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Oxide system PbO—ZnO—B,0,—SiO, with the content of lead oxide of more than 45
mol.% is the basis of non-crystallizable low-melting glasses with softening temperature of
lower than 450°C. Lead-containing glasses are very aggressive, therefore they are melted
in the platinum crucibles or ceramic crucibles which are resistant to the aggressive action
of the lead glass melt. During the process of the melting of lead glasses in ceramic crucibles,
the additives (Al,0, and SiO,) are transferred from the crucible to the glass melt. An
uncontrolled amount of these additives affects the properties of the glasses. The objective
of this work was to establish the effect of the temperature-time conditions of melting on
the physical and chemical properties of high-lead glasses prepared in both platinum crucibles
and ceramic ones. The results of the study showed significant difference in properties of
glasses synthesized in crucibles fabricated from different materials. Glass synthesized in
the platinum crucible under various temperature-time conditions was characterized by
stable physical and chemical characteristics and low softening temperature (~380°°C)
without any traces of crystallization under repeated heat treatment. The melting in the
alumina crucible and quartz crucible under the same temperature-time conditions resulted
in both a decrease in physical and chemical characteristics of low-melting glass and an
increase in the glass softening temperature to 450—470°C due to crystallization of glass
during a heat treatment.
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Introduction

Glass frits with softening temperatures below
420—450°C are currently used for sealing of
semiconductor micro-electronic devices. The oxide
system PbO—Zn0O—B,0,—Si0O, with the content of
PbO of more than 45 mol.% is the basis of
compositions of such low-melting glasses [1,2]. It
should be noted that high-lead glasses melts are
characterized by increased aggressivity towards the
material of crucible where they are synthesized.
Therefore, the melting of such glasses is commonly
carried out in platinum, quartz or alumina crucibles,
which are weekly subjected to the destructive action
of high-lead glass-forming melts.

Among the above-mentioned crucibles, the
crucibles made of expensive platinum are most
resistant to the aggressive action of melts. Ceramic
crucibles are cheaper and, accordingly, more
affordable than the platinum ones. However, the use
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of such crucibles involves the transfer of trace
components (Al,O,, SiO,, etc.) to the glass-forming
melt. An uncontrolled amount of these components
considerably affects the properties of the glass. The
amount of the above-mentioned oxides, which can
be transferred to the melt, significantly depends on
the glass composition and temperature-time
conditions of its melting [3—5].

In connection with this, the objective of this
work was to establish the effect of the temperature-
time conditions of melting on the physical and
chemical properties of high-lead glasses obtained in
both platinum crucibles and ceramic ones.

Materials and methods

The chemical compositions of the glasses under
study are shown in Table 1. For the preparation of
glass mixtures, fine-grained quartz sand and chemical
reagents of «chemically pure» and «analytically pure»
grades (H;BO,, ZnO and Pb,0,) were used. Glass
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was melted in the platinum, alumina and quartz
crucibles (30—50 mL) in the electric furnace with
silicon carbide heaters at the temperature of 850°C
during 30 minutes.

materials differ substantially.

Glasses synthesized in the platinum crucible,
as distinct from glasses synthesized in the alumina
and quartz crucibles, are characterized by low values

Table 1 of dilatometric temperature of the start of softening,
Chemical composition of glass and high values of CLTE and density.
The above suggests that glass-forming melts
actively interact with the surface of ceramic crucibles
Content, mol.% . . .
Glass No. - during the melting of experimental glasses. Because
PbO ZnO B203 SIOZ .. . . . ..
7 =5 20 0 s of this interaction, a substantial amount of impurities
5 55 G o5 3 Al,O; and SiO, are carried to the composition of
3 55 10 30 5 glasses. Table 2
4 35 > 35 3 Physical and chemical properties of glasses melted in the
5 35 15 20 10 platinum (1), alumina (2) and quartz (3) crucibles
6 55 10 25 10 ’
7 55 5 30 10
8 55 15 15 15 0 CLTE, Density,
9 55 10 20 15 C;’\lliss Mg, C 010", K d, g/lem’
10 55 5 25 15 ) 1 2 3 1 2 3 1 2 3
11 55 5 20 20 1 1290(320(330|117]|109|106 |6.65|6.44(6.34
2 1300(325]|340|115|107|105(6.50|6.28(6.21
The samples of glasses for determination of their 3 [31013301350 | 111]106 103 16.356.1216.08
. . 4 1325(340]360|109 | 105]102(6.19|5.95|5.94
properties were produced by the method of casting
of glass melt into steel molds with the subsequent > 131013251340 | 1111105 110516.5316.3316.25
annealing in the muffle furnace at the temperature 6 132013301350/ 110]104]102]638]6.17]6.12
of 250°C 7 1330]340|360|107]103|102|6.20]|6.03[6.00
’ . . 8 |315]330(350]|108|106|105]|6.62|6.45|6.36
The properties of glass were determined by the o 1325320 1360 1107 1103 1 102 [6.26 6 2816 22
standard procedures as follows: density (d) of glasses . . .
by hydrostatic weighing as per GOST 9553.74, 10 [335]350]365]105]101[ 97 [630[6.12[6.08
’ 11 [340]360|370|103| 99 | 95 |6.30|6.14]|6.10

coefficient of linear thermal expansion (CLTE) in
the temperature range of 20—200°C and dilatometric
softening temperature (Mg) with the use of quartz
dilatometer in accordance with GOST 10978-2014.

