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In the ternary SrO-Al,03-SiO, system the pseudobinary join composition of 50 wt %
Sr0O-Si0,-50 wt % Sr0O-Al,03-2Si0, (SS-SA2S) showed a glass melting temperature of
~1500°C and a crystallization peak temperature of ~1100°C. The (SS-SA2S) glass-ceramic
pellets prepared by cold pressing and pressureless sintering, showed very low porosity.
The (SS-SA2S) glass-ceramics containing B,O3; and those containing B,O3 and TiO,
revealed crystallization peak temperatures of ~1000°C and unexpectedly high porosity. By
applying Kissinger analyses to the DTA data the activation energy values for crystallization
of the three glass-ceramics were determined to range from 196 to 255 kJ/mol. The Ozawa
analyses on the DTA data gave the Avrami parameter values at 3.69 to 3.95. The X-ray
diffraction (XRD) patterns from the three glass-ceramics revealed formation of the
equilibrium crystalline phases of SrO-SiO, and SrO-Al,03-2Si0O, (monocelsian). © 7999
Kluwer Academic Publishers

1. Introduction at 900°C showed formation of both the hexacelsian and
Due to unique properties such as high strength, low denmonocelsian phases, while those processed atX100
sity, chemical stability, low thermal expansion and low showed only monocelsian phase. They [13] also studied
dielectric properties, glass-ceramics have been used fdine crystallization kinetics of the stoichiometric SA2S
various purposes including high-temperature structuraglass and obtained the crystal growth activation energy
applications and electronic packaging [1]. The sinter-of 534 kJ/mol and Avrami parameter of 4.2. By us-
ing of glass powders followed by crystallization of the ing XRD technique they found that the phase trans-
glass body can give huge benefit to the glass-ceramitormation of hexacelsian to monocelsian in the SA2S
fabrication since this method can reduce processingystem occurred afté h at1100°C. However, in order
temperature and make the fabrication of complex+to obtain a homogeneous SA2S glass melt they raised
shape components possible using variety of conventhe furnace temperature to 200D which is a too high
tional ceramic-forming techniques [2-8]. temperature for ceramic industries to obtain for the fab-

Strontium aluminosilicate composition of SrO rication of wide range of glass-ceramics.

Al,03-2Si0, (SA2S) forming monoclinic celsian as  Sung [7, 8] prepared off-stoichiometric cordierite
a primary crystalline phase, has been studied mainl§2MgO-2Al;,03-5Si0,) glass-ceramics with additives
for the use as matrix materials for high-temperatureof B,O3, P,Os and/or TiQ and found that they have
ceramic composites [9, 10]. The major reasons of thidigh sintering ability and good mechanical properties.
include its high melting point o 1700°C, lowthermal  The off-stoichiometric cordierite glass-ceramics with
expansion coefficient 0f2.5x 10-6/°C, oxidation re-  additives, also showed much reduced processing tem-
sistance and phase stability up to the melting poinperatures such as glass melting and crystallization peak
[11-13]. temperatures.

Bansal and Hyatt [11] fabricated stoichiometric (Sr, The focus of this study was on the development
Ba)OAl,03-2Si0, glass-ceramics by sintering and hot of the glass-ceramics which have lowered glass melt-
isostatic pressing (HIP). The SA2S glass-ceramic saming and crystallization peak temperatures, while main-
ples which were cold isostatic pressed and sinteredaining high sintering ability. The glass-ceramics
showed density values ranging from 66 to 98% of thewith off-stoichiometric binary join composition of
theoretical value depending upon the final sinteringb0 wt % (SrGSiO,)-50 wt % (SrOAI,03-2Si0;) (SS-
schedule. The SA2S glass-ceramic samples process&h2S), were produced by cold pressing of the glass
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powders and sintering followed by crystallization heatalumina motar and pestle. The hand-ground glass pow-
treatments. Their sintering and crystallization behav-ders were zirconia-ball milled to the average particle
iors were compared with those of the stoichiometricsize of 3—5um. Each of the glass powders was analyzed
SA2S glass-ceramics studied by previous researcherfor various temperatures such as glass transifigh (
Also, the effect of sintering aid (#D3) and nucle- crystallization onsetT;) and crystallization peakTf)
ation agent (TiQ) on the sintering and crystallization using differential thermal analyses (DTA: SETARAM
behaviors of the off-stoichiometric (SS-SA2S) glass-TGDTA-92, France). The DTA results were further an-
ceramics was studied in detail. alyzed for the activation energy for crystallization and
crystallization mode using Kissinger and Ozawa anal-
yses, respectively. These fine glass powders were pel-

