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ABSTRACT

The Barite mineral from Ain Mimoun (khenchela-Algeria) and the Dolomie mineral from the
Jebel Taioualet (Oum El Bouaghi-Algeria), are used as raw materials to form glass. Glasses in
the system 70H;BOs+x BaSO4{Barite}+(30-x)CaMg(COs3), {Dolomie} (0<x<15 mol%), have
been prepared by the melt quenching technique . Glasses have been investigated by X-ray
diffraction, infrared and optical absorption in addition tothe differential thermal analysis
(DTA). In FTIR spectroscopy, the fundamental stretching and bending vibrations are
observed in the infrared region for BOs;, BO4s, M-O (M=metal), OH and SO,4. The thermal
decomposition behaviors determined by means of the differential thermal analysis (DTA).
The results proved that, the density, the molar volume and BOy/total BO groups ratio of
glasses increase with the increasing BaO concentration, and the UV cut off shift to higher
wavelength, while the glass transition temperature and the optical band gap decrease with the
augmentationof BaO concentration.

Keywords: Glasses, Barite, Dolomie, FTIR spectroscopy, UV-spectroscopy, differential
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1. INTRODUCTION

Many studies were carried out to elucidate the presence of different structural units in various
borate glasses. Borate rich glasses containing heavy metal oxides have special attention due to
their possible applications as laser hosts, lamp phosphors and other photonic devices [1, 2].
BaO glasses will be a new possibility for a lead-free radiation protecting glass with non-
toxicity to our environment. BaO may be suitable for use as appropriate energy such as x-ray
or lower energy level. S. Kaewjaeng et al. [3]. Alkali borate glasses containing divalent
oxides such as BaO interested scientists as they can be used as solid-state electrolytes in the
fabrication of solid-state batteries and various technical and industrial applications [4-5]. The
nonconductor property of borate glasses is transforming to a semiconducting or electronic or
ion conducting nature when metal oxides such as alkali and alkaline earth oxides are added to
them [6-7-8]. The ratio of NBOs to Bridging oxygens BOs is an important factor determining
the physical properties of the glass and of the melt used to produce the glass [9]. In the
present paper the structure of 70% H;BOs; +x% BaSO4+(30-x) %MgCa(COs3), glasses is
investigated with the help of infrared spectra. Since infrared spectroscopy is the very
important tool for the study of amorphous materials, we have used this technique to determine
the structure of borate glasses containing varying amounts of Mg, Ca, Ba, M (M: metal)
carbonates, sulfates, and oxides. Samples of the glass were prepared. All the chemicals were
weighed accurately using an digital balance. The chemicals were melted in porcelain crucible
at 1200° C in an electrically programmable heated furnace, type- VAF15/10 lenton thermal
designs, equipped with an automatic temperature controller. The molten materials quenched

in the air and poured at room temperature.

2. EXPERIMENTAL TECHNIQUES

2.1. Samples and Treatments

Glasses of different compositions in the system [70% H3;BO;+ x%BaSQO, (byrite) +(30-x)
%MgCa(COs3), (dolomite)] where x = 0,5, 10 and 15 are fabricated by the melt quenching
technique. The samples are melted in a porcelain crucible at 1473 Kfor 1.5 h in an electric
muffle furnace (LENTON). A pair of copper blocks is used to quench the glass samples. All
the chemicals are weighed accurately using an digital balance; the used raw materials are all
of chemically pure grade (H3;BO;).Dolomite is extracted from the Jebel Taioualet deposit
located in the commune of Ouled Hamla (Wilaya of Oum El Bouaghi) the Algerian SPA
operated by a subsidiary of the public group ENOF. This mineral is treated in the Ain
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Mimoun processing unit in the province of Khenchela. The production of barite in Algeria is
done by two (2) mining operators: i) the SPA-SOMIBAR subsidiary of ENOF public group,
which run two deposits, one of Mizab in the town of Tamza (W. Khenchela) and that of
Boucaid (Tissemsilt province) and ii) the private company named SARL SOBAR. In our
work we used the barite which is produced in Khenchela.

2.2. Characterization of Samples

All the samples are then characterized using both XRD, SEM observations and qualitative
analysis, FTIR spectroscopy and UV spectroscopy.

-X-ray diffraction analysisis performed with a PANalytical X’Pert ProMRD diffractometer
with CuKa radiation (A=0.15418 nm). Data are collected with steps of 0.021° (20).

