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ABSTRACT

Heavy metal based oxide glasses with composition (100-y) [30 B,Os; .70 Bi,Oq y Fe,0Os; (y=0,2,5,7,10) were
prepared by the standard melt quenching technique. The amorphous nature of the samples was ascertained using X-
ray diffraction patterns. The microstructure of the glasses is identified by scanning electron microscopy (SEM)
studies. The glass density (d) and molar volume (V,,) both decrease with increase in Fe,O3 content. The change in
both the density and molar volume were discussed in terms of the structural modifications that take place in the
glass matrix upon increasing Fe,O; content. The theoretical optical basicity of the prepared glasses is also
estimated. The structural changes in these glasses have been investigated by IR spectroscopy. The values of
characteristic glass transition temperature (Ty) crystallization temperature (T;) and melting temperature (T,,) have
been found from Differential Scanning Calorimetry (DSC) traces. The glass transition temperature (Ty) increase as
the content of Fe,O3 increases.

Keywords. Oxide glasses, X-Ray diffraction, Density, Difetial Scanning Calorimetry, IR Spectroscopy.

INTRODUCTION

Heavy metal oxide (HMO) glasses have attracted idersble interest due to their high refractive dhkigh

infrared transparency and high density [1, 2]. Eheas been an increasing interest in the synthatsigture and
physical properties of glasses containing bismuikde due to their manifold possible applicationghe field of
glass ceramics, layers for optical and electroeiiaks, thermal and mechanical sensors, reflegtingows etc [3,
4]. Recently it was reported that heavy metal oxjtesses containing bismuth are investigated faside use in
scintillation detectors for high energy physics dhdt the large polarizability of bismuth makesnthsuitable for
possible non-linear optical uses and environmeaniale lines [5, 6].

B.Os is one of the most common glasses former andttinetsre of vitreous BO; consist of random network of
boroxyl rings and B@triangles connected by B-O-B linkage [7]. If waported that addition of a network modifier
in a borate glass could produce the conversiorhefttiangular B@ structural units to BQtetrahedra with a
coordination number four [8, 9]. A survey of litewee shows that there are many reports availabl®ismuth
Borate glasses [10-14]. However the studies with mddition are very limited. Various studies haeen carried
out to establish the environments of Fend F&" ions, mostly at a few percent levels in differgltsses [15-17]. It
was supposed that, at low concentrations, theaohas modifiers similar to the alkali metals dwdihe earths [15].
It has been reported that?éon can only be six fold coordinated in glasse8],[therefore, acting as a modifier,
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while F€* ion exists in both tetrahedral and octahedralrenvients. Further, the valence of the Fe ions oéters
the covalence of Fe-O bond and reflects the effettenic radius of the Fe atom on the Fe-O bonmtyile. Thus
both the Co-ordination geometry and valance ofdRs determines the structural role. The goal ofptfesent work
is to investigate the glass formation, basic priierand local structure of f); — B,O; — F&O; glasses and to
identify both structural and valiant changes wile,O; content.

MATERIALSAND METHODS

Glass samples of compositions (100-y) [30B.70 BiLO;] yFe,05 with y=0, 2, 5, 7, 10 (mol %) were prepared
using the normal melt-quench technique from reageade chemicals of BD;, H;BO; and FgOs;. The weighed
quantities of the starting materials were thoroyghixed in appropriate proportions and the batcheni@s were
heated in porcelain crucibles placed in an elegtsiheated furnace for about 0.5h to prevent Vdation and then
melted at 1100°C for about 0.5 h. The mixture waaken frequently to ensure the homogeneity. Thasnvetre
then quickly poured onto a steel plate and pressel@ér another steel plate. The as prepared glagslesavere cut
and then finely polished to a thickness of 0.5-Irband were stored in a desicater to prevent fuidlétation or
degradation. X-Ray diffraction measurements onstimaple have been carried out using X’ Pert Proatifometer

which consist of @@ gonimeter having range of 0°-16042 The radiation used was CuKvhereas nickel metal

was used as beta filter. The SEM (Model Jeol JSWBHHas been used to study the microstructureeofthsses.
The density (d) of glass sample was determinechbystandard Archimedes principle. These measuremease
done using density determination kit (Denver insteat YDK O1S) with S/SI balances with readabilify0ol mg.
All measurements were done in duplicate with maximarror of +2%.

Thermal analysis was carried out on Differentiaai8dng Calorimeter (Q600 SDT) supplied by TA instants.
The samples, approximately 15 mg in weight wergdte&rom 40°C to 1000°C in hermetically sealedrdha
crucible under N atmosphere and scanned at a heating rate of I0RC The glass transition temperaturg)(T
crystallization temperature and melting temp)(for all the glass samples were evaluated fronrélserded thermo
grams. FTIR transmission spectra of the glass ssmplere recorded at room temperature using KBrepell
technique with the Perkin-Elmer RX-1 FT-IR Spectaten in the range 250-4000 ¢mFor this, powdered glass
samples were thoroughly mixed with dry KBr in tla¢io 1:20 by weight and the pellets were formeagsi pellet
press.