i . ) letized using a steel die and hydraulic press under 3000
High purity powders of SICE) Al20;, SiGz, B2Os and i ot 4 room temperature. The glass pellets were 4 mm

TiO from Aldrich Chemical (Milwaukee, W1, USA) iy giameter and 2 mm in thickness. The cold-pressed
were used for starting materials. Table 1 lists the Compoyg|jets [0aded inside a platinum boat were brought to
sition of each glass prepared for present study. The (SSpe furnace for sintering at 90C which is a tempera-
SAOS) composition indicating 50 wt% SrSlO%—SO ture between th&, andT,. The sintered glass pellets
wt% SrO:)AI 205-2SI10, correspor;dstp 47.55wt rf’ SO, \vere further heated for crystallization at 1 T@which
1h5.65 V\_/It_b/o_Ab03hand 5.6'80 wt ?’ Si@ Fig. 1 ShOWS 5 4imostT,. The duration at each of the sintering and
the equilibrium phase diagram o Sroz'%'s'_oz SYS™  crystallization temperatures was 2 and 4 h, respectively.
tem [14]. For this system the liquidus projection was notryg 41555 ceramic pellets were analyzed for density us-
available and only the alkemade lines were presenteg e archimedes principle. The glass-ceramic pellets
on the phase diagram. The™denotes the COMPOSi- \yere eyt in the middle by using a low-speed diamond
tion of (SS-SA2S). The powders were well mixed Us-g, and mounted in epoxy resin. The cross sections of
ing a zirconia-ball milling. The powder mixtures were 4 glass-ceramic pellets were polished using SiC pa-

loaded inside a platinum crucible and broughtto aresisg (grit# 600 and 1000) and alumina powders (1.0 and
tance furnace with super kanthal heating elements fo .5.m). The polished samples were coated by é gold

glass melting. The weight of target glass was 40 g. Thesputtering. The scanning electron microscopy (SEM:

powder mixture was heated to 108Dfor 1 h for cal- 3506100, Jeol, Japan) was performed on the polished

cination and further heated to 160D for 1 hfor com- 54 gold-coated samples to examine the microstruc-

plete glass melting. The platinum crucible containing; o of the glass-ceramics. The X-ray diffraction (XRD:
the glass melt was quenched into distilled water anqi\l

icolet Stoe Transmission/Bragg-Brentano, Stoe Co.,

clear glass fragments were obtained. The glass fragsermany) was also performed on the powdered glass-
ments were dried and hand ground using a high-purity.o ramics with a CK,, source, a 5-s time constant, a

10-60 scan, and 0.05step size. The phase identifica-
TABLE | Composition of the glasses prepared for present study 10N Was done by the comparison of the peak locations
and intensities with the data listed in JCPDS cards (#38-

2. Experimental

Elements (wt %) 1454 for SrGAI,03-2Si0;, #34-99 for SIGBI0y).
Glasses SrO A3 SiO, B,O3 TiO»
(SS-SA2S) 4755 1565 3680 — — 3. Results
(SS-SA2S)B 4612 1518 3670 300 — Tne (SS-SA2S), (SS-SA2S)B and (SS-SA2S)BT

