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Glass-ceramics with the celsian-corundum binary join composition of 88.8 wt%
SrO-Al,03-25i0;, — 11.2 wt% Al,O3, (SA2S-A), were fabricated by pressureless sintering and
investigated for their sintering and crystallization behaviors. The (SA2S-A) glass powder
showed crystallization peak and melting temperatures of ~1059 and 1550 °C, respectively
and high sintering ability. The (SA2S-A) glass powders containing B,03, (SA2S-A)B and
those containing B,03 and TiO,, (SA2S-A)BT showed lowered crystallization peak
temperatures of 1033 and 997 °C, respectively. By applying Kissiger analyses to the DTA
data of the (SA2S-A), (SA2S-A)B and (SA2S-A)BT glass powders, the activation energy
values for crystallization were determined as 488, 370 and 333 kd/mol, respectively. The
Ozawa analyses on the DTA data gave the Avrami parameter values at 1.2, 1.1 and 1.9,
respectively for the (SA2S-A), (SA2S-A)B and (SA2S-A)BT glass powders. The x-ray
diffraction (XRD) patterns of the (SA2S-A) glass-ceramics, crystallized at 1100°C for 4 h,
showed formation of both the monocelsian and hexacelsian phases. The (SA2S-A)B and
(SA2S-A)BT glass-ceramics crystallized at 1100 °C for 1 h, showed formation of the
phase-pure monocelsian and did not show any evidence of the hexacelsian formation prior
to the monocelsian formation. © 2000 Kluwer Academic Publishers

1. Introduction formation of both the hexacelsian and monocelsian
The stoichiometric Sr@\l,05-2Si0, (SA2S) compo- phases, while those heated at 11GFor 20 h showed
sition forms two high-temperature crystalline forms only monocelsian phase. Bansal and Drummond [4]
of monocelsian and hexacelsian. The monocelsian hagudied the kinetics of hexacelsian to monocelsian
been studied mainly for the use as a matrix materiaphase transformation using XRD technique and re-
for high-temperature ceramic composites [1, 2]. Theported that the hexacelsian heated at 1’XD@or 30 h
major reasons of this include its high melting point transformed to almost pure monocelsian. Hyatt and
of ~1650°C, low thermal expansion coefficient of Bansal [5] also studied the crystallization kinetics of
~2.5x 107%/°C, oxidation resistance and phase stabil-the stoichiometric SA2S glass powders and obtained
ity up to the melting point [3-5]. On the other hand, thethe activation energy for hexacelsian crystal growth of
haxacelsian, a high-temperature metastable phase of th&4 kJ/mol and Avrami parameter of 4.2. By using XRD
SA2S composition, shows high thermal expansion otechnique they found that the phase transformation of
~8 x 10-5/°C and reversible phase transformations athexacelsian to monocelsian occurs aftér heating at
~600-800C which accompanied by volume expan- 1250°C in the SA2S bulk glass. Thus, in order to ob-
sion of ~3%. Therefore, the formation of the hexa- tain phase pure monocelsian SA2S glass-ceramics by
celsian phase should be avoided in a high temperaturgntering and crystallization the 1 h heating at 1260
structural application of the SA2S glass-ceramics.  or the 20 to 30 h heating at 1100 was needed. The
Bansalet al. [3] fabricated stoichiometric (Sr,Ba)O heating temperature of 125Q is relatively too high
Al,03-2Si0, glass-ceramics by sintering and hot iso-and the heating time of 20 to 30 h is too long for ap-
static pressing (HIP). The SA2S glass-ceramic sampleglication. Furthermore, to obtain a homogeneous SA2S
cold isostatic pressed and sintered, showed density vagass melt a practical melting temperature-df800°C
ues ranging from 66 to 98% of the theoretical valueis heeded and this is a too high temperature for ceramic
depending upon the final heating schedule. The SA281dustries to obtain for the fabrication of wide range of
glass-ceramic samples heated at90@r 20 hshowed glass-ceramics.
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The lowered glass melting and Crystalliza_tion tem-TABLE | Compositions of the stoichiometric SA2S and the off-
peratures can give huge benefit to the application of &teichiometric glasses prepared for the present study

