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Z7hEgch AARSFe] AR Aes) GASE 2 2 12GPa, 220GPa 2.8 vbehd 74 meigichd W3- AAs)e) o3
AAsfele B4 e 724 ABE L4505 HE o2 B

Abstract  Glass-ceramics were prepared and evaluated for the properties to expand the scope of application of the
rare earth aluminosilicate glasses, A glass-ceramic added with TiO, as a nucleating agent, which was crystallized inter-
nally and it was characterized for physical, thermal and mechanical properties of crystal and residual glass in the glass-
ceramic. X-ray diffractometer reveals an unknown crystal as Nd. sSiz.2Al. 0T «Os;, which was found in surface and in-
ternal crystals dependent on composition and heat treatments. The thermal expansion coefficients of glass-ceramics
were 5.4~6.2x107%/C, which increased with increasing crystal growth. Considering that the hardness and the elastic
constant of crystal in glass-ceramics are 12GPa and 220GPa, respectively, the application of the glass-ceramics would
be applicable for structural materials at elevated temperature.
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Auete 2 Alg o) 4 HAE WY & Atk ¥t
2 A Y

A5 o) FUYEEE Nd0:(99.95% Aldrich Chemical
Co., Inc), ALO;(99.99% Junsei Chemical Co., L*d.),
Si0.(99.2% Kanto Chemical Co., Inc.) ¢} Ti0.(99.8%
Yakuri Pure Chemical Co., Ltd.) ¥%& AH8-st%c}. A
Hell A" 7| 248 15Nd.0; - 20A10; - 658i0; (in
mol%) (NAAS) Al9] Z=A4u|E dAHA 31 YAAAQ
TiO. &} H71=E(0, 4, 6, 8, 10 wt%) & HE A7) 5749 ¢
B EWN A8E 7 7 Sulskdct (o]3) A WE 24
LILIOL IV, VE B39§). A8t 22 U7 EE o435y
Pt-20wt%Rh 7ol ¥ 1550°C7HA] 7}dsts 64)7¢
Eql 28 X)7) F T,(glass transition temperature) Ec}
%% 10T ¥ 2544 ddd & B 32 08 &
& 1217 A Foll 100C/h2 M YAA FelAzA) @
Aste 933 AASS f-21F Azstdch. ofddl dojAl
#248 5x5mE 2712 AR 1, 20A AN IRHE
AX AA5-2E Azt 13 dAges g Y44
7171 $i% 2AE F-78 800~900°ColA 1~16417 &
¢ dXestded, 23 dAe= YYGHF A=xE &
2] ZAAHA= dAR 1000~1100Ce] =2 1~8
A7t Bt dA2E W3l AHIFE Az A=
o] EAHI e AHS-E A 38 R AT [
FAL A A0 7 (SEM, JEOL JXA 840), EDS (Energy
Dispersive X-ray Spectroscopy, Oxford Instrument,
AN1000), EPMA (Electron microprobe analyser:
Cameca SX50). 234 &A= X-ray diffractometer
(Philips, Cu Ka). A5 pulse echo(2.5MHz) Y&
©)-8-% 3} nano indenter (MTS system, XP) & AH&
gk, AMAAsE TMA (TA  Instruments, 4100
USA) & AH8-3t<lt).
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Nd:0sAlO;s-Si0. AllA #2319 AAs= TiO.o ¥
o mje} 3¢ =& W AAYSE o] A} (2Y 1). 8wt
% o34 TiO, A W¥-ZAAs7} Ao Bn(2y 1
(b)), BHAANEG (Y 1@)= Fa9o FEAH (AR
7)) ol oz} AR 27} dtod o] HEE Ao
2 7o} Buse] gle}.2Y AAgsnA e st 24
2o B Yz WA Heol LS A =HH 2
919 =+ HatA =} o] ¥4Y& FESEM £49] A
2 29 20 Yepith (@) THE 99 (AHYeE R
B da] goia 1), (b) ZAAASY 949, () AAHL A}
olel & MF-HdFe R FEEHE o, AFHYRD
(0) oA Si, Al o]&o] 43 X9 vehton, &
3 Ao 2 Fe g WoiAl 29 (a) dHlAE Nd
ol o] AAA F3| AFHY GGl R AdHoR
ozt A viebudch & (b) o] AHALY B4 Nd# Ti

