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ABSTRACT 

Lithium aluminum borate glasses of composition 35Li2O: (65-X) B2O3: xAl2O3 (where X = 0, 5, 10, 15, 20) were 

prepared by melt quenching technique and investigated by XRD, DTA, FTIR and density measurement. X ray diffraction 

and scanning electron microscopy confirmed the nature of sample. The density and molar volume studies reported change 

of structure with increase in mole percent of aluminum. The FTIR analysis revealed that network structures of sample are 

mainly based on BO3 and BO4 unit. 
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INTRODUCTION 

Chemical composition of glasses play important role in determining properties of the glasses. The glass is divided 

into main categories: network formers, network modifiers and intermediate species, which falls somewhere between 

network modifier and may be substituted for a network former in the glassy state. Borate is one of the important glass 

former and has been incorporated in much kind of glasses to attain desired chemical and physical properties. Glasses are 

receiving considerable attention due to their unique properties like hardness, good strength, transparency and excellent 

corrosion resistance. X-ray diffraction (XRD), infra-red spectroscopy (IR), differential scanning calorimetry (DSC) studies 

has been extensively employed over the years to investigate the structure of glasses [1-4]. Borate glasses, in particular, 

have been the subject of numerous infra-red studies due to their structural peculiarities [5-8]. In pure B2O3 glass structure 

most of the boron is involved in B3O6 (boroxol) ring. Addition of modifier breaks boroxol ring and thereby produced BO3 

and BO4 units [6, 8]. In addition, modifier also changes the physical properties along with structural modifications. 

Recently, the study of oxide glasses doped with transition metal ions (TMI) has received considerable attention due to their 

attractive combination of physical and chemical properties. TMI doped borate glasses have application in microelectronics, 

optical glasses and solid state laser [9-11]. Continued effort for the development of new glassy materials either by doping 

or by adding TMI, and the study of their novel properties is highly relevant due to their potential applications in various 

technological fields [12, 13]. Keeping in mind the very fact of creating novel functionalities we have chosen an uncommon 

glass system. We report here the preparation, structural characterization, optical properties and physical property of 

aluminum oxide containing lithium borate glass, which may lead to a new composite material. 

EXPERIMENTAL  

The aluminum lithium borate glasses of composition 35Li2O: (65-X) B2O3: xAl2O3 (where X = 0, 5, 10, 15, 20) 

were prepared by melt quenching technique. The starting material lithium carbonate, boric acid and aluminum oxide of AR 
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grade purchased from Merc laboratory were used. A homogeneous mixture of different composition has melted in ceramic 

crucible by keeping it into Muffle furnace equipped with digital temperature controller. The materials were melted 

at11500C for two hours with heating rate 300C/min and molted material is quenched in aluminum mould at room 

temperature (270C).The samples were annealed at 2000C for 2Hrs in hot air oven. The measurements of XRD were carried 

out by using XPERT PRO DIFFRACTOMETER. Scanning electron microscope of all samples was investigated from Tata 

Institute of Fundamental Research Mumbai by using ZEISS Ultra SEM instrument. FTIR of prepared samples were 

recorded by SHIMADZU FTIR spectrometer IR infinity1/8300 in the range 4000-400cm-1 with resolution 4 cm-1.The 

density were measured by Archimedes principle. 

Measurement 

The density of glass samples have been measured by Archimedes’s principle with pure benzene as the immersion 

fluid. All the measurement were made using K Roy balance. The experiment was repeated five times to get accurate value 

of density. The density was calculated according to known formula. 

  d��� =  
�� � 	


�����


                                                                       (1) 

Where, Wa is the weight of sample in air, Wb is the weight of sample benzene and d� is density of buoyant 

(benzene) at room temperature. 

Molar volume is calculated by the formula. 

Vm=  
�

	���
                                                          (2) 

Where, M is the molecular weight of sample. 

The Number of ions per c.c. (N), ploaron radius (rp) and Hopping distance (R) are calculated. 

