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Abstract 

The structure of xFe2O3∙(30-x)Bi2O3∙70B2O3 and xFe2O3∙(50-x)Bi2O3∙50B2O3 glasses (mol%) was investigated by FTIR, 

XRD and SEM. Increasing Fe2O3 content causes decreasing in the fraction N4 of four coordinated boron atoms of both series. 

FTIR analyses indicate that Fe2O3 tends preferentially to form its former matrix and the majority of BO4 units are modified by 

Bi3+ ions. XRD patterns confirm that only α-Fe2O3 crystalline phase appears in the glasses with Fe2O3 ≥ 15 mol% for the first 

group and Fe2O3 ≥ 25 mol% for the second one. 50Bi2O3–50B2O3 glass in the second group has tendency to crystallization when 

heat treated. SEM shows that spherical particles are separated from the main matrix with different sizes in both glass groups. 

There is a linear decrease of density in both series with replacing Bi2O3 by Fe2O3. The molar volume seems to be constant in 

the first group, whereas it decreases in the second one. Calculated density and molar volume are in a good agreement with the 

experimental data.   

keywords: Fe2O3– Bi2O3–B2O3 glasses; X-ray: SEM; FTIR spectra; Density–structure correlations ; 

 

1. Introduction 

Glasses containing Bi2O3 well known to have more 

interest in the field of superconductor materials [1], 

thermal, mechanical sensors [2] and fast ion 

conducting glasses [3]. The high polarizability of Bi3+ 

make them suitable for many optical tools [4]. Raman 

and infrared spectral investigations of B2O3–Bi2O3 

glasses doped with small amount of Fe2O3 [5] and 

CuO [2] indicated that Bi3+ cations are incorporated in 

the glass network as BiO3 pyramidal and BiO6 

octahedral units for lower content of Bi2O3 and as 

distorted BiO6 polyhedra for higher content. Infrared 

spectra of bismuth borate [6] glasses involving 30–60 

mol% Bi2O3 are characterized with their short-range 

order structure. Presence of Bi2O3 causes a rapid 

conversion of BO3 to BO4 groups. In addition, Bi2O3 

in the form of BiO6 octahedral units plays the role of 

glass former. FTIR studies of xGd2O3·(100-

x)[2Bi2O3·B2O3] [7] show that the glass structure 

consists of BiO6, BO3 and BO4 units, but their 

proportion depends on Gd3+ content in these glasses. 

In addition, Gd3+ play the role of a network modifier 

while both Bi2O3 and B2O3 behave as network formers. 

Previous investigations of V2O5–Bi2O3–Fe2O3 [8] 

have reported that both V2O5 and Bi2O3 can play a dual 

role in the glass network. The existence of several 

structural units, i.e., VO5, VO4, BiO6, FeO6 and FeO4 

has been proved. On the other hand, the existence of 

iron ions in glass matrices in different valence states 

with different coordinations has its influence on the 

physical and structural properties [9]. It is reported that 

the trivalent iron ions can take two different 

coordination sites, namely tetrahedral or octahedral 

sites in glasses. Hence, Fe shares in glass matrix as 

Fe2+ and Fe3+ and results in various modified structural 

units [10]. Also it’s believed that Fe2O3 often plays a 

dual function at lower concentrations, it acts as a 

modifier and behaves as a glass former for the higher 

concentrations depending on the glass matrix. As a 

consequence, it can imply a proclivity to shape a new 

glassy phase in certain cases [11, 12]. The present 

work aims to study the structure of Fe2O3–Bi2O3–B2O3 
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glasses. The influence of Fe2O3 content on the 

structure and some physical properties of these glasses 

are investigated by using FTIR spectroscopy, X-ray 

diffraction (XRD) and Scanning electron microscope 

(SEM). 

