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Abstract

Polycrystalline Al2O3–YAG composites were obtained from the powder prepared by a co-precipitation method. After the calci-
nation at different temperatures, the crystallization of YAG was found at about 1000�C. Dense sintering bodies could be obtained

by hot-press sintering at 1550�C. Bending strength and fracture toughness of Al2O3–5 vol.% YAG and Al2O3–25 vol.% YAG
composites were 604 MPa and 5.0 MPa m1/2, 611 MPa and 4.5 MPa m1/2 respectively. It indicated that the incorporation of YAG
benefited to the mechanical property improvement of Al2O3 ceramics. TEM observation revealed that large YAG particles (about 1
mm) located on the grain boundaries of Al2O3, and some small YAG particles (100–200 nm) were inside Al2O3 grains in both

composites. Many white areas were found in Al2O3–5 vol.%YAG composite, which probably results from low concentration of
yttrium. # 2001 Elsevier Science Ltd and Techna S.r.l. All rights reserved.
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1. Introduction

Al2O3 is one of the most frequently utilized high-tem-
perature structural ceramics, but relative low mechanical
properties limit its application. A second phase is often
considered to reinforce Al2O3, and yttrium aluminum
garnet (YAG) is believed to be a very suitable candidate
for its excellent creep resistance, similar coefficient of
thermal expansion and no reaction with Al2O3 [1].
Parthasarathy and Mah [2,3] studied the processing

and mechanical properties of Al2O3/YAG eutectic
composites, and found that the composites have a flex-
ural strength of 373 MPa and a fracture toughness of
4.3 MPa m1/2 at room temperature. In comparison with
sapphire and single-crystal YAG, the composite has a
significantly higher fracture toughness at elevated tem-
peratures. However, the reports about polycrystalline
Al2O3/YAG composites were still few. Duong et al. [4]
have studied the creep behavior of fine-grained Al2O3–
Y3Al5O12 composites, but no mechanical properties
were given.

In this work, we would fabricate polycrystalline
Al2O3–YAG composites with higher mechanical prop-
erties than monolithic Al2O3 ceramics. So a homo-
genous microstructure, especially uniform distribution
of YAG particle, was an importance problem to be
considered. If the Al2O3 and YAG mixed powder was
used as starting materials to fabricate Al2O3–YAG
composites, it would be very difficult to get well disper-
sion of the particles. Comparing with the particle mix-
ing, a solution mixing would benefit to the uniform
distribution of each element. In the phase diagram of
Y2O3–Al2O3 system [5], it can be found that Al2O3 and
YAG can coexist until 1800�C in the Al2O3-rich field. If
the solution including Y and Al elements was used to
produce hydroxides, and then oxides after heat-treat-
ment, a homogenous microstructure would be hopeful
to obtain. So the co-precipitation method was utilized in
the experiments to get starting powder.

2. Experimental

Two composition powders, Al2O3–5 vol.% YAG
(Al2O3–3.2 wt.% Y2O3) and Al2O3–25 vol.% YAG
(Al2O3–15.8 wt.% Y2O3), were prepared by a co-pre-
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cipitation method. Al(NO3)3 and Y(NO3)3 were mixed
in aqueous solution with the proper ratios. This salt
solution and ammonia were added into distilled water
simultaneously while keeping pH values between 8 and
9. After washing with distilled water and ethanol, and
drying at 100�C, the precipitates were calcined at 700�C
for 2 h to get oxides. The oxide powders were hot-pres-
sed at between 1450 and 1650�C for 1 h under 30 MPa
of pressure in N2 atmosphere to obtain sintered bodies.
To learn the forming process of YAG phase, a part of

the precipitate was heat-treated at different tempera-
tures, and the phases in powders and sintered bodies
were determined by XRD, respectively. The densities of
sintered samples were measured using the Archimedes
method. For mechanical properties testing, the hot
pressed samples were cut and ground into rectangular
bar specimens (4�3�30). The fracture toughness was
evaluated from the indentation fracture method, and
fracture strength was measured by the three point
bending test. Microstructures of sintered bodies were
observed under TEM. EDS was used to detect elements
in composites.