RESULTS AND DISCUSSIONS 

• X- Ray Diffraction (XRD ) 

The XRD spectra of investigated samples have been found as shown in Figure 1. X – Ray diffraction patterns 

recorded for all samples show a diffuse scattering over range of angles (2  from 10˚ to 100˚), which confirms amorphous 

nature of the samples.  

    

Figure 1: XRD of LB1A Sample               Figure 2: SEM of LB1A Sample 
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• Scanning Electron Microscopy (SEM) 

To study the surface morphology, scanning electron microscope results are obtained and are shown in Figure 2. It 

is clearly visible from the scan that the prepared glasses appear a homogeneous structure of glass flake suggesting highly 

amorphous phase. The result of XRD and SEM shows that the prepared glasses are amorphous in nature. 

 In the photograph of SEM, It has been observed that the structure of glass sample is changed and compactness increases 

due to addition of glass former Al2O3, glass converted in to glass ceramics. It reflects the mixed former effect. 

• Density and Molar Volume 

All the values for these samples which have been calculated are listed in the Table 1. The variation of density and 

molar volume with mole percent of Al2O3 is depicted in Figure 3. The density of samples is gradually increased from 2.3 to 

2.6 g cm-3 and molar volume decreases from 24.17 to 23.886 cm3 with increase of mole percent of Al2O3 content. This 

increase in the density can be due to replacement of low density B2O3 by high density aluminum oxide. Also non bridging 

oxygen decreases in the glass network on increasing Al2O3 content, which tends to consolidate their structure, maintaining 

homogeneity of the glasses and thus increasing density. Molar volume indicates the spatial distribution of the oxygen in the 

glass network. The gradual decrease in molar volume can be attributed to closing up of glass structure. As we have more 

content of Li2O than Al2O in our system therefore net result is to shift coordination (BO3) to (BO4) and hence increase in 

density. The observed results agree well with the literature [14-15]. 

Table 1: Density, Molar Volume, and Ions per c.c., Hopping Distance and Polaron Radius 

 
Sample 

Mole 
% of 

Molecular Density 
Molar 

Volume 
Ions per Hopping 

Polaron 
Radius 

 Al 2O3 Weight(M) (Dexp) (Vm) c.c. distance(A0) (A0) 
LB1A 0 55.724 2.305 24.170 2.578E+22 3.381 1.363 
LB2A 5 57.34 2.378 24.107 2.584E+22 3.378 1.362 
LB3A 10 58.956 2.453 24.029 2.593E+22 3.376 1.360 
LB4A 15 60.572 2.528 23.955 2.601E+22 3.371 1.359 
LB5A 20 62.188 2.603 23.886 2.608E+22 3.368 1.358 

  

 

Figure 3: Variation of Density and Molar Volume 

• Fourier Transform Infrared Radiation (FTIR) 

The results have been discussed on the basis of method given by Condrate and Tarte [16-17] by comparing 

experimental data of the glasses with those of related crystalline compounds. The characteristic curve for B2O3, Li 2O and 
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Al 2O3 were used as reference point in the discussion. The structural analysis of oxide glasses is carried out by using 

following information [18-19]. 

• Type of the bridged bonds of oxygen which link the co-ordination polyhedral of the framework and 

composition of chemical in homogeneities in the structure of the glass. 

• The co-ordination number of the compound with respect to oxygen, especially of the network former. 

• The change in oxygen bonds of framework induced by cation modifiers which combine with the oxygen 

bonds. 

