ISSN : 0974 - 7486 Volume 11 Issue 4

A Tndéian Yournal

— Pyl Paper

M SAIJ, 11(4), 2014 [128-134]

Structural role of BaO and PbO in BaO-PbO-B,O, glasses

H.Doweidar?, G.El-Damarawi?, E.EI-Agammy?*
!Glass Resear ch Group, Physics Department, Faculty of Science, M ansour a Univer sity, M ansour a 35516, (EGYPT)
2Basic Science Depar tment, Faculty of Engineering, Delta Univer sity for Scienceand Technology, M ansour a, (EGY PT)
E-mail : bas_ emo@yahoo.com

ABSTRACT

FTIR spectraof three BaO-PhO-B, 0, glass series have been analyzed xBaO
(30-x)PbO 70B,0, (0<x <30 mol %), xBaO (40-x)PbO 60B,0, (0<x <40 mol %)
and xBaO (50-x)PbO 50B,0, (0x <50 mol%). The fraction N, of four
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coordinated boron is constant with increasing the BaO content, at the
expense of PO in the first two series and then N, decreases in the third
series. By using Doweidar’s Differential change model to make use of the
N, dataand follow the changein the modifier and nonbridging fractions of
BaO and inthe modifier and former fractions of PbO. Thesefractionschange

markedly, at different rates, with the glass composition.
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INTRODUCTION

Recently, glasses contai ning barium oxide haveat-
tracted considerabl e attention dueto their interesting
properties leading to different applications. Oxide
glasses containing significant concentrations of transi-
tion metal ionsor low mobility metal ionssuch aszZn?
or Ba?* exhibit el ectronic conductivity and may bere-
garded ashigh resistivity semiconductorg™. Addition
of bariumto borate glasseshasprovided asuitableglass
matrix for immobilization of sulphate bearing HLW2.,
Glasses containing barium are a so proved to be good
radiation shielderg?.

B,O, forms, with modifier oxides, glassy networks
consisting of symmetric BO, triangles, BO, tetrahedra
and asymmetric BO, units. The concentration and the
form of these units depend on the modifier oxide con-
tent in glass. These unitsmay arise either as separated

unitsor intheform of groupingssuch asboroxol, penta:,
tri-, di-, meta-, pyro- and orthoborate**!,

PbO isknown to enter PbO-B,O, glassesasonly
amodifier oxide up to 15 mol%. Inthiscase PbO is
entirely consumed to convert triangular BO, unitsinto
BO, tetrahedra®”. Above 15-20 mol % PbO somelead
atomsstart to be network former intheform of PbO,
units. Thefraction of PbO, unitsundergoesamono-
tonicincrease when increasing the PbO content up to
theglassformation limit®. Ontheother hand, thereis
anincreaseinthe concentration of BO, unitsand thus
inthefraction N, of four coordinated boron atomsup
to amaximum around 50 mol% PbO. Non-bridging
oxygenions(NBOs) do not form in thiscomposition
region>", Bray et a.[® ruled out formation of NBOsin
the borate network above 50 mol% PbO. In contrary,
Meeraet d .1 indicated that for PbO>50 mol% NBOs
would beformed at the expense of BO, units.
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NMR investigation by Greenblatt and Bray'® in
barium borate glassesreveal ed that until R=0.5 sym-
metric BO, unitswith three bridging oxygens convert
to BO, tetrahedraat arate gpproximately equal totwo
tetrahedra per added oxygen. Thisoccurswith essen-
tialy no formation of non-bridging oxygens (NBOs).
AboveR=0.5and until their datarun out near R=1, the
tetrahedraconvert to asymmetric BO, withoneor two
non-bridging oxygens. Theseresultsareessentidly the
sameasthosefoundin thelithium and sodium borates®
10]

The present work aimsto investigate BaO-PbO-—
B,O, glasses. Itisatrid to explorethestructureof this
typeof glass, by taking in considerationthedua struc-
tural roleof PbO.

