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Barium aluminoborosilicate glasses are promising precursors for celsian-based glass-
ceramics, but their crystallization pathways must be controlled to obtain stable low-
expansion phases. This study examines BaO—Al,0,—B,0,—Si0, glasses in which Al,O,
was progressively replaced by 0—9 wt.% La,0;. All quenched compositions were
transparent, colorless, and X-ray amorphous, while infrared spectra showed only modest
changes in the local borate—silicate vibrational environment. La,0;-for-Al,O; substitution
increased density from 3.75 to 4.01 g/cm?, raised the linear coefficient of thermal expansion
from 8.71 to 9.47 ppm/°C, increased the dilatometric softening point from 652 to 665°C,
and decreased electrical volume resistivity at 150°C by about two orders of magnitude.
Differential thermal analysis showed multistep crystallization, with the first exothermic
peaks near 746—758°C. Heat-treated La-free glass crystallized mainly through a hexagonal
BaAl,Si,O¢-rich assemblage with monoclinic BaAl,Si,Oy and BaB,0,, whereas 9 wt.%
La,0; favored BaSiO; and monoclinic BaAl,Si,O4 without clear hexagonal BaAl,Si,Oy
reflections. The novel contribution is demonstrating La,O;-for-Al,O; substitution as a
compositional lever for jointly tuning glass properties and redirecting crystallization
away from a hexacelsian-dominated route toward a BaSiO;—monoclinic celsian assemblage
in BaO-rich aluminoborosilicate glasses.

Keywords: borosilicate glass, celsian, lanthanum oxide, crystallization, glass-ceramics.

DOI: 10.32434/0321-4095-2026-167-4-126-136

Introduction

Barium aluminoborosilicate glasses are important
precursors to celsian-based glass-ceramics, especially
those containing monoclinic BaAl,Si,O,, a phase
valued for high refractoriness, low and stable thermal
expansion, chemical durability, and favorable dielectric
properties. This combination makes celsian-based
ceramics attractive candidates for high-temperature
radio-transparent materials, including radome
components for aviation and rocket systems, where
low and stable permittivity and dielectric loss must be
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maintained during aerodynamic heating, as well as
for fiber-reinforced ceramic-matrix composites and
low-temperature co-fired ceramic (LTCC) substrates
and dielectrics [1—3]. BaO—Al,0,—B,0,—Si0, glasses
are particularly relevant in this context because they
combine barium aluminosilicate crystallization
chemistry with the processing advantages introduced
by boron oxide [3]. Within this system, B,0O, lowers
melting temperature and viscosity, widens the glass-
forming region, and improves melt homogeneity,
allowing dense, visually defect-free glasses to be cast
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and subsequently devitrified into the desired crystalline
assemblage.

The central difficulty is that BaAl,Si,Oy is
polymorphic, and the technologically preferred phase
is rarely the one that forms first. On heating,
crystallization commonly begins with metastable
hexagonal BaAl,Si,Oy, or hexacelsian, whereas the
stable low-expansion monoclinic celsian phase develops
only through subsequent transformation at higher
temperature [4]. This hexacelsian-to-celsian conversion
is notoriously sluggish and often remains incomplete
even after prolonged treatment near 1400°C, and
hexacelsian itself is undesirable because it undergoes
a reversible transformation with a large volume change
that degrades mechanical and dielectric performance
[4]. Biasing devitrification toward monoclinic celsian,
or suppressing the hexacelsian-dominated pathway, is
therefore a central processing objective in the design
of celsian-based glass-ceramics.

Crystallization can be steered by nucleating
agents, mineralizers, and deliberate compositional
substitution, all of which alter the local glass structure,
the distribution of charge-compensating cations, and
the relative accessibility of competing crystalline phases.
Lanthanum oxide is an appealing compositional lever
because La** can modify silicate and borosilicate
networks through strong La—O interactions and
changes in oxygen speciation [5,6]. Depending on
the base composition and substitution scheme, La,O,
additions have been reported to increase density, alter
thermal expansion and softening behavior, and modify
crystallization tendency [6]. Yet the consequences of
substituting La,O; directly for network-participating
AL, O, in BaO-rich, celsian-forming
aluminoborosilicate glasses remain poorly defined. This
substitution is especially significant because it
simultaneously introduces a rare-earth oxide and
reduces the Al,O; available for BaAl,Si,O4 formation,
thereby changing both the glass network and the
stoichiometric competition among celsian, barium
silicate, and barium borate phases.