3. Results and discussion

X-ray diffraction patterns of the co-precipitated pow-
der indicated that the precipitate consists of bayrite
(Al(OH)3) and yttrium hydroxide(amorphous). When
calcination temperature was elevated above 400�C,
bayrite disappeared, while the weak peaks of g-Al2O3
occurred and persisted until 1000�C. After the calcina-
tion at 1200�C, the powder shows a high degree of
crystallinity, the peaks of YAG, a-Al2O3 and YAlO3
were observed. The XRD pattern of the powder cal-
cined at 1300oC shows well-defined peaks whose posi-
tions are almost identical to those of stoichometric
YAG and a-Al2O3. The results indicate that crystal-
lization of YAG occurs at �1000�C. YAlO3 is meta-
stable and transforms to YAG by reacting with Al2O3
when the temperature is increased up to 1300�C.
The powders calcined at 700�C were hot-pressed at

the temperatures between 1450 and 1650�C. Although

the crystallization and transformation of YAG phase
happened during the sintering, no cracked bodies have
been obtained in our experiments. Both Al2O3–5 vol.%
YAG and Al2O3–25 vol.% YAG composites reached to
their theoretical densities after the hot-press sintering at
1550�C for 1 h. XRD revealed that only two phases, a-
Al2O3 and YAG, existed in all sintered bodies. Fig. 1
showed the XRD spectrum of Al2O3–5 vol.% YAG
composite hot-pressed at 1550�C.
Mechanical property testing at room temperature

indicated that: bending strength of Al2O3–5 vol.% YAG
composite was 604 MPa, and fracture toughness was 5.0
MPa m1/2; those of Al2O3–25 vol.% YAG composite
were 611 MPa and 4.5 MPa m1/2 respectively. All these
data were higher than those of monolithic Al2O3 ceramics
reported by other researchers (300–400 MPa for
strength, 3–4 MPa m1/2 for toughness) [6,7]. It indicates
that the incorporation of YAG benefited to the
mechanical property improvement of Al2O3 ceramics.
Fig. 2 shows TEM pictures of Al2O3–5 vol.% YAG

composite. It can be noted that the grain size of Al2O3
matrix was 2–4 mm, some large YAG particles (about 1
mm) located on the grain boundaries of Al2O3, while some
small YAG particles (100–200 nm) were inside Al2O3
grains [Fig. 2(a)]. To our surprise, a lot of small white
areas were found in Al2O3 grains. These white areas were
usually close to intragranular YAG particles, even a part
of them included half of YAG particle [Fig. 2(b)]. EDS
revealed that no other element but Al and O could be
detected in these white areas. The solubility limit of
yttrium in Al2O3 has been evaluated to 10 ppm weight
yttrium in other literatures [8,9], which could not be
detected by EDS. So we presumed that these white areas
lacked yttrium, which would lead to light contrast under
TEM, because yttrium segregated from these areas and
congregated to formYAG. In the TEMpicture of Al2O3–
25 vol.% YAG composite as shown in Fig. 3, white areas
were seldom observed. Comparing to Al2O3–5 vol.%
YAG composite, a high concentration of yttrium satis-
fied the requirement of YAG formation in Al2O3–25
vol.% YAG. However, the existence of white areas
seems to have little influence on mechanical properties of
the composites. This is corroborated by the similar
properties of the materials differing in Y2O3 concentra-
tion. From Fig. 3, it could be also observed that Al2O3
grain size was about 1–2 mm, which was smaller than that
of Al2O3–5 vol.% YAG composite. This difference is
plausibly caused by higher concentration of YAG par-
ticles in Al2O3–25 vol.% YAG composites, which
inhibited the grain growth of Al2O3 during sintering.
Microcracks were frequently observed under TEM as

shown in Fig. 4. It may be attributed to anisotropy of
Al2O3 grains and the different thermal expansion coeffi-
cients between Al2O3 and YAG. The creation of the
microcracks was advantageous to the mechanical prop-
erty improvement of composites.

Fig. 1. XRD spectrum of Al2O3–5 vol.% YAG composite hot-pressed

at 1550�C (& represents YAG, & represents a-Al2O3).
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4. Conclusions

Composite powders Al2O3–5 vol.% YAG and Al2O3–
25 vol.%YAG were prepared by a co-precipitation
method. The crystallization of YAG occurred at about
1000�C. After hot-press sintering at 1550�C for 1 h,
nearly dense bodies could be obtained. Bending strength
and fracture toughness of Al2O3–5 vol.% YAG and
Al2O3–25 vol.% YAG composites were 604 MPa and 5.0
MPam1/2, 611MPa and 4.5MPa m1/2 respectively. Large
YAG particles located on the grain boundaries of
Al2O3, while some small YAG particles were inside
Al2O3 grains. A lot of white areas were observed in
Al2O3–5 vol.% YAG under TEM, which may be rela-
tive to insufficiency of yttrium to form YAG.
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Fig. 3. TEM pictures of Al2O3–25 vol.% YAG composite.
Fig. 4. Microcrack in Al2O3–5 vol.% YAG composite.

Fig. 2. TEM pictures of Al2O3–5 vol.% YAG composite.
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