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Reuse of waste glass addition with industrial wastes and tungsten as
new radiation shields: Spectroscopic and computational analysis
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The economic and environmental problems regarding waste encourage the researchers to reuse the waste and produce new materials. Wa
glass, as a form of industrial waste, has gained growing attention in recent years. The objective of conducting this study is to evaluate the
waste glasses obtained from our daily routines and to ascertain the radiation shielding capabilities of the waste materials obtained by addin
other industrial wastes. With this purpose, three samples including both waste glass and industrial wastes (Bayburt stone dust and Oltu ston
dust) were produced by mixing in different ratios. Also, tungsten was added to the samples in order to improve the protection ability. The
Phy-X/PSD code was used to determine the radiation protection parameters. In addition to the shielding investigation, structural properties
were characterized using EPR, XRD, and SEM-EDS spectroscopic techniques. It is obtained that the shielding performance of the sample
including Bayburt stone dust and marble waste with tungsten addition is the highest. The lowest shielding performance is observed for the
sample including Oltu stone dust and marble dust with tungsten addition. Neutron shielding capabilities are also found to be the same as
photon shielding. It can be concluded that the newly prepared samples consisting of waste glass in order to support reusing and recycling
have good protective features and the usage of the samples can be recommended.
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1. Introduction Turkey, has a matte and black appearance, after being pol-
ished it gains an attractive black shine [4,5]. Oltu stone is a

Waste glass (WG) is a kind of industrial waste that has bedense mineral-like substance that resembles coal, but in ap-
come a bigger problem with the increasing population allP€arance |t_ is similar to obsidian [6]. Its mos_t st_nkmg fea-
over the world due to the increase in consumption. Increastre is that it is very soft when carved and maintains its soft-
ing technologies for recycling and reusing waste has becom@ess even if it is not cut. It hardens when it comes into con-
important to focus on. Despite the use of recycling technolotact with air. Oltu stone is involved in Erzurum’s economy
gies, a large amount of waste glass is still waiting to be evalWVith various aspects such as mining, stone processing, hand-
uated. It can be advantageous to use the waste glass as I§Fft workshops, sales and trade. Oltu stone waste (OSW)
alternative to concrete with the properties of being abundant$ obtained either from mines or workshops after processing
economical, optically transparent and non-toxic. Soda—limellhe stone [4]. Marble waste (MW) is generated when cut-
silica (SLS) glass is an alternative SiO2 source generally sedi'd marble to produce regular geometric shapes. Due to the
in glass containers or window glass such as bottles and jar@oWth in the construction industry, the use of marble has in-
Glass can be evaluated as radiation shield material due to if§€ased and therefore MW has increased. MW consisting of
ease of manufacturing, low cost, physical and chemical propd_USt' stones of |_rregular shapes _and sizes thrown into open
erties. Radiation protection efficiencies can be changed aniéf!ds and roadsides causes environmental and health prob-
developed by addition of different materials. Industrial waste®ms [7]. Bayburt stone (BS) is a natural stone named after
materials such as Bayburt stone dust, marble dust and OIfiff€ Bayburt province in Turkey. BS have potential use due
stone dust with good refractory properties containing highi© their high pozzolanic activity and are ground into powder
amounts of silica and calcium, can be also reused to save {8 P& used as a material to replace the binder [8]. Bayburt
environment and contribute to the economy as building maStone waste (BSW) is formed during the cutting processing
terials. Also, waste samples are supported by adding hea®f Stones in quarries. These wastes are very cheap, easy to
elements such as tungsten (W) to improve shielding abilit !nd, economical, effective and suitable for different applica-
against harms of radiation [1-3]. W has non-toxicity prop-tions.
erty, and speci.al fegtures such as a hig.h. melting point, low Radiation, whose benefits cannot be ignored in many
neutron activation, high thermal conductivity, etc. among th&ije|gs such as industry, science, agriculture, energy, radiology
high-Z elements. and medicine, causes serious health problems in the long and
Oltu stone (OS) with the other names as Black Ambershort term due to exposure to radiation in everyone working
Erzurum stone or Carbon black, found in Oltu (Erzurum) inor receiving services in these sectors. Consequently, in recent
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years, researchers have focused on the development of prd- Materials and methods
tective materials with higher radiation absorption abilities by )
different material types such as composites, glasses, alloyd;1. Sample preparation

rocks, polymers, concretes etc. which are novel, non-toxi
cost-effective [1, 9-15]. In addition to these studies, Wast((;ar hree samples were prepared and named as W1, W2, W3

materials were also studied widely [7, 10, 14,16, 17]. Th Including waste glass (WG), Oltu stone waste (OSW), Bay-

common features make the produced materials attractive aerb urt stone waste (BSW), Marble waste (MW) with addition

being effective for protection, being eco-friendly, and beingo'Ef tungsten (W). The_ raups of the |ngred|ents of the pre-
. L . . pared samples are given in Table I. Firstly, glass waste and
designed to minimize environmental pollution.

Th f th av i d ials wi hother wastes were powdered, prepared in certain quantities
e target of the study Is to produce materials with,,q placed in porcelain crucibles. Secondly, the mixed ma-

good attenuation potentials based on waste glass and indl{%’rials were melted in the oven at 12@for 2 hours. The
trial wastes obtained from some industries. In this context rocess continued in the oven at 5@for 3 hours. Finally

thg shielding parameters; exposure and energy absorpti He oven was turned off and the glass samples were allowed
buildup factors (EBF and EABF), mass attenuation Coefr"to cool until the temperature dropped to room temperature.

c_ients (M.AC)’ Iigearzatftfen#eﬁionlco?fﬁcien':clsVI(_LAC), ef;ec— The obtained glass samples were crushed and made ready for
tive atomic number (Zeff), half-value layer ( ), mean free ?pectroscopic experiments.

path (MFP), fast neutron removal cross-section (FNRCS) o
the §amples, have been calculated by the code Phy-X/PSb, Experimental techniques
[18] in this work.