Despite this potential, the specific effect of
La,0,-for-Al,O; substitution on BaO-rich
aluminoborosilicate glasses remains insufficiently
understood, particularly with respect to the coupled
evolution of amorphous structure, thermophysical
properties, electrical insulation behavior, and celsian-
forming crystallization. This gap is important because
the desired processing outcome is not simply
crystallization, but selective crystallization toward stable
low-expansion phases while preserving useful glass-
forming ability and controllable thermal response.
The purpose of the present work is therefore to
determine how progressive substitution of La,O; for
Al O, affects the amorphous structure, density, thermal

expansion, dilatometric softening, electrical volume
resistivity, and crystallization pathway of BaO—ALO,—
B,0,—Si0, glasses intended as precursors for celsian-
based glass-ceramics.

Materials and methods

Glasses in the BaO—Al,0,—B,0,—Si0,—La,0,
system, hereafter denoted as BaAlBSiLa glasses, were
prepared by the melt-quenching method. The base
composition was selected from the low-melting eutectic
region of the BaO—AL0,—Si0, system and modified
with B,O; to reduce the melting temperature while
retaining suitability for the development of
BaAlLSi,Os-containing glass-ceramics. The BaO-rich
aluminoborosilicate composition, close to
57.3Ba0—13.2A1,0,—9.1B,0,—20.4Si0,, is promising
because its components can participate in crystallization
reactions leading to celsian-containing phase
assemblages during subsequent ceramic processing [7].

The nominal batch composition was
57.27Ba0O—(13.18—w)AlL,0,—9.09B,0,—20.46Si0,—
wLa,0,, where w=0; 3; 6; and 9 wt.%, corresponding
to stepwise replacement of Al,O, by La,O, on a weight-
percent basis. Reagent-grade BaCO,, ALO;, H;BO;,
Si0O,, and La,O; were used as raw materials.
Their purities and suppliers were as follows:
BaCO, (99.8%, Reachim), Al,O; (99.7%, Plasma),
H;BO; (99.6%, Reachim), SiO, (99.6%, Novohim),
and La,0; (99.9%, Sigma-Aldrich). The starting
materials were weighed according to the target
compositions and thoroughly mixed to ensure batch
homogeneity. The batches were melted in corundum
crucibles at 1380°C for 60 min in a SiC rod-heated
furnace. The melts were cast into preheated molds
to obtain rectangular bars with dimensions of
5x5x50 mm?® and discs with a diameter of 30 mm.
The samples were annealed at 600°C for 4 h and then
cooled to room temperature at 40°C/h.

The glasses were designated according to
their La,O; content as BASLO, BASL3, BASLS6,
and BASLY9. The corresponding nominal
compositions, in wt.%, were BASLO:
57.27Ba0—13.18A1,05,—9.09B,0,—20.46Si0,;
BASL3: 57.27Ba0O—10.18A1,0,—9.09B,0;—
20.46Si0,—3La,0,; BASL6: 57.27Ba0O—7.18A1,0,—
9.09B,0,—20.46Si0,—6La,0;; and BASL9Y:
57.27Ba0—4.18A1,0,—9.09B,0,—20.46Si0,—9La,0;.

Thermal characterization was performed by
simultaneous thermal analysis using an STA300 Nexta
instrument (Hitachi) at a heating rate of 10°C/min to
determine the crystallization peak temperature, T,
from the exothermic maxima in the DTA curves.
Push-rod dilatometry (GT-1000) was conducted at
3°C/min to determine the dilatometric softening point,
T,, and the linear coefficient of thermal expansion,
CTE.
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Structural characterization was performed by
X-ray diffraction (XRD) on a DRON-3M
diffractometer with Co-Ko radiation and by
Fourier-transform infrared spectroscopy (FTIR) on a
Shimadzu IRSpirit-XT spectrometer equipped with a
QATR-S accessory. FTIR spectra were recorded in
the range 1800—350 cm™" with a spectral resolution
of 2 cm™!, using 24 scans per measurement. Phase
identification was carried out by matching the XRD
reflections with reference patterns from the Powder
Diffraction File database.

