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Abstract

The fracture behavior of the notched unidirectionally solidified eutectic Al2O3/YAG composite was investigated by tensile test at room
temperature to 2023 K, and the results were analyzed by the finite element method. The stress–strain behavior, notched strength and the
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racture toughness were strongly dependent on temperature and displacement speed. The specimens fractured in a brittle m
emperatures and at high displacement speeds but in a ductile manner accompanying plastic deformation at high temperature
isplacement speeds. The notched strength for a given displacement speed of 10−7 m/s increased with increasing temperature from 132
t 1873 K to 153 MPa at 1923 K, and then decreased to 133 and 110 MPa at 1973 and 2023 K, respectively. Also the notched st
iven temperature of 2023 K increased with decreasing displacement speed from 67 MPa at the displacement speed of 10−5 m/s to 124 MPa a
0−6 m/s, and then decreased to 110 and 72 MPa at 10−7 and 10−8 m/s, respectively. The stress distribution and the plastic zone size ah

he notch were calculated by a finite element method using the dependence of flow stress on temperature and displacement spe
he calculation result, the experimentally observed increase in the notched strength with increasing temperature and decreasing d
peed up to the maximum value could be accounted for by the increase in plastic zone size ahead of the notch. Also, the observe
otched strength with further increasing temperature and decreasing displacement speed could be accounted for by the decreas
arrying capacity of the yielded ligament.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Directionally solidified eutectic ceramic composites
ave clean interface, high thermodynamical-compatibility
etween/among the constituting phases, and high static
nd creep strengths, as has been reported by many
esearchers based on the microstructural, crystallo-
raphic and mechanical studies.1–25 Among many eutectic
omposites, oxide/oxide systems such as Al2O3/ZrO2
Y2O3),3–5,18–20,23 Al2O3/Y3Al15O12(YAG),6–9,11–15,21,22

l 2O3/Er3Al5O12
16,26 and Al2O3/GdAlO3

10,25 are promis-

∗ Corresponding author. Tel.: +81 75 753 4834; fax: +81 75 753 4841.
E-mail address:ochicai@mech.kyoto-u.ac.jp (S. Ochiai).

ing for high temperature use as fiber materials
reinforcement and as bulk materials for machine parts
to high oxidation-resistance.

Concerning the bulk-type Al2O3/YAG, Al 2O3/Er3Al5O12
and Al2O3/GdAlO3 eutectic composites prepared at U
High Temperature Materials Research Center, Yamag
Japan, the following features have been reported by Wa
al.6–8,10–12, Yoshida et al.15, Nakagawa et al.16 and Ochia
et al.21 (a) They consist of continuous networks of s
gle crystal 〈1 1 0〉 Al2O3 and single crystal〈1 1 0〉 YAG
(Er3Al5O12, GdAlO3)6–8,10–12,16and the interface is clea
without grain boundary and glassy phase.6,8,10,11,16(b) The
microstructure is very stable. For instance, even after th
posure in air at 1973 K for 1000 h, it is same as befo6

955-2219/$ – see front matter © 2005 Elsevier Ltd. All rights reserved.
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(c) The bending strength of Al2O3/YAG at room tempera-
ture, around 400 MPa, can be maintained almost up to the
melting point of 2093 K when the displacement speed is
high.6–8,15,21The bending yield stress of Al2O3/GdAlO3 is
so high as around 700 MPa at 1873 K.10 (d) Compressive
creep strength at 1873 K is about 13 times higher than that of
the sintered composite with the same composition.8,12 Due
to these excellent stability of microstructure and mechanical
property at ultra high temperatures, the maximum operating
temperature of these composites can be 1773–1973 K, be-
ing much higher than that (1323–1373 K) of Ni-based sin-
gle crystal cast superalloys and that (∼1300 K) of oxide
ceramics.6,10 Therefore, several useful applications can be
considered, for instance, gas turbines and power-generation
systems with non-cooled turbine blades at very high tempe-
ratures.10

For practical application of these composites, it is re-
quested to accumulate experimental data and to reveal the
mechanism of deformation and fracture. In our former
work,21 the deformation and fracture behavior of the un-
notched and notched bulk-type Al2O3/YAG composite spec-
imens was investigated by bending test at room temperature
to 2023 K under various displacement speeds. Following fea-
tures were observed.