-Scanning electron microscope (SEM) images are taken on a field emission scanning
microscope (JEOL 7500-F).

- Fourier transformation Infrared spectroscopy (FTIR) IR spectra are obtained using a
Perkin—Elmer spectrometer at the resolution of 8 cm™. Fourier transform infrared (FTIR)
technique is used in the transmission mode in the 400 - 4000 cm™ range. For each sample,
120 scans are used. After the oxidation, ~100 pg of the oxides are scraped. The oxide is then

compressed together with 23 + 2mg of KBr in a cold 150 MPa isostatic press (CIP) in order to

obtain a 200 - 250 um thick pellet. All infrared spectra are reporting absorbance (A = —log IL)
0

as a function of the incident wave numbers.

- Differential thermal analysis (DTA) measurements are taken using a SHIMADZU DTA-
50 analyzer. The measurements are taken between 25 and 1000 °C (in the air using A1203
powder as a reference material) at the rate of 30 °C/min.

-Optical characterization of samples; the transmittance of 70% H3;BOs+ x%BaSO4+(30-x)
%MgCa(COs), samples is measured using a Perkin Elmer UV-VIS-NIR Lambda 19
spectrophotometer in the 190—1100 nm spectral range.

-The density of the glass samples is measured using the Archimedes principle. The

measurements are done using a digital balance and toluene as an inert immersion liquid.

3. RESULTS AND DISCUSSION

3.1. SEM and X-Ray analysis

The morphology, composition and crystal structure of raw materials are studied using
scanning electron microscopy (SEM), the energy dispersive X-ray analysis (EDX), x-ray

diffraction (XRD) and FTIR. Fig. 1a and Fig. 1b show the SEM observations of the starting
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minerals. Fig. 2a and Fig. 2b show the X images of elements. As shown, the presence of the

elements Ba, Ca, Mg, and O is detected.
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Fig.2. EDX analysis of the Barite (a) and the Dolomite (b).
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Fig.3. XRD and FTIR spectroscopy of Barite and Dolomite

The XRD patterns of the BaSO, are depicted in Fig. 3a blue color. In the natural product,

several diffraction peaks came along, and all of them could be clearly attributed to the
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prominent peaks such as (210), (102), (211), (112), (020), (401), and (122), respectively of
the BaSQOy, and it can be well matched with standard JCPDS File No. 72-390. The small
peaks between 29° and 31° may indicate the presence of small amounts of (Ca, Si) complexes
whose elements are analyzed by EDX, those compounds in oxidized, sulphidised or
hydroxide states.

Also, Fig. 3a red color depicts the X-ray diffraction pattern of the natural dolomite sample at
room temperature. XRD pattern attributed to dolomite and matched with standard (JCPDS
Files (JCPDS No. 36-426), Figure 3b (blue) shows FTIR spectrum of BaSO4. In figure 3b
many bands can be observed at 3445, 2924, 2850, 2061, 1632, 1180, 1116, 1084, 982, 800,
634, 610, 474 cm!. FTIR assignments are clarified in table 1. The results are in agreement
with those of the bibliographic data [10-18].

This barite also contains a small amount of silicates and carbonates revealed by the weak
bands at 1040, 799, 525, and 462 cm’! [11].

The carbonates are also revealed at 880-1417 cm™'[13].

Table 1. Assignment of FTIR bands of BaSO,4

BaSO, (Ain Mimoun) FTIR assignment Ref
Bands (cm™)
474 3-SO,~ [10]
0O-Si-O bending vibrations out-of-plane bending [11]
610-634 vibration of the SO42' [12]
800 SiO, [11]
880 CO5*/ bonded hydrogen in the H-Si=03 [13]/[14]
configuration
, [15]
082-1084-1180 v.symmetrical vibration of SO4~
. [13]
1417 CO;
[16]
1634 O-H bending of water molecule.

[17]
overtones and combination bands of the lower

2059 wave number of sulfur-oxygen stretching and
bending vibrations

2850 Symmetric vibrations -CH, [18]
2924 Asymmetric vibrations -CHj; [18]
3445 O-H stretching of water molecule [16]
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Figure 3b (red) shows FTIR spectrum of MgCa(COs3),. We can observe bands at 728, 880,
1438, 1618, 1636, and 3440cm-1. FTIR assignments are clarified in table 2. Also, the results
are in agreement with those of the bibliographic data [11-16-18-19]. This dolomite also
contains a small amount of silicates revealed by the weak bands at 1040, 799, 525, and 462

cm-1 [13].

