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OPTICAL GLASS WITH IINCREASED REFRACTIVE INDEX BASED
BaO - B203 - Si02 SYSTEM

Yury G. PAULIUKEVICH (pavliukevitch@belstu.by)
Ludmila F. PAPKO (papko@jbelstu.by)

Ekaterina E. TRUSOVA (trusova@belstu.by)

Belarusian State Technological University, Minsk, Belarus

The aim ofthe research is to develop lead-free optical glass with increased refractive index based on BaO —Bf03—Si02 system. A
study o ftechnological and physical-chemical properties ofglass was conducted. It has been shown that the glass ofthis system tends to the
phase separation of segregation type. The area ofglass composition with refractive index of 1.6195 —1.6650 has been established. The
peculiarities ofinfluence ofthe modifiers —Al20 3and oxides ofthe RO group —on the technological and optical properties ofthe glass of
examineld system have been established. Lead-free optical glass with the refractive index of 1.6620 has been developed, which is dense
crown glass.

Keywords: optical glass, dense crown, phase separation, refractive index

OMNTUNYHECKNME CTEKJ/TACTIOBbIWEHHBIM NMOKA3ATEJIEM
MPENTOMNEHNAHA OCHOBE CUCTEMbI BaO - - Si02

KOpuia . MABJTKOKEBUY (pavliukevitch@belstu.by)

Mogmuna ®. MAMKO (papko@belstu.by)

EkaTepnHa E. TPYCOBA (trusova@belstu.by)

Benopycckuii rocygapcTBEHHbI TEXHOMOrMYeCKnii yHMBepcuTeT, MuHck, Benapych

Llenbto paboThl ABNsieTCA pa3paboTKa 6ecCBMHLOBOrO ONTUYECKOro CTeKNa C MOBbILLEHHLIM NOKa3aTenemM NPenoMIeHNs Ha oc-

HoBe cucTembl BaO —B20 3—Si02 MpoBeaeHO McCcneAoBaHNE TEXHOMOMMYECKMX U (IU3NKO-XMMUYECKMX CBOMCTB CTeKon. MokasaHa CKIoH-
HOCTb CTEKON AaHHON CUCTEMbl K (ha3oBOMY pasfeneHnto NMKBaLMoHHOro Tuna. OnpegeneHa 061acTb COCTaBOB OAHOPOAHbLIX CTEKON C
nokasaTenem npenomneHust 1,6195 —1,6650. YcTaHOBMEHbI 0COBEHHOCT W BAMAHUA MOoAUGMKATOopoB —AL2 31 okcrnaos rpynnbl RO —Ha

TEeXHO/OrMYecKne N ONTUYECKME CBOVCTBA CTEKON UCCNeayeMoit cucTeMbl. PaspaboTaHo 6ecCBMHLIOBOE ONTUYECKOE CTEK/O C NoKasaTe-
nem npenomsneHns 1,6620, 0THOCALLLEeCS K TUMNY TAXKENbIX KPOHOB.

KntoueBble CI0Ba: ONTUYECKOE CTEKNO, TSXKENbIN KPOH, (ha30BOe pasfeneHye, NoKasaTe/b NpeoMaeHus

BaO - B203 - Si02 TIZIMI ASOSIDAGI YUQORI SIRISH INDEKSLI
OPTIK SHISHALAR

Yuriy G. PAVLYUKEVITCH(pavliukevitch@belstu.b)

Lyudmila F. PAPKO (papko@belstu.by)

Ekaterina E. TRUSOVA (trusova@>belstu.by)