glass-ceramic. Especially, for use as a substrate mate- Composition (wt%)

rialin semiconductor packaging, a glass-ceramic which

can be sintered and crystallized below the melting poinflasses Sro AD;  SIO B20s  TiOz
of Au (1060°Q) orCu (1080‘.C), is highl_y required. By_ A25) 3181 3130 3680 — _
using these highly conductive metals in a pattern print;saos.a) 2824  39.01 3275 _
ing, one can solve the problems occurring in the use ofsa2s-A)B 27.40 37.83 31.77 3.00 —

high melting point and high resistance metals such agA2s-A)BT 2655 36.66 30.79 3.00 3.00
Mo or W. The lowered crystallization temperature also
can supply easy fabrication for glass-ceramic matrix
composites. Si0;
The crystallization temperature of a glass can be low:
ered by compositional changes. The addition of few
weight percentage of nucleation agent such as, TiO
or ZrO, can form finely distributed titanates or zir-
conates which can act as nuclei for the crystallizatior
of a glass-ceramic phase [6—8]. A glass including the
nuclei shows bulk crystallization behavior and a much
lowered crystallization temperature. However, the ad-
dition of the nucleation agents can cause the prematut
crystallization of a glass before completion of sintering,
resulting in low sintered density. Knickerbocketral.
[9] reported that the addition of a sintering aid such as
B0z and BOs in ap-spodumene (LO-Al,03-4Si0y)
glass-ceramic can considerably reduce the glass visco
ity above the glass transition temperature and improv&™
the sintering ability of a glass. Sung [10] fabricated off- figyre 1 The equilibrium phase diagram of SrO28-Si0; system
stoichiometric cordierite (2MgQAIl;,03-5Si0,) glass-  showing only the alkemade triangles [12].
ceramics containing both sintering aids,(® and
P,Os) and nucleation agent (TiKp, and examined their ]
composite effects. It was found that they have botrnd ternary compounds were presented on the phase di-
high sintering ability and much lowered glass melting@dram. The arrow on the diagram indicates the (SA2S-
(~1400°C) and crystallization peak~000°C) tem- A).comp(_)smon. The o?<|_de powders were \{veII mixed
peratures. The glass-ceramics also showed mechariSing a zirconia-ball milling. The powder mixture was
cal properties suitable enough for structural applicaloaded into a platinum crucible and placed in a resis-
tion [11]. tance furnace with super Kantfaheating elements for
The main focus of this study was the development of lass melting. The weight of target glass was 20 g. The
phase-pure monocelsian glass-ceramic having loweregPwder mixture was calcined at 1000 for 1 h, further
glass melting and crystallization peak temperaturesheated to 1600C for 1 h for complete glass melting,
while maintaining high sintering ability. The glass- @hd quenchedinto distilled water. Clear glass fragments
ceramics with the binary join composition of 88.8 wt% Were obtained which were dried, hand ground using a
SIOAI,03-2Si0, — 11.2 Wt% AbOs, (SA2S-A), were  high-purity alumina mortar and pestle, and zirconia-
produced by pressureless sintering and crystallizatioR@!l milled to the average particle size of 3.
of glass powder pellets. Their sintering and crystalliza- For €ach glass powder, various characteristic temper-
tion behaviors were compared with those of the stoAtures, such as glass transitidg)( crystallization on-
ichiometric SA2S glass-ceramics studied by previoussét (lo) and crystallization peakTp) were determined
researchers. Also, the effect of sintering aid@B) and ~ Using differential thermal analyses (DTA: SETARAM
nucleation agent (Tig) on the sintering and crystal- | GDTA-92, France). The DTA results were analyzed
lization behaviors of the off-stoichiometric (SA2S-A) for the activation energy and crystallization mode using
glass-ceramics was studied in detail. the Kissinger [13] and Ozawa [14] analyses, respec-
tively. These glass powders were cold pressed into pel-
lets (4 mm-diameter and 2 mm-thickness) under pres-
2. Experimental procedure sure of 3000 psi, heated to 900 for 2 h for sintering,
High purity powders of SrC¢) Al,Og3, SI0,, B,Ozand  and heated to 110@ for 1, 2 and 4 h for crystallization.
TiO, from Aldrich Chemical (Milwaukee, WI, USA) The sintering and crystallization heating was performed
were used as starting materials. Table | lists the comin air using the DTA at a heating rate of 20/min.
position of each glass prepared for the present study. The glass-ceramic pellets were analyzed for den-
The (SA2S-A) composition corresponds to 88.8 wtd%sity using the Archimedes principle. Ten pellets out
SrOAlI,03-2Si0, — 11.2 wt% ALOs. Fig. 1 shows an  of each glass-ceramic composition were examined for
equilibrium phase diagram of the SrO-813-SiO, sys-  the density and the averaged density values were ob-
tem [12]. For this system, the liquidus projection wastained. The cross sections of the glass-ceramic pellets
not available and only the alkemade lines with binarywere polished using SiC papers (grit# 600 and 1000)
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and alumina powders (1.0 and Q:3n). The polished
samples were platinum coated by sputtering. The mi
crostructure of the glass-ceramics was examined b
scanning electron microscopy (SEM: JSM-6100, Jeol
Japan).

