Journal of the Ceramic Society of Japan 112 [3] 159-166 (2004)

Paper

7L 2 F/YAG —ARIEEMFEORME

TEEF - MBEE - BRMK - HIFNES - REEE" - MAFTE - REX—
R TEREIEHAL S I v 7 AWF9ET, 226-8503 REETHiAkX RE HET 4259
HEA K LA, 520-2194 {8 R ACEE T KL 4 1-5

R (BR) DT IEPASE A T ST E AT,

755-8633 FIHI AT/ A 1978-5

Interface of Unidirectionally Solidified Alumina/YAG Composite

Masakuni MIYAZAWA, Yasuhiro TANABE, Nobuo ISHIZAWA, Kazuyori URABE,* Hiromi NAKANO,*
Yoshiharu WAKU** and Eiichi YASUDA

Materials and Structures Laboratory, Tokyo Insitute of Technology, 4259, Nagatsuta, Midori-ku, Yokohama-shi
*Faculty of Engineering, Ryukoku University, 1-5, Yokoya, Seta-Ohe-cho, Ootsu-shi
**Ube Research Laboratory, Ube Industries Ltd., 1978-5, Kogushi, Ube-shi, Yamaguchi

226-8503
520-2194
755-8633

Detailed examination on growth direction, orientation relationship between two phases and the interface
structure were carried out for an alumina/YAG (Yttrium Aluminum Garnet) melt-growth composite (MGC)
prepared by the Bridgman method. Transmission electron micrograph revealed that this MGC had in coherent
interfaces, and that alumina had a twin. It is suggested that the interface was dominated by the growth of YAG,
and that close packed planes of the both phases were well mached, being parallel to the solidification direction.
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Fig. 1. Laser microscopic image of microstructure of cross section

(A) perpendicular and (B), (C) parallel to the solidification direction
in unidirectionally solidified A,O;/YAG eutectic crystals. Dark and
bright phases indicate Al,O; and YAG, respectively.
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Fig. 2. Laser microscopic image of three-dimensional microstruc-
ture of a unidirectionally solidified A,O;/YAG eutectic crystals.
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Fig. 3. Powder X-ray diffraction pattern of unidirectionally solidi-
fied Al,O3/YAG eutectic crystals.
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Fig. 4. X-ray diffraction pattern of unidirectionally solidified
AlLO;/YAG eutectic crystals at two planes parallel to the solidifica-
tion direction.

[001]

[103]

Fig. 5. Stereographic projection showing the electron diffraction
used to measure growth direction of YAG.
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Fig. 6. Twin boundary in Al,O; phase.
(a) Electron diffraction, (b) bright field image, (c) dark field image.
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Fig. 7. Stereograph showing the orientation relationship between
AlL,O; and YAG.

Fig. 8. Diffraction patterns and lattice image of linear interface in
unidirectionally solidified AL,O;/YAG eutectic crystals. The right
phase is Al,O; and the left is YAG.
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Fig. 9. Schematic illustration of misfit in Fig. 8.

S

N/

N
S
—_—

g N SR

177/

el

Fig. 10. Magnified figure of Fig. 8. The right phase is Al,O; and the
left is YAG.
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Fig. 11. Correspondence between (a) crystal direction and (b)
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Fig. 14. Schematic of misfit along the vertical direction of
longitudinal section (C).
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Fig. 15. Tilt angles versus the relative frequency of interfacial
length. (A), (B) and (C) correspond to textures in Fig. 1.
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niE, —-83ORMmMEDHEMELRNISKICHL T, 0°FHD

83°V— 7 DM ERAH0.6% L F L < 7x<, BRI TH S Hm0
5 ALO; DFEREEIC L Db D LB S hD . fEtWm (C) 1
DWTHEFDOFER E e - 7.

DEXD, —HECTERSNSEHRZRREO KT
YAG Of G Ic XSRS hEsEE2ZLNL. —T
T, #EWmE (B) O TR SNz kDI ALO; DEICH S <
LEZ ONARAEOMER I NI, ALO; DEMITHAAEF O
THRMAFEH 7> TED, RFEIZRIVF—2R/NETH2DIC
ALO; DXHE P REZ IS T 5 L BPWRE L 7k 5 7o LHER S h
. JC2T, BEOKMBEME, AP THEL CRET
L HbETEHBRL T, R1YVVICRT. ChbOLmsE s
LT, ALO; (I FI%HE Cd 5 EmE AR EMIC /5D Tl
<, YAGHIZH L CHEIAT A5 A C EHFtA s
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section

Longitudinal

(B)

