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ABSTRACT 
 

CaO-MgO-Al2O3-SiO2 base glass system was developed using locally available raw materials such as feldspar, lime-
stone and magnesite. This study aims to investigate the effect of titania addition on the glass transition temperature of 
the various raw materials. Varying proportion of the TiO2with in the range of 2 – 10 wt% at 2 wt% intervals was 
incorporated in batches and then melted into a crucible in an electric muffle furnace. The transition temperatures of 
the test-melted batches were determined using Mettler Toledo Differential Scanning Calorimeter which was operated 
at a heating rate of 10 oC/ min alongside Al2O3 as reference material. The findings revealed that titania (TiO2) has a 
significant effect on the glass transition temperature of each sample in the CaO-MgO-Al2O3-SiO2 base glass system. 
The sample without TiO2 addition has the maximum glass transition temperature (273oC) and transition temperature 
subsequently decreased with titania addition ( 0, 2, 4, 6, 8 and 10wt%). The sample with 10 wt% TiO2 recorded the 
lowest glass transition temperature of 221oC. This shows that there is a tremendous effect of titania on the glass tran-
sition temperature of the sample. 

Keywords:  Glass systems; Titania (TiO2); glass transition temperatures; silica; Differential Scanning Calorimeter 

1. INTRODUCTION 
 

Glass is any material either organic or inorganic that has the 

ability to pass through glass transformation region and does 

not exhibit long range order. Glasses are generally super-

cooled, amorphous and non-crystalline in nature. A number 

of techniques can be used to make them, among which in-

clude melting. Other techniques are vapour deposition, sol-

gel processing, and neutron irradiation among others (El-Me-

liegy & Richard, 2012; Shelby, 2005). 

Glass manufacturing processes came into existence at the 

turn of the 20th century notably as a result of America inge-

nuity. Today, industrial glass worldwide is a significant com-

ponent of national economies. In 1993, USA alone manufac-

tured 300 million bottles (Rao, 2002). Although, glasses uti-

lized for making bottles constitute the largest percentage of 

glass products, flat glass and electric bulbs are not far behind. 

They also form a significant part of glass products and they 

command higher prices weight per weight compared to con-

tainers. In 1995, USA and Japan produced roughly 10 million 

metric tons of glass each (Rao, 2002). In many emerging 

economies such as China and India, glass industry has been 

growing at a very high rate (Rao, 2002). According to Al-

harbi et al., (2009) wide range of inorganic oxide glasses are 

available for commercial purposes and among these are alu-

mino silicate glasses, soda-lime silicate glasses, borosilicate 

glasses to mention a few. Aluminosilicate glasses are widely 

used commercially due to their outstanding properties such 

as low coefficient of thermal expansion, high durability, ex-

cellent resistance to chemical attack, high electrical re-

sistance. These glasses are ideal for making glass-ceramics 

among others. 

 

The availability of starting materials, easy accessibility and 

inexpensiveness are vital factors for developing a wide range 

of economically feasible glass industry. The emerging of 

glass industry can play a vital role in the economy of Nigeria 

particularly in the area of employment for the teeming popu-

lation. Aliyu et al, (2017); Aliyu et al, (2015); Aliyu et al, 
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(2014) and Aliyu et al., (2013) conducted studies on the suit-

ability of some starting materials for glass making from var-

ious sources across Nigeria and the findings revealed that the 

deposits under investigation are suitable for making a wide 

variety of glasses, although the concentration of iron oxide 

in each case was above the tolerable level of 0.01-0.03 wt% 

for making quality colourless glasses. However, according to 

Alexis and David, (1979) each case can be upgraded through 

beneficiation.  

Glass transition temperature (Tg) is the temperature in which 

a super cooled liquid converts to a solid glass on cooling or 

conversely, of which the solid begins to behave as a viscoe-

lastic solid on heating. At transition temperature, the viscos-

ity of glass is high whereas above transition temperature, the 

viscosity is low (Teruo and Dai, 2015).  

The aim of this study is to develop calcium-magnesium-alu-

mino-silicate glasses using locally available raw materials 

and determine the effects of titania addition on glass transi-

tion temperatures of the glass samples. 

 

2. MATERIALS AND METHOD 

 

The starting materials for this study are as follows; 

feldspar, limestone and magnesite. They were col-

lected from Matari in Soba Local Government Area of 

Kaduna State, Kalambaina in Wamakko Local Gov-

ernment Area of Sokoto State and Tsakesimptah in 

Gombi Local Government Area of Adamawa State re-

spectively.  Random method of sampling was applied 

to each sample and each case was subjected to crush-

ing and sieving to particle size distribution of 105 µm.  

Representative samples were taken from the bulk of 

each sample by coning and quartering method.  

2.1. Sample Preparation and Melting  

Table 1: Glass batches composition in oxides form (wt %) 

 

Six (6) glass batches were formulated as shown in Ta-

ble 1. Titania (TiO2) was incorporated to the various 

batches in varying quantity as follows; 0%, 2%, 4%, 

6%, 8% and 10wt%.  Furthermore, 0.3 wt% sodium 

chloride (NaCl) was added to each batch as fining 

agent for removal of gaseous inclusion. 

 

 

Each batch was thoroughly mixed and placed into a 

crucible and then transferred into electric muffle fur-

nace. The batches were melted at the temperature 

range 1600℃  for 3 hours. The homogeneity of each  

melt was achieved by frequent swirling of the crucible 

containing the melt severally at 20 minutes interval. 