Glass density was determined by Archimedes’
principle using n-decane (p=0.732 g/cm?’) as the
immersion liquid and a Radwag AS 220 R2
microbalance. At least three measurements were
performed for each sample, and the values were
reproducible within £0.01 g/cm?. Electrical volume
resistivity was measured on flat-parallel polished plates
in a two-electrode cell with graphite contacts.
Measurements were conducted over the temperature
range 100—300°C at a heating rate of 10°C/min using
an E6-13A high-resistance meter (teraohmmeter).

Results and discussion

Figure 1 provides an initial assessment of the
glass formation and visual quality of the BaAIBSiLa
series after melt quenching. The XRD patterns of
BASLO, BASL3, BASL6, and BASL9 are characterized

by broad diffuse maxima rather than narrow,
well-resolved reflections, a feature commonly associated
with X-ray-amorphous materials, while sharp peaks
would indicate crystalline contributions. The principal
diffuse feature lies in the low- to mid-angle region,
centered approximately at 30—35° 20, and remains
broadly similar as La,O; progressively replaces Al,O,.
Within the resolution of these measurements, no
distinct crystalline peaks are observed, suggesting that
La,0, additions up to 9 wt.% do not induce detectable
crystallization under the applied melting, casting, and
annealing conditions. The as-cast samples shown in
Fig. 1, right, were transparent and colorless across
the whole series, with no visible bubbles, striae, or
surface devitrification, indicating that the chosen
melting and annealing schedule was suitable across
the entire La,O; substitution range. Overall, Figure 1
indicates that the selected BaAlBSilLa compositions
retain a glassy character across the investigated La,O,
range, providing a suitable basis for comparing their
thermal, physical, and electrical properties.

Having established that all four compositions
are X-ray amorphous and visually homogeneous,
Figure 2 examines whether La,O;-for-Al,O,
substitution produces measurable changes in the short-
range vibrational response of the BaAIBSiLa network.
All spectra contain broad, overlapping bands between
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Fig. 1. X-ray pattenrs and photographs of melt-quenched BaAlBSiLa glasses with increasing La,0, content
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1600 and 400 cm™', consistent with the distribution
of local vibrational environments expected for an
amorphous mixed borate—silicate network, rather than
the sharper and better-resolved bands typically
associated with crystalline phases. Literature on
borosilicate glasses commonly assigns bands in the
1150—1450 cm™! region to B—O stretching vibrations
of trigonal borate units, while the 900—1100 cm™'
region contains overlapping B—O and Si—O stretching
contributions [8]. Bands near 700 cm™' are generally
associated with B—O—B bending vibrations in borate
groups. The low-wavenumber component near
400—500 cm™! may be attributed mainly to bending-
type vibrations of the silicate network [9], such as
Si—O—Si or O—Si—0O motions associated with SiO,
tetrahedra, although overlapping contributions from
other network units cannot be excluded. On this basis,
the small peak displacements observed here are best
interpreted as evidence of a gradual change in the
local borate—silicate vibrational environment as La,O,
replaces Al,O,, rather than as evidence for a major
reorganization of the glass network. The persistence
of broad, overlapping bands across the series suggests
that La,O; addition does not produce abrupt changes
in the main FTIR features of the BaAlBSiLa glasses.
Together, the XRD and FTIR results indicate that
La,0, addition does not produce detectable
crystallization, but instead leads to modest changes in

the local vibrational environment of the amorphous
BaAlBSiLa network.

