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ABSTRACT

Lithium aluminum borate glasses of composition 36Li(65-X) B,Os: xAl,O; (where X =0, 5, 10, 15, 20) were
prepared by melt quenching technique and investibhy XRD, DTA, FTIR and density measurement. X difraction
and scanning electron microscopy confirmed thereabdfi sample. The density and molar volume studipsrted change
of structure with increase in mole percent of alwmi. The FTIR analysis revealed that network stmest of sample are

mainly based on B£and BQ unit.
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INTRODUCTION

Chemical composition of glasses play important moldetermining properties of the glasses. Thesgiaslivided
into main categories: network formers, network rfieds and intermediate species, which falls someeHeetween
network modifier and may be substituted for a nekwiormer in the glassy state. Borate is one ofithportant glass
former and has been incorporated in much kind asggs to attain desired chemical and physical piepeGlasses are
receiving considerable attention due to their ueiguoperties like hardness, good strength, trapspgrand excellent
corrosion resistance. X-ray diffraction (XRD), iafred spectroscopy (IR), differential scanning dadetry (DSC) studies
has been extensively employed over the years testigate the structure of glasses [1-4]. Boratssgls, in particular,
have been the subject of numerous infra-red stutliesto their structural peculiarities [5-8]. InrpuB,0; glass structure
most of the boron is involved ingBg (boroxol) ring. Addition of modifier breaks bordxang and thereby produced BO
and BQ units [6, 8]. In addition, modifier also changé® tphysical properties along with structural madifions.
Recently, the study of oxide glasses doped withsiteon metal ions (TMI) has received consideratitention due to their
attractive combination of physical and chemicalpamties. TMI doped borate glasses have applicationicroelectronics,
optical glasses and solid state laser [9-11]. @oetil effort for the development of new glassy nialeeither by doping
or by adding TMI, and the study of their novel pedpes is highly relevant due to their potentiaplégations in various
technological fields [12, 13]. Keeping in mind thery fact of creating novel functionalities we hal®sen an uncommon
glass system. We report here the preparation, tataiccharacterization, optical properties and ptalsproperty of

aluminum oxide containing lithium borate glass, ethinay lead to a new composite material.
EXPERIMENTAL
The aluminum lithium borate glasses of composiB&hi,O: (65-X) B,0s: xAl,O; (where X = 0, 5, 10, 15, 20)

were prepared by melt quenching technique. Thérsgamaterial lithium carbonate, boric acid andnailtbum oxide of AR
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grade purchased from Merc laboratory were usedordgeneous mixture of different composition hastedaein ceramic
crucible by keeping it into Muffle furnace equippedth digital temperature controller. The materialgre melted
at1150C for two hours with heating rate ®D'min and molted material is quenched in aluminumulth at room
temperature (PC).The samples were annealed at®0for 2Hrs in hot air oven. The measurements of XiRie carried
out by using XPERT PRO DIFFRACTOMETER. Scanning&lten microscope of all samples was investigatethfilata
Institute of Fundamental Research Mumbai by usiBdS& Ultra SEM instrument. FTIR of prepared samplese
recorded by SHIMADZU FTIR spectrometer IR infinit$B00 in the range 4000-400¢nwith resolution 4 cm.The

density were measured by Archimedes principle.

Measurement

The density of glass samples have been measur@dchimedes’s principle with pure benzene as the émgion
fluid. All the measurement were made using K Rokabee. The experiment was repeated five times t@geurate value

of density. The density was calculated accordinignmwn formula.

_ Waxdy
dexp - (Wa—Wy,) (1)

Where,Wa is the weight of sample in air, Wb is the weiglitsample benzene ant}, is density of buoyant

(benzene) at room temperature.

Molar volume is calculated by the formula.

)

Vm=
dexp

Where, M is the molecular weight of sample.

The Number of ions per c.c. (N), ploaron radiyys &nd Hopping distance (R) are calculated.
RESULTS AND DISCUSSIONS
» X- Ray Diffraction (XRD)

The XRD spectra of investigated samples have beendf as shown in Figure 1. X — Ray diffraction pats
recorded for all samples show a diffuse scatteoivey range of angles 8! from 10° to 100°), whichfams amorphous

nature of the samples.
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Figure 1: XRD of LB1A Sample Figure 2: SEM of LB1A Sample
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e Scanning Electron Microscopy (SEM)

To study the surface morphology, scanning eleatn@roscope results are obtained and are showrguwr&i2. It
is clearly visible from the scan that the prepagtasses appear a homogeneous structure of glasssilegesting highly

amorphous phase. The result of XRD and SEM shoaigtie prepared glasses are amorphous in nature.