EXPERIMENTAL

Three series of glass, of the formulae xBaO (30-
X)PbO 70B,0, (0<x <30 mol%), xBaO (40-x)PbO
60B,0, (0<x <40 mol%) and xBaO (50-x)PbO
50B, 0, (0<x <50 mol%), were prepared using high
quality H,BO,, PbO and BaCO,. The glasses were
prepared under norma atmospheric conditionsby mdt-
ing thewd|-mixed raw materidsin porcdain crucibles
inan dectric furnace a temperaturesranged between
900 °C and 1300 °C, depending on the glass compo-
sition. Themelt was swirled frequently to insurethe
homogeneity. Themelt wasthen poured and pressed
between two stainlesssted platestoformdiscsof 1to
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2mmpthickness. All theobtained sampleswerevisudly
homogeneousand transparent.

The FTIR absorption spectrawere obtained, by
KBr pdlletstechnique, a room temperatureintherange
400-2000 cm* using Mattson 5000 FTIR spectrom-
eter with aspectral resolution of 2cm-L. The spectrum
of each samplerepresentsan average of 20 scans, which
was normalized to the spectrum of blank KBr pellet;
i.e. apure KBr spectrum was subtracted from each
glass spectrum. Also, the spectra were corrected to
the background and dark currents using two-point
basdlinecorrection.

RESULTS

Theinfrared spectraof the glassserieshaving the
molar formulae xBaO (30-x)PbO 70B,0, (0<x <30
mol %), xBaO (40-x)PbO 40B,0, (0<x <40 mol %)
and xBaO (50-x)PbO 50B,0, (0<x <50 mol %), are
showninFigure1(a), (b) and (c), respectively. All the
spectrashow two broad intense bandsin theregions
~770-1170 cm™ and ~1170- 1800 cm . In addition,
thereisareatively smaller band centered around 700
cm 1. These features are characteristic for borate
glasses. Bandsintheregion ~770-1170 cm *aregen-
erdly attributedto B-O stretching vibration of BO, units
invarioushborategroups, like pentaborate, triborateand
diborate groupg***2. On the other hand, absorption
bandsin theregion ~1170-1800 cm* arerelated to
B-O stretching vibration of trigonal BO, unitsonly. The
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Figure 1 : FTIR spectra of the glasses xBaO+(30-x)PbO+70B,0
,(C). Numbersat theplotsrefer to BaO contentin mol%.
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|atter areincorporated in various borate groups con-
taining non-bridging oxygen ionssuch asmetaborate,
pyroborate and orthoborate groups®*3. Thesmdl band
at 700 cmtisassumed to be dueto bending vibration
of B-O-B in symmetric BO, triangles*.

DISCUSSION

xBaO (30-x)PbO 70B,0, glasses

The spectrain Figure 1(a—) can be used to calcu-
latethefraction (N,) of four-coordinated boron atoms
inthestudied glasses. N, istaken astheratio (concen-
tration of BO, units) /(concentration of BO,+BO, units).
This can bedone by obtaining the areaunder the ab-
sorption envelopsinthe IR spectra Theareaunder an
absorption peak is considered to be proportional to
the concentration of structural unitsemergingit. The
deconvolution technique used ini** can be gpplied to
analyzethe IR spectraof the studied glasses. Figure 2
presents an example of the deconvoluted spectra.

1.2

15Ba0.15Pb0.70B,0;

Absorbance (a.u.)

800 1200

\Vavenumber(cm‘l)
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Figure 2 : Deconvolution of the IR spectrum of the glass
15Ba0+15Pb0+70B,0O,. The symbol (x) represents the
experimental data and the light solid lines represent the
individual bands corresponding to different structural
groups. Theheavy solid lineisthepredicted spectrum.

Figure 3 showsthat N, isconstant with increasing
the BaO content in xBaO (30-x)PbO 70B,0, glasses.
TheN, vaueof theglassfreeof BaOisconsistent with
the values obtained from reported NM R resultg68161,
AlsotheN,valueof theglassfreeof PbO isconsistent
with thevalues obtained from reported IR resultg”.

