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Glasses in the BaO-B2O3-TiO2 system were obtained by melting and ultra fast quenching to avoid crystallization. Melting 
temperatures were in the range 1100-13500C. The ultra fast device was a twin rolls, with 1.6-2.75 m/s. By cooling of the melt 
using twin rolls were obtained glass flakes. Glass flakes were transparent and 1 mm thick. The glass structure was studied by 
Fourier transform infrared spectroscopy (FTIR), differential thermal analysis (DTA) and X-ray diffraction (XRD). The presence 
of two and more exothermic peaks on DTA curve of glasses indicates the complex crystallization process. 
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1. Introduction  
 
Glass can be obtain in BaO-B2O3-TiO2 system by melt 

and ultra fast quenching technique because their tendency 
to crystallize [1-5]. Glass ceramics materials can be 
obtained by controlled thermal treatment of glasses from 
this ternary system, in which crystallizes BaB2O4 [6-8]. 
Pure B2O3 [9] exists in planar three-fold coordination, 
having an intense absorption. The addition of network 
modifier ions up to about 15% produces four-fold 
coordinated boron atoms by cross linking the planar 
triangle and would be expected to tighten and strengthen 
the network. The structure of borate glasses is known to be 
consisting of B – O network, built up from planar three- 
coordinated and tetrahedral four coordinated boron atoms. 
Infrared spectroscopy is known to provide insights into the 
interaction between alkali metal ions and borate glass 
network. Absorption of these borate glasses is very high in 
the region of interest of wave numbers bellow 2000 cm-1 
[10-16]. 

 
 

2. Experimental  
 
Glasses with B2O3 bellow 50 mol % were prepared by 

classical melting at temperature between 1150-1350 0C for 
2 hours. The melt was ultra rapid quenched on a twin rolls 
device, at 300 rot/min speed. For glass characterization 
Fourier transform infrared spectroscopy (FTIR), 
differential thermal analysis (DTA) and X-ray diffraction 
(XRD) were used. FTIR spectra were recorded on a Perkin 
Elmer SPECTRUM 100 spectrometer, in the range 
550-4000 cm-1, using a UATR (Universal Attenuation Total 
Reflectance) accessory, with a resolution of 8 cm-1, 32 
scans and a CO2/H2O correction sample ATR contact. For 
DTA a Mom devices was used heating the samples with 5 
and 100C / min and for XRD a Drone apparatus made the 
recordings from 5 to 60o (2θ angle).  

The glass oxide compositions, melting temperatures 
(Tm), speed of the twin rolls, basicity percentage pB and 
DTA results are presented in table 1.  

 
Table 1. Glass oxide compositions, temperatures of melt, speed of the rolls, pB% and DTA results.  

 

cod sample 
 
 

BaO 
mol% 
 

B2O3 
mol% 
 

TiO2 
mol% 
 

mol% 
TiO2/ 
mol% 
B2O3 

Tm 
oC 

Rolls 
speed 
m/s 

Tg 
oC 

pB 
% 
 
 

plot 

B3 40 50 10 0.2 1210 2.75 552 71.6 1 
B6 40 35 25 0.7 1290 1.6 - 71.8 2 
B8 40 30 30 1.0 1320 1.6 560 71.9 3 
B4 40 25 35 1.4 1350 2.75 561 72.1 4 
B1 40 20 40 2.0 1370 2.75 556 72.2 5 
B5 45 30 25 0.8 1350 1.6 563 73.9 6 
B9 45 25 30 1.2 1380 2.75 596 74.0 7 
B2 45 20 35 1.8 1380 1.6 596 74.1 8 
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The DTA was made to find data about the glasses 

specific temperatures, Tg (transformation temperature), and 
crystallization ones. In figure 1 are presented the DTA 
results for sample 3 recorded with 10 0C/ min. The Tg is at 
552oC and crystallization occurred at 694 and 738oC. 
 

 
 

Fig. 1. DTA results for sample B3 
 
 

The basicity percentage pB [17] was calculated for 
each composition with the relation (1) and results are given 
in table 1. It results that, at a constant content of BaO oxide, 
by increasing the rate mol% TiO2/ mol% B2O3 the basicity 
percentage pB grows; results are presented in figure 2 
( plots are corresponded to oxide composition as noted in 
table 1).. 
 
 

 
pB= (44.82*wt%B2O3+89.52*wt%.BaO+50.67*wt%TiO2)/100 

(1) 
 
 

 
 

Fig. 2. pB % for glass samples 
 
 

3. Results 
 
The FTIR spectra gave data about the structure of 

glasses. Recorded spectra of sample B3, B6, B8, B4 and B1 
are presented in figure 3.  
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Fig. 3 FTIR spectra of glass samples 

 
 

There were identified intense bands in the ranges 
700-850, 900-1100 and 1150-1450 cm-1. For sample B3 
they are centered at 700, 950 and 1350 cm-1 (fig 4), and 
attributed to the vibration of boron atoms with four oxygen 
atoms surrounding them. XRD analyses showed out that the 
glass sample after controlled thermal treatment at 8000C for 2 
hours became crystallized, with the presence of BaTi(BO3)2 and 
BaB2O4.  

