Available online at www.sciencedirect.com

SCIENCE@DIRECTO Egsas

ol TSR
ELSEVIER Journal of the European Ceramic Society 25 (2005) 1441-1445

Vi

www.elsevier.com/locate/jeurceramsoc

Crystallographic orientation analysis and
high temperature strength of melt
growth composite

S. Sakatd A. Mitani, K. Shimizu, Y. Waku

UBE Industries, Ltd., 1978-5 Kogushi, Ube City, 755-8633 Yamaguchi, Japan

Available online 3 February 2005

Abstract

A unidirectional solidified AJOs/YAG binary melt growth composite (MGC) with 40 mm in diameter and 80 mm in length has been
fabricated by the Bridgman method. In order to clarify crystallographic characteristics of the MGC fabricated, we carried out the crystal
orientation analysis using pole figure measurement from two directions for two MGC ingots. The solidification directions of each ingot were
almost [1 12 0] Al,Oz and [1 1 0] YAG, and [0 1L 0] Al,O; and [1 1 0] YAG, respectively. The same set of the crystal orientations which were
[0001] Al,O3 and [L 1 2] YAG existed in the plane vertical to the solidification direction in two MGC ingots. Since the result of the crystal
orientation analysis from two directions was corresponding, these MGC ingots were composed of a siDglrystal and a single YAG
crystal. The relation of the crystal orientation between thgDAlphase and the YAG phase in one ingot agreed with previous studies on
directionally solidified A}O3/YAG eutectic composites.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction tion analyses of MGCs were done with TElnd X-ray* but
these were local analyses. In the@b/YAG eutectic com-

A unidirectional solidified AJOs/YAG eutectic compos-  posite made by the laser-heated float zone method (LHFZ),
ite with 40 mm in diameter and 80 mm in length has been the crystal orientation analysis over the entire crystal rod has
manufactured by the Bridgman method (BM) in UBE Indus- been doné.This work gave some important information for
tries, Ltd. We call this material as a Melt Growth Composite understanding mechanical properties of the@yYAG eu-
(MGC). Excellent mechanical properties of a MGC appear tectic composite made by the LHFZ.
from the entanglement of a single s crystal and a single In order to understand the excellent high temperature me-
YAG crystal, and no existence of amorphous phases at the in-chanical properties of the MGC made by the B¥i¢rystal-
terface between AD3 and YAG phase$ Since the existence  |ographic analysis over the entire MGC ingot are important.
of grain boundaries causes the decrease in the mechanicathe Laue method is useful for studying the crystal orienta-
properties of an AlO3/YAG eutectic compositéjt is impor- tion, but in case of MGC it needs to separate the diffraction
tant that an ingot of a MGC is composed of a single@y pattern for each crystal. This method needs high skill to de-
crystal and a single YAG crystal without grain boundaries. termine the crystal orientation in the MGC ingot. Therefore,
The orientation analysis of AD3 and YAG phases in the  the pole figure technique was applied to determine the crystal
MGC ingot is an effectual method for the confirmation of the orientation of the MGC ingot. Because only the peak from
quality of the MGC ingot. In the previous studies the orienta- 3 target crystal plane is observed in the pole figure measure-

ment, it is most suitable method for the MGC ingot. We report
mpondmg author. on the analysis of the crystal orientation of the entire MGC

E-mail address26676u@ube-ind.co.jp (S. Sakata). ingot.
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2. Experimental measured from two directions (mounting A and mounting B).
The mounting A was for investigating the solidification di-
2.1. Unidirectional solidification rection and the mounting B was for investigating the crystal

direction perpendicular to the solidification direction. From

Commercially available AlO3 powder (AKP-30, Sum-  comparison of the results of the mounting A and mounting
itomo Chemical Co., Ltd., Tokyo, Japan) andQ3 pow- B, the crystal directions can be investigated in the whole in-
der (Y>03-RU, submicron-type, Shin-Etsu Chemical Co., got. “JSV1.08 lite” was used for drawing the stereographic
Ltd., Tokyo, Japan) were mixed to give a mole ratio of projection.
Al,03/Y 203 =82/18. Wet ball milling using ethanol was car-
ried out to obtain a homogeneous mixed powder. The prelimi-
nary melting experiment of this powder at 19@for 10 min 3. Result and discussion
was performed in the Mo crucible heated by high-frequency

induction heating under a pressure of 2.60-%Pa of ar- Fig. 2 shows an SEM image of the microstructure of a
gon. The unidirectional solidification experiment was per- cross-section perpendicular to the solidification direction of
formed using the Bridgman-type equipment at the Japan an Al,0s/YAG MGC ingot A. The light area in the SEM mi-
Ultra-high Temperature Material Research Center. The in- crostructure is the YAG phase, and the dark area is th@A|