X-ray phase analysis of glasses was carried out
using a diffractometer DRON-3M in Co-K,
radiation. For this purpose, the samples of glasses
powders were formed by means of semi-dry molding,
sintered and the resulting sintered material was further
ground in the agate mortar to pass through the sieve
No. 0063. To identify crystalline phases, X-ray card
index of ASTM [6] was used.

Study of the crystallization ability of glass
powders was conducted by the method of differential
and thermal analysis using a derivatograph Q-1500 D
in the temperature range of 20—600°C at the heating
rate of 5°C/min. Powders obtained by crushing of
glass in the agate mortar were used to evaluate
dispersion by passing through the sieve No. 0063.

Results and discussion

Some properties of glasses under study are given
in Table 2. This Table shows that the values of
properties of glasses synthesized under the same
temperature-time conditions in crucibles of different

The effect of the initial composition of glass-
forming melt on the degree of its aggressivity with
regard to the material of ceramic crucible can be
assessed based on the data given in Fig. 1. In this
case, the glass melt aggressivity (Ad) was determined
by changing the density of glasses (d,) prepared in
the ceramic crucibles with regard to density of glasses
(d,) synthesized in the platinum crucible, (%):
Ad=(d,—d,)-100/d,.

In the process of melting in the alumina
crucible, the aggressivity of glass melt grows consi-
derably when SiO, is replaced by B,O, (Fig. 1,a).
An increase in the content of B,O, from 25 to
40 mol.% leads to a decrease in the glass density
from 2.6 to 4.0% owing to SiO, reduction. With the
use of the melting in the quartz crucible, the
aggressivity of glass melt increases appreciably with
the replacement of SiO, by ZnO (Fig. 1,b). An
increase in the ZnO content from 5 to 20 mol.%
results in a decrease in the glass density from 3.2 to
5.0% owing to SiO, reduction.

Figure 1 shows that the aggressivity of the melt
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Fig. 1. Density of the glasses synthesized in the alumina (a) and quartz (b) crucibles as a function of their chemical composition

towards the material of the ceramic crucible becomes
lower with an increase in SiO, content in the glass
composition, which is obviously related to an increase
in the viscosity of glass melt during melting process.
This is clearly seen from the dependence of Mg,
characterizing the viscosity of the glass in the area
of its softening, on the chemical composition of the
glass (Fig. 2). An increase in the content of SiO,
from 5 to 20 mol.% results in an increase in the
values of Mg of the glass from 290 to 340°C.
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Fig. 2. Values of Mg of the glasses synthesized in the platinum
crucible as a function of their chemical composition

Along with the marked impact of impurities
Al,O; and SiO, on the values of Mg, CLTE and d of
the glasses, these additives may also affect the
crystallization ability of the glasses. Therefore, the
crystallization ability of powders of the glass No. 7
was investigated using DTA method. Let us note
that according to data given in work [1], this glass is
the most promising one for obtaining of metal-to-
ceramic seals at the temperature below 450°C (Fig.
3). The glass of the above-mentioned composition
melted in the platinum crucible at the heating up to
500°C was characterized by the least crystallization
ability (Fig. 3,a) and, as a consequence, its melt
well spreaded over the surface of aluminium-oxide

ceramics. The glasses melted in the alumina and
quartz crucibles are characterized by a higher
crystallization ability which is proved by exothermic
peaks at 410—420°C (Fig. 3,b and 3,c) and 515°C
(Fig. 3,¢).

The crystallization of glass commonly reduces
the glass melt spreadability. Hence, it can be assumed
that the most suitable temperature for the preparation
of metal-to-ceramic seals based on the glasses
synthesized in the alumina and quartz crucibles is
no more than 450°C.
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Fig. 3. Thermographs of powders of the glass No. 7 synthesized
in the platinum (a), quartz (b) and alumina (c) crucibles during
30 minutes at 850°C

It is known [3] that the amount of impurities
Al,O; and SiO,, which can be transferred to the glass
melt due to its interaction with the stuff of ceramic
crucible depends not only on the chemical
composition of glass, but also on the duration (r)
and on temperature (t) of the melting process. In
this regard, the effects of temperature and duration
of melting of the glass No. 7 on its properties was
determined (Tables 3 and 4).