The x-ray diffraction (XRD: Nicolet Stoe
Transmission/Bragg-Brentano, Stoe Co., Germany
was also performed on each of the powdered glass
ceramics crystallized at 110C with a Cu-K, source,

a 5-s time constant, a 5—-65can, and 0.05step size.
The phase identification was done by the comparisol
of the peak locations and intensities with the JCPDS
Ca:jds é§3;33'1?54hf0f mclmocelgigl gmz)zggzzsioa 700 800 900 1000 1100 1200 1300 1400 1500
and #35- or hexacelsian 203-2Si0,, an 0

#10-173 for corundum AD). Temperature (°C)

Figure 4 Differential thermal analysis (DTA) scan curves of the
(SA2S-A)BT glass. The scan curves corresponds to the scan rates of

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

By using XRD analyses apparent non-crystallinity was
identified from the three glasses. DTA scan curves fo
the glasses at the heating rates of 10, 15,20,30 ar
40°C/min are shown in Figs 2—4, respectively. In or-
der to show the difference in the glass transition anc
crystallization DTA scan curves of the three glasses a

(b)

)
700 800 900 1000 1100 1200 1300 1400 1500
Temperature (°C)

Figure 5 Comparison of the DTA scan curves of the (a) (SA2S-A),
(b) (SA2S-A)B and (c) (SA2S-A)BT glasses at a scan rate 6{2in.

a heating rate of 20C/min are compared in in Fig. 5.
Table Il lists theTy, T, and T, values of the stoichio-
metric SA2S glass and the three non-stoichiometric
Figure 2 Differential thermal analysis (DTA) scan curves of the (SA2S-A), (SA2S-A)B and (SA2S-A)BT glasses at a
(SA2S-A) glass. The scan curves corresponds to the scan rates dteating rate of 20C/min. The temperature values for
10,15, 20, 30 and 40C/min, respectively from the bottom to the top.  the stoichiometric SA2S glass were taken from Hyatt
and Bansal's data [5]. The off-stoichiometric (SA2S-A)
glass showedy value 25°C lower than that of the sto-
ichiometric SA2S glass. The other off-stoichiometric
glasses, (SA2S-A)B and (SA2S-A)BT, respectively

Temperature (°C)