got obtained by preliminary melting was inserted into the phase. These phases entangle each other three-dimensionally.
Mo crucible (40 mm in inside diameter by 200 mm in length) The dimensions of the YAG and #D3 phases are around
that placed in vacuum chamber, and a graphite susceptor wa®0-30um (this dimension is defined as the typical length of
heated by high- frequency induction heating under a pres-the short axis of each domain). Since the minimum irradiation
sure of 2.6x 1072 Pa of argon. After holding for 30min at  area of X-ray is 1.0 mnx 0.8 mm for pole figure measure-
1900°C, unidirectional solidification was carry out by low- ment, it is enough area for the homogeneous measurement.
ering the Mo crucible at speed of 5mmtin the same argon  Fig. 3shows the examples of pole figure for specific crystal
atmosphere. Since the seed crystal was not used in these sqylanes for the AIOs phase and the YAG phase in the MGC
lidification, the solidification direction of the MGC ingotwas  ingot A. The center of pole figure corresponds the solidifica-

determined naturally. tion direction in the mounting A and the apex of specimens
in the mounting B. These symmetric patterns indicate that
2.2. Pole figure measurement the Al,O3 phase and the YAG phase are single crystals. The

shape of each spot informs the crystal quality. Since the ir-

The obtained MGC ingot was cut in the plane vertical to radiated plane is not flat in the mounting B, it is essentially
the solidification direction and was made to semicylidrical distorted. The spot of the (4 00) YAG plane in the mounting
shape in order to set on the stage of X-ray apparatus. The di-A (Fig. 3 (c)) is diffuse greatly, so the YAG phase in this
mensions of the specimens were 40 mm in diameter by 10 mmingot might contain subgrains. From these measurements the
in thickness. Two specimens were prepared from two differ- stereographic projection were drawn for each crystal for each
ent ingots of MGC. In this paper it called as ingot A and mounting. The results are shown fiig. 4 Each point was
ingot B. The pole figure measurements were carried out with plotted from each measurement. For example, the point of
Rigaku RINT-2500 using Nifiltered Cudradiation. The di-  the (100) and (010) YAG plane ifig. 4 (d) were plotted
vergence slit and receiving slit were 0&nd 3 mm. Stepsize
of pole angle ¢) and azimutal angleg) are 2.0/step. The
measured crystal planes were (02), (1 01 4), (112 3), and
(3000)forthe AbOs phase, (220),(400),and (4 2 2) forthe
YAG phaseFig. 1shows the radiation direction of X-ray and
mounting orientation of a MGC ingot. The pole figure was

-

X-ray ( mounting B )

Direction of
solidification

X-ray ( mounting A )
Fig. 2. SEMimage showing the microstructure of a cross-section perpendic-
Fig. 1. Schematic drawing of the mounting of the specimen for pole figure ular to the solidification direction of the unidirectional solidifie¢®k/YAG
measurement. MGC ingot A.
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Fig. 3. Pole figures of the specific crystal plane for the@y and YAG
phase for each mounting in the MGC ingot A.

from the pole figure of the (400) YAG plane Fig. 3 (c).
The solidification directions of the MGC ingot were deter-
mined from the result of the mounting A. Those were almost
[1120] Al;03 and [110] YAG. The difference of the so-
lidification direction and these directions was 3—&rom
the result of the mounting B the crystal directions perpen-
dicular to the solidification direction were determined. The
results are shown iRig. 4 (b) and (e). The axis off00 1]
Al203 and [L 1 2] YAG existed in the plane perpendicular to

the solidification direction and they were parallel. The stere-
ographic projections of the mounting B forecast from the
mounting A were corresponding to actual measurements that
are indicated irFig. 4 (b) and (e). As a preliminary expla-
nation, the calculated stereographic projections are shown
in Fig. 4 (c) and (f). These are projected from the solidifi-
cation direction. For example, the angle between the (1 10)
Al,03 plane and the (00 1) AD3 plane is 90 and this re-
lation corresponds to the result of the (11 0»®4 plane in

the mounting A and the (00 1) AD3 plane in the mounting

B.

Fig. 5 shows the examples of pole figure for the MGC
ingot B. These spot patterns also indicate that thgOAl
phase and the YAG phase are single crystals respectively.
Fig. 6 shows the stereographic projection of thex®@4
phase for the MGC ingot B. Because the stereographic pro-
jection of the YAG phase was similar to that of the in-
got A, it was omitted. The solidification direction of the
MGC ingot B was almost [0 1 0] Al,O3 and [110] YAG.

