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EFFECT OF LaF; ADMIXTURE ON THERMAL STABILITY OF
BOROSILICATE GLASSES
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Oxyfluoride glass-ceramics based on the aluminosilicate glass-matrix with the nano-phase of fluoride is an interesting material for
optoelectronics. A new glass from the SiO,—B,0;—Na,O-LaF; system in which nanocrystallization of LaF; could be obtained as

well is presented.

Thermal stability of glass and the crystalline phases formed upon heat treatment were determined by DTA/DSC and XRD
methods, respectively. The effect of the glass composition on thermal stability was investigated by the SEM method.

It has been found that the addition of LaF; increases the tendency to decomposition of the borosilicate glass. In glasses with
the ratio B,O3/(Na,O+3LayF¢)<1 it is possible to obtain the immersed crystallization of LaF; in transparent glassy matrix. The pro-
cess is preceded by LaOF formation. Glasses with the composition B,0;/(Na,O+3La,F¢)>1 revealed the tendency to La(BSiOs)

crystallization.
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Introduction

Oxyfluoride glass ceramics based on the aluminosili-
cate glass-matrix has been developed since it was first
reported in 1993 [1]. In this material, the low phonon
energy lanthanum fluorine phase could be immersed in
oxide glassy matrix by appropriate thermal treatment
in low range of the composition [2, 3]. Because rare
earth ions can selectively concentrate into fluoride
crystals, the glass ceramics can offer excellent optical
properties. As long as the crystals of LaF; do not ex-
ceed 100 nm in size, the material remains transparent
and gives intensive upconvertion luminescence [4].
Borosilicate glasses are commonly used as fi-
bers, chemically and mechanically resistant contain-
ers as well as for encapsulation of radioactive
wastes [5]. In recent years, glasses with B,O; as a
component have been investigated in searching mate-
rials with new optical properties [6, 7]. On account of
the lower melting temperatures and easy formation of
fibres these glasses might be an interesting material
for optoelectronics; unfortunately, they have high
phonon energy ~1300 cm . Inducing in the borosili-
cate glasses the phenomenon of nanocrystallization of
low phonon energy phase could eliminate the above
disadvantage. Hence in the present study the glass
compositions have been designed so as to make it
possible to define the effect of the charge of the modi-
fier ions on the thermal stability and the ability to
crystallization. Two ratios B,03/Na,O for the model
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glasses without LaF; and B,0;/(Na,O+3La,Fs) for
LaF; doped glasses have been accepted.

Experimental

Twelve glasses, with the constant content of 15 mol%
B,0;, were prepared in two series. The glass composi-
tions are listed in Table 1. The first series contains
borosilicate glasses without admixture of LaFs. The ra-
tio of B,03/Na,O has been varied from 0.4 to 1.4. The
second one was melted with 3 mol% of La,Fs and the
ratio B,O3/(Na,O+3La,F¢) has taken the same values.
Batches were prepared by mixing appropriate
quantities of chemically pure reagents: SiO,, H;BO;,
Na,CO; and LaF;. Glasses have been obtained by
melting 20 g batches in a covered platinum crucible in
an electric furnace at the temperature 1300°C in air
atmosphere. Each molten glass was poured out onto a
stainless plate forming a layer of ca. 3 mm thickness.
The ability of the obtained glasses to crystalliza-
tion was determined by DTA/DSC measurements
conducted on the Perkin Elmer DTA-7 System oper-
ating in heat flux DSC mode. The samples of 60 mg in
mass were heated in platinum crucibles at a rate of
10°C min "' in dry nitrogen atmosphere to the temper-
ature 1000°C. The glass transition temperature 7, was
determined from the inflection point on the enthalpy
curve; the jump-like changes of the specific heat AC,
accompanying the glass transition and the enthalpy of
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Table 1 Composition of prepared borosilicate glasses

Ratio Composition/mol%

Glass B,0y/Na,0  B,O3/(Na,0+3La,F¢) Si0, B,O; Na;0 LaFq
0.4B,0; 0.4 - 475 375 -
0.6B,0; 0.6 - 60 25.0 -

. 0.8B,0; 0.8 - 66.25 18.75 -
Series | 1.0B,0; 1.0 - 70 15 -
1.2B,0; 1.2 - 72.5 12.5 -

1.4B,0, 1.4 - 74.29 10.71 -

0.4B,05LaF; - 0.4 53.5 15 28.5 3.0
0.6B,05LaF; - 0.6 66 16 3.0

. 0.8B,05 LaF; - 0.8 72.25 9.75 3.0
Series I 0B,0y LaFs - 1.0 76 6 3.0
1.2B,05 LaF; - 1.2 78.5 3.5 3.0

1.4B,0y LaF; - 1.4 80.29 1.71 3.0

ceramization (AH.y) of the glass were calculated us-
ing the 7 Series Perkin Elmer Thermal Analysis Soft-
ware Library. The ability of glasses for crystallization
was measured by the values of the temperature (7crys),
the enthalpy of crystallization (AHs) and the values
of the thermal stability parameter of glasses
(AT=T.ys—Ty). Glasses revealing the effect of crystal-
lization were selected for further thermal treatment.