(SS-SA2S)BT 44.70 14.71 34.59 3.00 3.00

compositions were completely melted to form homo-
geneous glass melts at 1600 The (SS-SA2S)BT
glass showed very light yellowish color. By using
the XRD analyses the non-crystallinity was identified
from the three glasses. The glass transition and
crystallization trends of the glasses were investigated
using DTA. DTA scan curves from the three glasses at
the heating rates of 10, 15, 20, 30 and®@min are
shown in Figs 2—4. In order to show the difference in
the glass transition and crystallization DTA scan curves
of the three glasses with a heating rate of@min
are shown and compared in Fig. 5. Table Il lists Tge
andTj values of the stoichiometric SA2S glass and the
three non-stoichiometric (SS-SA2S), (SS-SA2S)B and
(SS-SAS)BT glasses at a heating rate of@min.
The temperature values for the stoichiometric SA2S
glass were taken from Hyatt and Bansal's data [13].
The off-stoichiometric (SS-SA2S) glass showg

SrsA SrsA SrA Sraq value 63C higher than that of the stoichiometric
S0 AkOs  ga0S glass. The other off-stoichiometric glasses,
Figure 1 The equilibrium phase diagram of SrO8:-Si0, system  (SS-SA2S)B and (SS-SAS)BT show thig values
showing only the alkemade triangles [14]. which were approximately 10@ lower than that of

SiO,
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TABLE Il Summary of glass transitio§) and crystallization peakTp) temperatures of the glass powders prepared for present study

Glass transition temp?C)

Crystallization peak temp2C)

DTA scan rates°(C/min)

DTA scan rates’C/min)

Glasses 10 15 20 30 40 10 15 20 30 40
SA2S 880 — 884 892 895 1032 —_ 1053 1064 1075
(SS-SA2S) 774 782 786 791 798 1077 1104 1116 1131 1160
(SS-SA2S)B 717 725 729 741 751 970 991 1013 1021 1059
(SS-SA2S)BT 718 718 725 734 740 985 1007 1019 1040 1065

&The Ty andT, values of the SA2S glass are from Hyatt and Bansal's DSC data [13].

I Exo

Tg

%

Temperature (°C)

750 800 850 900 950 1000 1050 1100 1150 1200

\

1100 1150 1200

Temperature (°C)
750 800 850 900 950

1000 1050

Figure 2 The differential thermal analysis (DTA) scan curves of (SS- Figure 5 The comparison of the DTA scan curves of (a) (SS-SA2S), (b)
SA2S) glass. Each of the scan curves corresponds to the scan rates (§S-SA2S)B and (c) (SS-SA2S)BT glasses at a scan rate°@/atin.

10, 15, 20, 30 and 40C/min, respectively from the bottom to the top.

Temperature (°C)
1100 1150 1200

750 800 850 900 950 1000 1050

the (SS-SA2S) glass. Unexpectedly, the (SS-SA2S)B
and (SS-SA2S)BT glasses show very cldgealues.

For the DTA scan curves the faster the heating rates,
the higher the peak temperatures and the larger the
peak heights become. The variation of the crystalliza-
tion peaks depending upon the DTA scan rates can be
used to estimate the activation energy for crystallization
and crystallization mode. The activation energy values
for the crystallization of the glasses can be estimated
by using following Kissinger analysis [15].

E
In (%) =— RCTk + const (1)
p p

Figure 3 The differential thermal analysis (DTA) scan curves of (SS- Wh?re¢ is the DTA scan rateOC/min), Tpis the_ Crys-
SA2S)B glass. Each of the scan curves corresponds to the scan ratestdllization peak temperaturéK), Ec is the activation

10, 15, 20, 30 and 40C/min, respectively from the bottom to the top.