In the photograph of SEM, It has been observetttiwstructure of glass sample is changed and aoim@ss increases

due to addition of glass former &l;, glass converted in to glass ceramics. It refldetamixed former effect.
» Density and Molar Volume

All the values for these samples which have be&rulzded are listed in the Table 1. The variatibaensity and
molar volume with mole percent of A); is depicted in Figure 3. The density of sampleg@lually increased from 2.3 to
2.6 g cnt and molar volume decreases from 24.17 to 23.886with increase of mole percent of 8, content. This
increase in the density can be due to replacenfdatvodensity BOs by high density aluminum oxide. Also non bridging
oxygen decreases in the glass network on incready@; content, which tends to consolidate their strigtanaintaining
homogeneity of the glasses and thus increasingtgieM®lar volume indicates the spatial distributiof the oxygen in the
glass network. The gradual decrease in molar voloamebe attributed to closing up of glass structAsewe have more
content of LjO than ALO in our system therefore net result is to shiftrdination (BQ) to (BO,) and hence increase in

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

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

il Molecular | Density D 2l lons per Hopping ST
Sample | % of Volume Radius

Al,O; | Weight(M) | (Dexp) (Vm) e distance(A) (A%
LB1A 0 55.724 2.305 24.170 2.578E+22 3.381 1.368
LB2A 5 57.34 2.378 24.107 2.584E+22 3.378 1.36p
LB3A 10 58.956 2.453 24.029 2.593E+P2 3.376 1.360
LB4A 15 60.572 2.528 23.955 2.601E+PR2 3.371 1.359
LB5A 20 62.188 2.603 23.886 2.608E+PR2 3.368 1.358
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Figure 3: Variation of Density and Molar Volume
» Fourier Transform Infrared Radiation (FTIR)

The results have been discussed on the basis dfothajiven by Condrate and Tarte [16-b¥§] comparing

experimental data of the glasses with those otedlarystalline compounds. The characteristic cdioveB,0; Li,O and
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Al,O; were used as reference point in the discussion. stitugtural analysis of oxide glasses is carrietl lpuusing
following information [18-19].

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

composition of chemical in homogeneities in theauire of the glass.
* The co-ordination number of the compound with respe oxygen, especially of the network former.

» The change in oxygen bonds of framework induceccétyon modifiers which combine with the oxygen
bonds.
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Figure 4.(c): FTIR of LB3A

The FTIR absorption spectra of investigated samiglethe region 400-4000 chrare shown in Figure 3. The IR
spectra of these investigated samples show the ewoflsharp, medium and broad absorption peaks.tDwiose and
overlapping bands, obtained spectra appear mor@leamThe vibration modes of borate network arenyaactive in

three infrared spectra region, which are similathose reported by several workers [16-22]. Fiestcdboccurrence at

Index Copernicus Value: 3.0 — Articles can be semd editor.bestjournals@gmail.com




Composition Effect of abos on Density and FTIR of Lithium Borate Glasses 73

1200-1600cn is due to asymmetric stretching relaxation of Bahd of trigonal B@unit. Second band between 800tm
and 1200cm is due to B-O bond stretching of the tetrahedi@} 8nit and third group observed around 70ddmdue to

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

The FTIR absorptions bands obtained for this seti®lA-LB5A) are at 422 cM+486cm'due to presence of
lithium oxide in the samples. The bands situatedhia range 501cth574cm® is assigned by B-O-B bands bending
vibrations of various borate segment and next snati700cril-794 cni is attributed to the deformation and bending
vibrations B-O-B linkage in borate network. It hbsen observed that LB3A and LB4A samples show maxim
absorption and shift toward lower wave number. eximum bands appear in these samples (LB3A andA).B# the
range 800cm-1200cnT are due to stretching of tetrahedral B@it. In the region 1200-1600¢mbands appear in the
range 1236¢ciM1477cni due to B-O bond of trigonal BQunit. The band that appears above 1500 can be assigned to

presencevater group and O-H vibration.
CONCLUSIONS

According to the results obtained, it can be codetlithat investigated glass samples are composegthsdy
phase. The increase in mole percent gDAlchanges the structure of sample from partial afiysé phase to fully glassy
phase. The results of SEM are same as that of XdR0lts. From FTIR results, it is concluded thaiOAkenters in the glass
network as modifier and former. The B@nd BQ act as network structural group while lithium amdnsinum appear in
interstitial positions. Formation of B@nd BQ units with increase in mole percent ofQiand AbO; is also confirmed by
FTIR spectroscopic studies. The density of glassemses and molar volume decreases with increasmlim percent of

aluminum oxide.
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