RESULTSAND DISCUSSION

3.1 X-ray diffraction and SEM studies. From the XRD studies it is observed that homogeseaglasses were
formed for FgO; concentration between 0 and 10 mol%. The XRD patef present glasses, which are shown in

Fig.1, indicate a glassy behavior with a broad hanabout £1=30°. No peak corresponding to,Bs is observed,

which indicates that F®; has completely entered the glass matrix. The rsfanoture of the glasses is identified by
scanning electron microscopy (SEM) studies. Fig@s the typical SEM micrograph of studied glassésch is
found to be glassy (amorphous) nature of the sample

3.2 Density, crystalline volume, molar volume and theoretical optical basicity: The values of density (d) of the
glass samples determined in the present studyiaea ¢n Tablel. The variation of density and molatume is
shown in Fig.3. It can be seen from Fig.3 and Thhleat the density of glasses decreases a®;Fmontent
increases. This is due to the low relative molecaiass of Fg; compared to BDs. It has already been reported
that Bismuth-Borate glasses possess long chaiB#dfdistorted polyhedra and octahedral units linkecttbgr by
Bi-O- Bi bonds [19-21]. Therefore it is assumedtttieere are already long chains of Bi-O- Bi linkagend with
further addition and increase of &g content the Bismuth Borate network is modified aodcentration of Bi—O
non-bridging oxygen (NBOs) decreases which randesthe structure and hence density decreasesintiiates
that glass structure becomes less tightly packed imcreasing F€; concentration. Molar Volume @y of the
samples were calculated using formula

V=Y (xMj)/d 1)

Where xis the molar fraction and N the molecular weight of'icomponent, respectively. The crystalline volume
(V) of each glass sample is also calculated usinguta:
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V=YXV, 2)

Where V is the molar volume of th& icomponent in crystalline phase and values thusitzted are given in Table
1. The data of molar volume and crystalline volumas been plotted in Fig. 4 for comparison. The metdume
and crystalline volume of the samples is foundnicréase with an increase in,Bg content. Perusal of the data
plotted in Fig. 2 shows that,Vof the glasses is always greater than the cornepg values of V, indicating the
presence of excess structural volume in these sasmifiis is characteristic of their glassy nat@2 P3]. The data
supports the assertion of XRD studies.
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Fig.1. XRD patterns of (100-y)[30 B,O3.70 Bi,O3] y Fe,Os glasses

SEl  3.0kV WD21mm x1,500 10um
Sample 0000 15 Apr 2012

Fig. 2. Typical SEM micrograph of (100-y)[30 B,O3.70 Bi,03] y Fe;Osglasses
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Table 1: The density (d), crystalline volume (V), molar volume (V..,), theoretical optical basicity (Ox), glasstransition temperature (T),
crystallization temperature (T.) and melting temperature (Tr) of (100-y)[30 B,O5.70 Bi,O3 ] y Fe,03 glasses

Sample| @ (7€) | Ve (cc/mol) [ Vim (cc/mol) T,C0) | T.°C) | Tm(°C)
Plel :0001)| (+0.001) | (x0.001) | T | ey | (#1) (1)
y=0 7.482 45.003 46.385 | 0.960 361 590 644
y=2 7.421 44712 46.262 | 0.962 385 693 722
y=5 7.373 44.276 45.794 | 0.963 399 702 730
y=7 7.338 43.985 45.508 | 0.965 417 704 742
y=10 7.282 43.549 45.086 | 0.966 421 718 744
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Fig.3. Composition dependence of density (d) of (100-y) [30 B,O3.70 Bi-O3] y Fe:Osglasses

The decrease in molar volume (Vwith increase in F€; content can be explained on the basis of structura
changes. With increasing the,Bg content Fe@polyhedra units increase and participation of Fg@ups play the
role of modifying units. The decrease in molar vokiof glass samples may also be due to the fattBib@;
provides excess structural free volume. The th@adebptical basicity [}, for the glass system under study has
been calculated using the relation [24].

O = X (B203) O (B203) + X (Biz0O3) O (BixO3) + X (F&03) O (F&Os) 3)

Where X (BO3), X (Bi,0O3), X (F&0s) are the equivalent fractions of the differentd®s i.e. the proportion of the
oxide atom that contributes to the glass systema(®bOs), 0 (Bi,Os), [ (F&0s) are the optical basicity values of

the constituent oxides. Here the value§ld,0; = 0.425,00 (Bi,0s) = 1.19 and] (Fe0s) = 1.02 have been used as
from literature [25].