Temperature (°C)

750 800 850 900 950 1000 1050 1100 1150 1200

energy (kJ/mol) for the crystallization from Kissinger
equation andR is the gas constant (8.3144 J/fr).
From the Equation 1 the Kissinger plot of (T
vs 1000 T, can be produced by substituting each DTA
scan rate ¢) and its corresponding, value. Fig. 6
shows the Kissinger plots of (SS-SA2S), (SS-SA2S)B
and (SS-SA2S)BT glasses. The activation energy for
crystallization Ecx) can be determined from the slope
(—Eck/R) of each Kissinger plot. The activation energy
values of (SS-SA2S), (SS-SA2S)B and (SS-SA2S)BT
glasses, were determined to be 255, 196 and 222 kJ/mol,
respectively.

The crystallization mode of the glasses can be iden-
tified by using following Ozawa analysis [16].

{In[—In(1 —X)]}y = —nln¢ +const  (2)

Figure 4 The differential thermal analysis (DTA) scan curves of (SS- . . . .
SA2S)BT glass. Each of the scan curves corresponds to the scan rates\WereXx is the volume fraction crystallized at a fixed

10, 15, 20, 30 and 40C/min, respectively from the bottom to the top.

temperaturd when heated at that is, the ratio of the
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-8 TABLE Il Summary of DTA results of the glass powders prepared

o (SS-SA2S) for present study
-9 -Q"\.\ A (SS-8A28)B Activation energy Avrami
‘\\ o (SS-SA2S)BT Glasses for crystallizatiorEck (kJ/mol) parameten

-1 0 1 ﬁ‘\““\u ~
— K SA2S? 534 42404
“a 49 (SS-SA2S) 255 3.69
= (SS-SA2S)B 196 3.95
= 12- (SS-SA2S)BT 222 3.87
o aThe activation energy for crystallization and Avrami parameter of SA2S
- 134 glass powder are from Hyatt and Bansal’s result [13].

-14 -

'1 5 T T T T T T 1 T T T T T

0.68 0.70 0.72 0.74 0.76 0.78 0.80 0.82

1000/T
p

Figure 6 The Kissinger plots of (SS-SA2S), (SS-SA2S)B and (SS-
SA2S)BT glasses. From the slopes of the lines the activation energy val
ues for the crystallization were determined as 255, 196 and 222 kJ/mol
respectively.

4

3 o (SS-SA2S)

2 I A (S8-SA2S)B
o (SS-SA2S)BT

{Inf-In (1 -x )]}r

2.0 25 3.0 35 4.0
In¢

Figure 7 The Ozawa plots of (SS-SA2S), (SS-SA2S)B and (SS-
SA2S)BT glasses. From the slopes of the lines the Avrami paramete
values were determined to be 3.69, 3.95 and 3.87, respectively.

partial area afl to the total area of the crystallization
exotherm. Then is the Avrami parameter which indi-
cating a crystallization mode. The fixed temperatire,
was 1110, 990 and 102C for the (SS-SA2S)B, (SS-
SA2S)B and (SS-SA2S)BT glasses, respectively. Whel
surface crystallization dominates;- 1, and when bulk
crystallization dominates,> 3. When both the surface
and bulk crystall!zapon occur has a value betwe_en 1 Figure 8 The scanning electron micrographs (SEM) of (a) (SS-SA2S),
and 3. By substituting values and corresponding () (ss-SA2S)B and (c) (SS-SA2S)BT glass-ceramics.
values into the Equation 2 the Ozawa plots of the three
glasses were created in Fig. 7. From the slopes of the
Ozawa plots the Avrami parameter values of the (SSvalue of (SS-SA2S) glass-ceramic pellets was deter-
SA2S), (SS-SA2S)B and (SS-SA2S)BT glasses werenined as 3.33 while those of (SS-SA2S)B and (SS-
determined as 3.69, 3.95 and 3.87, respectively. Th8A2S)BT glass-ceramic pellets were determined to be
DTA results were summarized in Table Ill. 3.15 and 3.12 g/cfy respectively.