Despite the limited structural changes detected
by XRD and FTIR, the physical and electrical
properties respond predictably to La,0,-for-Al,O,
substitution, as shown in Fig. 3. The density increases
steadily from 3.75 g/cm?® for BASLO to 4.01 g/cm3
for BASL9 as La,0O; replaces Al,O;. This trend is
expected primarily from the much higher molar mass
of La,0, relative to Al,O;, and is consistent with
reported borosilicate systems in which density rises
with increasing La,O; content and decreases with
increasing Al,O; content [10]. In contrast, the
logarithm of the electrical volume resistivity at 150°C
decreased from log;,[p/(Q-cm)]=13.92 for BASLO to
11.88 for BASLY, corresponding to a reduction by
about two orders of magnitude. Even after this decrease,
the resistivity values remained in the 10"—10" Q-cm
range, which is typical of highly insulating borosilicate-
based glasses measured at comparable temperatures
[11]. The decrease in resistivity suggests that
La,0,-for-Al,O, substitution lowers the resistance to
thermally activated charge transport in the BaAIBSiLa
glass matrix. This change may be related to a
redistribution of charge-compensating cations and to
modification of the amorphous network as Al,O;,
which can form charge-balanced AlO, units, is
progressively replaced by La,O;. The dilatometric data
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Fig. 2. Effect of La,0,-for-Al,O; substitution on the FTIR response of BaAlBSilLa glasses
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show that both the linear CTE and the softening
point T, rise with La,0, content: CTE increases from
8.71 to 9.47 ppm/°C, while T, shifts from 652 to
665°C. The increase in CTE indicates that
La,0;-for-Al,O; substitution increases the thermal
expansivity of the glass below the softening range.
One possible explanation is that Al,O;, which can
participate in the glass network, is progressively replaced
by La,0,, whose role in borosilicate glasses is often
modifier-like. La,O; additions have been reported [12]
to alter borosilicate glass connectivity and thermal
behavior, with the direction and magnitude of the
effect depending strongly on the base composition
and substitution scheme. The simultaneous rise in T,
may at first seem inconsistent with a simple network-
depolymerization interpretation, since reduced network
connectivity would generally be expected to lower the
softening temperature. In the present glasses, however,
the higher T, may reflect the high charge and field
strength of La’*, which can produce relatively strong
local La—O interactions with surrounding oxygens.
These local cation—oxygen constraints may hinder
cooperative structural rearrangement during softening
and therefore retard viscous flow, shifting T, to higher

temperature even while the sub-T, thermal expansion
increases. Thus, the two trends appear to reflect
different aspects of the glass response: the average
thermoelastic behavior controls expansion below the
softening range, whereas La-associated local constraints
may influence the onset of viscous deformation.
Overall, Figure 3 shows that La,O, addition densifies
the BaAIBSiLa glasses, lowers their electrical volume
resistivity, and produces a modest upward shift in
both CTE and T,. These property changes provide
the basis for interpreting the subsequent DTA results,
particularly the thermal events associated with
crystallization.

The DTA and post-heat-treatment XRD results
show that La,0, substitution affects both crystallization
temperatures and the crystalline phases formed during
heating. In Fig. 4, all compositions show a weak
DTA endothermic/inflection feature at approximately
697—712°C, which is tentatively assigned to the glass-
transition or structural-relaxation region, followed by
one or more exothermic events assigned to
crystallization. The first exothermic peak remains in
a narrow range of 746—758°C, occurring at 756°C for
BASLO and at about 758, 746, and 750°C for BASL3,
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Fig. 3. Properties of BaAlBSiLa glasses as a function of La,0; content
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BASL6, and BASL9, respectively. Relative to BASLO,
the peak is nearly unchanged for BASL3 and shifts
slightly lower for BASL6 and BASL9. The higher-
temperature events were more composition-dependent:
BASLO showed an additional effect at 810°C, BASL3
at 830°C, BASL6 at 1080°C, and BASL9 at 853 and
1054°C. This separation of thermal events suggests a
multistep crystallization process rather than the
formation of a single phase in one interval. Such
behavior is consistent with barium aluminosilicate
glass-ceramics, where DTA peaks near 800—820°C
have been associated with celsian formation, and where
the relative BaO/Al,O; content influences
crystallization temperature and phase development
[13].