600 700 800 900 100011001200130014001500160084

86

88

90

92

94

96

98

100

Tr
an

sm
is

si
on

 [%
]

Wave number [cm-1]

B3

 
 

Fig. 4. FTIR spectra of sample B3. 
 
 

4. Discussion 
 
The bands for BaO are presented at 483 cm-1, intense, 

and at 503 cm-1, a low one, but for the studied glasses do not 
appeared, the only vibration band is at ~ 843 cm-1 .The 
bands from ~640 cm-1 corresponds to Ti-O vibration. At 
790 cm-1 were identified the vibration bands for TiO6. The 
FTIR profile revealed the presence of both BO3 and BO4 
units for borate glasses as showed in [20, 21]. In the region 
850–1100 cm-1, bands appeared, due to the stretching of 
B-O bond in tetrahedral BO4 units, which are the vibrations 
of tetra borate (tri borate and penta borate) groups of BO4 
units. Bands from the region 1150–1450 cm-1 are attributed 
to B–O bond stretching of trigonal BO3 units. Between 900 
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and 1100 cm-1 the bands are due to boron atom in 
tetrahedral coordination, BO4 units. B–O–B bending 
vibrations are present in the region between 600 and 800 
cm-1. Vitreous B2O3 presented a lowest absorption band at 
720 cm-1, as resulted from figures 3 and 4. The spectra can 
be divided into the following regions: (1) 700 – 770 cm-1 is 
related to the bending vibrations of various borate 
arrangements B – O – B, (2) 820 – 1200 cm-1 was attributed 
to the B – O stretching vibrations of tetrahedral BO4 and (3) 
1200 – 1400 cm-1, the peaks in this region were related to B 
– O stretching vibrations of BO3. For sample B3 the FTIR 
results indicated the presence of B-O stretching vibrations of 
BO3 units at 1350 cm-1 (the biggest value), that can be 
correlated with the high amount of B2O3 (50 mol %). 

The glass composition B1 having the smallest amount of 
B2O3 contained BO4 units (at 930 and 1060 cm-1). 

As the B2O3 content decreases from 50 to 25 mol % the 
absorption patterns increased from 17 to 20 %. 
 

Table 2. 1. Frequencies and their assignments for IR 
spectra of BaO -B2O3-TiO2 glasses. 

 
 Wave 
numbers 

Assignment  
 

Ref. 

640 Ti-O 
 

[22]  

~ 700 B-O-B bending vibrations 
 

[18] 

725 Ba – Ti 
 

[16] 

~ 770 O3B-O-BO4 bending 
vibrations 
 

[19] 

790 TiO6 
 

[22] 

~ 825 BO3-O-BO3 bonds bending 
vibration 

[19] 

843 Ba-O 
 

[23]  

~ 930 
~ 1060 

B-O stretching vibration of 
BO4 units in tri, tetra and 
penta borate groups 

[19] 
 

~ 1160 asymmetric stretching 
vibration of B-O and / or 
B-O bonds in borate 
triangular units (BO3 and 
BO2O-) 
from pyro- and orthoborate 
groups 

[23] 

~1230 B-O stretching vibration of 
trigonal BO4 units in 
boroxol rings 

[18] 

~ 1370 B-O stretching vibrations of 
BO3 units in metaborate, 
pyroborate and ortoborate 
groups 

[15] 

 
 
The higher absorption is at 40 % for sample B1 having the 

B2O3 = 20 mol %. 

The assignments for FTIR results are given in table 2.  
DTA results showed out that crystallization occurs in 

the temperature range 600-8000C. By controlled thermal 
treatment at 8000C for 2 hours glass ceramic materials were 
obtained. The Tg values increased as the B2O3 content 
decreased. 

In XRD patterns for sample thermal treated at 800 0C were 
identified BaTi(BO3)2 and BaB2O4  by the following: 

BaTi(BO3)2   2θ  = 30; 23.1; 23; 49.2; 35.8; 43;  
BaB2O4   2θ  = 24.6; 26.9; 14.9; 36.8; 37; 43.2;  
BaB2O4   2θ  =2 5.3; 24.6; 35.7; 44; 14; 29.2 
 
 
5. Conclusions 
 
Glasses were obtained by melting and ultra fast 

quenching method in the ternary system having B2O3 
bellow 50 mol %. To establish the glass structure FTIR and 
XRD analysis were used. The FTIR results indicated that 
the BO4 units are the main structural group, due to the 
most intense bands between 900 and 1100 cm-1.  
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