Belarus davlat texnologiya universiteti, Minsk, Belarusiya

Ishning magsadi BaO - B20 3—Si02 tizimi asosida yuqori nur sindirish ko rsatgichiga ega qo g dshinsiz optik shisha tarkibini

ishlab chigishaan iborat. Shishalarning texnologik va fizik-kimyoviy xususiyatlari tadqiq qilindi. Ushbu tizim shishalarining likvatsiya turi-
dagifazalar bo‘linishiga moyilligi korsatib o tilgan. Nur sindirish indeksi 1,6195 - 1,6650 bo‘lgan shisha hosil bo fish kompozitsiyalari
diapazoni aniglandi. Modifikatorlar - Al20 3 va RO_guruhi oksidlarining o Tganilayotgan tizim shishalarining texnologik va optik

xususiyatlariga tasirining o ziga xos xususiyatlari aniglandi. Ogir kronlar turiga mansub bo‘lgan, 1,6620 nur sindirish indeksiga ega
go Tg oshinsiz optik shisha tarkibi yaratildi.

Kalit so’zlar: optik shisha, og'ir toj, fazalarni ajratish, sindirish ko'rsatkichi
DOI: 10.34920/cce202421

Introduction
BaO - B2)3- Si02 system serves as the

One of the promising areas for the use of
the alkaline-free borosilicate glass is the creation of

basis for production of glass and glass-ceramic
materials for various purposes. Based on this sys-
tem with the addition of aluminum oxide, radio-
protective glass has been produced that is used in
medicine and industry for radiation facilities [11
The study of low-silica part of BaO - B2 3- Si02
system with a BaO content of 30 and 50 mol.%,
and B2 320 - 60 mol.% has allowed to obtain
low melting glass for welding and sealing ceram-
ics and metal [2]. Based on the borosilicate glass,
insulation coatings have been obtained for instru-
ment making as well as heat-resistant coatings for
parts designed for work under high temperature
conditions [3, 4].
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materials for welding and sealing solid oxide fuel
cells [5-7].

At development of electrical insulating ma-
terials, limits of glass formation at 1350 °C in BaO
- B2 3—Si02 system with the content of compo-
nents, mol. %: BaO 30- 70, B0 310-50, Si0220
- 60 have been established. It has shown that in the
studied composition area homogeneous melt pro-
duction is limited by 50 mol. % BaO content. In-
troduction the 5 and 10 mol. % AI2 3widens the
area of glass formation and increases glass re-
sistance to crystallization [8].

Optical glass of dense crown type based on
BaO - B2 3- Si02system is in demand in the in-
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strument making. The refractive index of the
dense crown glass is 1.55-1.66 at the dispersion
factor of 50-64 [9-12].

Leading manufacturers have developed
optical glass with various combinations of the op-
tical constants - refractive index, medium and par-
tial dispersions. The range of optical glass is in-
creased due to development of the new composi-
tions with the optical constants that expand the
known areas of compositions on Abbe diagram.
Such materials include optical glass types with a
high refractive index because the lenses from such
glass types have less curvature, which makes it
easier to correct spherical aberrations. These glass
types include dense and extra dense crown glass
[12-16]. A number of optical glass grades of
crown type contain lead oxide. The replacement of
toxic lead oxide without losing the highly refrac-
tive properties of the glass is one of the priority
areas of research in optical glass making [17-19].

The aim of the research is to develop lead-
free optical glass with increased refractive index
based on BaO - B2 3- Si02 system. In optical
glass development the first step is to ensure the
established values of the optical properties that are
determined by the chemical composition of the
glass. The main technological problems to be
solved in the development of the optical glass are
the achievement of the specified values of optical
constants, as well as a high degree of homogeneity
of the glass and optical constants. Homogeneity of
the optical glass, absorption, bubble class and oth-
er normalizable parameters are determined by the
production technology: choice of the main and
auxiliary raw materials, melting and annealing
modes. It is therefore necessary to pay attention to
the mentioned technological factors during optical
glass development.

Research methods

Experimental glass compositions include,
mol. %: SiO; 40 - 60. B2 320 - 40. BaO 20 - 40.
The experimental planning method was used
(Scheffe simplex-lattice plans) [20].