The difference angle between the solidification direction
and these crystal directions was 7<1This difference is
larger than that of the ingot A. There might be an offset
angle. The crystal directions that were vertical to the so-
lidification direction were 00 1] Al,O3 and [L12] YAG

and they were parallel. The stereographic projections of the
mounting B forecast from the mounting A were also corre-
sponding to actual measurements that are indicateétirb

(b).

Fig. 7 shows summarized crystal orientations for the in-
got A and the ingot B. It must be noted that these crys-
tal orientations were determined from the measurement of

mounting A

mounting B

calculated
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Fig. 4. (a, b, d and e) Stereographic projections for thgDdland YAG phase for each mounting in the MGC ingot A. (c and f) Calculated stereographic
projections for the AIO3 and YAG crystals.
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Fig. 5. Pole figures of the specific crystal plane for the@y and YAG
phase for each mounting in the MGC ingot B.
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Fig. 6. Stereographic projections for the,®s and YAG phase for each
mounting in the MGC ingot B.

mounting B

AlO3

two different mountings. The measured MGC ingots were
composed of a single AD3 crystal and a single YAG crys-
tal throughout the ingot. The ingot A and the ingot B had
the same directions that wer@ 0 1] AbO3z and [L12]
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YAG and they were parallel. These directions were also
found in our other MG@ ingot. The combination of these
crystal orientations was discussed from the viewpoint of
the dislocation in the AlOs crystal? The relation of the
crystal orientation between the A3 phase and the YAG
phase in the ingot A agreed with the previous studi®s.
Based on the crystal orientation relationship of the ingot
A, the crystal orientation of the ADz phase in the ingot

B rotated by 30 around the 112] YAG axis. The sym-
metry of the AbO3 single crystal might influence this an-
gle.

The comparison with the texture and orientation analysis
of the AlbOs/YAG eutectic composite made by the LHFZ
will give important information about mechanical properties
of MGCs. They have the different microstructure and mo-
saic structure. The average domain size in the MGC was
larger than that made by the LHFZ. The difference of the
domain size at center part and edge part in MGC ingot was
small. This means the difference of the thermal gradient in
the BM at a central part and the edge part is small. The mist-
ilt of the growth direction between the AD3 phase and the
YAG phase existed in the composite made by the LHFZ. This
mistilt caused the mosaic structure in this composite. Since
mistilt was small at the center part and large at the outer
part, the mosaicity might change according to the radial po-
sition. On the other hand, there was no mistilt in the MGC
ingot judging from the comparison of the crystal orientations
for the mounting A and the mounting B. Additionally; the
spot shape of the mounting A Figs. 3 and Showed that
the anisotropy of mosaicity was few. These results indicate
that the mosaic structure in the MGC ingot is uniform. The
uniformity of the microstructure and the mosaic structure
are one reason that the MGC ingot has excellent mechani-
cal properties at the high temperature. Such uniformities are
caused from the uniformity of the temperature gradientin the
BM.

Solidificatiogy 4 "
direction " &= ) o
A ALO,: [1120]
YAG: [110]

Ingot A Ingot B
Al,Oj :[0001]
& ] A ALO;10001]
P ' YAG :[112]
YAG :[001]  !z.st/! YAG :[001] !

Solidificatiort4s,7.11* '
direction -~ i~ 5

L7 AL, (61707

43

YAG: [110]

Fig. 7. Schematic drawing of the orientation of the MGC ingot A and ingot B.
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4. Conclusions

The crystal orientation analysis of the MGC ingot with
40 mm in diameter manufactured by the Bridgman method
was carried out with the whole ingot. Since the result of
the crystal orientation analysis from two directions was cor-

1445

. Parthasarathy, T. A., Mah, T.-l. and Matson, L. E., Deformation

behavior of an AJOs-Y3Als0;1, eutectic composite in compari-
son with sapphire and YAGJ. Am. Ceram. Soc.1993, 76, 29—
32.

3. Yoshida, H., Shimura, K., Suginohara, S., Ikuhara, Y., Sakuma, T.,

responding, these MGC ingots were composed of a single

Al,03 crystal and a single YAG crystal. The solidification

4.

direction was different in each sample. The same set of the

crystal orientations which wer@®p 0 1] Al,Os and [L12]
YAG existed in the plane vertical to the solidification di-

5.

rection for measured ingots. The microstructure and mosaic

structure in the MCG ingot were homogeneous.
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