The kind and the size of the formed crystallites
were examined by XRD in the range 10-70° 20
(Philips ~ X’Pert  Diffractometer) and SEM
(FEI Nova200 NanoSEM) methods.

Results and discussion

Thermal stability

Glasses from the system Na,O-B,03;—SiO, with the
ratio B,03/Na,0 from 0.4 to 1.4 were transparent and
no opalescence was observed. The glasses demon-
strated high thermal stability without effects of
crystallisation on DTA curves (Fig. 1). Some small
exothermal effects in the range 700—750°C are con-
nected with the change of heat capacity caused by
sintering of the powder sample [8]. The performed
XRD investigations of glasses heated in this range of
temperature have not revealed formation of the crys-
tal phases. Glasses of the series I were characterized
by the transformation temperature (7,) in the range
550-600°C, and this temperature was lower for
glasses with higher Na,O: glasses 0.4B,0; and
0.6B,0; (Table 2).

Introduction of LaFj; into the glass considerably
changed its thermal stability. With increasing ratio
B,05/(Na,O+3La,F¢) increased tendency of the glass
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for phase separation was observed. It was manifested
by the reduction of transparency while the amorphous
character of the sample was preserved, which was
confirmed by XRD examination.

Addition of 6 mol% LaF; to the borosilicate
glass (series II) resulted in lowering the transforma-
tion temperature (Fig. 1, Table 2). The greatest de-
crease of 7, was observed in glasses with the ratio
B,03/(NayO+3LayF¢) equal to 0.8. The change of this
ratio in both directions resulted in the reduction of the
difference in 7, between the glasses of both series. Si-
multaneously, glasses with LaF; additions demon-
strated increased ability for crystallization. In the case
of'the glass 0.4B,05- LaF; the observed exothermal ef-
fect at 640°C was rather small, whereas on the DTA
curve of the 0.6B,0;-LaF; glass two peaks were visi-
ble, with the maxima at 686 and 765°C. The per-
formed XRD analysis has shown that the crystalliza-
tion products were LaOF and LaFj;, respectively.

In the case of 0.8B,05 LaF; sample, on the DTA
curves near the transformation temperature, the effect
of ceramization was clearly visible. X-ray examina-
tions have confirmed the formation of lanthanum flu-
oride in the range 500—600°C. Simultaneously, the
second effect of the crystallization of La(BSiOs) was
shifted towards higher temperatures.

Attaining the value 1.0 of the ratio B,O3/(Na,O+
3La,Fy) resulted in the increase of the maximum tem-
perature of LaF; formation and reduction of the crys-
tallization temperature of La(BSiOs). It is induced by
the strong influence of phase separation in this glass. A
distinct crystallization peak with the maximum at
about 700°C characterized the glass 1.2B,Os LaF;.
Formation in this temperature range of La(BSiOs)
phase was noticed. In the range 600—650°C a rather
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Fig. 1 DTA curves of series I (without LaF3) and series II (LaF;-doped) of borosilicate glasses

small effect of LaF; formation, partly masked by the
main crystallization was also observed.

In the case of glass with the highest ratio
B,0;/(Na,0O+3La,F¢)=1.4 this effect is hardly visible
because of strong phase separation. Thus, crystalliza-
tion peak La(BSiOs) is considerably reduced,
whereas in the range 700-750°C there appears a suc-
cessive small effect of crystobalite crystallization.

The Ac, changes at transformation temperature
as a function of the amount of the modifiers, although
identical in both series of the glasses, are not linear.
This is evidence of changes in the glass framework
connected with the change within the borate groups,
which can take various forms, e.g. tetraborate,
diborate, pentaborate or even metaborate groups [9].
This causes a change in the properties of these
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glasses, called boron anomaly [10]. The greatest Ac,
changes at T, have been found in glasses with the
highest amount of modifiers. It results from the fact
that Ac,, as the indicator of configuration entropy, is
sensitive to the increase of the number of broken
bonds within the range of transformation of the glassy
state. Simultaneously, its higher value is evidence of
lower flexibility of the glass framework. Reduction of
the adopted ratio to 0.8 causes the reduction of Ac,.
However, for the glasses 1.0 and 1.2 a renewed in-
crease in the change of specific heat is observed. Fur-
ther reduction of the amount of the modifier leads
again to the reduction of Ac, value in both series of
glasses what is induced by the change of boron groups
in the framework. When comparing both series it can
be noticed that glasses containing LaF; are character-
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Table 2 Thermal characteristics of borosilicate oxyfluoride glasses