The glass-ceramic pellets sintered at 90Cor 2 h The scanning electron micrographs (SEM) on the
and crystallized at 110@ for 4 h, were analyzed glass-ceramics were shown in Fig. 8a, b and c. The mi-
for density using the Archimedes method. The densitycrostructure of the (SS-SA2S) glass-ceramic showed
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10000 structure of a silicate glass thus, can lower its glass
viscosity.
The crystallization peak temperatuiig) of the stoi-
chiometric SA2S glass with a scan rate of°2dmin
was 1053C while those of the (SS-SA2S), (SS-
6000 + 7 SA2S)B and (SS-SA2S)BT glasses were 1116, 1013
and 1019C, respectively. The crystallization of a glass
can take place by rearrangement of ions randomly ori-
ented in it thus, diffusion process is involved. Since the
o o (SS-SA2S)B and (SS-SA2S)BT glasses have low vis-
. . O cosity they can readily crystallize and thus, have lower
* o crystallization peak temperature$,§) compared to
——— the (SS-SA2S) glass. The addition of nucleation agent,
10 15 20 25 30 35 40 45 50 55 60 TiO,, seems not to be effective since s of the (SS-
Two-theta \?QSeSS)B and (SS-SA2S)BT glasses show very close
Figure 9 The X-ray diffraction (XRD) patterns of the (SS-SA2S) glass- A careful look at the DTA scan curve of a glass with
ceramic showing formation of the equilibrium phases of Si0, (0) @ high DTA scan rate of 30 or 4€/min reveals that
and SrOAI;03-2Si0; (@). The other (SS-SA2S)B and (SS-SA2S)BT there is a secondary peak near 900—1WDOFor the
glass-ceramics showed almost identical XRD patterns. DTA scan of 40C/min the (SS-SA2S), (SS-SA2S)B
and (SS-SA2S)BT glasses showed secondary crystal-
lization peak temperatures of 993, 943 and 9209re-
low porosity while those of the (SS-SA2S)B and (SS-spectively. Also, the crystallization onset temperatures
SA2S)BT glass-ceramics showed relatively high poros{To) of the glass-ceramics were 939, 876 and 88,re-
ity. This microstructural analysis well corresponds tospectively. By XRD analyses on the samples quenched
the density measurements. right after heated up to the secondary peak temperatures
The X-ray diffraction (XRD) patterns from the (SS- it was found that the secondary peaks correspond to the
SAS), (SS-SAS)B and (SS-SAS)BT glass-ceramicgrystallization of a part of the glass to the SBED,
sintered at 900C and crystallized at 110@ were phase. The incorporation of nucleation agent,fi@o
almost identical and showed formation of the crys-the glass may have enhanced the crystallization of the
talline phases of SrGiO; and SrOAl,03-2Si0,.  SrOSiO; phase by forming titanates such ag FbO;.
Fig. 9 shows the XRD pattern from the powdered (SS-The fact that the addition of few percentage of 7iO
SA2S) glass-ceramic which representing the XRD patinto an alkali-aluminosilicate glass forms titanates such
terns of all the three glass-ceramics. No trend of nonas AkTi>O7, has been reported by Bargt al. [17],
crystallinity was found from the diffraction patterns Doherty et al. [18] and Hsu and Speyer [19]. The light
and the peak intensities from the S83D, phase were yellowish color in a glass has commonly been found
higher than those from the Si&,05-2Si0, phase. in the Li;O-Al;03-SiO; and MgO-AbOs-SiO; glasses
containing few percentage of TyOAlso, as for the
present glasses only the (SS-SA2S)BT glass showed
this color and the other (SS-SA2S) and (SS-SA2S)B
4. Discussion glasses did not. This difference supports that titanates
The practical melting temperature to obtain the homoformed in the asquenched (SS-SA2S)BT glass. How-
geneous (SS-SA2S) glass melts was around 1600 ever, the exact nature of the titanates formed in the (SS-
which is much lower than the practical melting temper-SA2S)BT glass is not clear at this stage. The primary
ature (~1800°C) of the stoichiometric SA2S celsian peaks, thus represent the crystallization of the rest por-
composition. Due to this lowered melting temperaturetion of the glass to the Sr@l,03-2Si0, phase. The
one can fabricate a glass-ceramic readily with less enSrOAl,03-2Si0, phase thus, can nucleate and grow
ergy cost. around the SrcsiO, crystals. Therefore, the forma-
The glass transition and crystallization behaviors of aion of STOAI,03-2Si0O, phase would not be affected
glass can give the key information to the glass-ceramity the addition of TiQ. Thus, the (SS-SA2S)B and
fabrication. According to the Hyatt and Bansal's DSC(SS-SA2S)BT glasses have very cldggvalues. The
data [13] the glass transition temperaturg)(of lowered viscosity by addition of )3 seems to play
the stoichiometric SA2S celsian with a scan rate ofa major role in decreasing thg, values of the (SS-
20°C/min, was 884C while those of the glasses pre- SA2S)B and (SS-SA2S)BT glasses.
pared for present study, (SS-SA2S), (SS-SA2S)B and The activation energy values for crystallization
(SS-SA2S)BT, were 774, 717 and 718 respectively. of the SrOAl,03-2Si0, phase obtained by us-
The lowered glass transition implies reduced viscosing the Kissinger method indicate that the present
ity of a glass. The effect of a sintering aid 0b®@;  glasses have much lower values (255, 196 and 222
is very clear since the (SS-SA2S)B and (SS-SA2S)BTkJ/mol) than that (534 kJ/mol) of the stoichiometric
glasses show th§, lowered by 60'C compared to the SA2S glass [13]. This difference would occur since
(SS-SA2S) glass. The addition 0683 could reduce for the (SS-SA2S), (SS-SA2S)B and (SS-SA2S)BT
the strong connectivity of the three-dimensional chainglasses the pre-existing SI®)O, crystals can act as