Based on the basic system, glass was syn-
thesized, into which MgO. CaO. ZnO. A1 3 ox-
ides were introduced in amount of 2.5-15 mol.%
as modifiers, and Sb20 3as brightening agent. Dur-
ing the selection of the modified compositions of
the optical glass, preliminary calculation of the
optical constants was performed with the use of
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the methods developed by A.A. Appen and L.l
Demkina [9, 21].

The raw material to be introduced for Si02
was quartz grit, barium oxide was introduced in the
form of barium carbonate and nitrate. A120 3and Al
(OH) 3 were used as the aluminum containing raw
material. Use of barium nitrate with antimony oxide
ensures glass clarification and discoloration. Glass
was synthesized in a gas furnace with turbulent
flame movement at the maximum temperature of
1350-1400 °C for 1 hour in order to stabilize the
melting mode. The furnace temperature was in-
creased at the rate of 250 °C/h. the gas environ-
ment is oxidizing with air excess factor of up to
1.13. Glass working was performed by molding.

The crystal structure was investigated by
X-ray diffraction measurements using diffractom-
eter D8 Advance with CuKa radiation source. The
software DIFFRACPLUS from Bruker package
was used to identify crystalline phases.

The crystallization ability of glasses was
determined from the results of gradient heat treat-
ment. Gradient crystallization was carried out in a
gradient furnace SP30/13 nin the temperature
range of 700-1000 °C.

Low-temperature viscosity of glass was
determined by dilatometry method. The research
was performed with use of quartz dilatometer Ne-
tzsch DIL 402 PC. The measurement was per-
formed within the temperature range of 20-750 °C
at the constant heating rate of 10°C/min. Dilato-
metric chart in application programme is used to
determine a number of characteristic temperatures
corresponding to certain low-temperature viscosity
values, and linear temperature expansion coeffi-
cient parameters.

Glass refractive index was measured with
use of analog Abbe refractometer KRUSS Optron-
ic AR4.

Microhardness of the test glass was deter-
mined with use of microhardness tester 401/402-
MVD.

Results and Discussion

According to results of BaO - B2 3- Si02
system glass synthesis it has been established that
melts with silicon oxide content of 40 mol.% are
uniform and have low glass viscosity at a tempera-
ture of 1350 °C. Figure 1 presents results of evalu-
ation of the quality of glass according to its posi-
tion in the concentration triangle. During the glass
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Figure 1. Chemical compositions of experimental glasses in the system Ba0-B20 3-Si02(mol. %) and the results of heat treatment.

working opacified, opalescent and transparent
glass samples were obtained. Opacified effect is
typical for test glass with BaO 20-25 mol.% con-
tent and is due to the phase separation of liquation
type characteristic of borosilicate glass. In RO -
B3 - Si02and R0 - BN 3- Si02glass form-
ing systems there are areas of metastable liqua-
tion, the dimensions of which increase with the
increase of the force of the modifier cations area.
The cause of liquation is incompatibility of [BO?]
and [Si04] structural groups [22—241

The liquation nature of opacification is
confirmed by the X-ray amorphousness of the
samples. The opalescence effect is typical for the
samples with binodal type of liquation, at which
the size of drops is less than 0.1 pm. The compo-
sitions of opalescent glass appear to be close to
the boundary of the liquation cupola.

Homogeneous samples of glass with high
light transmission are obtained in the area of the
compositions including mol.%: 40 Si02 20 - 30
B2 3 25 - 40 BaO. Based on the results of the
study of crystallization ability of these types of
glass, it is established that surface crystallization
in the temperature range of 800-1000 °C is char-
acteristic of glass with the 20 mol.% B203 (Fig.
1).

Glass refractive index in this area of com-
positions is 1.5880-1.6750, and it increases natu-
rally with the increase of the barium oxide con-
tent. The contribution of boron oxide into the re-
fractive index increases with the increase of BaO/
B203 molar ratio, which is due to the changes in
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coordination state of B3+ions and their position in
the glass structure. In borosilicate glass structure
with BaO content 35-45 mol.% with the gradual
substitution of B2 3 with Si02 transformations
among borate structural units prevail [25]. With
the boron substitution for silicon, borosilicate ring
structures are observed to appear [26, 27].