 

Figure 4.(a): FTIR of LB1A 

 

Figure 4.(b): FTIR of LB2A 

 

Figure 4.(c): FTIR of LB3A 

The FTIR absorption spectra of investigated samples for the region 400-4000 cm-1 are shown in Figure 3. The IR 

spectra of these investigated samples show the number of sharp, medium and broad absorption peaks. Due to close and 

overlapping bands, obtained spectra appear more complex. The vibration modes of borate network are mainly active in 

three infrared spectra region, which are similar to those reported by several workers [16-22]. First band occurrence at 
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1200-1600cm-1 is due to asymmetric stretching relaxation of B-O band of trigonal BO3 unit. Second band between 800cm-1 

and 1200cm-1 is due to B-O bond stretching of the tetrahedral BO4 unit and third group observed around 700cm-1 is due to 

bending of B-O-B linkage in the borate network. 

The FTIR absorptions bands obtained for this series (LB1A-LB5A) are at 422 cm-1-486cm-1due to presence of 

lithium oxide in the samples. The bands situated in the range 501cm-1-574cm-1 is assigned by B-O-B bands bending 

vibrations of various borate segment and next one is at 700cm-1-794 cm-1 is attributed to the deformation and bending 

vibrations B-O-B linkage in borate network. It has been observed that LB3A and LB4A samples show maximum 

absorption and shift toward lower wave number. The maximum bands appear in these samples (LB3A and LB4A) in the 

range 800cm-1-1200cm-1 are due to stretching of tetrahedral BO4 unit. In the region 1200-1600cm-1, bands appear in the 

range 1236cm-1-1477cm-1 due to B-O bond of trigonal BO3 unit. The band that appears above 1500 cm-1 can be assigned to 

presence water group and O-H vibration. 

CONCLUSIONS 

According to the results obtained, it can be concluded that investigated glass samples are composed of glassy 

phase. The increase in mole percent of Al2O3 changes the structure of sample from partial crystalline phase to fully glassy 

phase. The results of SEM are same as that of XRD results. From FTIR results, it is concluded that Al2O3 enters in the glass 

network as modifier and former. The BO3 and BO4 act as network structural group while lithium and aluminum appear in 

interstitial positions. Formation of BO3 and BO4 units with increase in mole percent of Li2O and Al2O3 is also confirmed by 

FTIR spectroscopic studies. The density of glass increases and molar volume decreases with increase in mole percent of 

aluminum oxide. 

AKNOWLEDGEMENT 

The Authors are grateful to Principal Vidyabharti Mahavidyalaya Amravati, Principal S.S.S.K.R.Innani 

Mahavidyalaya Karanja (Lad) and TIFR Mumbai for providing facility to complete this work.  

REFERENCES 

1. A. Pan and A. Ghosh (2000), “A New Family of Lead-Bismuth ate Glass with a Large Transmitting Window,” 

Journal of Non-Crystalline Solids, Vol. 271, No. 1-2, pp. 157-161.  

2. Š. Jiri, K. Ladislav, M. Petr, M. Lionel, R. Bertrand and G. Ivan (2009), “Structure and Properties of MoO3-

Containing Zinc Borophosphate Glasses,” Journal of Non-Crystalline Solids, Vol. 355, No. 16-17, pp. 970-975.  

3. C. W. Adrian, “Borate Structures: Crystalline and Vitreous (, 2010),” Physics and Chemistry of Glasses—

European Journal of Glass Science and Technology Part B, Vol. 51, No. 1, pp. 1-39. 

4. M. Pal (1996), “Structure and Physical Properties of Sodium Antimony Germinate Glasses,” Journal of Materials 

Research, Vol. 11, No. 7, pp. 1831-1835.  

5. W. L. Konijnendijk and J. M. Stevels (1978), “Structure of Borate and Borosilicate Glasses,” In: L. D. Pye, V. D. 

Fré- chette and N. J. Kreidl, Eds., Borate Glasses: Structure, Properties, Applications, Plenum Press, New York, 

pp. 259. 

6. I. Kashif, H. Farouk, A. S. Aly and A. M. Sanad(1991), “Differential Scanning Calorimetry and Infrared Study of 



74                                                                                                                                                                                                                         D.T. Dongare & A. B. Lad 

 

Index Copernicus Value: 3.0 – Articles can be sent to editor.bestjournals@gmail.com 

Barium Borate Glass Containing Transition Elements,” Physics and Chemistry of Glasses, Vol. 32, No. 2, pp. 77-

78. 

