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ABSTRACT

Rare earth aluminosilicate (NAS: Nd,03-Al,05-8i05) system glass containing TiO, has been investigated for the phase separation.
NAS glasses with 0-10 wt% TiO, were heat-treated at around Ty(glass transition temperature) and etched with 1% HF, and examined
for phase separation by scanning electron microscopy (SEM), “IR and Raman spectroscopy. As a result of SEM analysis, it was
observed that phase separation and internal crystallization were formed in NAS involving above 8 wt%TiO,. Heat treatment at T, afier
annealing treatment changed the light pink color of glass to blue milk color and a homogeneous multiple phase separation (Sl rich
isolated droplets (>10 pm) and Nd- T1 rich region (droplet diameters <0.1 m)). The phase separation was confirmed to be an important
factor operating internal crystallization process.
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BTl AMEE fEe] 2EEE Nd)O; (99.95%
Aldrich Chemical Co., Inc.), AlLO; (99.99% Junsei
Chemical Co., Ltd). Si0, (99.2% Kanto Chemical Co.,
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Table 1. Glass Compositions

Sample | Nd,O; ALO, Si0, TiO,
number (mol%) (mol%) (mol%) (wt%)
Al 15 20 05 0
A2 15 20 65 4
A3 15 20 65 6
Ad 15 20 65 8
A5 15 20 65 10
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Fig. 1. Glass forming regions in NAST(TiO,=8 wt%}) at 1400,
1500 and 1600°C.
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Table 2. DTA Results of Glasses Containing Different Content

of TiO,
Samples Al A2 A3 A4 A5
T, 898 | 863 863 860 849
T, - 1062 | 1046 1019 (?) 980
T, - 1098 | 1092 |1055 (1084)*| 1015
T, 1506 | 1308 1305 | 1309 (1311)* | 1308
Ax=T,-T, - 199 183 151 131

* () means the result from bulk sample
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Fig. 2. DTA curves of NAST (glass powder).
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Fig. 3. Phase separation of Nd,03-Al,05-8i0--TiO; (8 wt%)
system at 890°C for 4 h after (a) without annealing. (b)
with annealing (at 800°C) and (c) small droplets in a
large droplet from (b) The morphology of droplets of
fractured surface afier etching.
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Fig. 4. Morphology of droplets for different holding tem-
perature (heat treatment: heated from RT to 860, 880,
900°C and held for 4 h).
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Table 3. Result of DTA Using Samples (A4) Heal Treated for
Different Holding at 890°C (condition: heating rate
10°C/m in air using 60 mg) Bulk Sample Comiposition:

8 wi% TiO,
Time (min) T, T, Tor » T2 T,
0 860 - 1084, - 1311
30 859 1045 1170, - 1315
120 860 1036 1127, 1226 1307
240 860 1022 1122, 1260 1312
600 860 1012 1118, 1249 1308

Table 4. Coefficient of Thermal Expansion (CTE) of Glasses
(Ao)/glass-ceramics

\C\omposition 8wi% TiO,-NAS

. |Glass| Glass| o [N-8h|N-8h|N8h
e fan | @ N8 cinlcan|csn
a(10%°c)y” | 55| 52| 52 | 54 | 63 | 62

* Nucleation at 890°C and Crystallisation at 1100°C
## 100<0<300°C
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Fig. 5. Droplet sizes in the Nd,0;-Al,03-510,-TiO, system
Each lines represent the trend of change of droplet size
as a function of time (solid lines) and temperature (dot
lines), obtained from image analysis.
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Fig. 6. Infrared spectra of glass and glass-ceramics
(a) Al-4 glasses (b) A5 glass (c) phase separated glass
(A4) (at §890°C for 7 h) (d) crystallized glass (A4) (heat
treated at $90°C for 4 h and 1100°C for 1 h).
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Fig. 7. Raman spectra of NAS-TiO, glasses
(a) A2-AS glasses (b) phase scparated glass (A4) (at
890°C for 4 h) (c) crystallized glass (A4) (heat treated at
890°C for 4 h and 1100°C for 1 h).
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Table 5. Chemical Composition of Each Area in Fig. 3(b.c)

(wt%)
Region ALO; 5i0, Nd,0, TiO,
small droplet 11.68 27.85 51.69 8.78
Matrix 9.24 25.11 57.75 7.9

Large droplet 6.8 16.0 70.48 6.7

(etched swface)
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