TABLE Il Summary of temperature values of the stoichiometric
SA2S and the off-stoichiometric glass powders at a DTA scan rate of

20°C/min
Temperatures’C)
Glass Crystallization  Crystallization peak

Glasses transitionTg)  onset {o) (Tp)
""""" NSRS VARG ARARL A ARR M PRAMARRAMAASAARAR SA2S 884 — 1053
700 80 900 1000 1100 1(2)00 1300 1400 1500 (SA2S-A) 859 1036 1058
Temperature (°C) (SA2S-A)B 815 991 1033
(SA2S-A)BT 794 965 997

Figure 3 Differential thermal analysis (DTA) scan curves of the
(SA2S-A)B glass. The scan curves corresponds to the scan rates éfThe temperature values of the stoichiometric SA2S glass are from Hyatt
10, 15, 20, 30 and 40C/min, respectively from the bottom to the top.  and Bansal’s DSC data [5].
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showedTy values which were 68 and 9C lower than  the partial area af to the total area of the crystalliza-
thatofthe (SA2S-A) glass. The (SA2S-A) glass showedion exotherm. Then is the Avrami parameter which
aTp value 5°C higher than that of the stoichiometric indicates a crystallization mode. The fixed tempera-
SA2S glass. The (SA2S-A)B and (SA2S-A)BT glassesture, T was 1070, 1050, and 101Q for the (SA2S-A),
respectively showed, values 20 and 58C lower than  (SA2S-A)B and (SA2S-A)BT glasses, respectively.
that of the SA2S glass. When surface crystallization dominates,~1, and
For the DTA scan curves the faster the heating ratesyhen bulk crystallization dominates> 3. When both
the higher the peak temperatures and the larger the pedke surface and bulk crystallization occursas a value
heights become. The variation & with the DTAscan  between 1 and 3. By substitutingvalues and corre-
rates can be used to estimate the activation energy fapondingx values into Equation 2 the Ozawa plots of
crystallization and crystallization mode. The activationthe three glasses were created in Fig. 7. From the slopes
energy values for crystallization of the glasses can bef the Ozawa plots the Avrami parameter values of the
estimated by using following Kissinger analysis [13]. (SA2S-A), (SA2S-A)B and (SA2S-A)BT glasses were
determined as 1.2, 1.1 and 1.9, respectively. The DTA
In (ﬁ) - _ Eck + const. 1) results were summarized in Table II.
Tg RT, The glass-ceramic pellets sintered at 90Cor 2 h
and crystallized at 110@ for 4 h, were analyzed
whereg is the DTA scan rate’C/min), Ty is the crys-  for density using the Archimedes method. The aver-
tallization peak temperatureK), Ec is the activation  aged density values of the (SA2S-A) and (SA2S-A)B
energy (kJ/mol) for the crystallization from Kissinger glass-ceramic pellets were 2.98 and 2.96, respectively
equation ancR is the gas constant (8.3144 J/m#).  while that of the (SA2S-A)BT glass-ceramic pellets
From the Equation 1 the Kissinger plot of It7)/(|'p2) was 2.78 g/crh
vs. 10007, can be produced by substituting each DTA  The scanning electron micrographs (SEM) of the
scan rate ¢) and its correspondingdp, value. Fig. 6 glass-ceramics are shown in Fig. 8. The microstruc-
shows the Kissinger plots of (SA2S-A), (SA2S-A)B ture of the (SA2S-A) and (SA2S-A)B glass-ceramics

and (SA2S-A)BT glasses. The activation energy valshowed low porosity while that of the (SA2S-A)BT
ues for crystallization Ec) were determined from

the slope £ E/R) of each Kissinger plot. The ac-
tivation energy values of (SA2S-A), (SA2S-A)B and g\ £ 111 summary of DTA results of the stoichiometric SA2S and
(SA2S-A)BT glasses, were determined to be 488, 37Ghe off-stoichiometric glass powders prepared for the present study

and 333 kJ/mol, respectively.