2. Experimental 

Two glass groups; xFe2O3∙(30-x)Bi2O3∙70B2O3 

(labeled as 30BiFeB) and xFe2O3∙(50-x)Bi2O3∙50B2O3 

(50BiFeB) were prepared by melting homogeneous 

mixtures of high purity  H3BO3, Bi2O3 and Fe2O3 (with 

purity not less than 98%). In these groups, Fe2O3 could 

be introduced to the Bi2O3–B2O3 network up to 20 

mol% in 30BiFeB glasses whereas it could be added 

up to 35 mol% in 50BiFeB glasses. The powdered 

samples were mixed together in porcelain crucibles in 

an electric furnace under normal temperature and 

pressure conditions at temperature ranging between 

800 and 1150 °C for 30-40 min., depending on the 

glass composition. The melt was swirled frequently to 

ensure the homogeneity. After melting, the refined 

melt was poured on a steel plates and then pressed with 

another steel plate to obtain glass disks at room 

temperature.  

KBr pellet technique was used to get the FTIR 

absorption spectra of the studied glasses. The glassy 

specimens were grinded in a gate morter then mixed 

with KBr at ratio 1:100 in weight. A Mattson FTIR 

spectrometer, with a 2 cm-1 resolution, was used to get 

the spectra in range 400-4000 cm-1 at room 

temperature in average 20 scans are accumulated to 

form the spectra of each sample. FTIR spectra have 

been analyzed by deconvolution method.  

A cautious deconvolution of the absorption profiles 

using the peak fit program was used to perform a 

quantitative analysis for the infrared spectrum. Two-

point baseline correction was used to correct IR 

spectra for dark current noises and history. Many trails 

have been performed using various band types, but the 

best match was discovered to be the Gaussian form. 

The software automatically adjusts the location of 

each band, as well as its width and strength, based on 

the minimization of differences between the 

experimental and simulated spectrum. 

 

Both short and long range orders of the glass matrix 

have been examined by using a Bruker D8 Advanced 

power XRD instrument. It is filled with a vantech 

super speed position sensitive detector and a Cu-Ka X-

ray tube with a gobel mirror. Measurements were 

made over the range 4o to 70o on 2θ scale using a dwell 

time of 0.4 s.  

SEM model JEOL-JSM-6510 LV, operated at 

accelerating voltage up to 30 kV was used to follow up 

the morphological changes and a surface modification 

of glass samples. Samples were etched at room 

temperature for (10 min) using HF solution (5%).  

Density is calculated by using Archimedes method, 

with xylene as immersion fluid. At least four samples 

of each glass was used to determine the density. 

Density values are precise to ~ ±0.4 g/cm3. The molar 

volume was obtained from the relation Vm = M/D, 

where M is the molecular weight of the glass. 

3. Result and discussion 

3.1 Infrared spectra 

Fig. 1 (a, b) shows the infrared spectra (FTIR) of 

two xFe2O3∙(30-x)Bi2O3∙70B2O3 (30BiFeB) and 

xFe2O3∙(50-x)Bi2O3∙50B2O3 (50BiFeB) glass groups, 

respectively. The main vibrational modes of the borate 

network are observed for all glass compositions which 

present mainly in two infrared bands ~740–1170 cm–1 

and ~1170–1600 cm–1. In addition, there are two small 

absorption bands at 450 and 680 cm–1. In pure B2O3 

glass, the absorption IR band at ~740–1170 cm–1 is 

referred to B‒O bond of BO4 units [13 ,14]. The 

second absorption band in the region ~1170–1600 cm–

1 is due to stretching vibrations in symmetric and 

asymmetric BO3 units [13, 15]. The band at 450 cm–1 

is attributed to the Bi‒O bending vibration of BiO6 

structural units for binary Bi2O3–B2O3 glasses [7]. 

Further, the absorption band seen at around 680 cm–1 

is related to bending vibration of B–O–B linkage in the 

borate network [16]. It is observed also that, the 

relative area under the band in the region ~740–1170 

cm–1 decreases whereas that under the band in the 

region ~1170–1600 cm–1 and under the peak at 680 

cm–1 is increased up on Fe2O3 addition. This indicates 

that the concentration of BO3 units increases at the 

expense of BO4 units. For glasses  15 mol% Fe2O3 in 

30FeBiB group and  25 mol% Fe2O3 for 50FeBiB  
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group, the absorption region 400–600 cm–1 shows 

splitting to two small bands at 470 and 550 cm–1. 