Effect of the melting conditions on the properties of glasses in the system PbO—Zn0O—B,0;—SiO0,



50 ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 6, pp. 47-52

Table 3

Effect of melting temperature (=30 min) on the physical
and chemical properties of the glass No. 7 prepared in
the platinum (1), alumina (2) and quartz (3) crucibles

0 CLTE, Density,
t,° Mg, C a-107, K! d, g/cni/3
1 2 3 1 2 3 1 2 |3
850 |330(340|360(107]103|102]6,20(6.03]|6,00
900 |330|350|370|107| 98 | 98 |6,20|5.79|5.93
950 |330|360|375|107| 97 | 96 |6,20|5.72|5.88
Table 4

Effect of melting duration (t=850°C) on the physical and
chemical properties of the glass No. 7 prepared in the
platinum (1), alumina (2) and quartz (3) crucibles

0 CLTE, Density,

Hfi’n Mg, C o107, K d, g/em’
T2 31231273
30 | 330340360107 103|102 [6.20]6.03[6.00
60 | 330350360107 |102]101[6.205.96|5.97
90 | 330|360 365|107 99 | 99 |6.20]5.87|5.95
120 330365 370|107 97 | 95 |6.20]5.72[5.90

One can easily see that the change of
temperature-time conditions of the melting of the
glass No. 7 in the platinum crucible has no effect on
its properties. However, an increase in the tempera-
ture and duration of melting of the glass No. 7
promotes an active interaction of its melt with the
surface of the alumina and quartz crucibles and,
accordingly, a substantial change in its properties as
compared with the properties of the glass melted in
the platinum crucible. The reduction of temperature
of the glass melting to 800°C leads to an increase in
the viscosity of the glass melt and in the time of
melting from 30 to 60 minutes. As a result, the melts
of glasses synthesized in the alumina and quartz
crucibles at the temperature of 800°C were crystallized
in the process of casting.

Consequently, one can conclude that in order
to prepare a glass with a minimal content of impurities
(ALO, and SiO,) the process of melting should be
performed at a relatively moderate temperature (no
more than 850°C) and, if possible, for the short period
of time (but not less than 30 minutes).

The temperature-time conditions of melting of
the experimental glass also have a strong effect on
its crystallization ability (Figs. 4 and 5).

With an increase in the duration of synthesis
in the quartz crucible from 30 minutes (Fig. 3,b) to
120 minutes (Fig. 4,b), the reduction of crystallization
intensity at 420°C is observed that follows from a

decrease in exothermic peak height. An increase in
the time of melting in the alumina crucible from 30
minutes (Fig. 3,c) to 120 minutes (Fig. 4,c) causes
its crystallization during the heat treatment in the
temperature interval of 410—460°C, thus shifting the
softening temperature of glass to 470°C.
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Fig. 4. Thermographs of powders of the glass synthesized in the
platinum (a), quartz (b) and alumina (c) crucibles during 120
minutes at 850°C

X-ray phase analysis allowed determining the
main crystalline phases, which are formed in the
process of heat treatment of the glass No. 7
synthesized in the alumina crucible. X-ray patterns
(Fig. 5) of the products of the glass heat treatment
show that one crystalline phase, PbO (d=3.08; 2.82;
1.87) is formed in the process of crystallization of
the glass at the temperature of 430°C (Fig. 5,a). When
the temperature of the heat treatment is increased
to 520°C, the amount of a crystalline phase of PbO
grows that follows from an increase in the intensity
of diffraction maximums in the X-ray patterns (Fig.
5,b).

Conclusions

The obtained experimental results showed the
effects of the chemical composition and temperature-
time conditions of the glass melting in the platinum,
alumina and quartz crucibles on the physical and
chemical properties of low-melting glasses in the
oxide system PbO—Zn0O—B,0,—Si0, with the PbO
content of 55 mol.%. It was found that the glass
synthesized in the platinim crucible under different
temperature-time conditions featured stable physical
and chemical characteristics and low softening
temperature (~380°C) without any traces of
crystallization after the heat treatment. It was shown
that the melting in the alumina and quartz crucibles
under the same conditions leads to the deterioration
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Fig. 5. X-ray diffraction patterns of the glass powder after the heat treatment at 430°C (a) and 520°C (b) during 1 hour

of physical and chemical characteristics of low-
melting glass and to an increase in the temperature
of glass softening to 450—470°C due to its
crystallization during the heat treatment.
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BILIVB YMOB BAPIHHS HA BJIACTUBOCTI CTEKOJI B
CHUCTEMI PhO—ZnO—-B,0,—SiO,