. AC AH/J g AT= Crystallizing
Glass Iy°C Jglec! (Tnon oys°C) T eyt To/°C phase
0.4B,0; 554 0.812 - - -
0.6B,0; 553 0.804 _ _ -
. 0.8B,0; 590 0.415 - - -
Series [ 1.0B,0; 600 0.633 - - .
1.2B,0; 600 0.798 - - -
1.4B,0, 590 0.462 - - -
0.4B,05 LaF; 516 0.630 _ - _
. 20.239 (686);
0.6B,05 LaF; 521 0337 17333 (16 165 LaOF, LaF;
. 2,276 (586); LaFs,
0.8B,05LaF; 495 0.124 34.685 (794) 71 La(BSiOs)
Series 11 ] 2.088 (606); LaFs,
1.0B;O5 LaFs 240 0.521 48.207 (696) 66 La(BSiOs)
] * L3F3,
1.2B,05 LaF; 535 0.690 129.493 (645) (697) 110 LaBS8i09
Kk LaFS:
1 4B,05 LaFs 562 0.447 12.085 (673) 11

La(BSlO:;), SlOz

"Two stages of crystallization have been combined into one exothermal effect; “*glass with strong tendency to the phase separation

ized by lower Ac, values. This is the result of the
weakening of the glass structure through the introduc-
tion of F~ ions, whose charge is smaller by half than
that of oxygen ions.

SEM investigation

Figures 2 and 3 show the microstructure of a fracture
surface of 1.0B,0s LaF; glass before and after ther-
mal treatment at the temperature 750°C. This glass
was characterized by small opacity after melting
which was evidence of the separation of the B-rich
and Si-rich glassy phases. In Fig. 2 the separated bo-
rate phase can be observed. The process of thermal
treatment at the crystallization temperature leads to
the appearance, besides the areas rich in the borate

#

Fig. 2 SEM of as-made glass (1.0B,O; LaF; sample);
magnification=50000%
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phase, of smaller intrusions deriving from the crystal
phase (Fig. 3), which has been confirmed by XRD in-
vestigations (Table 2).

Figure 4 shows the fracture of 0.6B,0; LaF;
sample, heated at the temperature 750°C, which did
not reveal the phenomenon of phase separation during
melting. Figure 5 shows the same sample after the
process of etching in 35% hydrochloric acid solution
at the ambient temperature which lasted for 30 min.
The process of etching should lead to the dissolution
of the borate phase and the appearance of voids in the
silicate matrix as it occurs in the case of producing the
Vycor glass. From Fig. 5 it follows that the intrusions
did not disappear. This may be evidence that these are
LaF; crystallites.

3 i

Fig. 3 SEM of 1.0B,0; LaF; sample after thermal treatment
for 30 min at 750°C; magnification=50000x

J. Therm. Anal. Cal., 88, 2007
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Fig. 4 SEM of sample 0.6B,05 LaF; after thermal treatment
for 30 min at 750°C; magnification=60000x

Fig. 5 SEM of sample 0.6B,05 LaF; after thermal treatment
for 30 min at 750°C and etching in HCI solution;
magnification=60000x

Conclusions

Borosilicate glasses with the ratio B,O3/Na,O from
0.4 to 1.4 are thermally stable. Introduction of
6 mol% LaF; to the glasses caused the lowering of the
transformation temperature and reduction of thermal
stability. With increasing ratio B,O;/(Na,O+3La,F¢)
the glasses lost their transparency. This was due to
separation of the borate and silicate phases. The pro-
cess of separation depended on the amount of Na,O.
Sodium oxide had a stabilizing effect, and its absence
induced the phenomenon of separation (glasses with
the ratio B,O3/(Na,O+3La,Fe)>1.

The crystallization process of these glasses was
also determined by the amount of Na,O. The process of
LaF; crystallization proceeded through the formation of
intermediate LaOF phase in the case of the
(0.4/0.8)B,05 LaFj; glasses. The increase in the value of
the crystallization enthalpy was observed with increas-
ing ratio B,O3/(Na,O+3La,Fs), which was connected
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with formation of La(BSiOs) phase. Simultaneously, the
enthalpy of LaF; crystallization became reduced.

The performed investigations have shown that in
the borosilicate glasses it is possible to obtain LaF;
crystallization. However, to maintain the appropriate
optical transparence, the compositions of these
glasses must contain a sufficient amount of Na,O for
compensation the charge of trivalent boron and stabi-
lize the boron ions in tetrahedral coordination as well
as prevent the occurrence of separation.

The obtained materials, demonstrating the phe-
nomenon of ceramization, on account of the fact of
ease of manufacturing, i.e. low melting temperature,
may be used as matrix to introduce elements from the
lanthanide group. Studies intended to obtain in these
glasses the luminescence effect induced by up-con-
version are continued.
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