These bands are related to the vibrations of Fe–O bond 

in FeO6 and FeO4 structural units, respectively [9]. In 

addition, the area under these peaks increases with 

increasing Fe2O3 content. This indicates that, Fe2O3 

plays a dual role as network former and modifier [17]. 

The Bi-O band in this region may masked by the Fe-O 

bands. Further, there is splitting of the absorption 

region ~740–1170 cm–1 to smaller peaks for glass 

containing 20 mol% Fe2O3 in 30FeBiB group. Further, 

the same region for glass containing 35 mol% Fe2O3 

in 50FeBiB group becomes two shoulders in the 

region between 740-1000 cm–1 and small peak at 1080 

cm–1
. Such features reflect some structural changes in 

these glasses. These changes may be related to the 

higher tendency of these glasses for crystallization. On 

the other hand, the center of the absorption region 

~1170–1600 cm–1 for both glass groups shifts to higher 

wavenumber. This may be due to the formation of 

more BO3 units at the expense of BO4 units as will be 

seen later. 

The fraction N4 of four coordinated boron for the 

investigated glasses can be obtained by deconvoluting 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 the plots shown in Fig. 1 (a, b). According to the 

deconvolution method N4 is calculated as follow (the 

area associated to BO-
4 units / the total area of BO3 and 

BO-
4 units). This method was successfully used for 

some borate [18, 19] and borosilicate [20] glasses to 

calculate N4 from the infrared spectra. In addition, it 

was also used to determine the concentration of the 

different structural units in tellurite glasses [21]. Fig. 

(a) (b) 

Fig. 1.  Infrared spectra of (a) xFe
2
O

3
∙(30 – x)Bi

2
O

3
∙70B

2
O

3
 (30BiFeB) and (b) xFe

2
O

3
∙(50–x) Bi

2
O

3
∙50B

2
O

3
 

(50BiFeB) glasses. Numbers at the plots refer to Fe
2
O

3
 content (mol%). 

Fig. 2. Deconvolution of the normalized infrared spectrum of 

the glass 25Fe2O3– 25Bi2O3–50B2O3 
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2 shows deconvolution of the infrared spectrum of 

25Fe2O3–25Bi2O3 50B2O3 glass, as an example. 

Figure 3 shows the dependence of N4 on Fe2O3 

content in xFe2O3∙(30–x)Bi2O3∙70B2O3 and 

xFe2O3∙(50–x)Bi2O3∙50B2O3 glass groups. It appears 

that N4 for glasses at x = 0 agree well with the NMR 

data given by Bajaj et al. [22]. In addition, N4 

decreases with increasing Fe2O3 content for the studied 

glass groups. The rate of decrease of N4 for glasses in 

30BiFeB group is higher than that of 50BiFeB group. 

In Fig. 3 the equation of the fitting of N4 for 

30BiFeB glass group is 

N4= –9.2809E-05x2 – 0.004625676x + 0.401335731            (1) 

whereas that for 50BiFeB glass group is  

N4= –2.59089E-05x2 – 0.001016559x + 0.452981604      (2) 

It is supposed that N4 represents the consequent 

modification of borate matrix. Taking in consideration 

in the case of including more than one type of 

modifier, each modifier shares for N4 with specific 

factor that relies on the modifier content [23, 24]. This 

can be formulated as 

N4 = N4(Fe) + N4(Bi).                         (3) 

Here, N4(Fe) and N4(Bi) are, respectively, the 

participation of Fe2O3 and Bi2O3 content to N4 of glass. 

N4 can be correlated to the concentration of Fe2O3 and 

Bi2O3 by 

N4 = CFe fFe + CBi fBi                          (4) 

where CFe and CBi are, respectively, the molar fraction 

of Fe2O3 and Bi2O3 in glass. While fFe and fBi are, 

respectively, numerical factor that determine how 

much of Fe2O3 and Bi2O3 shares to N4. From Eqs. (3) 

and (4) it clarifies that 

N4(Fe) = CFe fFe                                         (5) 

and 

N4(Bi) = CBi fBi.                                         (6) 