8000 -

Intensity
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heterogeneous nucleation sites for the formation oBrOAl,03-2Si0,). The theoretical density of the
the SrOAIl,03-2Si0, phase. The reason that the (SS-(SS-SA2S) glass-ceramic thus, is determined as
SA2S)B and (SS-SA2S)BT glasses have lower activa3.467 g/cmi. Therefore, the (SS-SA2S), (SS-SA2S)B
tion energy values than the (SS-SA2S) glass would band (SS-SA2S)BT glass-ceramic pellets show 96, 91
explained by the low viscosity of the glass remainedand 90% of its theoretical density. In considering the
after forming the Sr&8iO;, crystals. This low viscosity fact that these glass-ceramics were fabricated using
of the remaining glass also would come from th€®B  only pressureless sintering after cold pressing, the sin-
addition. tering ability of the (SS-SA2S) glass-ceramic is rela-

The crystallization mode of a glass has a practical im+ively high.
portance in the usage of it and also in the fabrication of The SEM micrographs on the glass-ceramics well
a glass-ceramic since the surface crystallization modsupport the density measurements and DTA results.
may introduce large thermal expansion difference affhe (SS-SA2S)B and (SS-SA2S)BT glass-ceramics
the boundary between the glass phase and crystallizeshowed relatively high porosity compared to the (SS-
phase, building up high tensile stress [20]. This highSA2S) glass-ceramic. The contrasted texture in the mi-
tensile stress at the interface may cause total failure afrographs comes from the compositional difference be-
the glass. On the other hand, in the case of the bulkween the Sr&BiO, and SrOAl,03-2Si0, phases. The
crystallization mode where the crystal growth occursformer is brighter since it contains higher content of
at the finely distributed precursor nuclei in the glass,heavy strontium ions.
the huge thermal expansion coefficient gradient across The XRD patterns on the glass-ceramics showed
the whole glass body does not occur, and the glass bodgrmation of the equilibrium phases of S0, and
is safe against the thermal failure. Thus, from this perSrOAIl,03-2Si0,. No trend of non-crystallinity was
spective the bulk crystallization is desirable comparedound in the XRD patterns. As expected from the mol %
to the surface crystallization. The crystallization modevalue of each phase the peak intensity of the-SiO,
of a glass can be determined by the Avrami parametephase was higher than that of the SAQ03-2Si0,
value f). As expected from the DTA and XRD data phase. The Sr@l,03-2Si0, phase was identified to
all of the (SS-SA2S), (SS-SA2S)B and (SS-SA2S)BThave a monocelsian structure. The precursor nuclei of
glasses showed high Avrami parameters of 3.69—3.95rO SiO, crystals must have enhanced the formation
which represent high bulk crystallization tendency of of monocelsian phase.
them. Due to the Sr@iO, crystals distributed in a glass
body, acting as nucleation sites the SM303-2Si0,
phase formation would be a strong bulk crystallization5. Conclusions
process. As an effort to develop a glass-ceramic material with