(A) The load–displacement curve of unnotched specimens
was dependent on the test temperature and displace-
ment speed, as shown inFig. 1(a)–(c). Below 1773 K,
the specimens were brittle at all displacement speeds
investigated. Beyond 1823 K, the ductility was depen-
dent on the displacement speed. At the low displace-
ment speed of 8.3× 10−8 m/s (a), the specimens were
ductile from 1823 to 2023 K. At 8.3× 10−7 m/s (b), the
ductility was lost at 1823 K while it was kept in the tem-
perature range from 1873 to 2023 K. At the high speed
of 8.3× 10−6 (c), the specimens were brittle at all tem-
peratures investigated. In this way, the unnotched spec-
imens fractured in a brittle manner at low temperatures
and at high displacement speeds but in a ductile man-
ner accompanying plastic deformation at high tempera-
tures and at low displacement speed. Correspondingly,
the brittle–ductile transition temperature increased with
increasing displacement speed.

(B) At the lower displacement speeds of 8.3× 10−7 m/s and
8.3× 10−8 m/s, the unnotched strength of the speci-
mens, which fractured in a ductile manner, decreased
with increasing temperature (Fig. 1(a′) and (b′)). At the
higher displacement speed of 8.3× 10−6 m/s, at which
all specimens fractured in a brittle manner, the strength

F
2

ig. 1. (a, b, c) Load–displacement curve and (a′, b′, c′) strength of unnotched
023 K at the displacement speeds of (a, a′) 8.3× 10−8, (b, b′) 8.3× 10−7 m/s and
specimens measured by the three-point bending test at room temperature to
(c, c′) 8.3× 10−6 m/s.
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Fig. 2. Load–displacement curves of the notched specimens measured by
the three-point bending test at room temperature to 2023 K at the displace-
ment speeds of (a) 8.3× 10−8 m/s and (b) 8.3× 10−6 m/s, and the change
of apparent mode I fracture toughness with increasing temperature (c).

value at room temperature was almost maintained up to
2023 K (Fig. 1(c′)).

(C) The dependence of load–displacement curve and frac-
ture toughness of notched specimens on temperature
and displacement speed is shown inFig. 2. When
the displacement speed was low (8.3× 10−8 m/s), the
notched strength increased with increasing temperature
(Fig. 2(a)). On the contrary, when the displacement speed
was high (8.3× 10−6 m/s), the strength was nearly the
same at any temperature (Fig. 2(b)). Accordingly, the
apparent fracture toughness valueKQ, estimated by the
linear elastic fracture mechanics, was nearly constant for
8.3× 10−6 m/s but it increased with increasing temper-
ature for 8.3× 10−8 m/s, as shown inFig. 2(c). TheKQ
value of the specimen tested at the displacement speed of
8.3× 10−8m/s at 2023 K is shown in the parentheses for
reference since the application of the linear elastic frac-
ture mechanics might be limited due to the enhanced
plastic zone ahead of the notch.

These results indicate that the plastic zone formation ahead
of the notch, which plays a dominant role for determination
of the KQ value, is dependent on displacement speed and
temperature. Considering the temperature and displacemen
speed dependence of the growth of plastic zone, the following
behavior can be expected.

tch,
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(and fracture toughness) is expected to increase with in-
creasing temperature. On the other hand, as the flow
stress decreases with further increasing temperature, the
plastic zone ahead of the notch can be large enough to
cover the ligament in the notched cross-section (overall
yielding). At such high temperatures, the notch extension
is suppressed due to the enhanced plastic deformation
but the flow stress decreases with increasing tempera-
ture, resulting in decrease in the stress carrying capac-
ity of the ligament. As a result, the strength of notched
specimens decreases with increasing temperature. Thus,
it is expected that, for a given displacement speed, the
notched strength increases and then decreases with in-
creasing temperature.