 N4 data obtained from Eqs. (1) and (2) can be used 

to get fFe and fBi for the 30BiFeB and 50BiFeB glass 

groups, and therefore to determine the values of N4(Fe) 

and N4(Bi). This can be obtained by solving Eq. (4) 

simultaneously for two N4 values near to each other 

and then by substituting in Eqs. (5) and (6). Fig. 4 (a, 

b) shows that N4(Bi) decreases whereas N4(Fe) increases 

with increasing Fe2O3 content for both glass groups. It 

is observed that, the rate of decreasing of N4(Bi) is 

higher than the rate of increasing of N4(Fe) for all glass 

Fig. 3. Fraction N4 of four-coordinated boron in (a) xFe2O3∙(30 

– x) Bi2O3∙70B2O3 (30BiFeB) glasses and (b) xFe2O3∙(50 – x) 

Bi2O3∙50B2O3 (50BiFeB) glasses. The open symbol refers to 

experimental data. the error limit is estimated as  5%. The 

filled symbol for the value x = 0 is predicted from NMR data 

given by Bajaj et al. [22]. 

(a) 

(b) 

Fig. 4.  The dependence of fractions N
4(Fe) 

and N
4(Bi) 

in (a) 

xFe
2
O

3
∙(30 – x) Bi

2
O

3
∙70B

2
O

3
 (30BiFeB) and (b) xFe

2
O

3
∙(50 – x) 

Bi
2
O

3
∙50B

2
O

3
 (50BiFeB) glasses with Fe

2
O

3
 content 
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groups, which explains the decrease in N4 (Fig. 3) in 

spite of the increase in Fe2O3 content. In addition, at 

20 mol% Fe2O3 the values of N4(Fe) and N4(Bi) for 

50BiFeB glass group are higher than those for 

30BiFeB glass group. This explains the higher rate of 

decrease of N4 for glasses in 30BiFeB group (Fig. 3). 

From Eqs. (5) and (6) the concentration of various 

structural units for 30BiFeB and 50BiFeB glass groups 

can be obtained. The molar fractions of B2O3 

converted to BO4 units by Fe2O3 (CB4(Fe)) and Bi2O3 

(CB4(Bi)) are given, respectively, as 

     CB4(Fe) = N4(Fe) CB                                     (7) 

and  

     CB4(Bi) = N4(Bi) CB.                       (7a) 

Here, CB is the molar fraction of B2O3 in the glass 

group (0.7 for 30BiFeB and 0.5 for 50BiFeB). 

Therefore, the molar fractions of modifier Fe2O3 

(CFe(m)) and Bi2O3 (CBi(m)) becomes 

     CFe(m) = C4(Fe)/3                         (8) 

and 

     CBi(m)=C4(Bi)/3                                                   (8a) 

The factor (1/3) appears because each one molecule of 

modifier Fe2O3 or Bi2O3 would alters three B2O3 

molecules to six BO4 units. In addition, it is known that 

Fe2O3 and Bi2O3 inter the glass structure as network 

former and modifier [6], [17], [25]. Therefore, the 

fraction (CFe(f)) of the former Fe2O3 can be given as 

     CFe(f) = CFe – CFe(m).                                      (9) 

Similarly, the fraction of the former Bi2O3 (CBi(f)) 

can be given as 

CBi(f) = CBi – CBi(m)                      (10)  

Finally, the fraction of symmetric BO3 units (CB3s) 

of B2O3 that remains without being modified can be 

given as  

CB3s = CB – CB4(Fe) – CB4(Bi).                      (11) 

Fig. 5 (a, b) shows the dependence of the quantities 

given by Eqs. (7–11) with Fe2O3 content for 30BiFeB 

and 50BiFeB glass groups, respectively. There is a 

linear increase in CFe(m) and CFe(f) while CBi(m) and CBi(f) 

linearly decrease with increasing Fe2O3. These 

changes are expected due to the increase in Fe2O3 at 

the expense of Bi2O3. Further, for all glasses, the rate 

of increase in CFe(f) is always greater than that of CFe(m) 

and the values of CBi(m) is higher than that of CFe(m) 

except the glass contains 35 mol% Fe2O3 for 50BiFeB 

group. This indicates that Fe2O3 tends preferentially to 

form its former matrix rather than modifying the 

borate network to from BO4 units and the majority of 

BO4 units were formed by Bi3+. It is noticed that, CB3s 

linearly increases with ~ 1.21 times for 30BiFeB 

 glasses and ~ 1.15 times for 50BiFeB glasses which is 

consistence with the increase in the relative area of the 

envelopes between 1170 cm-1 and 1600 cm-1 as in Fig. 