The microhardness of the test glass is
3950-5230 MPa, the silicon oxide being the deter-
mining factor.

With the use of dilatometry method, a
number of characteristic temperatures have been
defined that allow to assess the influence of glass
composition on its low temperature viscosity and
to determine temperature interval of critical an-
nealing stage (Fig. 2).

The dilatometric curve of the glass have
the following charactenstic temperatures: the glass
transition temperature (viscosity is 10123 Pa s);
lower annealing temperature (viscosity is lo'°
Pa s); upper annealing temperature (viscosity is
1012 Pa s); glass deformation (viscosity is 10103
Pa s) [23, 28]. The test glass is characterized by
increased glass transition temperatures of 650-
674 °C. Initial deformation temperature of the
glass is 699-720 °C, the lower annealing tempera-
ture is above 560 °C. As seen in Figure 2, when
B203 is replaced by BaO, glass transition tempera-
ture decreases. This indicates a more pronounced
fluxing effect of barium oxide in comparison with
that of boron oxide. Considering that the viscosity
of the melts, which is less than 10 Pa s, is reached
at the temperatures of 1350-1400 °C, it can be con
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Content Si02 mol.%: 1,2- 50; 3,4 - 45;5,6- 40

Figure 2. Dilatometric curves of the glasses.

eluded that the test glass has a higher viscosity gra-
dient in temperature intervals of molding and glass
transition.

In order to study the influence of the modi-
fiers on the optical glass properties, glass base com-
position (mol.%) 30BaO 25B20 345Si02 was syn-
thesized where boron oxide was substituted with
RO (MgO, Ca0O, ZnO) group oxides and A1 3
During the glass synthesis it was established that
the calcium oxide introduction into the glass com-
position in amounts exceeding 5 mol % increases
the corrosive power of the melt, which causes the
crucibles to corrode.

Positional heat treatment of charge of modi-
fied compositions was performed at the tempera-
tures of 800, 1000 and 1200 °C in order to assess
the influence of the modifiers on the glass for-
mation processes. At the heat treatment temperature
of 800 °C, grains of the charge sinter in the sam-
ples. Active melting of mineral phases and dissolu-
tion of refractory components leads to formation of
bottom layer of the melt at the heat treatment tem-
perature of 1000 °C. For the basic composition sam-
ple, the glass phase quantity is 30%, at RO group
modifiers introduction in amount of 10 mol.%, vol-
ume content of the vitreous phase increases to 50-
75%. When composition is modified with alumina-
containing components, activity of glass formation
processes depends significantly on the type of the
raw material. In particular, use of aluminum hy-
droxide accelerates glass forming process contrary
to aluminum oxide, with which the sample is a vit-
reous foam mass at 1000 °C.

6 CHEMISTRY AM) CHEMICAL ENGINEERING K O
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The increase in heat treatment temperature
up to 1200 °C causes formation of the melt, on the
surface of which there is batch foam that comprises
crystal, glass and gas phases. The minimum volume
of the batch foam is typical for the samples modi-
fied with CaO and ZnO.

Crystallization capacity of the glass is pre-
dictably determined by the content of modifiers.
At RO group oxides content of 40 mol.% or more
the heat treatment in the gradient electric furnace
leads to surface crystallization. The glass with
CaO and ZnO as modifiers has sufficiently high
resistance to crystallization, the signs of which are
not detected during the gradient heat treatment.
Resistance to crystallization during glass working
allows the use of various molding methods and
modes, including prolonged cooling.

