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Table 1.1 Deformation parameters for various creep mechanisms.
n p [
Diffusional Flow Nabarro-Herring 1 2 Lattice Diffusion
Coble 1 3 Grain Boundary Diffusion
Inteface Reaction 2 1 Lattice Diffusion
Climb 5 Core Diffusion
Power Law 3 - Lattice Diffusion
Glide 3 - Lattice Diffusion
Harper-Dorn 1 - Lattice Diffusion
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Table 1.2 List of superplastic ceramics with elongation to failure of more than
200%
Material Grain Size | Temperature | Strain Rate | Elongation | Reference
(um) (°C) (s (%)
B-spodumeme 1 1025 6.0x10” 400 [36]
TZP 0.3 1550 2.7x10™ 350 [37)
TZP 0.3 1450 4.8x10* 246 [38]
TZP 0.3 1400 107 330 [39]
TZP 0.3 1550 8.3x10° 800 [40]
TZP 0.5 1450 2.8x10° 355 [41]
TZP-20%A1,0; 0.5 1450 1.0x107 200 [42]
TZP-20%Al1,03 0.5 1650 4x10™ 625 [43]
TZP-3%Mn 0.27 1400 6.0x107 230 [44]
TZP-5%Si0; 0.26 1400 1.3x10™* 1038 [45, 46]

Fe-FesC 3~4 1035 1x10° 610 [47)
B-Sialon 0.35 1550 1107 230 [48)
TZP-5%Ti0, 0.66 1400 1.3%10~ 382 [49]




Table 1.3

s and ceramics.

| Ceramics
5500% [59] 1038% [45, 46]
Grain Size <10um <lpm
Necking Yes No

Stress vs. Strain Rate

3 resions

1 region (2)

Strain Rate Sensitivity (m) ~0.5 0.3~0.5
Grain Size Exponent (p) 2 | 2-3

Activation Energy (Q)

Grain Bounary Diffusion

| Grain Boundary Diffusion
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Table 1.4 List of elongation to failure in Al,Os-base ceramics

Material Grain size | Temperature | Strain Rate | Elongation Ref.

T T

1) - (um) (°C) 3]

=1550°C 7

e Pure Al,O3 0.9 1400 1.3x10*
o Cavitation | 700
ALO;- 0.77 1450 210"
E 0.05%Mg0
4
AlLO3-MgO- g 1.5%10
Y104

! ; |
10° 10 10° ALO;-0.1%MgO 1420-1500 | 1.3x10° [63]

SEpasiE ! Al,03-0.9%Cu0O . 1400 110 4 [67]

Cavitation area fraction (%)
Elongation to failure (%)

Fig.1.6  Variation of elongation to failure with strain rate, as well as the cavitation area 1450 1x10* [68]

fi : : csno ZrO;-toughenen
fraction at the fracture tip of specimens tested at 1550°C [59].

ALO;

Al,03-20%TZP 1550 2.8x10™

o
3

YTZP Crack length, A
[ T=1550°C o A>10um |
o A>100pum Al03-30%TiC 1550 1.2x107

|

AlLO3-10%TZP 1500 6.2x10°

o
©

Ll

ALO3-5%MgO 1450 1.3%x10™

@

Al,03-20%spinel 1550 2.4x10™

o
~

&

Crack density per unit strain (m~
=) )
o
[ ‘Q\
FERTT BRI |

107 fi
Strain rate (s “)

ki
o
-
o

Fig.1.7 Plot of crack density per unit strain vs. strain rate [59].
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Fig.3.2 HREM image of a grain boundary in high-purity ALOs.
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Table. 3.1 Comparison of fracture energy (y) estimated from K. obtained in high-purity
Al;03, MgO-doped Al,0s, Y>0;-doped Al>O; and ZrO,-doped Al,O;.
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Fig.4.2 HREM image of an Al;Os grain boundary in Al,O5-20vol%spinel.
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Fig4.3 Typical EDS profiles obtained from a grain interior and a grain boundary in
Al,03-20vol%spinel. The probe size for these analyses is about 1nm, and the
spectra of grain interior were taken from the area 10nm apart from the grain

boundary
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direction is horizontal. Some small cavities are marked by arrows.
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Fig.4.15 Optical micrographs of (a)Al;03-0.1wt%MgO and (b)Al,03-20vol%spinel

deformed by 50% at 1450°C and an initial strain rate of 1.2x10%s" Tensile
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