The crystallization mode of the glasses can be iden- | Afc“"a“°” ﬁ_ﬂefgy Imol Avrami
tified by using following Ozawa analysis [14]. Glasses or crystallizatiomy (kJfmol) — parameten
SA2S* 534 4.2
{In[—In(1 = X)]}t = —nIn¢ + const.  (2) (sazs-A) 488 12
(SA2S-A)B 370 11
wherex is the volume fraction crystallized at a fixed (SA2s-A)BT 333 1.9

temperaturelT when heated ap that is, the ratio of — — _
*The activation energy for crystallization and Avrami parameter of the

stoichiometric SA2S glass powder are from Hyatt and Bansal's result [5].

-8 -
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Figure 6 The Kissinger plots of the (SA2S-A), (SA2S-A)B and
(SA2S-A)BT glasses. From the slopes of the lines the activation enfigure 7 The Ozawa plots of the (SA2S-A), (SA2S-A)B and
ergy values for the crystallization were determined as 488, 370 andSA2S-A)BT glasses. From the slopes of the lines the Avrami parameter
333 kJ/mol, respectively. values were determined to be 1.2,1.1 and 1.9, respectively.
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Figure 8 Scanning electron micrographs (SEM) of the (a) (SA2S-A),
(b) (SA2S-A)B, and (c) (SA2S-A)BT glass-ceramics sintered at'@0
for 2 h and crystallized at 110Q for 4 h.
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Figure 9 X-ray diffraction (XRD) patterns of the (a) (SA2S-A),
(b) (SA2S-A)B and (c) (SA2S-A)BT glass-ceramics sintered af @00
for 2 h and crystallized at 100Q for 4 h. The (SA2S-A) glass-ceramic
shows formation of both the hexacelsian (H) and monocelsian (M), while
the (SA2S-A)B and (SA2S-A)BT glass-ceramics show only monocel-
sian (M).

4. Discussion

The practical melting temperature to obtain the ho-
mogenious (SA2S-A) glass melts was around 18D0
which is much lower than the practical melting temper-
ature (+1800°C) of the stoichiometric SA2S celsian
composition. Due to this lowered melting temperature
one can fabricate a glass-ceramic readily at less energy
cost.

The glass transition and crystallization behaviors of a
glass can give the key information to the glass-ceramic
fabrication. According to the Hyatt and Bansal's
DSC data the glass transition temperatur&g) of
the stoichiometric SA2S celsian with a scan rate of
20°C/min, was 884C while those of the glasses pre-
pared for present study, (SA2S-A), (SA2S-A)B and
(SA2S-A)BT were 859, 816 and 79€, respectively.
The lowered glass transition temperature implies re-
duced viscosity of a glass. The effect of a sintering
aid of B,O3 is apparent since the (SA2S-A)B and
(SA2S-A)BT glasses, respectively show fligvalues
lowered by 43 and 65C compared to the (SA2S-A)
glass. The addition of BD3 could reduce the strong
connectivity of the three-dimensional chain structure
of a silicate glass thus, can lower its glass viscosity.

The crystallization peak temperatuig) of the sto-
ichiometric SA2S glass with a scan rate of°Zmin
was 1053 C while those of the (SA2S-A), (SA2S-A)B
and (SA2S-A)BT glasses were 1059, 1033 and@97
respectively. The crystallization of a glass can take
place by the rearrangement of ions or molecules ran-
domly oriented in it. Thus, a diffusion process is

glass-ceramics showed relatively high porosity whichinvolved in the crystallization procedure. Since the

corresponds well with the density measurements.