Fig. 1. SEM micrographs of (a) surface crystallisation (at 1100°C
for 30min) of NdAS (III) and (b) internal crystals (glass IV, at
890°C for 4h and 1100°C for 4h) in NdAS- Ti0, glass- ceramic
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Fig. 2. Distribution of elements in crystal and residual glasses

o] F3% Ao B ey} o)Ay AAAY 99 Nd, Ti
< AARY QY Y AR Al FFE 99 D olF
o] o] o] Fdtd 2 F4J9] Nd, Ti o] ¥EE ZFaAl7le
Az F, AFFE B2 () e Si. Al o)&o] Ao
2 3593 A%E =¥siach

o AR 890CNA 8, 16417 dx=|gt A& XRD
BRI w A by o, 2 F oA 9 It
1100CA 1, 4h F<k AHFEAE & AHd= 29 3(@,
b) ¢ Zth 1100CoA 1h A AEE vPA 2
8] AHE 2@l ovt 4h o)FeAdE Ao iR A
Astd Aoz Jelyrl oA dehd AALS
JCPDS o)) vep} 202 o2 Abefolct. =& 8wtds TiO.°|
3o Aol e BHAASL Aot o)del o] A4
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Fig. 3. XRD patterns for different heat treat time for (a) 1h and
(b) 4h at 1100°C after nucleation.
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Fig. 4. XRD patterns for (a) internal {powder) and (b) surface
(bulk sample) crystals at 890°C for 4h (for nucleation) and at
1100°C for 8h (crystal growth)..

Table 1 Density (g/cm®)of glasses and glass-ceramic as a function of TiO, content

Glasses nucleated glass* crystallised**
1 I I v v Vv v v
3.6907 3.6993 3.7149 3.6942 3.6901 3.6946 3.6918 3.7970 3.7310

* heat treated at 890°C for 4h
** heat treated at 890°C for 4h and 1100°C for 4h.

Table 2. Coefficient of thermal expansion (CTE) of glasses/glass-ceramics

Gl Before heat treatment After heat treatment, glass (IV)
asses
CTE Glass Glass N-8h N-8h N-8h N-8h
D (v C-1h C-4h C-8h
o107%/°C)** 55 52 5.2 54 6.3 6.2

* Nucleation at 890C and crystallisation at 1100°C
** 100<a<300C
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vebdch (28 4(b)). o]2igk A= Mo} 26=255°¢
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Fig. 5. Results of thermal analysis, (a) nucleated glass (at 890C
for 8h) (b) nucleated (at 890°C for 4h) and crystallized (at 1100
‘C for 1 (1), 4 (2) and 8h (3)) glass-ceramics

E Ag ¥ 97F ok 8444 AR AR dBRAT
(@€ 52%x107%/C °lx ZAAse AW IdARAFE
AARRRAZ NN 2A Zol7t whol= ok 6.2-6.3%X107Y/
T 22 UAY gg EAFE AHE Bol AAIH{A
A vgAQ YYgFejrch o kg Fefoln} 4-84)2k
o] At Hils AY3E o] Hitel] & 9%E F3
o Aol ¥l o2 Y™t 23 5& 890°C A
dA A AgE IAFE AR Aol oL
Ay F2l9) 25 Flol W AR AR 852
9} 904°C B2 A T8 Ty(dilatometric d3t-2x) 2+ 2
vebgel, A9 fjel 0~12wtd% TiO-F FH7}shd A1
AL wob Ak 237} o' o]z [Ti0d] A
A7t YU D o] AT Hol F7H 727}
oS Az A7) dEe)lAY, TiO, el F71¢el o=t
Abdo] & Si¢h Ti zlell HFFAFE 43 F7HA7IH

Table 3. Elastic constants of NdAS- TiO:. glasses

o]7lo] kol HTE doH o WAE YUt A
el ob3] AL Qe oWl o]f-oAHER] £ ATl
A =g TiO.2 ¥7F §3dol] o8 T, CLdubs Al x),
T,(4duh-s-9] FaLs) Wate FARE P4l 7ielsn)
T AZtEch a2y ox dXeF Azd FAsHEY
A A oF 900 C7HA I o o P EA et
gGeom moA dAEA7ke] 4X|7T oldql Aol A
Aol GEE ZA 52 EHch