(ii) At very high temperatures, the composite is ductile at low
displacement speeds, while it is brittle at low speeds. At
low displacement speed range, the plastic zone grows
to cover the ligament, and the notch extension is sup-
pressed. In such a situation, the stress carrying capacity
of the ligament and therefore the strength of notched
specimens increase with increasing displacement speed
due to the increasing flow stress. On the other hand, at
high displacement speed range where overall yielding of
ligament does not take place, the size of the plastic zone
ahead of the notch is limited and the specimen fractures

ress
size

ngth
us, it
t then

ent
s tem-
p ilarly,
i ases
w and
t to ex-
a pears
o
c cribe
t of the
n astic
z is.

2

2

p um-
i -
r ,
p d in
t ere
(i) When the plastic flow takes place ahead of the no
it acts to raise the notched strength. As the plastic
stress decreases and therefore the plastic zone si
creases with increasing temperature, the notched str
t

in a brittle manner. In such a situation, as the flow st
increases with increasing displacement speed, the
of the plastic zone and therefore the notched stre
decrease with increasing displacement speed. Th
is expected that the notched strength increases bu
decreases with increasing displacement speed.

In this way, it is expected that, under a given displacem
peed, the notched strength increases with increasing
erature, reaching maximum and then decreases. Sim

t is expected that, under a given temperature, it incre
ith increasing displacement speed, reaching maximum

hen decreases. The aims of the present work are (1)
mine experimentally whether the expected feature ap
r not by tensile test of the notched bulk-type Al2O3/YAG
omposite specimens at 1873 to 2023 K, and (2) to des
he temperature and displacement speed dependence
otched strength from the viewpoint of the stress and pl
one distributions by means of the finite element analys

. Experimental procedure

.1. Specimens and test method

The commercially available�-Al2O3 powders with the
urity higher than 99.99 mass% (AKP-30, produced by S

tomo Chemical Co. Ltd.) and Y2O3 powders with the pu
ity higher than 99.9 mass% (Y2O3-RU, submicron-type
roduced by Shin-etsu Chemical Co. Ltd.) were mixe

he eutectic molar ratio of 82:18. The mixed powders w
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Fig. 3. Schematic representation of the notched specimens for tensile test.
(a) Dimension in mm. (b) Configuration of double edge notch.

ball-milled in ethanol to achieve high homogeneity. The ob-
tained slurry was dried and pre-melt by arc melting to ob-
tain initial ingots. The ingots were crushed and the resultant
powders were molten in a Mo crucible by high frequency
induction heating at a pressure of 1.3× 10−3 Pa in an argon
atmosphere. After the melt was sustained at 2223 K for 1.8 ks,
it was solidified unidirectionally by descending the Mo cru-
cible at a speed of 1.39× 10−6 m/s under the atmosphere
stated above. The temperature gradient at the liquid–solid
interface was approximately 8 K/cm.

Tensile test was carried out for the double edge notched
specimens shown inFig. 3using the high temperature testing
system (Instron type 8562) at Japan Ultra High Temperature
Materials Research Center. The notch-tip radius was made
50�m with a special saw. The relative notch length (2a/W
wherea andW are the notch length and specimen width,
respectively) was 0.3. The specimens were heated to the pre-
scribed temperatures under an argon atmosphere, held for
5 min and then tested. The test was carried out at the tempera-
tures of 1873, 1923, 1973 and 2023 K under the displacement
speed of 10−7 m/s and at the displacement speeds of 10−8,
10−7, 10−6 and 10−5 m/s under the temperature of 2023 K.

