inorganic Composites. Ed. by p. Vincentini. Elsevier
Science Publishers, Trieste, Italy (1990).

. K. Niihara and A. Nakahira, “Strengthening and Tough-

ening Mechanisms in nanocomposite Ceramics,” Ann.
Chim. (paris), 16 479-86 (1991).

. W-J. Kim, Y-G. Lee, W-S. Cho and S-W. Choi, “Mechanical

Properties and Microstructures of Self-toughened Silicon
Nitride Ceramic Prepared by Microsturctural Control(in
Kor),” J. Kor. Ceram. Soc., 36 [4] 432-43 (1999).

. C. W.Liand J. Yamanis, “Super -Tough Silicon Nitride with

R-curve Behavior,” Ceram. Eng. Sic. Proc., 10 [7-8] 632-45
(1989).

. K. S. Park, S. W. Lee and J. H. Lee, “R-curve Behavior of

Particulate Composites of Al,O; containing SiC and ZrO,: L.
Experiment(in Kor),” J. Kor. Ceram. Soc., 37 [4] 359-67 (2000).
S. W. Na and J. H. Lee, ‘R-curve Behavior of Particulate
Compo- sites of Al,O; Containing SiC and ZrO,: II. Theoretical
Analysis(in Kor),” J. Kor. Ceram. Soc., 37 [4] 368-75 (2000).
H. Endo, M. Ueki and H. Kubo, “Microstructure and
Mechanical Properties of Hot-pressed SiC-TiC Compos-
ites,” J. Mat. Sci., 26 3769-74 (1991).

C. H. McMurtry, W. D. G. Boecker, S. G. Seshadri, J. S.
Zanghie and J. E. Garnier, “Microstructure and Material
Properties of SiC-TiB, Particulate Composites,” Am. Ceram.
Soc. Bull., 66 [2] 325-29 (1987).

K. T. Faber and A. G. Evans, “Crack Deflection Processes-
1. Theory,” Acta Metall., 31 [4] 565-76 (1983).

K. T. Faber and A. G. Evans, “Crack Deflection Processes-
II. Experiment,” Acta Metall., 31 [4] 577-84 (1983).

S. J. Benjamin and M. P. Harmer, “A History of the Role of
MgO in the Sintering of a-Al,03,” Ceram. Transactions, 7
13-49 (1990).

R. E Krause, Jr., “Rising Fracture Toughness from the
Bending Strength of Indented Alumina Beams,” J. Am.
Ceram. Soc., 71 [5] 338-42 (1988).

K. Yasuda, J. Tatami, Y. Matsuo and S. Kimura, “Stochastic
Analysis for Influence of Grain Size on Fraction of Trans-
granualar Fracture in Poly Crystalline Ceramics(in Jpn.),” J.
Ceram. Soc. Jpn., Int. Edition, 10 885-88 (1994).

S. W. Na, S. W. Lee and J. H. Lee, “Crack Bridging Phenomena
in ALO,/SiCp Composites,” Proceedings of the 17th Interna-
tional Korea-Japan Seminar on Ceramics., 421-25 (2000).

P. Chantikul, S. J. Bennison and B. R. Lawn, “Role of Grain
Size in the Strength and R-curve Properties of Alumina,” J.
Am. Ceram. Soc., 73 [8] 2419-27 (1990).

J. Selsing, “Internal Stresses in Ceramics,” J. Am. Ceram.
Soc., 44 [8] 419 (1961).

I. A. Chou, H. M. Chan and M. P. Harmer, “Machining-
induced Surface Residual Stress Behavior in Al,O5-SiC
Nanocomposites,” J. Am. Ceram. Soc., 79 [9] 2403-09
(1996).

A 39 Al 4 5(2002)