1 (a, b). This is mainly related to two reasons; the first 

is the decrease in Bi2O3 content in the glass matrix i.e. 

BO4 units decrease, and the second is the weak 

capability of Fe2O3 to compose BO4 units i.e. BO3 

units increase. Similar behavior was observed in 

Sb2O3−PbO−B2O3 glasses [18].  

From a numerical overview, at 20 mol% Fe2O3 

(Fig. 5a), the glass is composed ~ 51 mol% B2O3 as 

sym. BO3 units, ~ 10.5 mol% B2O3 as BO4 units 

modulated by Bi3+, ~ 8.4 mol% B2O3 as BO4 units 

modulated by Fe3+ and former units of Fe2O3 (~ 17.2 

mol%) and Bi2O3 (~ 6.5 mol%). This means that the 

majority of such glass is consist of a borate rich phase 

~ 70 mol% as host matrix and just ~ 23.7 mol% as 

former units of Fe2O3 and Bi2O3. Whereas, at 35 mol% 

Fig. 5. The dependence of C
Fe(m)

, C
Fe(f)

, C
Bi(m)

, C
Bi(f)

 and C
B3s

 in (a) 

xFe
2
O

3
∙(30 – x) Bi

2
O

3
∙70B

2
O

3
 (30BiFeB) and (b) xFe

2
O

3
∙(50 – x) 

Bi
2
O

3
∙50B

2
O

3
 (50BiFeB) glasses on Fe

2
O

3
 content. C

Fe(m) 
and C

Fe(f)
 

are, respectively, the fractions of modifier and former Fe
2
O

3
. C

Bi(m)
 

and C
Bi(f)

 are, respectively, the fractions of modifier and former 

Bi
2
O

3
. C

B3s
 is the fraction of B

2
O

3
 that forms symmetric BO

3
 units. 

Lines are drawn as guides to the eyes. 
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Fe2O3 (Fig. 5b) the glass is composed ~ 30.7 mol% 

B2O3 as sym. BO3 units, ~ 7.28 mol% B2O3 as BO4 

units modified by Bi3+, ~ 12 mol% B2O3 as BO4 units 

modified by Fe3+ and former units of Fe2O3 (~ 31 

mol%) and Bi2O3 (~ 12.57 mol%). This means that 

such glass is composed a higher ratio of former units 

~ 43.57 mol% and the borate phase ~ 50 mol% as host 

matrix.  

Fig. 6 (a, b) shows the dependence in density (D) 

and molar volume (Vm) with Fe2O3 content for 

30BiFeB and 50BiFeB glass groups, respectively. 

Figure 6a shows a linear decrease in D whereas Vm 

seems to be constant, while both D and Vm linearly 

decrease in Fig. 6b with increasing Fe2O3 content. 

These changes reveal that both of Fe2O3 and Bi2O3 

contribute to D and Vm with constant rates. The 

decrease in D is expected because the relative 

molecular mass of Fe2O3 (159.69 g/mol) is much 

smaller than that of Bi2O3 (465.96 g/mol). In this case, 

one would expect an increase in Vm because D and Vm 

mostly change inversely to each other. Therefore, the 

changes in D and Vm indicate that both of them is 

correlated with the relative change in the structural 

units in the glass matrix due to introduction of Fe2O3 

at the expense of Bi2O3 rather than the big deference 

between their relative molecular masses. 

It is concluded [18], [24], [26] that the glass is 

composed of various structural units that form its 

network and the variation in D and Vm, must be 

interpreted in the light of the change in glass 

composition. The decrease in D Fig. 6 (a, b) indicates 

that the structural units associated with Fe2O3 are less 

dense and have smaller volume than those 

corresponding to Bi2O3.  