B.I Toaeyc, IO.C. I'opdees, O.B. Hocenko

B ocnoei ckaadie neekonnagkux cmekon, wjo He kKpucmanizy-
romocs, 3 memnepamypamu po3m ‘akuienHs Huxcue 450°C aexcums
okcuona cucmema PbO—2ZnO—B,0;—Si0, i3 emicmom okcudy narom-
oymy oinvue 45 mon. %. Ilnrombymemicni cmexna Oyduce azpecusHi,
moMmy ix eapinHs 30iliCHIOOMb Y NAAMUHOBUX AO0 KepaMiYHUX mue-
A5X, AKi cmitiki do aepecuenoi 0ii posnaagy ceunyesoeo ckaa. Y
npoueci 6apiHHa CGUHUEBUX CMEKOA 8 KepamitHux mueiix 6 po3-
naae ckaa 3 mueas nepexodsms dooasku (Al,0;, Si0,), Hekormpo-
Ab0BAHA KiNbKICMb AKUX 6NAUSAE HA éracmuseocmi cmekon. Me-
moro yici pobomu 6y10 6CMAHOBUMU 8NAUE MEMNEPAMYPHO-4ACO-
BUX YMOB 8aPIHHA HA DI3UKO-XIMIYHI éracmueocmi 6azamoceuHye-
BUX CMEKO0A 00epicanux K @ NAGMUHOBUX, MAK | 8 KepamiyHux
muensx. 30ilicHeni docaiOiceHHs noKas3aau cymmeegy iOMiHHiCMb
¥ 81GCMUBOCIAX CIEKOA, CUHME308AHUX Y MUASX 3 PIBHUX Mame-
pianie. Ckao, cunHme308aHe 8 NAAMUHOBOMY MUl NPU Pi3HUX meM-
nepamypHo-4acosux yMo8ax, Xapakmepuzysanocs cmabiibHumu
DiBUKO-XIMIMHUMU XAPAKMEPUCIMUKAMU MA HU3LKOIO MeMnepamy-
poio po3m’akuents (~380°C) be3 caidie kpucmanizauyii npu nogmop-
HoMy mepmiyHoMYy 06pobaenni. Bapka e kopyndoeomy ma keapuyo-
60MY MUAAX 6 MUX Jice MEeMNEPAMYPHO-4ACOBUX YMOBAX NPU3BO-
Jump 00 3HUMNICEHHS I3UKO-XIMIYHUX XAPAKMEPUCUK NeeKONAa8-
K020 ckaa ma 30inbuleHHs meMnepamypu po3m SKuleHHs cKAa 00
450—470°C enacnidok tioeo kpucmanizayii npu mepmiuHomy o6poo-
AEHHI.

KimouoBi ciioBa: CKJ1o, CKJIOMPUIIiiA, JIETKOTUIaBKe CKJIO,
IJIATUHOBMII TUTEJIb, TEMITEpaTypa pO3M’SIKILIEHHSI, CBUHLIEBE
CKJIO.

Effect of the melting conditions on the properties of glasses in the system PbO—Zn0O—B,0;—SiO0,



52 ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 6, pp. 47-52

EFFECT OF THE MELTING CONDITIONS ON THE
PROPERTIES OF GLASSES IN THE SYSTEM
PbO—ZnO—B,0,-SiO,

V.I. Goleus ", Y.S. Hordieiev, A.V. Nosenko

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

* e-mail: holvik22@gmail.com

Oxide system PbO—ZnO—B,0;—Si0, with the content of lead
oxide of more than 45 mol. % is the basis of non-crystallizable low-
melting glasses with softening temperature of lower than 450 C. Lead-
containing glasses are very aggressive, therefore they are melted in
the platinum crucibles or ceramic crucibles which are resistant to the
aggressive action of the lead glass melt. During the process of the
melting of lead glasses in ceramic crucibles, the additives (Al,O; and
Si0,) are transferred from the crucible to the glass melt. An
uncontrolled amount of these additives affects the properties of the
glasses. The objective of this work was to establish the effect of the
temperature-time conditions of melting on the physical and chemical
properties of high-lead glasses prepared in both platinum crucibles
and ceramic ones. The results of the study showed significant difference
in properties of glasses synthesized in crucibles fabricated from different
materials. Glass synthesized in the platinum crucible under various
temperature-time conditions was characterized by stable physical
and chemical characteristics and low softening temperature (~380°C)
without any traces of crystallization under repeated heat treatment.
The melting in the alumina crucible and quartz crucible under the
same temperature-time conditions resulted in both a decrease in
physical and chemical characteristics of low-melting glass and an
increase in the glass softening temperature to 450—470°C due to
crystallization of glass during a heat treatment.

Keywords: glass; glass frits; low-melting glass; platinum
crucible; softening temperature; lead glass.
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