Nano indenter& |85t ZAA3F8] IV 243<] 890
CTolA 8217k, 1150TCTAA 4212 dAe¥) 9o AAAI}
FFFE Y AT vAAEE A5 ach. ARHE
o] Ax &, uA vAHX (51F 300g) X7 9§ A=
6.96+0.18 GPa, YxAE7]8] Aol o]t} ¥ b5,
5GPaoE veldr). feEldgdo 2R AYYo R g
A A3 e F7LEY oF 12GPaE Jeldc). o8 A
A4 & Az F7te] HHME AT Aol o]
Zasich, dubAQl f2e ¥lAL AxE 4.4~6.6GPa2]
He e 23 e A AFEL ALO;=20.1, MgO
=93, Zr0,=11.4GPa ¢ A=A5§ z¥cid, & 72
A 22 ghd e B Al ASE 5
9\1;}.15)

Nano indentere] 3 ZF-#e8l8 HAAFE <
100GPa, ZAAAeAe ¢ 220GPaZ® eyt 3
pulse echotl& °-4-% -89 AT &L 114GPa
2 Jehd Zo) wistd, AAQSA,F9 {29 AT
14GPao 2 =}elz} olt}. o]8jdt AL ARrH-Ele =4
o] A3} dou}r) Ao fElxAdst folrt sk A
o} gL (¥ 1).
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YAS A9} ReAS A9 f2le S EANA =}¢ F4}
A JehdA JERLFop) FAGOIA AL FELE
ze=e] stk YASA #3219 AAsE Zr0.9 #H7lel
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H AAAAL FALR Y Si0.0 2 vel e o)df Zr0,
o] Qg& HYAAI} obd frE] 249 BETAANE 12
A fele) HEE F5o] AP 7ot Ao B

Compositions (mol%) Elastic constants Density(g/cm?®) References
25Nd.0s-25A1,05-50Si0; 116 GPa - 17
18Nd;0s~ 32 Al,0s-50Si10; 117 - 17

10Nd;05-20A1,0- 70Si0:- 8wt%TiO: | 112 3.42 11
15Nd;0s- 20 AL,05-655i0,- 8wt % TiO. 114 3.75 current work
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283 ek, 22 & A7) ReAS Al TiO, 7}l
sted 4Ee)E Yo AN o3} AN le] )8k Nd, s
Sir Al oTi: 022 AAHAoZ yepdcl NdAS AolA
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AU W BB P FFste] stouy, Holars}
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= Eakel Nd, Tio) o]0) AHAE 0 2 0|5} 25
Selole BEg 4R o® AU g ZAs) Asta
o] 2)uch delFe) VT 249 ALY} e
AL E J&¥r}, fzge) BYASE ofu] REH LS
Ao g Z4H 2 Aol JUH (X 3.5, YEF LS
vl Ak $2lelA TiO, o) F7he RAASe] 2718 7}
A gtodd 2 g%E i HUHD olq AYL ALO;
o) ¥ gst FUsich. 2ehd Al o} 23 HER
olg ) dgte 2 oleR AE, 2 ol ) 5o
Tz $ANE zWe) & WASE CON) AR §38
ol YEFYLY e & BAASE SR 5 2t
(CN9) ¥R : Nd=12, Al=5). Ytz o 2 $-8]9] gAJA|
FE R, oleay], Baeuixs} e TR o
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ol&3} Si, Alhe) AYurhs e o A gl
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UHE 3715t BAASE AU & APrEe) &
AYEs} SASe] dHE Fo gy ¥ AE
(12GPa) & FrE]9 2ul== shA Al 220GPa2] AAAF
o Yye A A FAY SRA, F Wolm
B4 Beo] e f2e e F HoE 2o}
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Nd:0s-ALOs-Si0; Al TiO.7} 718 fejAs 43
2o} Az we} YR B F WRAPALL e
AATZE 7 o XAAY ARE Gzt o,
obA] B ] ¢ofe AATFoln], WA A% Ut
¥l NdiSir AL Ti Oxol et AAs5-2le) Ay
Age AR} dojd-&F F7h=E e 54~62%107°
/Colslh. ZAHF AFF29) AEE F& 556PaclA
o A AxE & 12GPad vebtony, AAAte)
BAATE AR 2viAE Y ¥& 220GPa 2.
ebtth, Nd:Os- ALOs-Si0-TiO; Aol WA A} 2
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