By using Eqs. (7)–(11) one can interprets the 

factors influencing the D based on the structural units 

in the glass. It is known that, the density is considered 

as the sum of masses of structural units divided by the 

sum of their volumes. Therefore, the density of a glass 

can be expressed as 






u

uu

u

uu

Vn

Mn

D                     (12) 

Where, nu symbolizes the content of structural unit 

u (number per mole of glass). Mu and Vu point, 

respectively, to the mass and volume of unit. Mu 

represents the sum of masses of atoms in the unit. As 

well as, Vu represents the resultant volume of atoms 

and its surrounding space (free volume) in the unit in 

the glass matrix. As previously shown, the structure of 

the studied glasses consists of BO4(Fe), BO4(Bi), Fe(f), 

Bi(f) and the symmetric BO3 units. Therefore, Eq. (12) 

can then be rewritten as  

D=(n4(Fe)M4(Fe) + n4(Bi)M4(Bi) + nFe(f)MFe(f) + nBi(f)MBi(f) + 

n3M3s) / (n4(Fe)V4(Fe) + n4(Bi)V4(Bi) + nFe(f)VFe(f) + nBi(f)VBi(f) 

+ n3V3s).                                                  (13) 

Here, n4(Fe), n4(Bi), nFe(f), nBi(f) and n3 refer, 

respectively, to the number per mole of glass of the 

units BO4(Fe), BO4(Bi), Fe(f), Bi(f) and BO3s. Masses and 

volumes in Eq. (13) are pointed to the corresponding 

units. 

According to these hypotheses, MFe(f) (in Eq. 13) is 

considered as the mass of former FeO4 unit (mass of 

Fe + 2O), MBi(f)  is the mass of former BiO3 unit (mass 

of Bi + 1.5O) and M3 is the mass of BO3 unit (B + 

1.5O). In addition, each BO-
4
 unit associated with a 

negative charge that could be neutralized by one of the 

three positive charges of Fe3+ or Bi3+ ion. Therefore, 

M4(Fe) is the mass of (B + 2O + Fe/3) and M4(Bi) 

represents the mass of (B + 2O + Bi/3). The 
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concentration of structural units n4(Fe), n4(Bi), nFe(f), nBi(f) 

and n3 in Eq. (13) can be got from Eqs. (7–11),  

respectively, as 

n4(Fe) = 2NA CB4(Fe),        (14) 

n4(Bi) = 2NACB4(Bi),                     (15) 

nFe(f) = 2NACFe(f),                      (16) 

nBi(f) = 2NACBi(f)                                              (17) 

and   

n3 = 2NACB3s.                      (18) 

The factor 2 arises because each B2O3 molecule 

produces two BO3 or two BO4 units. Also, each Fe2O3 

or Bi2O3 molecule produces two FeO4 units or two 

BiO3 as former units and NA is Avogadro’s number. 

the density can be calculated from Eq. (13) if the 

volumes of the structural units were well defined. The 

volumes of V4(Bi) and VBi(f) are calculated from binary 

xBi2O3–(1-x)B2O3 [27] glasses, in addition to that of 

V3s from vitreous B2O3 [19]. These volumes can be 

used as a guide to solve Eq.13 to get V4(Fe) and VFe(f) for 

iron oxide. These are V4(Bi) = 2.29 × 10−23 cm3 and VBi(f) 

= 5.05 × 10−23 cm3 and V3s = 3.14 × 10−23 cm3. Then, 

trials can be done to find the values of V4(Fe) and VFe(f) 

that leads to agreement between the calculated and 

experimental densities. The values obtained are V4(Fe) 

= 1.681 × 10−23 cm3 and VFe(f) = 3.823× 10−23 cm3. Fig. 

6 (a, b) shows good agreement between the calculated 

and experimental densities. It is clear that, the volume 

of the structural unit including Bi3+ (V4(Bi)) is higher 

than that including Fe3+ (V4(Fe)) because of the greater 

size of Bi3+ ion with respect to Fe3+.  