The notched specimens showed brittle and ductile fracture
modes depending on test temperature and displacement spee
as will be shown later in Section3.1. For the specimens that
f ness

Fig. 4. Employed meshes and boundary conditions for the finite element
analysis.

KQ was estimated by:27

KQ = σN (πa)1/2F (ξ) (1)

F (ξ) = (1.122− 0.56ξ − 0.205ξ2 + 0.471ξ3 − 0.190ξ4)

(1 − ξ)1/2

(ξ = 2a/W) (2)

whereσN is the notched strength, estimated by dividing the
ultimate load by the gross cross-sectional area.

2.2. Finite element analysis

The finite element analysis for notched tensile specimens
was carried out with the commercial finite element code
MARC/MentatTM. The employed meshes and boundary con-
ditions are presented inFig. 4. The analysis was carried out
under the plane strain condition. For calculation of the stress
state of unnotched specimens, the notch was removed under
the same meshes and boundary conditions.

The temperature (T) dependence of the Young’s modulus
of the composite (Ec) was taken from our former work,28

Ec = 356− 0.0310T (GPa). The Poisson’s ratio,νc, of the
composite was taken to be 0.24, since the Poisson’s ratios
o
v
t range
c dulus
G
( iven
b

t
c

ε

ractured in a brittle mode, the apparent fracture tough
d

f Al2O3 and YAG are 0.23 and 0.25, respectively29 and the
olume fraction of each phase is 0.5.6–8,11,12,15,21Assuming
hat the Poisson’s ratio is constant over the temperature
oncerned and using the relation among the shear mo
, Young’s modulusE and Poisson’s ratioν, given byG

=E/2(1 +ν)), the shear modulus of the composite was g
yGc = 144− 0.0129T.

It has been shown that the relation of the strain rateε̇ to
he flow stressσ in plastic deformation of the Al2O3/YAG
omposite at around 1700–2023 K is expressed by:6,7,12,15

˙ = Aσn exp

(
− Q

RT

)
(3)



S. Ochiai et al. / Journal of the European Ceramic Society 25 (2005) 1241–1249 1245

whereA is the constant,n is the stress exponent,Q is the ac-
tivation energy for plastic deformation andR is the gas con-
stant. Waku et al.12 found n= 5–6 andQ= 670–905 kJ/mol
from the compressive creep test and Yoshida et al.15 found
n= 6 andQ= 730 kJ/mol from the static compressive test of
the present composite.

It has been known that the plastic and creep deformation
of ceramics is controlled by dislocation mechanisms (dis-
location glide and climb, dissolution of dislocation loops
and so on) or boundary mechanisms (sliding accommodated
by diffusion, sliding with glassy phase at grain boundary,
and so on), as summarized by Cannon and Langdon30 and
Davidge.31 The boundary mechanisms are not the present
case since the present composite has very clean interface be-
tween Al2O3 and YAG and has no grain boundary and no
glassy phase.6,8,11Waku et al.12 and Yoshida et al.15 observed
the dislocation structures in both Al2O3 and YAG in the plas-
tically deformed specimens with the transmission electron
microscope. Their observation result, together with the mea-
sured value ofn= 5–6, suggests that the plastic deformation
of this composite can be attributed to the dislocation glide
and clime, controlled by climb.30,31

Concerning the tensile behavior of this composite, the tem-
perature and displacement speed dependence of flow stress
is not fully known. In the present work, theA, n andQ val-
u loca-
t the
v d
f ain
c
s -
n same
a e
fl re-
p strain
c hen,
f to
E ich
w l esti-
m ioned
a

σ

om-
p ork,
t eld-
i ent
fi ns, it
w is us-
i ibe
t
t cal-
c lated
v

Fig. 5. Comparison of the calculated plastic flow stresses by the finite ele-
ment method with the measured ones of the unnotched tensile specimens de-
formed at 1923, 1973 and 2023 K under the displacement speed of 10−7 m/s.

