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Abstract

Intra-type alumina-based nanocomposites, in which sec-
ond-phase nanoparticles are embedded within alumina
grains, use dislocation activities to enhance strength and
fracture toughness. The dislocations are generated around
the nanoparticles by residual stresses during cooling
process. In this paper, first, we explain strengthening
and toughening mechanisms of alumina-based nanocom-
posites based on dislocation activities. Second, we pro-
pose a soaking method to construct the intra-type nanos-
tructure and fabricate alumina/nickel and alumina/sitver
nanocomposites. The nanocomposites are then annealed
in order to enhance the fracture toughness of the mate-
nials. Finally, we discuss the relation between the strength,
fracture toughness, and critical frontal process zone size

of the materials.

1. ME

H AL FEAT ] AT A E YA
£449 9| (FPZ) 2710 ZFshAl &gt T2 Al
2t ol He A FPZE 27] fEo H9e 2
2o vl o 23wk Az SRdAs B

awaji@nitech.ac.jp

AHo g gol7] YA o] YA FPZE IA T ¥R
7} g,

HEDINIBEE LA DRPROI I RERE TP
A2 YAE BANZ) RolOIA, 2AFe) AF-2 o]
oJa) BRI F9lo] AE A= A0T AFA
P, 3714 Matese] A9 TRE F4e) IR Hls)
AR 27) BTl SHPFA0 T 2HLale] gy
§29) o2 W) IR Yo T AL ol &ak=
Ao Meure) FPZE W 4 Yok $2le 1 7]
£ olga] WrEHA 9] A S thE AP
71 GRae] 224 YAEH Lear)e YA
728 BANA QU B EE Azl JE 9
9145+ YA FPZ 3718 7847 oJUF & 2
ADHE 2N E Yolr} 217} Aok R g
89) T8 - TAES 7|78 ASHT

2. 244 SHNMEY HAYE

Ak 2o o) g AE BAAA JES UhE
YA AL FF) o) BB E PRI,
SR 428 odgel o) AAAYE B
T AL HAFYT A7 SFOIE =Y
2ok =R E) el 1 T3S T
T s e] s} Aneh

Moy HMe¥, 20064 124 || 49



HEEER, AR, ERIR

21 TUSEYIT

Qo3 A% ool Sof ofal RnAEA o)
b F710) 2ERFS o] ZAYTT AzEch E
S2uh} 22 B REE dATlo PEE 2

A7 o)EAlo] ufe- 75 Ao dagict of#e A
ola] YFEoL} 2FA L] A ohgd) Zo] i B 4

Atk

Mepezel stale 2R 7P ofsh Aol Aulg
cHE e FA)Y, A3 T e TS0l F2Y 71E
o2 & A9 gk & 2885588 2HY vk
o2 A 2A e A% B e ol Fig. Ha)e] B
ot 24 F9l0) AAH] o= A% 2719 I AR
8o} gloiA o] Zg8la] For HFREHA 2
1AM AR gdol 42 7l A
oleigt ALR YTt 2AANA FHT s B
2ok 52 o] YoX BR-EHe) gle gAY 2
g} Aee Brk w Aol Az

AAAFA Y78 A2Y ARAE TR AW
B EE e £FF e Y viEY
229 Ve Rl B 23 Wier] Wolg 7R
ARSI YAHL O HRE EFege] s
AE ASE A1l ST 2717 v FEel H
ESEER goles opul. o7iM A7 AR &
Folu gujel ojn] Exjshe 2FTFEEE floiAA
slo}, 23% B TAES] Hpd L Fig. 1)l 1
el A7o] el 352 IR AR gt uls}

/Residua! stresses

Dispersed particles

(&) Monolithic alumina {b) Nanocomposites

Fig. 1. Schematic description of (a) strength degradation in
monolithic alumina and (b) residual stress releasing
mechanism in intra-type nanocomposites.
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Fig. 3. Schematic description of toughening mechanism for
intra-type nanocompsites due to nanocrack formation
around a dislocation in a frontal process zone.
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Fig. 3. Schematic description of a soaking method.
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Fig. 4. Strength, fracture toughness, and critical frontal process
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tered alumina/nickel nanocomposites.
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Fig. 5. (a) strength and (b) fracture toughness of alumina/nick-
el nanocomposites after annealing.
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Fig. 6. Strength and fracture toughness of alumina/silver nanocom-
posites.
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plate with a long crack under a critical stress state.
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