According to Eq. (13), Vm can be given by:  

Vm = n4(Fe)V4(Fe) + n4(Bi)V4(Bi) + nFe(f)VFe(f) + nBi(f)VBi(f) 

+ n3V3s.                                                   (19) 

Good agreement between calculated and 

experimental Vm data Fig. 6 (a, b) could be achieved 

by using the previous volumes in Eq. (19). This 

harmony of D and Vm data is a proof of validity of the 

presented view on the structure of Fe2O3–Bi2O3–B2O3 

glasses. 

3.2. X-ray and scanning electron microscopy  

Fig. 7 (a, b) shows the X-ray diffraction (XRD) 

pattern of 30BiFeB and 50BiFeB glass groups, 

respectively. The features of all spectra are typical for 

heavy metal oxides specially Bi2O3 glasses. Up to 10 

mol% Fe2O3 for 30BiFeB group and 20 mol% Fe2O3 

for 50BiFeB group, the XRD patterns show no sharp 

Fig. 7.  XRD patterns of (a) xFe
2
O

3
∙(30–x) Bi

2
O

3
∙70B

2
O

3
 (30BiFeB) and (b) xFe

2
O

3
∙(50–x) Bi

2
O

3
∙50B

2
O

3
 (50BiFeB) glasses. Numbers at 

the plots refer to Fe
2
O

3
 content (mol%).  

  

(b) (a) 
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peaks, only broad diffraction humps centered at about 

2θ = 28.2° and 47.45° confirming the amorphous 

nature of glass samples [28]. However, the existence 

of broad humps indicate also that some phases are not 

fully grown and might be nano-crystalline phases or 

clusters formation embedded in the glass matrix [29, 

30]. Due to the limited resolution of normal XRD 

technique, the presence of a small amount of crystallite 

cannot be excluded. Especially, if the amount of the 

crystallite or its sizes is very small [31].  

On the other hand, it is observed that the broadness 

of the humps increases whereas their intensities 

decreases with increasing Fe2O3 content until seems to 

disappear at 20 mol% Fe2O3 for 30BiFeB group (Fig. 

7a). These changes may be consistent with the 

decrease in Bi2O3 content in the glasses. Beside the 

broad humps, sharp peaks start to appear for glass 

containing  15 mol% Fe2O3 for 30BiFeB group and  

25 mol% Fe2O3 for 50BiFeB group at 2θ = 24.1, 33.1, 

35.6, 40.6, 49.6, 54.1, 62.5 and 63.9° which could be 

indexed to lattice planes (012), (104), (110), (113), 

(024), (116), (214) and (300) respectively. These 

peaks correspond to -Fe2O3 crystalline phase (PDF # 

890597) precipitated in Bi2O3−B2O3 network [32]. The 

number of sharp peaks and their intensities increases 

with increasing Fe2O3 content. This indicates that the 

degree of crystallinity increases as the content of 

Fe2O3 increases. Further, some of sharp peaks are 

superimposed on the broad humps. This means that the 

glass structure contains mixture of the amorphous 

phase of Bi2O3 and crystalline -Fe2O3 phase. 

According to Sherrer’s equation [33], the average 

crystalline size of -Fe2O3 phase is ~ 20 nm.  

Fig. 8 shows the X–ray patterns of 30Bi2O3–

70B2O3 and 50Bi2O3–50B2O3 glasses heat treated at 

500°C for 4h. It is observed that, the glass 30Bi2O3–

70B2O3 is not affected with heat treatment. On the 

other hand, it has been noticed that by heat-treatment 

a Strong tendency of crystallization for 50Bi2O3–

50B2O3 glass. It shows a broad hump with three sharp 

peaks at 2θ = 23.13, 28.55 and 47.97 which could be 

indexed to lattice planes (110), (111) and (220) 

respectively. These peaks are related to -Bi2O3 

crystalline phase (PDF # 762478). It is clear that, the 

main peak superimposed on the broad hump indicates 

the glass structure contains mixture of amorphous and 

crystalline phases. Moreover, this confirms that the 

presence of broad humps in Fig.7 (a, b) reflects some 

microstructural changes (partial phase separation) of   

small crystallite sizes in bismuth borate matrix [29], 

[34], [35].  