3. Results and discussion

3.1. Experimental results of stress–displacement curve
and notched strength

Fig. 6 shows the measured tensile stress–displacement
curves of the notched specimens at the temperatures of 1873,
1923, 1973 and 2023 K under the given displacement speed
of 10−7 m/s. The stress is given by the gross stress, estimated
by dividing the load by the cross-sectional area. The spec-
imens at the lower temperatures of 1873 and 1923 K frac-
tured in a brittle manner in the elastic range, while those
at the higher temperatures of 1973 and 2023 K fractured
in a ductile manner, accompanied by the plastic deforma-
tion in spite of the existence of the notch.Fig. 7 shows the
measured stress–displacement curves of the notched spec-
imens at the displacement speed of 10−8, 10−6, 10−6 and
10−5 m/s under the given temperature of 2023 K. The spec-
imens fractured in a ductile manner when deformed at the
lower displacement–speeds of 10−8 and 10−7 m/s, while they
fractured in a brittle manner when deformed at the higher
displacement speeds of 10−6 and 10−5 m/s. In this way, the
fracture mode turned from brittle to ductile with increasing
temperature under the given displacement speed (Fig. 6) and
with decreasing displacement speed under the given temper-
a

mea-
s ed of
1 er the
t o
t shown
i en
c and
d ugh-
n ed
i llow-
i

es were determined as follows. (i) Based on the dis
ion mechanism for plastic deformation as stated above,n
alue was taken to be 5. (ii) TheAandQvalues were estimate
rom the result of Waku et al.,11who reported the stress–str
urves up to 2023 K under a strain rate of 10−4 s−1 (corre-
ponding to a displacement speed of 10−7 m/s) using the un
octhed specimen whose overall shape and size were
s the present specimens (Fig. 3(a)). As the variation of th
ow stress with strain in the plastic region was small in the
orted stress–strain curve (Fig. 11 in Ref. 4), the stress–
urve was approximated to be elastic-perfect plastic. T
rom the fitting of the flow stress-values at 1923–2023 K
q. (3) with n= 5,Qwas estimated to be 750 kJ/mol, wh
as nearly the same as 670–905 kJ/mol and 730 kJ/mo
ated from the compressive creep and static tests ment
bove. Thus, we had the followingσ (MPa)–̇ε relation:

=
{

ε̇

1.23× 105

}1/5
{

exp{1.81× 104}
T

}
(4)

The yield stress (and flow stress after yielding) of the c
osite is a function of strain rate and temperature. In this w

he Von Mises criterion was applied as the criterion for yi
ng using Eq.(4). In advance to the application of the pres
nite element analysis to the notched tensile specime
as checked, whether the present finite element analys

ng Eq.(4) andEc, νc andGc mentioned above can descr
he behavior of the unnotched specimens or not.Fig. 5shows
he comparison of the measured flow stresses with the
ulated ones by the finite element analysis. The calcu
alues are in good agreement with the measured ones.
ture (Fig. 7).
Fig. 8shows the (a) temperature-dependence of the

ured notched strength under the displacement spe
0−7 m/s and (b) displacement speed dependence und

emperature of 2023 K. (a) to (d) inFig. 8(a) and (b) refer t
he specimens whose stress–displacement curves are
n (a) to (d) inFigs. 6 and 7, respectively. The closed and op
ircles refer to the specimens that fractured in the brittle
uctile manners, respectively. The apparent fracture to
essKQ estimated by Eq.(1) of the specimens that fractur

n a brittle manner (closed circles) is also presented. Fo
ng features are read.
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Fig. 6. Measured gross tensile stress–displacement curves of the notched specimens tested at the temperatures of (a) 1873 K, (b) 1923 K, (c) 1973 K and (d)
2023 K under the displacement speed of 10−7 m/s.