To identify which crystalline products correspond
to the main DTA exotherms, BASLO and BASL9
were heat-treated at temperatures corresponding to
selected DTA peak temperatures, and the resulting
XRD patterns are presented in Fig. 5. For BASLO
(Fig. 5a), both the 756°C and 810°C treatments
produce well-resolved crystalline patterns containing
prominent reflections assigned to hexagonal BaAl,Si,Oq

(Ref. code 01-077-0185), together with weaker
reflections attributable to monoclinic
BaAl,Si,O4 (Ref. code 00-019-0090) and BaB,O,
(Ref. code 01-085-0914). The presence of both
BaAl,Si,Og polymorphs, with hexacelsian giving the
most prominent assigned reflections, agrees with earlier
reports on barium aluminosilicate glasses, in which
devitrification commonly yields hexacelsian first, while
conversion to monoclinic celsian is promoted by
suitable additives, mineralizers, nucleating agents, seed
crystals, or extended thermal treatment. This behavior
is generally attributed to the sluggish kinetics of the
hexagonal-to-monoclinic transformation, which
requires substantial structural rearrangement. From a
processing perspective, direct formation of monoclinic
celsian is preferable, since it avoids reliance on this
sluggish transformation and favors the stable, low-
expansion barium aluminosilicate phase sought in
many glass-ceramic applications.

By contrast, BASL9 does not reproduce the
BASLO phase assemblage. After treatment at 750, 853,
and 1054°C, the indexed reflections are attributed
mainly to BaSiO, (Ref. code 00-021-0083) and
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Fig. 4. Effect of La,0,-for-Al,O; substitution on the DTA behavior of BaAlBSiLa glasses
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monoclinic BaAl,Si,Og, while strong, unambiguous
reflections of hexagonal BaAl,Si,Oy4 are not evident
within the detection limits of the present XRD patterns
(Fig. 5b). This result indicates that high La,O,
substitution changes the crystallization pathway rather
than simply shifting the crystallization temperature.
The appearance of BaSiO; is consistent with the
high-La,0,, low-Al,O; composition of BASL9: as
Al,O; is progressively replaced by La,0;, less alumina
is available to combine with BaO and SiO, in
stoichiometric BaAl,Si,Og, so part of the Ba—Si
component may crystallize separately as BaSiO,.
La,0,-for-Al, O, substitution changes the competitive
phase selection, but the reduced Al,O, content also
limits the stoichiometric capacity for BaAl,Si,Oq
formation. From a processing standpoint, the BASL.9
result is significant because monoclinic celsian is
generally the desired BaAl,Si,O4 polymorph for low-
expansion and thermally stable ceramic applications,
whereas hexacelsian is less desirable because it can
undergo polymorphic changes and because its
conversion to monoclinic celsian is kinetically
sluggish. The BASL9 patterns therefore suggest that
La,0,-for-Al, O, substitution changes the competitive
crystallization reactions, suppressing the hexacelsian-
dominated route observed in BASLO and yielding a
BaSiO;—monoclinic celsian assemblage under the
present heat-treatment conditions.

Following the phase identification by XRD, the
FTIR spectra in Fig. 6 provide supporting vibrational
evidence consistent with different crystallization paths
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for BASLO and BASL9. In BASLO, treatment at
756 and 810°C converts the broad glass bands into
more resolved features, consistent with increased
structural ordering and with the crystalline products
identified by XRD in Fig. 5a, where the strongest
assigned reflections are associated with hexagonal
BaAl,Si,Oq, accompanied by monoclinic BaAl,Si,Oy
and BaB,0,. The persistence of the high-wavenumber
borate-related bands is consistent with the BaB,0,
contribution detected by XRD, since borate glasses
and borate units commonly show B—O stretching
contributions in the 1200—1500 cm™' region and
bending-related features near 700 cm™'. At the same
time, the bands between about 900 and 400 cm™! are
compatible with aluminosilicate and silicate vibrations
expected for BaAl,Si,Os-containing products. Literature
on celsian-forming systems places Si—O stretching
near 1035 cm™!, Si—O—Al-related contributions in
the 800—600 cm™' region, and Si—O bending near
460 cm™' [14]. The BASL9 spectra show a different
evolution. After heat treatment at 750, 853, and
especially 1054°C, the most evident bands occur mainly
in the 809—962 cm™' and 386—774 cm™' regions,
while the high-wavenumber borate-related bands
appear less prominent than in BASLO. This
redistribution is consistent with the XRD result in
Fig. 5b, where BASLY yielded mainly BaSiO and
monoclinic BaAl,Si,Oq rather than the hexacelsian-
dominated path observed for BASLO. Reported
barium silicate spectra [15] include features in the
600—700 cm™! range, maxima near 731 and
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Fig. 5. XRD phase evolution of BASLO (a) and BASL9 (b) after heat treatment
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690 cm™', and deformation modes around 500 cm™!,
which helps rationalize the stronger low-wavenumber
structure in BASL9. Thus, Figure 6 supports the main
conclusion drawn from Fig. 5: La,O; substitution does
not merely shift crystallization temperatures, but
changes the competitive phase development during
heat treatment. These combined XRD and FTIR results
provide the structural basis for the final conclusions
on how La,0, controls the processing response of
BaAIlBSiLa glass-ceramics.