In Fig. 9 the XRD patterns from the (SA2S-A) glass-

ceramics sintered at 90C for 2 h and crystallized at

(SA2S-A)B and (SA2S-A)BT glasses have low viscos-
ity they can readily crystallize and thus, have lower
crystallization peak temperature$,§) compared to

1000°C for 4 h showed formation of both hexacelsianthe (SA2S-A) glass. The addition of nucleation agent,
and monocelsian phases. On the other hand, (SA2S4H0,, seems to be very effective since tiig of the
A)B and (SA2S-A)BT glass-ceramics sintered at(SA2S-A)BT glass was 38C lower than that of the

900°C for 2 h and crystallized at 110C for 1 h,

(SA2S-A)B glasses. The T¥Omust have formed ti-

showed formation of only monocelsian phase. The fortanates strongly acting as nucleation sites for the celsian

mation of a crystalline AO3; phase was not identified.

phase.
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The activation energy values for crystallization showed formation of only monocelsian and the
of SrOAl,03-2S5i0, phase obtained by using the (SA2S-A) glass-ceramic showed formation of mono-
Kissinger method indicate that the glasses preparedelsian and hexacelsian. The glassy phase or corundum
for present study have lower values (488, 370 anghase was not detected. Thus, the theoretical density
333 kJ/mol) than that (534 kJ/mol) [5] of the stoichio- of the glass-ceramics would be 3.084 gfcriiach of
metric SA2S glass. Thig difference between the the density values, thus, corresponds to 97, 96 and 90%
SA2S glass and the (SA2S-A) glass would be explainedf the theoretical density, respectively. The sintering
by the difference in the phase formation based on thability of a glass can be estimated from the tempera-
XRD results. From the XRD patterns it was revealedture range between crystallization onset and glass tran-
that the (SA2S-A) glass forms both the hexacelsian andition, (T, — Tg). The viscosity of a glass becomes to
monocelsian phases at the 1t@heating while the rapidly decrease when heated above Theat which
stoichiometric SA2S glass only the hexacelsian. Thehe glass chain structure is broken. And then, it dramat-
fact that the (SA2S-A) glass has an activation energycally increases when crystallization initiates because
value for crystallization lower than that of the SA2S the ions start to form highly ordered crystalline struc-
glass implies that the activation energy for the mono-4ure. Thus, the sintering of a glass occurs at the temper-
celsian formation is lower than that for the hexacelsiamature range of, — Ty. If the temperature range is small
formation. This statement can be strongly supported by premature crystallization can occur before the com-
the fact that the activation energy values for crystallizapletion of sintering. Once the premature crystallization
tion of the (SA2S-A)B and (SA2S-A)BT glasses form- occurs the viscosity of a glass increases tremendously
ing only the monocelsian, are 370 and 333 kJ/mol, reand the sintering ends. Thus, high sintering ability can
spectively which are much lower than that (534 kJ/mol)not be expected in a glass with a small temperature
of the SA2S glass forming only the hexacelsian. Therange ofT, — Tg. The T, — Ty values of the (SA2S-A),
activation energy difference between the (SA2S-A)B(SA2S-A)B and (SA2S-A)BT glasses at the DTA scan
and (SA2S-A)BT glasses would come from the exis-rate of 20°0C/min were 177, 176 and 17C, respec-
tence of precursor nuclei most probably titanates suckively. The (SA2S-A)BT glasses showed the smallest
as AbTi»Oy in a glass matrix. During the crystalliza- value since they would contain precursor nuclei such
tion process the monocelsian phase can be formed witas titanates and during the sintering process a prema-
less amount of activation energy due to the nuclei preture crystallization can occur. This result is in good
existing in a glass matrix. agreement with density data.