(1) The notched strength at the displacement speed of
10−7 m/s increases, reaching maximum at 1923 K, and
then decreases with increasing temperature (Fig. 8(a)).
Also, the notched strength at 2023 K increases, reach-

ing maximum at the displacement–speed of 10−6 m/s
and then decreases with increasing displacement speed
(Fig. 8(b)). In this way, the expected temperature and
displacement speed dependence of the notched strength

F
1

ig. 7. Measured gross tensile stress–displacement curves of the notched
0−6 m/s and (d) 10−5 m/s under the temperature of 2023 K.
−8 −7
specimens deformed at the displacement speeds of (a) 10m/s, (b) 10 m/s, (c)



S. Ochiai et al. / Journal of the European Ceramic Society 25 (2005) 1241–1249 1247

Fig. 8. Measured notched strengthσN plotted against (a) temperature and (b)
displacement speed. The open (©) and closed (�) circles refer to the ductile
and brittle fracture modes, respectively. The right axis shows the apparent
fracture toughnessKQ, which was estimated for the specimens fractured in
brittle mode. (a) to (d) attached to the data points in (a) and (b) refer to the
specimens whose stress–displacement curves are presented inFigs. 6 and 7.

((i) and (ii) mentioned in Section1) are actually
observed.

(2) In our former work,21 the apparent mode I frac-
ture toughness,KQ, measured by the bending test
was around 2.5–8 MPa (m)1/2 in the temperature range
of room temperature to 2023 K, depending on the
test temperature and displacement speed (Fig. 2).
The measured values ofKQ of the present work are
2.8–6.2 MPa (m)1/2, being nearly the same as the former
values.

(3) The fracture mode of the notched tensile specimens
turns from brittle to ductile when the temperature
becomes high under the given displacement speed
(Figs. 6 and 8(a)) and it turns from ductile to brittle
when the displacement speed becomes high under the
given temperature (Figs. 7 and 8(b)). In spite of the ex-
istence of the notch, the temperature and displacement
speed dependence of the brittle–ductile transition shows
the same tendency as that of the unnotched bending spec-
imens (Fig. 1).

3.2. Finite element analysis

The features mentioned above suggest that the stress state
at the notch tip plays a dominant role to determine the frac-
t ough
t of the
p

When the temperature is low or the displacement speed
is high, the size of the plastic zone ahead of the notch tip is
small due to the high flow stress, which allows the extension
of the notch, resulting in brittle fracture. The plastic zone
size increases with increasing temperature (with decreasing
displacement speed), which acts to raise fracture toughness.
The feature in the present results that the notched strength
increases with increasing temperature (decreasing displace-
ment speed) within the range of brittle fracture (closed circles
in Fig. 8(a) and (b)) can be attributed to such an effect.

On the contrary, when the temperature is high or the dis-
placement speed is low, the flow stress is low, which allows
the overall yielding of the ligament, resulting in ductile frac-
ture. In this ductile fracture process, the decrease in flow
stress with increasing temperature (with decreasing displace-
ment speed) acts to reduce the stress carrying capacity of the
ligament. The feature in the present results that the notched
strength decreases with increasing temperature (decreasing
displacement speed) within the range of ductile fracture (open
circles inFig. 8(a) and (b)) can be attributed to such an effect.

Whether such a behavior surely occurred or not in the
present specimens was examined by the finite element anal-
ysis.Figs. 9 and 10show the calculated distribution of the
plastic zone and equivalent stress at the measured fracture
stress of the composite, respectively. The plastic zone and
e 1973