Table 2. Assignment of FTIR bands of CaMg (CO3),

CaMg(CO;), FTIR assignment Ref
- V
880 Uy [16]
1438 03
728 Uy
1822-2524 V1t vy [20]
2628- 2896 205+ vy
3020
1618 C=0 or C=C aromatic ring stretching vibrations, [21]
as well as to OH bending vibrations of adsorbed water.
1636 C=0 stretching mode vibration. [22]
3440 H,0 molecules [16]

Figure 4 shows the XRD pattern of the investigated glass samples containing raw materials.
This figure presents the XRD pattern of the sample containing 0 to 15% BaSO4 which is
typical for all samples (samples are designated GO, G5, G10, and G15, respectively). XRD
patterns of all the as-prepared samples show no sharp Bragg’s peak, but only a broad diffuse
hump around the low angle region (15-35 degrees). This is a clear indication of amorphous
nature within the resolution limit of XRD instrument. Furthermore, from figure 4 we can see
the sample containing 60%B,03 and an equal amount of barite and dolomite in crystalline

form. May be more energy is needed to form the glass.
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Fig.4. X-ray patterns of all samples

3.2. Fourier transforms infrared spectroscopy (FTIR) characterizations of the various

glasses

Infrared spectroscopy is an important tool for research on the structure and dynamics of

materials between order and disorder. IR materials can help to have an idea about the nature

of vibrations in a disordered system [23]. The room temperature spectra are obtained using a

KBr pellet technique in the range 400 - 4000 cm™. A typical FTIR spectrum of the prepared
glass (70% H3;BOs+ x%BaS04+(30-x) %6MgCa(COs3),) where x = 0,5, 10 and 15 is shown in

Figure 5.
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Fig.5. FTIR spectra of the glass samples
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The vibrational modes of the borate network are seen to be mainly active in three infrared
spectral regions,

(1) The band at 700 cm—1 and this is due to the bending of B—-O—B linkages in the borate
networks [24].

(2) The broad band between 800 and 1200 cm—1 and this is due to the B—O bond stretching of
the tetrahedral BO4 units (in triborate, tetraborate and pentaborate groups) [29-33].

(3) The broad band which occur between 1200-1600 cm-1 is due to the asymmetric
stretching relaxation of the B—O band of the trigonal BO;3 units [34-38].

The BO3 and BO4 groups act as network structural groups

The FTIR analysis of the samples revealed that the network structure of the prepared samples
is mainly based on the BO; and BO4 units. The bands are broad confirming the amorphous

nature of the studied glasses.

Table 3. Assignment of FTIR bands of samples glasses

Sample Sample Sample Sample FT-IR assignement Ref
G15 G10 G05 G00
470 470 468 465 0O-Si-O bending vibrations out-of-plane bending  [10-11-24]

/v, (SO4)* bend/ Asymmetric bending of the
SO, groups/ B-O-B linkages.

638 626 621 648 V4 SO4 [12]
B-0O-B bonds bending vibrations from [25]
pentaborate groups,

698 691 696 703 Bending of B-O-B linkages in the borate [26]
networks.

BO; or boroxol groups in glass system [27]
Bending vibrations of B-O linkages in borate [28]
network
Vibrations Si-O-B bridges [28]
726 B-O-B linkages bending and isolated BO; [29]
890 873 groups
908
986 Stretching vibrations of BO bonds in BO, units ~ [29]

from tri, tetra, and penta borate groups

B-0 bond stretching of the tetrahedral BO, [30]
units

B-O bonds stretching vibrations in [BO,] units [29]
from diborate groups

1080 1069 1063 1077 vibrations of structural groups containing BO4 [31]
tetrahedra.
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transfer of some boron triangle to boron [32]
tetrahedra vibration.