SinceBaO increasesat the expense of PbO, itisthen
deduced that the contribution of BaOin modifyingthe
borate network is nearly equal to that of PbO.
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Figure 3 : N, of the glasses xBaO-(30-x)PbO-70B,0O, (a),
xBaO-(40-x)PbO-60B,0, (b)and xBaO-(50-x)PbO-50B,0,
(c), asafunction of BaO content. Thelinesar efitting plotsof
thedata. Relativeerror limitsareestimated as+5%.

Asknown, PbO% canplay adud roleintheglassy
networks. Under certain conditions, it entersthe struc-
tureasonly network modifiersor both network modi-
fiersand network formers. When playing therol e of
modifier, PbO entersthe structureinasimilar way as
thealkaineearth oxides, i.e. they may form BO, units
or asymmetric BO, unitswith NBOs, depending on
theglasscomposition. Asnetwork former, it buildsPoO,
tetrahedral units. Whereas BaO™ entersthe structure
asonly network modifieri.e. it may form BO, unitsor
asymmetric BO, unitswith NBOs, depending on the
glasscompoasition.

TheB,0, content (70 mol %) isnot yet fully satu-
rated with BO, units. These unitsare assumedtoin-
creasein PbO-B,0, glassesup toN,=0.5%'4 andin-
creasein BaO-B,0O, glassesup to N,= 0.45"" so the
constancy of N, with increasing the BaO content in
xBaO (30-x)PbO 70B, 0 glasses might be attributed
tothat therate at which PbO convertssymmetric BO,
totetrahedral BO, isequa to that of BaO.

Thisconclusionissupported with theobserved con-
stant ratein theintensity of the absorption beak at 700
cm* (Figure 1) that isattributed to bending vibration
of B-O-B in symmetric BO, triangles*?,in theinten-
sity of the absorption beak in theregion ~770-1170
cm-* (Figure 1a) that is attributed to B-O stretching
vibration of BO, unitsin variousborate groups, like
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pentaborate, triborate and diborate groups***28 and
in theintensity of the absorption beak in theregion
~1170-1800 cm* (Figure 1a) that isattributed to B-O
stretching vibration of asymmetric BO, triangles>*.
Advanced techniques, suchasNM R spectroscopy,
arerequired to determinethe modifier fraction of both
BaO and PbO. However, asimple technique can be
applied to attain thisaim. Thistechnique makesuse of
Doweidar’s “Differential change model - that has been
applied to analyze density, molar volume™9, refractive
index, molar refraction?” and thermal expans on'? of
varioustypesof glass. Thebasisof that model isthat
certain propertiesof glass can be expressed by addi-
tiverelations. Thelatter can be givenintermsof the
concentration of structural unitsand afactor for each
typeof units. Thefactor of aunit may changewith com-
position, such asthevolumeof structurd unitsin borate
glasses? or hasaconstant value asthe volumefound
for thestructura unitsin silicate glasses™. According
to thistechnique, N, might berel ated to the contribu-
tion of each type of modifier oxideinthe conversion
processfrom symmetric BO, unitsto BO, tetrahedra.
N4:N4(Ba)+N4(Pb) ()
whereN @ isthepart of N, that arisesfrom the modi-
fierBaOandN ) isthat duetothemodifier PbO. The
constancy of N, in Figure (3) (at amean value 0.394)
reved sthat, in xBaO (30-x)PbO 70B,0, glasses, PO
and BaO glasses convert BO, unitsinto BO, unitsat
the samerate. This means that the contribution of a
modifier oxideto N, dependsonitsrelativefractionin

glass, and thus

N, = 0.394[(30-x)/30] + 0.394(x/30) 2
Inthisreation

N e = 0.394{(30-x)/30] ©)
and

N, . = 0.394(x/30) %)

4(Ba)

Theterms[(30-x)/30] and (x/30) represent therda
tive fraction of 30PbO-70B,0, and 30BaO-70B,0,
matrices, respectively. Equations(3) and (4) reved that
therewould bealinear decreaseinN - (between 0.394
and 0) and anoppositeincreaseinN Ba)with increasing
BaO content from 0 to 30 mol%, these features are
shownin (Figure4).