F peri-
m alysis.
The calculation result for the specimens deformed at the temperatures of
(a) 1873 K, (b) 1923 K, (c) 1973 K and (d) 2023 K under the displacement
speed of 10−7 m/s are presented in the left hand side, and those for the speci-
mens deformed at the displacement speeds of (a) 10−8 m/s, (b) 10−7 m/s, (c)
10−6 m/s and (d) 10−5 m/s under the temperature of 2023 K are presented in
the right hand side.
ure behavior and notched strength of the composite thr
he temperature and displacement speed dependence
lastic flow stress.
quivalent stress at the test temperatures 1873, 1923,

ig. 9. Distribution of plastic zone in the notched specimens at the ex
entally measured fracture stress, calculated by the finite element an
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Fig. 10. Distribution of the equivalent stress in the notched specimens at
the experimentally measured fracture stress, calculated by the finite element
analysis.

and 2023 K under the displacement speed 10−7 m/s are pre-
sented in the left hand side inFigs. 9 and 10, and those at the
displacement speeds 10−8, 10−7, 10−6 and 10−8 m/s under
the temperature 2023 K are presented in the right hand side.
The plastic zone is shown by the gray color.

Evidently, the plastic zone size increases and decreases
with increasing temperature and displacement speed, respec
tively. In the specimens that fractured in a brittle manner at
the temperatures of 1873 and 1923 K and at the displace-
ment speeds of 10−6 and 10−5 m/s, the plastic zone is small
(Fig. 9) and the stress concentration at the notch tip is high
(Fig. 10), while in the specimens that fractured in a ductile
manner at the temperatures of 1973 and 2023 K and at the
displacement speeds of 10−8 and 10−7 m/s, the plastic zone
covers the ligament portion (Fig. 9) and the stress is nearly
uniform in such a portion (Fig. 10). These results show that
the feature, “the notched strength increases with increasing
temperature (decreasing displacement speed) in the region of
brittle fracture (closed circles inFig. 8(a) and (b))”, can be
accounted for well by the increase in plastic zone size with in-
creasing temperature (with decreasing displacement speed)
Also the feature, “the notched strength decreases with in-
creasing temperature (decreasing displacement speed) in the
region of ductile fracture (open circles inFig. 8(a) and (b))”,
can be accounted for well by the overall plastic deformation
o

like
a high
t ign in
a

4

-
i tures

1873 to 2023 K using notched specimens under the displace-
ment speed of 10−8 to 10−5 m/s, and the results were analyzed
by the finite element method. Main results are summarized
as follows:

(1) The dependences of the notched strength on temperature
and displacement speed had the following features. (a)
The notched strength under the given displacement speed
of 10−7 m/s increased, reaching maximum at 1923 K, and
then decreased with increasing temperature. The speci-
mens fractured in the brittle manner at 1873 and 1923 K
and in the ductile manner at 1973 and 2023 K. (b) The
notched strength under the given temperature of 2023 K
increased, reaching maximum at the displacement speed
of 10−6 m/s, and then decreased with increasing displace-
ment speed. The specimens fractured in the ductile man-
ner at the displacement speeds of 10−8 and 10−7 m/s
and in the brittle manner at the speeds of 10−5 and
10−6 m/s.

(2) The distribution of the plastic zone and the equivalent
stress was calculated by the finite element method. The
feature (a) in (1) was accounted for by the increase in
plastic zone size ahead of the notch with increasing tem-
perature in the relatively lower temperature region (1873
and 1923 K) and by the decrease in stress carrying ca-
pacity of the fully yielded ligament with increasing tem-
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nted
f the ligament portion.
It is noted here that the present composite behave

metal. Once plastic deformation takes place at ultra
emperatures. Such a feature is important for safety des
pplication.

. Conclusions

The fracture behavior of the Al2O3/YAG eutectic compos
te was investigated by tensile test at ultra high tempera
-

.

perature in the relatively higher temperature region (1
and 2023 K). The feature (b) was accounted for by th
crease in stress carrying capacity of the fully yielded l
ment with increasing displacement speed in the relat
lower displacement speed region (10−5 and 10−6 m/s)
and by the decrease in plastic zone size ahead of the
with increasing displacement in the relatively higher
placement speed region (10−7 and 10−8 m/s).
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