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Nano-structured y-Al,O; ceramics have been pelletized under a pressure of 2.5 GPa on uniaxial compaction of
nano-size particles. Although the obtained y-Al,O; ceramics show low density, they have a good transparen-
cy. For estimating the influence of particle size on the transparency of nano-structured y-Al,0; ceramics,
nano-sized particles with four different sizes have been used. Nano-structured y-Al,0; ceramics made of par-
ticles whose size is <10 nm show a transmittance above 40%. Transmittance decreases with increasing par-
ticle diameter. In the case of particle size >20 nm the transmittance is less than 20%. This phenomenon is
explained by Rayleigh scattering, which is applicable to a particle diameter much smaller than the
wavelength of the incident light. The change in transmittance of nano-structured alumina ceramics on heat
treatment is not observed below 1123 K. However the transmittance remarkably decreases at above 1223 K
because of rapid grain growths with phase transition, although this temperature is 250 K lower than the
y-> a-phase transition temperature (1473 K) of bulk alumina. When the sample produced from 11.2 nm parti-
cles was heat-treated at 1173 K, the transmittance was maintained for 2 h and then decreased with increas-
ing the annealing time. At this time, the transmittance slowly decreased with grain growth without phase

transition between 2 h and 6 h, and then it steeply decreased with grain growth after 6 h with phase transi-
tion. [Received May 7, 2002; Accepted September 22, 2002]
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1. % S

L DET Iy FHHIRNRARUKAICEE T 2 RFLICER
LAKDO#E - BNODHEEBRICZ L. LaLids,
BEECEETHLTCNCDERZHRL, SBXKYFH
TRESIy I RAPEBLIENTES. JOFELTILADTY
JAD, BHAT7OVIBHONTED, ChicBAELTHy
F AUV REBWAFER, itz 5l ik -> TRILE
BoTEZEHELESHREN, ELOEXELSI v 7 ABE
BEhiz. TUVIFREWNAY EEr v ToFEOLD, Tkt
HOTEXOBED L RXINF—TIRBIRBEI S\, TIVI
FICO LI RBEEN»S LRBEEMK & L TR W HHHO
—2OTH5.

—7%, TEXOEEL D IS d A4 AONTFERVTEL
HABBIRLIAZITHONTWS. BRI/ B mERE
TAHILICLY, XBERTHT /#EELS I v 7 A% Skan-
dan, Chen B34 RPLEELINM/EL TW5. Y,0; RU AL,
F/RFr—BENTA L CRFLXERARYFTE LS
IV TABBRTES. ¥, 7/ BHEVEREE LT A
L LT, BERBHPENMEELYCERGSERETSHI L
TAEETH S L BEFON S, Gallas 5943, TR E20 nm
OB Fa, EE69115.6~22.4 nm O FE BT, HinFlxL
T2.5GPa THERK L, BHE y-ALO: #FHR L 7. Gallas
ENCEBECDES I v 7 AD Vickers B3 9 GPa BE T
H5Y, FTRLUEREEIEELS L TLEL 2 25F5E W
LEFRL. BEONIFERMG L L TERAR - THEDER
ENHPEVF /A XD y-ALO: iR —ERETH &K
X o THEBLL 7o/ #58 y-ALO; DXEFE B 1L Rayleigh #EL

LA TRTFYAXDOMINE EHICETTE &2BEL
oo CoZ kiR, ERHOEELS, HEBEE*BLASEET
KEHTNAHBE, ChoF/f#ErT 3y 7 ARBHESHN
FORRMSHETT 5 L ABEBER K SEESEL 5.
AFRICBVWTRBR T COEAZEEL, RLBICKT5S
F /B y-ALO; OXEEAMOE(LIZ OWT, BAEBERE, 4
BRS¢ THEMCHAEL.

2. EBRAE

F /A XTI FHEOERICIE, B MOCVD (metal
organic chemical vapor deposition) RIGEBE® HV /-, HEER
¥ & L UEFE AI(CH;); (Aldrich Chemical Company, Inc.
B) *AVWHe FEK CHMELRGS €A TTIVITHE
2187, EEOHMIOVWTIREEOARERL LRI EERE
hcwW), ZDLEDEREHF#RIICTT. Bohi 4D
BRI Gy L 4 X (SKH, SKD $#8!) 1240 mg FEI|/L ,
EH#25GPa & L Tlmin DIMERHBIC L D ERE R ER
L, CHhEXFEHEFERALSE L. GRAEI X 55884

Table 1. Properties of AlO; Particles Synthesized by CVD
Method

TMA concentration Reaction Averagz particle Standard Crystal
/mol % temperature /K size (TEM) /nm deviation /nm Phase
o011 1273 5.6 1.18 Y
0.066 1273 1.2 3.57 y
0.182 1273 22.4 827 T+8
0.182 873 34.4 12.1 ¥
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DR Z AT 5708, HEFHEFMAR % XKKFTL173~
1323 K D& TEALE L /-, ¥/, 1123K, 1173 K O#LHE
BEICSWTEAERMEZELL-ERLT- 4. BEHBH4ER
U o B HAH EFHERSE (SEM; H-800, Hir8Iff
el *BVWTHEELA. O EDEFHMEBEIL200
KV, EFC—ABWE3um ¢ L. HESHRUEERZEIL
EEHBETE#E (TEM) OFEHp S FO Heywood B %
HEILAZERTY L LB, XEEEOFMICITHNIES
(UV8600, BEBIFRTEL) A\, B4 - THEOXEER
PRELL, IECEIEE3mm OFAYETA267 7Y
WRES VTRV E -4 52 & C, KEREEY—FELL
7o, BEREORTEIIIEB X EEFERE (EFS, RINT-
2500) #HB\ 7z, 40kV,100mA D CuKa XBTAF v+ /R
Y—F1.0°/min D&4THON/AEIT/NZ— 55, Scher-
rer Rz AV TERRZEH L .