1190 B—O-asym stretch in BOj; units from pyro- and ~ [33]
ortho-borate groups

1230 1254 1265 1238 B-O stretching vibration of trigonal BO; units [34,35]
in boroxol rings
B-O bonds vibrations in BO; units [36]

1384 1384 1384 1385 asymmetric stretching relaxation of B-O bonds  [37]

1404 of trigonal BOj; units

1432 1416 B-O bonds vibrations in BOsunits [38]

1618 1617 1618 1617 Asymmetric stretching relaxation of B-O bonds  [37]
of trigonal BOj; units

1638 1626 1638 1632 Bending modes of OH groups [39]
Modes of boron-oxygen triangular units (BO; [40]
and BO,0")
v2(H-O-H) bending vibrations of adsorbed [41]

water in the glasses
2352 hydrous species with different hydrogen bond [42]

strengths
Molecular CO,/ CO, adsorbed species [43, 44]
2854 2854 2854 Hydrogen bonding [45,46]
Symmetric vibrations -CH, [12]
2924 2924 2924 2924 Hydrogen bonding [45,46]
Asymmetric vibrations -CHj; [12]
3240- 3419- 3416- 3416- Molecular water [37, 46-44]
3416- 3474- 3480- 3476-
3480-3548 3553 3548 3548
BO./(BO4+BO;) ratio

The structural changes involved by the BaSO4 content addition have been analyzed on the
basis of Ny = BO4/(BO4+BOs) ratio. BO4 and BO; are calculated as the integral of the
absorption signal in the spectral ranges. To quantify the BaSO,4 effect on the changes in the
relative population of BO4 and BO; units we have calculated the fraction of four-coordination
boron atoms, N4, which is estimated as follows [27, 47, 48]:

From the relative peak areas of {B@; and B@,0-} (A;) and {BO@s+-} (A4), which were
separated by a Gaussian deconvolution, the value of Ny is calculated as A4/ (As+Aj3). The
quantities A4 and Aj; reflect the relative content of tetrahedral (B@4—) and triangular (B@; and
B@,0-) borate species, respectively (@ representing an oxygen atom bridging two boron
atoms). The following method is used in the calculation of the fraction N4 of the four-

coordinated boron atoms in the glass, where [49].
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(concentration of BO, tetrahedral)

(concentration of BO, tetrahedral + concentration of BO5 triangle)

N, = A4/(A4 + A3)

290

(1)

(2)

Where A4 and Az denoted the areas of BO4 units and the areas of component bands and BOs

units. Fraction of four-coordination boron atoms, N4, is plotted in Fig.6. As shown in Fig. 6

the role of BaSO, as a network modifier on N4 (BO; groups and BO4 groups) is clear. The

infrared data revealed the presence of boron atoms in both, three and four coordination states,

for all investigated glasses. First of all, it is observed that the N4 values are less than 0.5 for all

the investigated samples, showing the predominance of BOj; units in the structure of the

studied glasses. The shape of the FT-IR spectra suggests that the controlled addition of BaSO4

generates some rearrangements in the network structure. The value of N4 increases when

BaSO; increases.
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Fig.6. Variation of the Molar Fraction (N4) as functions of BaSO,4 content

3.3. Differential Thermal Analyses

The samples measured at DTA as viewed in figure 7. Where the glass transition (Tg) is

calculated and tabulated in Table 4.
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Table 4.The variations of Tg and Tc of samples glasses

BaSO, mol% Tg (°C) Te, (°C) Te, (°C)
0 636 737.5 887.5
5 635 750 860
10 633 742 894
15 632 741 847

From figure 7 and table (4), it can be observed that the values of Tg decrease slightly with the
increase of barite. Decreasing Tg values indicate the formation of non-bridging oxygen BOs
[50, 51].

3.4. UV Spectroscopy (UV) Results

The optical transmittance spectra of the glass samples recorded in the wavelength region 200—
1100 nm in the room temperature are shown in figure 8. From these transmittance spectra cut-
off wavelength of (BaSQO, free) sample is found to be 370 nm (3.35 eV). With the increasing
concentration of barite in the host glass the absorption edge exhibited spectrally red shift
found to be 381 nm (3.25 eV) for the sample containing 5 mol% BaSOs, 385 nm (3.22 eV) for
the sample containing 10 mol%, and 400 nm (3.09 eV) for the sample containing 15 mol%) as
shown in figure 8. The observed enormous rise in the cut-off wavelength from 0 to 15 mol%
BaSO, indicates the depolymerization of the glass network by the mixed modifier Ba, Ca and
Mg. No absorption band in the visible region has been detected in the spectrum of all the glass

samples with or without BaSO,.
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The optical band gap (the energy gap between the valence and the conduction bands) of the

1/n

amorphous system can be obtained from plotting the relation between (ahv)™ (a is the

absorption coefficient) and the incident photon energy (hv) as given by the equation [52, 53].