Based on the dilatometric test of the glass
containing 10 mol.% of modifiers, characteristic
temperatures and linear expansion thermal coeffi-
cient indicators have been determined (Table 1).
Modification of the glass with magnesium and
calcium oxides leads to an increase in viscosity
parameters, which is manifested in increase in
glass transition temperature and other characteris-
tic temperatures. Introduction of ZnO and A1 3
does not have a pronounced influence on the low-
temperature viscosity of the test glass. The influ-
ence of modifiers on linear expansion thermal co-
efficient indicators complies with their partial con-
tribution to this value.

Figure 3 shows the dependence of the re-
fractive index (n) and dispersion (n) of the test

2'2024
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Table 1

Characteristic temperatures and linear expansion thermal coefficient of modified glasses

Temperature, °C,

Coefficient of linear

Modifier corresponding to viscosity, Igh thermal expansion,
135 12.3 12 10.3 axlo7 K1
Basic composition 567.4 662.2 682.2 713.3 63.2
MgO 575.9 666.6 687.7 724.8 70.8
CaO 583.3 667.5 688.2 726.8 79.4
ZnO 576.8 661.4 681.8 718.3 74.5
ai2o3 568.8 660.8 682.2 719.0 70.6
n n

Modifiers: 1- CaO; 2 - ZnO; 3- MgO; 4 - A10 3

Figure 3. The influence of modifiers on the optical properties of glasses.

glass on the type and content of the modifiers.
Introduction of CaO and ZnO modifiers in
amount of 10 mol.% causes an increase in the
refractive index from 1.6216 to 1.6467.

MgO and A1203 increases refractive index
to a much lesser extent, nevertheless, these com-
ponents increase dispersion coefficient. Due to
the ambiguous influence of MgO and AI2 3on
the optical properties, these components can be
used in dense crown glass in the form of minor
additives in order to adjust the physico-chemical
and technological properties.

Based on the results of the study of opti-
cal and technological properties of BaO - B2 3-
Si02 glass system with MgO, CaO, ZnO, A1 3
additives, lead-free optical glass has been devel-
oped with the following optical properties: refrac-
tive index is 1.6620, dispersion coefficient - 54.2.
Technological characteristics are: glass melting
temperature is 1400+10 °C, temperature range of

212024 K 1 M Y O
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critical annealing is 590-688°C.

Conclusion

BaO - B20 3- Si02system is the basis for
production of the glassy materials for various
technical purposes with wide range of perfor-
mance requirements. For development of materi-
als in demand in the instrument-making, systemat-
ic studies have been conducted on glass of the giv-
en system according to indicators of technological
and optical properties. Glass with 40 - 60 Si02,
20 - 40 B2 3 20 - 40 BaO mol.% composition has
been synthesized, and peculiarities of glass for-
mation properties at the temperature of 1400 °C
have been established. At the molar ratio BaO/
B2 3< 1, phase separation of liquation type occurs
during melt cooling process. Crystallization ca-
pacity of homogeneous glass samples increases
with the increase of BaO content, and stability of
the glass state is ensured when content of this
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component is less than 35 mol.%. According to
the dilatometry data, replacement of B20 3with
BaO results in a decrease in low temperature vis-
cosity. The refractive index of the homogeneous
glass is 1.6195-1.6650, its microhardness - 3950-
5230 MPa. The basic composition of
30Ba0O 25B20 3 45Si0 2 (mol. %) has been select-
ed according to the set of its technological and
optical properties. A study of influence of RO
(MgO. CaO. ZnO) group oxides and A1 3 intro-
duced in the amount of 2.5-15 mol.%, on the
properties of glass base composition has been con-
ducted. Introduction of modifiers accelerates glass
formation processes and increases stability of
glass state. Introduction of MgO and CaO oxides
causes an increase in low temperature viscosity.
Modification of CaO and ZnO oxides leads to an
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increased glass refraction. At optimization of the
type and the number of modifiers, lead-free optical
glass with increased refractive index of 1.6620 and
a dispersion coefficient of 54.2 has been devel-
oped. Reduced crystallization capacity of this
glass is an important technological factor deter-
mining the molding modes for the optical pre-
forms.
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