Nyeo) and N, ., valuesobtained from equations (3)
and (4) can beused to obtain theportions (molar frac-
tion) of PbO and BaO that form BO, units. Theseare
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Figure4: Composition dependenceof theN, fractions(N 89

andN 4(Pb)) created, respectivey, by BaO and PbO in xBaO-(30-

X)PbO-70B,0, glasses.

givenas

CPb(B4) = N4(Pb) CB (5)

and

CBa(B4) = N4(Ba) CB (6)
Intheserelations, C,, ., and C,_ ., refer, respec-

tively, to themolar fraction of PbOand BaO consumed

inthe conversion of symmetric BO, unitsto BO, tetra-

hedra. C, isthemolar fractionof B,O,inglass.
Therest of BaO that formsasymmetric BO, units

(C, a(as)) canbegiven by

CBa(as) = CBa - CBa(B4) (7)

and therest of PbO that may act as network former

and build PoO, tetrahedrais

CPb(f) = CPb - CPb(B4) . ) (8)

Therefore, themolar fraction of residua symmetric BO,

units (CB(S)) canthenbeaobtained as

CB(S) :_CB - (CPb(B4) + CBa(B4)) - (CPb(f) + Cn_aa(as)) 9)
Figure 5 presents the change in C C

Ba(B4)! ~Pb(B4)’
Coues @ C,,  with the concentration of BaO. Itis
shown that, with increasing the BaO content, thereis
adecreasein C, ., and aslight decreasein C,, ..
These effects are expected dueto the decreasein PbO
content. Figure 5 shows an oppositechangeof C, o4
andC,, g, Thevaluesof C, ., andC, - fortheglass
free of BaO are nearly cons stent with those predicted
from NMR results of PbO-B,0O, glasses?. Itisto
noticethat the nonbridging fraction of BaO C, (e and
former fraction of PbO C,, ,, islower than the modi-
fier fraction. Figure(3) a so shown that, for the stud-
ied xBaO (30-x)PbO 70B,0, glasses, N, isconstant
withincreasing BaO contentbecause C,_. . isnearly

equal toC

Ph(B4)
Ba(B4)"
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Figure5: Molar fraction of, respectively, PbO and BaO that
formBO tetrahedra(CPb(B4) Ba\(84)) asymmetric BO, units
(CBa(aS) and tetrahedra PbO, units as a function of BaO
content in xBaO-(30-x)PbO- 7OB ,0glasses.C, - refersto
themolar fraction of symmetric BO, units.

xBaO (40-x)PbO 60B,0, glasses

Theinfrared spectraof xBaO (40-x)PbO 60B,0,
glassesare presented in Figure 1(b). Figure 3 shows
that thereisasmal linear decreasein N, withincreasing
the BaO content in xBaO (40-X)PbO 60B,0, gl asses,
which dependsonthevaduesfor thestart and end glass
composition. N, varies from 0.463 for the glass
40Pb0-60B,0, t0 0.439 for 40BaO-60B,0,. TheN,
value of the glass free of BaO is consistent with the
va uesobtained from reported NMR result9%819, Also
theN, vaueof theglassfree of PbOisnearly consis-
tent with theva uesobtained fromreported IR results™™.

Since BaO increases at the expense of PO, itis
then deduced that the rate that N, decreaseswithin-
creasing the BaO content in xBaO (40-x)PbO 60B,0,
glasses might beattributed to that therateat which PO
convertssymmetric BO, to tetrahedra BO, ishigher
thantothat of BaO and that the B, O, content (60 mol %)
isnot yet fully saturated with BO, units.

Asabove, N, datacan beanalyzed using Egs. ((1)-
(9)). The change with composition of N . and N L)
of xBaO (40-x)PbO 60B,0, glassesisgivenin Figure
6. Itisobservedthat N ) decreasesnearly witharate
that issmall greater than theratethat N &a increases.
Theresultant effectisadeceasein N, whenincreasing
the concentration of BaO. Thechangein C, .., Cyy )
Coaas andC, () with BaO content isgiven in Figure
(7). Thevaluesof C and C, ) for theglassfreeof
BaO (40PbO-60B 03) are nearly consistent with those
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Figure6: Composition dependenceof the N4fractions(N4<Ba)
andN F,b)) created, respectively, by BaO and PbO in xBaO-(40-
x)PbO-60B,0, glasses.