From the above analyses of the IR data, at 0 mol% 

Fe2O3 in 30BiFeB group (Fig. 5a) the concentration of 

Bi2O3 as former units is ~ 20.64 mol% and that of 

symmetric BO3 units is ~ 42 mol% whereas at the 

same composition in 50BiFeB group (Fig. 5b) the 

concentrations are ~ 42.45 mol% and ~ 27.35 mol%, 

respectively. Therefore, it can be deduced that the high 

concentration of former Bi2O3 units and the low 

concentration of symmetric BO3 units in 50BiFeB 

group compared with those in 30BiFeB group are the 

main reason to form crystalline phase of α-Bi2O3 under 

heat treatment effect (Fig. 8). 

The surface morphology has been investigated by 

scanning electron microscopy (SEM). Fig. 9a shows 

the micrograph of etched 30Bi2O3–70B2O3 glass. It is 

clear that, many isolated spherical particles with 

different sizes are distributed within a homogeneous 

glassy phase (the dark background), which indicates 

the glass structure is not fully amorphous. The big 

particles (like stone) seem to be formed by collecting 

small ones. The number of these particles and their 

sizes increase for etched 50Bi2O3–50B2O3 glass in the 

form of clusters of different size between 0.25 μm and 

1 μm as shown in Fig. 9b. It can be assumed that the 

spherical particles in Fig. 9 (a, b) are formed mainly 

from amorphous Bi2O3 which may contain small 

crystallites of -Bi2O3 phase. On the other hand, the 

glassy phase (dark background) is assumed to be 

borate rich phase which consists of symmetric BO3 and 

modified BO4 units. the micrograph of the surface of 

20Fe2O3–10Bi2O3–70B2O3 glass sample is shown in 

Fig. 9c. Spherical black droplets of size up to 3 µm 

separately  

Fig. 8.  XRD pattern of heat treated 30Bi
2
O

3
–70B

2
O

3
 and 

50Bi
2
O

3
–50B

2
O

3 
glasses. Heat treatment was performed at 500 

ºC for 4h. 
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distributed and surrounded with white fine particles on 

the entire glass surface. In the light of X-ray 

information, the spherical black droplets might be -

Fe2O3 phase and the white fine particles may be small 

crystallites of -Bi2O3. The micrograph of etched 

20Fe2O3∙10Bi2O3∙70B2O3 glass (Fig. 9d) shows 

spherical particles are separated from main matrix 

with size of ~ 0.5 µm. The micrograph of etched 

35Fe2O3–15Bi2O3–50B2O3 glass shows agglomerates 

from condensed spherical particles of greater size as 

shown in Fig. 9e. It can then be assumed that the 

agglomerates appearing in Fig. 9e are formed of 

symmetric BO3 units, modified BO4 units and vitreous 

former Bi2O3 units. 

  

4. Conclusion 

XRD, FTIR and SEM have been used to investigate 

the structure of xFe2O3∙(30-x)Bi2O3∙70B2O3 and 

xFe2O3∙(50-x)Bi2O3∙50B2O3 glass groups. FTIR 

analyses indicate that the majority of BO4 units 

modified by Bi3+ and Fe2O3 tends preferentially to 

form its former matrix. There is a linear reduction in 

the portion (N4) of four coordinated boron atoms and 

density with rising Fe2O3 content. In the first group the 

molar volume seems to be constant, whereas it 

decreases in the second one. Calculated density and 

molar volume are concurrent with the experimental 

data. XRD exhibit sharp peaks corresponding to -

Fe2O3 crystalline phase for high content of Fe2O3 and 

the degree of crystallinity increases with increasing 

 

 
 
Fig. 9.  SEM micrographs of (a) etched 30Bi2O3–70B2O3 glass, (b) etched 50Bi2O3–50B2O3 glass, (c) the surface of 20Fe2O3–10Bi2O3– 

70B2O3 glass, (d) etched 20Fe2O3∙10Bi2O3∙70B2O3 glass and (e) etched 35Fe2O3–15Bi2O3–50B2O3 glass.  

(a) (b)

(c) (d)

(e)
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Fe2O3 content. SEM shows agglomerates consists of 

vitreous former Bi2O3 units. 
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