a(v) = (hv ;)Eom) 3)

where o(v) is the absorption coefficient, a, is constant, n is constant depending on the

mechanism of electron transition (direct transition or indirect transition) and depending on
whether the transition is allowed or forbidden [54, 55]. The values of n for direct allowed,
indirect allowed and direct forbidden transitions are n= 1/2, 2, and 3/2, respectively [56]. The

1
" and hv as shown

value of E,,; and n can be determined by drawing a relation between (ahv)
in figure 9. From figure 9, we can find that the n equal 1/2, which is the trait behavior of the
direct allowed transition in all the studied samples. The relation between E,,; and BaSO4
content is shown in Fig. 10. From Fig. 10, we can see that the optical gap decreases with the
increasing BaSO4 content in the glass samples. The decrease in Egy with increasing BaSO4
content in the glass samples could be related to the change in the bridging oxygen BO to the
non-bridging oxygen NBO (good agreement with results of infrared), which the bridging
oxygen binds energized electrons more firmly than the non-bridging oxygen [56]. In glasses,
the negative charge on the NBOs is larger than that on the bridging oxygen. Increasing the

iconicity of oxygen ions by converting them from BO to NBO ions decreases the band gap

energy Eop. The concentration of NBOs in the the glass matrix is higher [57, 58]. This caused
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an increase in the degree of localization of electrons, thereby increasing the donor centers in

the glass matrix and decreases of the optical band gap.

—70% H3BO3 + 0% BaS04 + 30% MgCa(CO3),
— 70% H3BO4 + 5% BaS0,4 +25% MgCa(CO3)
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>
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Fig.10. Variation of the optical band gap as a function of BaSO,4 content

3.5. Density Estimation
Density responds to variations in glass composition sensitively in technological practice.
Density of glass, in general, is explained in terms of a competition between the masses and

size of the various structural groups present in glass. Accordingly, the density is related to
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how tightly the ions and ionic groups are packed together in the structure [33-59]. Glass
density measurements were made at room temperature using the standard “Archimedes
principle” with toluene as the immersion fluid of stable density (0.866 g / cm3). The
experimental error was about +£0.003 g/cm3.The molar volume [V,,] was calculated from
molecular weight [M] and density.

The density is calculated from the formula:
a

Where,p is the density of glasses a is the weight of the sample in air, b is the weight of the
sample in toluene, and 0.866 is the density of toluene. The density measurement is considered
to be a very important tool to detect the structural changes in the glass network. The increase
in density is attributed to the change from BO;3; group to BO4 group. Theoretically calculated

densities were calculated using the relation:

Pegic = Z Xipi (5)

Where xi and pi are the molar fraction and density of each component, respectively. The

corresponding molar volume (Vycac) was calculated using the relation:

M
Vincaic = - (6)

calc

Where My is the total molecular weight of the multi-component glass system, and p is the

density.
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Fig.11. The relation between the density and the molar volume as function of BaSO, content
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Figure 11.a shows the relation between density and molar as function in BaSO4 content. From
figure 11 can be observed that the density increase with the BaSO4 content increase. The
density is related to how the modifier and former ions groups are packed together in the
structure. Substitution of Ca and Mg (having low molecular weight) with Ba (having high
molecular weight) increases the density. Density is directly proportional to the molecular
weight, and the increase in BaSO,4 content decreases the formation of tetrahedral groups
(BO4), and increasing the triangle groups (BOs) led to the increase in borate non-bridging
oxygen (NBO) [59, 60], increasing volume. From Fig. 11-b, it can be observed that the molar
volume decreases with the increase in BaSO, content. The density of the glasses increased
while their molar volume values decreases with the increase of barite content in the borate

glasses [60].

4. CONCLUSIONS

Borate-based glasses containing barite and dolomite minerals have been designed and studied.
The analyses by DRX, FTIR spectroscopy, differential thermal analyzes, UV-visible and
density analyzes were carried out. The X-ray analyzes demonstrated the amorphous character
of the manufactured series. The FTIR analyses have shown that these glasses consist mainly
of BO; and BOj units. The optical energy gap decreases with the increasing BaSO,4 content in
the glass samples. The differential thermal analysis (DTA) results show it can be observed
that the values of Tg was estimated to be around 635 ° C, with a slight decrease trend. The
UV-Visible analyses show that the optical energy gap decreases with the increasing BaSO4
content in the glass samples. From density analysis, it can be observed that the density

increases with the BaSQO,4 content increase and the molar volume decreases.
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