0.5

¥Ba0-(40-x)PbO-60B,05

04 r

o
w
T

Cruas) Cra(e)

Chys)

Molar fraction

&
o

C Ph(s) c Bafas)

0.1 r

0.0

0 5 10 15 20 25 30 35 40
BaO (mol%)

Figure7: Molar fraction of, respectively, PbO and BaO that
formBO tetrahedra(CPb(M Ba(BA)awmmetrchO units
(CBaas) and tetrahedra PbO, units as a function of BaO
content in xBaO-(40-x)PbhO- 6OB ,O, glasses. CB(S) refersto
themolar fraction of %/mmetricBO3 units.

predicted from NMR results of PbO-B,O, glasses®.

It appearsthat thefraction of modifier PO, C
isawaysgreater thanthat of theformer PbO,C
thefraction of modifier BaO, C, ., isalwaysgreater
than that of the nonbridging BaO C -1t isobserved
that C,,, decreasesnearly with aratethat issmall less
thantheratethat C, , increasesandthisisoneof the
factorsthat make N, decreaseswith increasing BaO

content.
xBaO (50-x)PbO 50B,0

Theinfrared spectraof this series of glassesare
presented in Figure 1(c). It showsthat withincreasing
the BaO content, at the expense of PbO, theintensity
of thetheband intheregion~770-1770 cm decreases.
Figure 3 showsacontinuous decrease of N, whenin-

Ph(B4)

() dso

Jglasses
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creasing the concentration of BaO. It followsthat the
decreasein N, (Figure 3) might be dueto lower contri-
bution of BaO asamodifier oxide, with respect to PbO.

Figure 8 showsacontinuousdecreasein N ) and
anincreaseinN, .. whenincreasing the concentration
of BaO. Thevauesof N ) andN e € limited be-
tween 0 and theval uefor the corresponding PbO-B,0,
and BaO-B,0O,glasses.
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0.0 - :
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Figure8: Composition dependenceof theN, fractions(N 82
andN 4(Pb)) created, repectivey, by BaO and PbO in xBaO-(50-
X)PbO-50B,0, glasses.

The change with BaO content, of C .., Cy 0,
C, o) and Cpb(f) inxBaO (50-X)PbO 50B,0, glassesis
presented in Figure9. Thisfigure showsthat, over the
entireregion of composition, theformer fraction of PbO
Conry isnearly equal toitsmodifier fraction Conm and
thenonbridging fractionof BaO C, o isgreater than
themodifier fraction C; . Thesefeaturesarein con-
trast to those shown in Figures5 and 7. Furthermore,
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w
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0.1 F

0.0
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Figure9: Molar fraction of, respectively, PbO and BaO that
form BO, tetrahedra (Cpb(B4), CBa(B4)),asymmetric BO, units
(C )) and tetrahedra PbO, units as a function of BaO

Ba(as)

content in xBaO-(50-x)PbO-50B.0, glasses.
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fromthegtart up, BaOtendspreferentidly toformasym-
metric BO,. Alsothenonbridgingfractionof BaOC,,
for aglasswith specific BaO content isgreater thanthe
former fraction of PbO Cpb(f) of the glass having the
same PO content whereasthemodifier fraction of BaO
C, o) for aglasswith specific BaO content issmaller
thanthemodifier fraction of Pb Cpb(m) of theglasshav-
ing thesame PbO content so dll theseresultsleadstoa
decreasein N, withincreasing BaO concentration.

CONCLUSION

Infrared spectroscopy can be used to get quantita-
tiveinformation about the contribution of both BaO and
PbO to the structure of BaO-PbO-B,O, glasses. A
decreasein N, withincreasing BaO content, at the ex-
penseof PbO, inthe studied glassesreveasthat BaO
modifiesthe borate network to alower extent with re-
gpect to PbO. Thefraction of modifier BaO, and thus
the nonbridging part, depends on the start PbO con-
tent.
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