7. A. C. Hannon, D. I. Grimley, R. A. Hulme, A. C. Wright and R. N. Sinclair(1994), “Boroxol Groups in Vitreous 

Boron Oxide: New Evidence from Neutron Diffraction and Inelastic Neutron Scattering Studies,” Journal of Non-

Crystalline Solids, Vol. 177, No. 1, pp. 299-316.  

8. D. L. Griscom (1978), “Borate Glass Structure,” In: L. D. Pye, V. D. Fréchette and N. J. Kreidl, Eds., Borate 

Glasses: Structure, Properties, Applications, Plenum Press, New York, pp. 11.  

9. C. Li and Q. Su (2003), “A ction of Co-Dopant in Electron Trapping Materials: The Case of Sm3+ in Mn2+ 

Activated Zinc Borosilicate Glasses,’’ Applied Physics Letters, Vol. 85, No. 12, pp. 2190-2192.  

10. J.-M. Wu and H.-L. Huang (1999),“Microwave Properties of Zinc, Barium, and Lead Borosilicate Glasses,” 

Journal of Non-Crystalline Solids, Vol. 260, No. 1-2, pp. 116- 124.  

11. L. D. Bogomolova and M. P. Glassova (1980), “The Impurity Effects in Vanadate Semiconducting Glasses,” 

Journal of Non-Crystalline Solids, Vol. 37, No. 3, pp. 423-426.  

12. M. Pal, D. Chakravorty and A. Bhowmik (1998), “Structural Study of Iron Borate Glasses Containing NiO and 

ZnO,” Journal of Materials Research, Vol. 13, No. 11, pp. 3287-3292.  

13. L. Aleksandrov, R. Iordanova and Y. Dimitriev (2007), “Glass Formation in the MoO3-La2O3-B2O3 System,” 

Physics and Chemistry of Glasses, Vol. 48, pp. 242. 

14. J .E. Shelby (1997), Introduction to Glass Science and Technology (The Royal Society of Chemistry, Cambridge, 

C.K. 1997) 

15. M. Shibata, C. Sanchez, H. Patel, S. Feller, J. Stark, G. Sumcad and J. Kasper (1986),” The density of lithium 

borate glasses related to atomic arrangements” J. Non-cryst. Solids, Vol.85, 29.  

16. R. A. Condrat (1986), J. Non Cryst. Solids, Vol. 4, 26. 

17. P. Tarte, Physics of Non Crystalline Ed. by I. A. Elsevier, Amsterdam (1964). 

18. Gamal El Deen, Abd EI-Rqaheem Yahya, (2003) ,”Studies on Some Lithium-Borate Glasses Containing Iron and 

Copper “, Vol.27,pp 255. 

19. A. Silim (2006),” Composition Effect on Some Physical Properties and FTIR Spectra of Alumino – Borate 

Glasses Containing Lithium, Sodium, Potassium and Barium Oxides”. Egypt J. of solids, Vol.29, pp293. 

20. V. Bhardwaj, S.P. Singh, Devinder Singh, Gopi Sharma and Gurmel S. Mudahar (2012) , “Stru ctural 

investigation of B2O3-Na2CO3-CuO glasses by molar volume measurement and FTIR spectroscopy,”, 

International J. of Applied Physics, Vol 2 -1. 

21. A. Kumar, S. B. Rai, D. K. Rai (2003), “Effect of thermal neutron irradiation on Gd3+ ions doped in 

oxyfluoroborate glass: an infra-red study”, Material Research Bulletin, vol.38, pp 333. 

22. D. L. Griscom (1978), Material Science Research on borate glasses, Ed. By L. D. Lye, V. D. Frechette & N. J. 

Kredl, plenum press, New York. 