3. BE E:

TEMICEBBEr L, ERLICESBERZVTRLXOE
£ (A=200~800nm) X W+45/h&L, TIERTLOKHK
ESMINENPNIVHIDIRE Y +—T Tho7-. EREREED
ERICHESPEWFE v, FERERU X BEITIC &
NEELEREER IR

FEHREELL2 nm OB EE AV TEM L A REBAOEBRER
27T BONIHEEIRIEL0.20mm THD, BE
E (2.55g/cm3, #69%TD) iy bbb obd, BFLXESR
HEERLTWA.

ETREBOZREEAL SR/ BEDOHEFFHEL /2. Rayleigh
HELOBE, NTOERCEKFELZV\IOTAREH LT /HFIC
ML THBRATES. HICERLINELHFORHOLHEL
HEOE{LER L. EREBE» S, HFOFHREH»20nm %
BA5LAEARIZEICEAEL, 34.4mm O FILBWTIE
WX UTOXBAEL BN 7. ChHORFITW
FThHLXOERLD LIPS VWRETH 545, Rayleigh #E.D
EEAF 5D, FHNE0mm U ETREX B RS E
BOHEE L TRAETTH 5. £, 10 nm LLTFORF A
W5 L THRAERRIC BV TRFLEEBREBLIEHT
&l —F, ASHERIC E2HESIRDET b Rayleigh #
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Fig. 1. Particle size distributions of obtained alumina particles as
a function of size determined by TEM observations.

HOMEBTHY, BEELTIE 2N TEEARAVTHOR
BHZOWTHEL <{E< 7 5. Beall & Duke® < Miyauchi®®
ERLD LD —2DR FIZIBI1T 5 Rayleigh BELOEL
AMEEIAHEEED 4 RICK LS, HED6 FICHFT
BCEFBELTWS. £/, BEGYL, FRBEOHARR
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Fig. 2. As-compacted nano-structured alumina specimen with the
optical transparency (average particle size; 11.2 nm).
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Fig. 3. Transmission spectra of nano-structured alumina depend-
ing on various initial particle sizes.
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Fig. 4. Transmission spectra of nano-structured alumina depend-
ing on various annealing temperatures.
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Fig. 5. TEM micrographs of nano-structured alumina ceramics
sintered at (a) 1123 K and (b) 1273 K.
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Fig. 6. X-ray diffractions pattern of nano-structured alumina for
various annealing temperatures.
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Fig. 7. Annealing temperature dependency of a transmittance for
the change of particle sizes.

R HELR T T5720, BLEBBROE, - AS
B ES00 nm K BT B EBBRF AV, BEARETER L
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W, 12BKHUETHAET S LICLDHEEBICHESH
BEHRID, TOXBBRITSXLITICEZTREL -

ZD y-ALO; 6 -AlLOs NDHEEBITEEZ (y-ALO; 3.69
AL0;3.99) %4 L, BENFORITERIAREFERICHS.
COHEBEER, &K, KFRETOD, y—o BEBEE
LENTVWAIATIK E N H250K HEL - TW5B. Ky b
FURERD X > IMEEEICSWTHEBRESTHEI 2
i3 Liao 6 Lk > THESI N TV 5, FWEDO LD CHEE
—BRHE TR T 550 Th, REENSHEBBEXET
TR BHBEHBEONA.

HMERBMOFEIC DWW THRE T 548, KELL2nm O
FrBWTESL ARSI L C1173 K CRAE 1T - /.



Journal of the Ceramic Society of Japan 110 ([12] 2002

1065

FFHLZ it
70
A{'anealing Temp. : 1173K
knitial Particle Size - 11.2rnm
60 |
Ohr
2hr
50
X
; 4hr
Q 40
5 6hr
(3]
s 8hr
20
” 10hr
0 i — 12hr
200 400 600 800

Wavelength /nm

Fig. 8. Transmission spectra of a nano-structured alumina de-

pending on various annealing time.
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Fig. 10. Annealing time dependency of a transmittance for
change of the initial particle sizes at the different annealing temper-

atures, (a) 1123 K and (b) 1173 K.
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Fig. 11. Holding time dependency of a grain growth for change of
the initial particle sizes at the different annealing temperatures,
(a) 1123 K and (b) 1173 K.
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MOCVD ZRiC L D &R L 7= 7V 2 FBEHF 2 VT, %5
BEDBDEF /BETIVIFESI vy 7 ARERTIERL/.
BB /BET VI FES Iy 7 ZADMEEICIE15 nm
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BRI SEWERAREIZIIZZK LT TH- 2.

1173 K LA EOBMBEE Tt y-ALO; 0 6 o-ALO; ~DHE
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*EBRLELSHEL L.
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