The density value of the (SS-SA2S) glass-ceramidow processing temperatures and high sintering ability
was high while those of the (SS-SA2S)B and (SS-the off-stoichiometric (SS-SA2S) compositions were
SA2S)BT glass-ceramics were low. The sintering abil-studied for the sintering and crystallization behaviors.
ity of a glass can be estimated from the temperaturdhe (SS-SA2S) composition showed melting temper-
range between crystallization onset and glass transature~100°C lowered compared to the stoichiomet-
tion, (To—Tg). The viscosity of a glass rapidly decreasesric SA2S composition. Due to the reduced viscosity
when it is heated abov&; at which the glass chain the (SS-SA2S)B and (SS-SA2S)BT glasses showed ap-
structure is broken but dramatically increases wherproximately 100C lowered crystallization peak tem-
crystallization initiates. Thus, the sintering of a glassperature compared to the (SS-SA2S) glass. Also, most
occurs at the temperature rangeTgT,. If the tem-  likely due to the pre-existing SrSiO, crystals in a
perature range is small premature crystallization camlass matrix the (SS-SA2S), (SS-SA2S)B and (SS-
occur before the completion of the sintering. Once theSA2S)BT glasses showed much lower activation energy
premature crystallization occurs the viscosity of a glasvalues for crystallization than that of the stoichiomet-
increases markedly and the sintering ends. Thus, higtic SA2S glass. Avrami parameters of the three glasses
sintering ability cannot be expected from a glass withshowed very close values of 3.69-3.95, which indicat-
small temperature range ®-T,. For the (SS-SA2S), ing strong bulk crystallization tendency of them. The
(SS-SA2S)B and (SS-SA2S)BT glasses Tgecorre-  (SS-SA2S) glass has the biggest temperature range of
sponds to the crystallization onset temperature of th8,—Ty and thus, showed the highest density (96% of
SrOSiO, phase. Thel,—Tgy values of the glasses are the theoretical density) among the three glasses. The
141,125 and 127C, respectively. Thisresultis ingood SEM micrographs and XRD patterns reveal the forma-
agreement with the density data. tion of two equilibrium cystalline phases of SIS0,

The theoretical density value of the glass-ceramicand SrOAl;03-2Si0;.
can be determined by using each theoretical den- In the light of the low processing temperature and
sity value of the SrG8iO, (3.660 g/cmd) and high sintering ability the (SS-SA2S) glass-ceramics
SrOAl,03-2Si0; (monocelsian; 3.084 g/cipcrystals  have high potential for variety of applications such as
and the mol% of each phase. The weight percenteomposite matrices, substrates for semiconductor pack-
age (50 wt% SrsiO,—50 wt% SrOAl,03-2Si0,)  aging, heat exchanger parts, and so on. The mechanical
of the glass-ceramics can be converted to the moproperties of the (SS-SA2S) glass-ceramics will be re-
lar percentage (66.55 mol% Si®)0,—33.46 mol% ported later.
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