Conclusions

La,0,-for-Al,O, substitution preserved glass
formation in the investigated BaO-rich
aluminoborosilicate compositions while
compositionally tuning their physical properties and
crystallization products. All compositions containing
0; 3; 6; and 9 wt.% La,0O, remained visually
homogeneous and X-ray amorphous after melt
quenching and annealing, indicating that La,0O,
contents up to 9 wt.% are compatible with stable glass
preparation under the selected processing conditions.

The main property changes were consistent
but moderate: density rose from 3.75 to 4.01 g/cm?,
thermal expansion increased from 8.71 to
9.47 ppm/°C, and the dilatometric softening point
shifted upward from 652 to 665°C. Electrical volume
resistivity at 150°C decreased by about two orders of
magnitude across the substitution series, although all
compositions retained highly insulating behavior.
These coupled trends are consistent with the
replacement of network-forming Al,O, by the heavier
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—— BASLO 756°C
—— BASLO 810°C

358
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a

and more modifier-like La,O; component, which
increases glass density, changes charge-compensation
environments, and modifies the thermal response of
the amorphous network.

The most significant effect of La,0, was the
change in crystallization pathway. The La-free glass
crystallized predominantly as hexagonal BaAl,Si,Oq,
with weaker X-ray diffraction reflections attributable
to monoclinic BaAl,Si,O4 and BaB,0,. In contrast,
the glass containing 9 wt.% La,O; yielded mainly
BaSiO; and monoclinic BaAl,Si,O; after heat
treatment, with no strong evidence for dominant
hexacelsian formation. La,O, substitution therefore
acts not only as a property modifier but also as a
phase-selection tool, steering crystallization away from
the hexacelsian-dominated route observed in the
La-free glass toward a BaSiO;—monoclinic celsian
assemblage under the present heat-treatment
conditions.
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BILINB 3AMIINEHHA OKCHUAY AJIIOMIHIIO
OKCHUAOM JIAHTAHY HA CTPYKTYPY,
TEIUVIO®I3NYHI BJACTUBOCTI TA
KPUCTAJII3ALIIIO
BAPIMATTIOMOBOPOCHMIIIKATHUX CTEKOJI