The Theoretical optical basicity expresses thetmlacdensity carried by oxygen and is strongly dejemt on
electronic polarizability. This may be explained¢@ualing to the relation suggested by Duffy [26].
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0, = 1.67{1—%} @
ao

Whereo, is the oxide ion polarizability.
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Fig.4. composition dependence of crystalline volume (V) and molar volume (V) of (100-y) [30 B,O3.70 Bi,O3] y Fe;Ozglasses

This equation shows that basicity increases witlrteiase in polarizability. The calculated valuesTbEoretical
optical basicity are reported in Table 1 and vatabf basicity with the F©; content is shown in Fig.5 which
shows that optical basicity is increased with iasee of FgO; content which indicates the decrease in covalent
character resulting into the increase of tenderfogxggen to donate electron and increase in paiiity of the
glass samples.

3.3 Differential scanning calorimetry (DSC): Fig.6 shows DSC thermograms for the glass samples.glass
transition temperature {J crystallization temperature {Tand melting temperature £ determined from DSC
thermograms for all the samples are presented leTlaalong with probable error of +1°C. These ebteristic
temperatures are important for qualitative estioratif thermal stability and forming ability of gkess. The melting
temperature (f) of glasses increase gradually as content gDfis increased. The crystallization temperaturg (T
also changes appreciably from 590°C to 718°C oreasing content of £©s.
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Fig.5 Composition dependence of theor etical optical basicity of (100-y)[30B,03.70 Bi,O3 ]y Fe;0sglasses
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Fig.6. DSC ther mograms of (100-y) [30B,05.70 Bi>O3] y Fe:Osglasses

The composition dependence of glass transition éeatpre (T) is shown in Fig 7. The increase ig With increase
of FeO; concentration is consistent with network strengthg. It is known that addition of E®; can also
improve durability very significantly [27,28] bacse FgO; can act both as an intermediate and a glass nioglify
oxide and can be present in botff Temd Fé&" states in glass network. With increasing@econtent, number of Fe-
O bonds replace Bi-O bonds and provide the thestaddility which is indicated by shifting both glagansition
temperature (Jj and crystallization temperatureJTrhermal stability is an important factor in glassfor both
fundamental and technological reasons. Thermallisyatefers to the temperature range. €TT,) which facilitate
the glass formation and hampers the process ofatligation. The higher is the thermal stabilitizetbetter is the
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glass quality. The addition of [&; is seen to result in glasses which are thermatlyenstable and less prone to
crystallization.
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Fig.7. Composition dependence of glasstransition temperature (Tg) of (100-y)[30B,05.70 Bi, O3 ]y Fe;0sglasses

3.4 Infrared transmission spectra: IR transmission spectra of the glasses were redasder the range 400-4000
cm® and are shown in Fig.8.The infrared band aroug60Xm' is attributed to B-O and B-O stretching vibrations
in borate triangular units. The bands between 90WB&m'’spectral range arise from pentaborate units. The
influence of distorted (Bi€) ployhedra on the ; structure is evidenced from bands around 70bdtrwas shown
that BLO; appears in the bismuth-borate glass networks fmsrded (BiQ) groups, as (Big) pyramidal units or
both (BiG;) and (BiQ) polyhedra [29]. The most important condition fbe existence of (Bi¢) polyhedra is the
presence of band around 830tmthe IR Spectra. The absence of this band aftding FeOsin the IR Spectra of
the glasses proofs that only the (Bi@ctahedra build up the bismuthate structure e$¢hsamples. The bands in
the 500-550 cirange are ascribed to the vibrations of Fe-O barfde FeQ polyhedra. Analysis of the IR
spectrum shows that B{& FeQ; groups play the role of modifying units and hintle aperiodic network of Bo

& Boy4 units and indicate that strong bonds between olsdnare necessary to form stable glasses.
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Fig.8. Infrared Spectra of (100-y)[30 B,05.70 Bi,O3] y Fe;0sglasses
CONCLUSION

Physical and thermal properties are investigatedq00-y) [30B0.70 FgO;] y F&0; glasses (y=0, 2, 5, 7, 10).
Both density and molar volume decrease with iningaseO; content while the thermal stability of glasses
increases. IR Spectra shows that with increasiad-80; content the influence of E@;on the structure of bismuth
borate matrices becomes stronger, a more ordesedubiiate structure occurring when highegQrecontent is
added to the BDs - Bi,Os; glass structure. Their result is further suppotigdhe presence of bands attributed to Bi-
O and Fe-O vibrations.

The results obtained in the present study showttiehigher iron content strongly influences theidtre of the
bismuth-borate matrices determining more ordersnhbth vicinity and stabilizing the glass network.
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