The crystallization mode of a glass has a practical The SEM micrographs of glass-ceramics well sup-
importance in the usage of it and also in the fabricaport the density measurements and DTA results. The
tion of a glass-ceramic since the surface crystallizatiofSA2S-A) and (SA2S-A)B glass-ceramics showed rel-
mode may introduce huge thermal expansion differencatively low porosity compared to (SA2S-A)BT glass-
at the boundary between the glass phase and crystateramic. The addition of sintering aid;®3, seems not
lized phase, building up high tensile stress [15]. Thiseffective to the enhancement of the sintering ability of
high tensile stress at the interface mostly causes totdhe (SA2S-A) glass. Most probably, lowered viscosity
failure of the glass. On the other hand, in the case 0bf a glass would have enhanced both sintering and crys-
the bulk crystallization mode where the crystal growthtallization of the glass. This statement can be strongly
occurs at the finely distributed precursor nuclei in thesupported by the loweret}, T, and E¢ values.
glass, the huge thermal expansion coefficient gradient The XRD patterns of the (SA2S-A) glass-ceramics
across the whole glass body does not occur, and thehowed formation of the monocelsian and hexacelsian
glass body is safe against the thermal failure. Thusphases while those of the (SA2S-A)B and (SA2S-A)BT
from this perspective the bulk crystallization is desir- showed formation of only monocelsian phase. A broad
able compared to the surface crystallization. It is wellhill indicating the existence of glassy phase was not
known that in the production of glass-ceramics, nucle-detected which implies that the heating at 100
ation agents such as Ti@nd/or ZrQ are used to form  for 1-4 h was enough for the completion of crystal-
titanates or zirconates finely distributed in a glass bodylization of the glasses. The diffraction patterns from
These precursor-nucleifinely distributed in a glass bodyhe corundum phase were not detected for all of the
can induce bulk crystallization and thus, a sound glassthree glass-ceramics. Thus, it can be concluded that the
ceramic body can be produced without a failure. Theglass-ceramics formed celsian solid solutions. The dif-
crystallization mode of a glass can be determined by théerence in the crystalline phase formation between
Avrami parameter valuenj. The (SA2S-A) and (SA2S- the glass-ceramics would come from the viscosity
A)B glasses showed approximately the same Avramdifference between the glasses. Both the (SA2S-A)B
parameters of 1.2 and 1.1 which represent high surfacaend (SA2S-A)BT glasses contain®; and their vis-
crystallization tendency of them. Due to the existencecosity above thely would be reduced. The lowered
of precursor nuclei the (SA2S-A)BT glass showed arviscosity would have enhanced formation of the mono-
Avrami parameter of 1.9 indicating the mixed crystal- celsian and depressed formation of the metastable
lization mode. hexacelsian phase. In order to confirm this, XRD

The averaged density values of the (SA2S-A) andwvas performed on the (SA2S-A)B and (SA2S-A)BT
(SA2S-A)B glass-ceramics were 2.98 and 2.96 dicm glasses heated to 1100 for only 1 s and quenched.
respectively while that of the (SA2S-A)BT glass- The XRD patterns showed glass phase remained and
ceramic was 2.78 g/ctnAccording to the XRD data the monocelsian phase formed as an only crystalline
both the (SA2S-A)B and (SA2S-A)BT glass-ceramicsphase. This result reveals that the (SA2S-A)B and
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(SA2S-A)BT glass-ceramics form the monocelsian(SA2S-A)B glasses have bigger temperature range of
phase directly from their glass matrices during theT, — Ty than the (SA2S-A)BT glass and showed high
crystallization procedure. This result is contradictorysintering ability. In light of the lowered processing tem-
to the result of Hyatt and Bansal [5] showing that perature, shorter processing time period, and high sin-
in the stoichiometric SA2S glasses the formation oftering ability the (SA2S-A)B glass-ceramics have high
monocelsian phase occurs only through the phaspotential to be used for variety of applications.

transformation of hexacelsian. The depression of a
metastable phaseu{cordierite) formation by addi-

tion of B,O3 and TiQ, was reported in the 2MgO Acknowledgements
2Al,03-5SI0, system as well [9]. This enhanced mono- This study was supported by ‘San-Hak-Yon Consor-
celsian formation with much shorter time period cantium’ of Daejin University in 1999.

supply high opportunity for the off-stoichiometric cel-
sian glass-ceramics to be used for various applications.
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