LR
Longitudinal || =~ : YAG (110)
(&) section (C) || B
YAG (-110) |58 3 &
> Solidification
AR direction
Relative .
. Tilt Crystal face of
Peak number  fre q[:ﬁe)m.y (degree) YAG
[&] 24.96 -90 (110
@ 2.63 72 Z10
@ 3.23 63 (310
@ 4.43 -45 (o0
® 3.50 0 (110
® 3.43 45 010
@) 2.99 63 (130
® 3.19 72 (120)
@ 3.33 88
Longitudinal
section (A)
(B) Longitudinal YAG (001)
t1 C
section (©) | AR Solidification
. { (@ direction
s
Relative . Crystal face of
Peak Tilt Crystal face of
number freq(ue)ncy (degree) YAG Al20s
o 24.5 -90 (110
@ 3.52 -83 (o1
@ 2.83 -76 (EEEY]
@ 3.84 72 Zz1
® 2.11 63 (332
® 2.91 -45 Zza3
@ 2.86 45 (223
@ 2.32 63 (232
@ 2.68 72 2z 1
an 2.44 76 (331
Fig. 16. SALT analysis in section of transverse (A) and longitudinal
(B)
Table 1. Present and Reported Growth Direction in Unidirectional-

ly Solidified Al,O;/YAG Eutectic Crystals

Type | Growth direction of YAG Growth dlr(.ectlon of ALO; Reference
{torigonal)
1 <110> <110> (2], 131
2 210> <110> 14, 15}
3 <100> <100> l6]
4 <210> <110> 14° inclined to S.D. 7
5 <11t> <110> (81, [9
6 <743> <110> 14° inclined to S.D. (101, [11]
7 <277> <100> [12]
[[s ] <100> | <160>7 inclined to S.0. | Present study |
’ S.D. Solidification Direction
SFED, cHIAHIIA GREIMN) TRV, —J5T YAG

I3, TOBMEAE LS (B Io-3d) 7 SR A E
T 5. YAG BfERoO&EE 7 V) — 7R BRICE VT, {11215
FTAROMEE L TRHES L9,
O_HPWEB THH Z LIFFEWR V. K1

MO EDO E L ST

BRI

IR T 5.

INGINTEBE

25, YAG O

3, type 6 LISMIRTAD D &H 60K L THAT

ICFE 25 &, EFMMAEHORMBIRIE

RS S hOME I 2 W2\ EhE 5 2 el L UK S

n, BETT TN SREEICK L COMT AR MOM A G D4
THbHI L, RICKRFHEMEMROENNE L, BTHEMEROZER
T/NTIN 2 B 72 DI I B e A5 T OB A 70T TR =
B AR C LRSS

4. #& @

Bridgman 12 & 0 {E#L L 72 ALO;/YAG 3£ df— 77 [ ¢ [E] 41
OBEE F 1, BLHBERME R mMESE AL, ZNh 5D
ERRIC G 2 5B OW TR L&A, TR a s
7z

(1) BERXHEEET LD, ZOME» YAG HEU ALO;

DD AP GRS NTNDHC EwfER L 7.

(2) XEEPrE L BEFEITEEZ0HL, ALO; ML
YAG HIZ L CTOEE #RL A ORERBIEL TWAH T &
DI L 7o, &/, MU XORR T EIGE 22 O 6 o B 1 B 6k
L2,

(3) ALO; HIZEWHMIC A% & kM TH %55, TEM IZ
F ARG EIC SO THADOIERABE I N/, TOB,
X, BEAERZRO cllilblizicfEgd 5 &E2bNh/z. —H/T
YAG HiZ, 2 TORTBICEWTHKERHETH S & PR
nir.

(4) V—Y—EAMEIC L HMAMBIE LY, LTS
BRI L CARBAN R 5 A S5 RS % 4 9 % anomalous
eutectics TH % Z & HHER L 7. B OE @B X0,
ALO; ¥ YAG O TH 6N % EMAR L AT YAG DR it
FBIGENL THERIN T, 2% ), REBEIT YAG H2
BETHEEZOLNIC.

(5) HRTEM % B\ Cili O R mT O T84S L
Batl7z2h, pRIBEE TRV EVD A, BTHaEfRoZ£
DINEWD MO FTHRTFEAEICEN/CAE TH S 2 L0
FIHRL 7.

(6) BEFEOHIFEZEOT, LMD A SHEE & WHOKK
WL A SN T ROV o ST TY i< AW A fa i T 4 |
RIS L CTRPICES L TR 5 EOfmIcEL /2.

B B OFRICEBL, HRIEXFICHAYS Iy 7 AR -
HHBERTICHB TS £ L. £/03EH Th 5 fE
FRICBEARRICE 20D O T, KB HETHEEL. &
LR TD L EDICEROBELRLET.
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