10.C. Iopdees, IO.P. Karimenxo, O.B. 3aiiuyx

BapiitaimroMob60pocliKaTHi CTeKJIa € MEePCIeKTUBHUMU
MPEeKypcoOpaMu JUTsl CKJIOKEpaMiKi Ha OCHOBI 1ieJIb3iaHy, OIHAaK
LIJISIXA KPUCTaJli3alii MUX CTEKOJ HEeOOXimHO KOHTPOJIOBATU
IS OTPUMaHHS CTaOiIbHUX (a3 i3 HU3BKUM KoedilliEHTOM
TETUIOBOTO PO3IIMPEHHS. Y po0OTi ITOCTIMKEHO CTEKJIa CHUCTe-
mu BaO—Al,0,—B,0,—Si0,, y sixux Al,O; moctymnoBo 3amiliry-
Bau 0—9 mac.% La,O,. Yci 3araproBaHi ckiaau Oyiu Mpo30-
pumu, 06e30apBHUMHU Ta PEHTTeHOAMOP(MHUMM, TOMI SIK iH(ppa-
YEPBOHI CIEKTPU 3aCBIMUWIIM JIMIIIE ITOMIpHI 3MiHU Yy JIOKAJIb-
HOMY BiOpaliiHOMy OTOYE€HHI OOpaTHO-CUJIKATHOI CITKH.
3amimenus Al,O; nHa La,O,; migBuinyBano ryctuny 3 3,75 mo
4,01 r/cm?, 306inbLIyBaNO JIIHIKHUK KOe(illieHT TEMI0BOro
posimperHs 3 8,71 no 9,47 ppm/°C, miaBULILyBajJO IWIATO-
METPUYHY TeMIIEpaTypy po3m’sKiueHHs 3 652 no 665°C i 3HK-
KyBaj0 MUTOMUI 00 €MHUII eaeKTpuuHMii omip npu 150°C
OpuOIM3HO Ha ABa TMOpsaku. dudepeHLialbHUNI TEPMIUHUMA
aHaJli3 IoKa3aB OaraToCTadiliHy KpUCTaji3allilo 3 MepIINMU
eK30TepMIiYHMMM IiKaMu B miara3oHi 746—758°C. Tepmoo0-
pobuieHe CcKJIo Ge3 JIaHTaHy KpUCTalidyBajaocs 3 (hopMyBaHHSIM
dazoBoro ckiaay, y sSIKOMy IepeBaxkaB reKcaroHaJbHUI
BaALSi,Oq4, a Takox Oynu HasiBHi MoHOKIiHHUN BaAl,Si,Oy i
BaB,0,, Toni six yBenenHst 9 mac.% La,O; cripusiio YTBOPEHHIO
BaSiO; i monokininHoro BaAlLSi,Og 6e3 uiTkux pedekcis
rekcaroHasibHoro BaAlSi,O;. HoBusHa po6oTtu mossirae B 00-
rpyHTyBaHHi 3aMmilueHHs Al,O; Ha La,0; K edekTuBHOrO
KOMITO3ULIIMHOTO MiJIXOAY 10 OAHOYACHOTO PEryJIIOBaHHSI BJa-
CTUBOCTEl CKJIa Ta CHPSAMYBaHHSI KpucTami3alii Bim Tepe-
BaXKHOTO YTBOPEHHS rekcatieib3iany 10 ¢hopMyBaHHS ($Ha30BO-
ro ckjamy, npenacraBieHoro BaSiO; i MOHOKJIIHHUM LeJb-
3iaHOM, B aJIOMOOOPOCWIIKATHUX CTEKJIAX i3 BUCOKMM BMiCTOM
BaO.

KimouoBi cioBa: GopocwitikaTHe CKJIO, 1I€JIb3iaH, OKCHT
JIaHTaHy, KpUCTali3allisi, CKIIOKepaMiKa.
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Barium aluminoborosilicate glasses are promising precursors
for celsian-based glass-ceramics, but their crystallization pathways
must be controlled to obtain stable low-expansion phases. This
study examines BaO—Al,0,—B,0,—Si0, glasses in which Al,O,
was progressively replaced by 0—9 wt.% La,O,. All quenched
compositions were transparent, colorless, and X-ray amorphous,
while infrared spectra showed only modest changes in the local
borate—silicate vibrational environment. La,0,-for-Al,O,
substitution increased density from 3.75 to 4.01 g/cm?, raised
the linear coefficient of thermal expansion from 8.71 to
9.47 ppm/°C, increased the dilatometric softening point from
652 to 665°C, and decreased electrical volume resistivity at 150°C
by about two orders of magnitude. Differential thermal analysis
showed multistep crystallization, with the first exothermic peaks
near 746—758°C. Heat-treated La-free glass crystallized mainly
through a hexagonal BaAl,Si,Oq-rich assemblage with monoclinic
BaALSi,O4 and BaB,O,, whereas 9 wt.% La,0; favored BaSiO,
and monoclinic BaAl,Si,O without clear hexagonal BaAl,Si,O
reflections. The novel contribution is demonstrating
La,0,-for-Al,O, substitution as a compositional lever for jointly
tuning glass properties and redirecting crystallization away from a
hexacelsian-dominated route toward a BaSiO,—monoclinic celsian
assemblage in BaO-rich aluminoborosilicate glasses.

Keywords: borosilicate glass; celsian; lanthanum oxide;
crystallization; glass-ceramics.
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