On completion of melting, each sample was annealed 

at 600℃ for 1 hour and then cooled to room tempera-

ture. The test-melted glass powders in the range 

4.8000 to 5.9000mg weight were used for DSC analy-

sis.  Each sample alongside reference material  

Al2O3  was heated from room temperature to 500oC 

at a heating rate of 10oC/min, and then cooled from 

500oC to room temperature at the same heating rate. 

The Differential Scanning Calorimetry (DSC) run was 

carried out to determine the glass transition tempera-

ture (Tg) of each glass powder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Glass 

No. 

TiO2 

(wt %

) 

Chemical composition of the glass batches in oxides form (wt %) 

SiO2 Al2O3 CaO MgO K2O NaCl Fe2O3 Trace 

Glass 1 0.00 52.00 16.00 18.00 8.00 2.00 0.30 2.50 1.2 

Glass 2 2.00 52.00 16.00 16.00 8.00 2.00 0.30 2.50 1.2 

Glass 3 4.00 52.00 16.00 14.00 8.00 2.00 0.30 2.50 1.2 

Glass 4 6.00 52.00 16.00 12.00 8.00 2.00 0.30 2.50 1.2 

Glass 5 8.00 52.00 16.00 10.00 8.00 2.00 0.30 2.50 1.2 

Glass 6 10.00 52.00 16.00 8.00 8.00 2.00 0.30 2.50 1.2 
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3. RESULTS AND DISCUSSION 

 

Figure 1: DSC Thermo gram of glass sample to which 0wt% titania was incorporated exhibiting   

                  273℃  as glass transition (Tg) temperature 

 

Figure 2: DSC Thermo gram of glass sample to which 2 wt% titania was added showing 267oC 

                 as glass transformation (Tg) temperature. 

 

Figure 3: DSC Thermo gram of glass sample to which 4 wt% titania (TiO2) was incorporated    dis-

playing 266oC as glass transition (Tg) temperature. 
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Figure 4: DSC Thermo gram of glass sample to which 6 wt% titania (TiO2) was incorporated  

                 displaying 263oC as glass transition (Tg) ) temperature. 

 

Figure 5: DSC Thermo gram of glass sample to which 8 wt% titania was added showing 256oC 

                 as glass transformation (Tg) temperature. 

 

 

Figure 6: DSC Thermo gram of glass sample to which 10 wt% titania was added showing 221oC 

                 as glass transformation (Tg) temperature. 
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Alumina (Al2O3) and silica (SiO2) are effective in in-

creasing the viscosity and transition temperature of glassy 

material due to the formation of building block units such 

as SiO4 tetrahedron and AlO4 group which had an effect 

on the strength of the glass network connectivity of struc-

ture. It was a known fact that the ions would form highly 

stable triangular or tetrahedral structural building units 

and the glass viscosity would depend on the strength of 

the bridging oxygen linkages at the corners of adjoining 

units (Salama et al., 2002). CaO and MgO are very effec-

tive in decreasing glass viscosity and transition tempera-

ture (Tg) through the introduction of non bridging oxygen. 

Therefore, the presence of Al2O3 in the batch composi-

tion is an added advantage for it eliminates the non bridg-

ing oxygen present in the melt which disrupt network 

structure and thus restore the network connectivity struc-

ture of glasses which result in increase of viscosity and 

glass transition (Tg) temperature (Teruo and Dai, 2015). 

 

The findings revealed that the control sample (0wt % tita-

nia) exhibited 273oC as its glass transition (Tg) tempera-

ture. However, on gradual addition of titania, the glass 

transition temperature of glass samples to which 2% , 4%, 

6%, 8% and 10wt% were added in their respective batch 

compositions decreased progressively to 267 , 266, 263, 

256 and 221oC respectively. The decrease in the glass 

transition temperature in each glass sample was as a result 

of gradual increase in titania incorporation and this indi-

cates stability and network homogeneity in the glass sys-

tems. In addition, T4+  ion can be accommodated in the 

CaO-MgO-Al2O3-SiO2 base glass system network struc-

ture, either as network former or as network modifier. Ac-

cording to Salama et al., (2002) titania ions occupancy of 

Si4+ sites in the glass structure introduces a Ti-O bond 

that is weaker than the Si-O bond, and this improves batch 

melting, lowering of glass transition temperature (Tg) and  

viscosity due to the formation of bridging oxygen bond in 

the glass structure. 
Incorporating 10wt% titania into the batch brought down 

the glass transition temperature (Tg) to 221oC.  The re-

sult of the findings was in accordance with that of Salama 

et al., (2002) who reported that incorporation of TiO2 to 

glass batch decreases both melting temperature and glass 

transition temperature (Tg). The study revealed that titania 

could be used as a modifying oxide due to its energy sav-

ing effect and reduction of glass transition temperature.  

 

 

4. CONCLUSION  

In conclusion, the findings of the research are as follows: 

1. This study shows the feasibility of sourcing starting materials locally for glass making. 

2.  The study demonstrated that gradual addition of titania to the various glass batches has significant effect on 

glass transition temperature. The decline in the transition temperature is attributable to the formation of 

bridging oxygen bond in the glass structure. 

3. The findings showed that titania is a potential candidate for energy saving and lowering of glass transition 

temperature in glass making. 

4. Addition of 10 wt% (TiO2) titania to glass sample results in maximum decrease of glass transition tempera-

ture to 221oC. 
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