The structural properties were also provided by spectroRoom temperature EPR spectra of the samples were taken by
scopic methods as well as the shielding performances. Ele¢¢-band JEOL JESFA300 EPR spectrometer witl.2 GHz
tron paramagnetic resonance (EPR) is used for the magneticequency and 100 kHz (0.0002-2mT) magnetic field mod-
features of the systems in the external magnetic field by thelation amplitude. Samples with 4 mm sizes were prepared
microwave frequency. The identification of crystalline phasesand put in diamagnetic tubes for EPR experiment. XRD pat-
or amorphous structure of the samples is made by X-rayerns were taken by BRUKER D8 ADVANCE XRD. X-ray
diffraction (XRD). Scanning electron microscopy (SEM) is diffractograms of the samples were recorded with &/t
used for surface structure and energy dispersive spectroscof§0 kV and 40 mA) scanning speed in the range6éf ~
(EDS) is for obtaining the compositional content. The studyl10° — 90° by Cu-Ko (A = 1.54060 A). SEM images were
will show that the wastes and industrial materials can be evalrecorded by ZEISS EVO LS10. EDS results were taken by
uated in different ways than their current usage areas. JEOL JSM-6610 spectrometer.
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FIGURE 1. SEM images of the samples.

TABLE |. Compositional rate and ingredients of the prepared samples.

w1 Waste Glass (%) Oltu Stone Waste (%) Bayburt Stone Waste (%) W (Tungsten) (%)
90 25 5 25

w2 Waste Glass (%) Oltu Stone Waste (%) Marble Waste (%) W (Tungsten) (%)
90 2.5 5 2.5

w3 Waste Glass (%) Bayburt Stone Waste (%) Marble Waste (%) W (Tungsten) (%)
90 2.5 5 2.5
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TABLE Il. Knowledge of the parameters used in the study.

Parameter Definition Formula Unit Description
Pmiz The mass g/crh ¢;: atomic fraction
per unit % A;: atomic weight
volume pi: density of element ith [19]
lp and I: incident and attenuated
2= lniff) photon intensities
p(g/cn?): density of material
MAC () The attenuation of chig tm(g/c?): mass per unit area
the radiation per or t (cm): thickness
unit mass w;: weight fraction
(u/p)s: mass attenuation
=3 wi(5)i coefficient of the ith constituent
element [20]
The fraction of
attenuated incident W the mass attenuation
LAC(p) radiation per unit Plim u(em™1) coefficient
thickness of a p(g/cn?): density of material
material
The thickness of a w: the linear attenuation
HVL shield that half the s coefficient
incident radiation
The average distance
over which a photon
MFP travels before 1 w: the linear attenuation
substantially coefficient
changing its
direction or energy
Interaction probability Na: Avogadro’s number
ACS(0q) per atom in a unit N—j\; (£) cmlg N': atomic mass of materials
volume of any material
ECS(o.) Interaction probability oq: the atomic
per electron g:ﬁ cm?lg Cross section
in a unit volume of Zesi: the effective
any material atomic number
Average atomic number Zeti: the effective atomic number
et of the compound ‘;—0 04 the atomic cross section
including more than o.: the electronic cross section
one element
The probability of a (TR)i: mass removal cross-
fast neutron undergoing section of the ith
FNRCS the first collision that > pi(¥)i constituent element
- R) that will remove it from pi: the partial
the environment penetrating crh density of the
group of uncollided neutrons material [18]
R : (M) comptor/ (1eM)total
for the material at a specific energy
Zeq e R1, R2: values indicate

(4m) comptory (M) total ratios of two
adjacent elements, with;
and Z, atomic numbers

Rev. Mex. Fis72051201
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F1, F2: values of G-P fitting

G-P fitting Fallog ZQ_IOfO?Z‘ZQ)ff; Qg(lz‘)lg Zeq—log 71) parameters identical with the;
parameters andZ, atomic numbers at a
certain energy [21]
B(E,z)=1+ % for K#1 E: primary photon energy
EBF and B(E,z)=14+(—-1)zforK =1 X: penetration depth
anh(5%- —2)—tanh(—2
EABF K(B, @) = ca® 4 - 2 o) a,b, ¢, d,Xx coefficients of the
forxz < 40mfp material [22,23]
w1 w2 w3
E ‘ [ ‘ 19
[
] JL it | Iy | t E “ ey ‘ btk r". M FR__S
FIGURE 2. EDS results of the samples.
TABLE III.
Samples (@) C Ca K Si Na Fe Ti Mg P Al Mn N W Density
(g/cn?’)
W1 28.07 156 944 0.52 2432 747 037 015 148 1116 128 0.20 0.03 1394 3.05
w2 3282 121 797 045 23.08 1020 0.33 0.08 202 9.06 148 - 0.02 11.28 2.73

W3 3055 166 989 051 2231 711 032 010 133 1047 116 0.13 0.02 1464 3.10

2.3. Theoretical process sis results were found to be consistent except for W amount.
The melting temperature of W is higher than those of the oth-

For calculating the parameters by Phy-X/PSD code the comers, so the EDS results give acceptable values different from

position of the material is entered in two ways such as molgne casting rates due to the problems that may arise from the

fraction and weight fraction. The knowledge of density incomplete dissolution of the samples for the element of W.
(g/cn?) of the material is also necessary for obtaining the

attenuation parameters. The acquired results are supplied in

aMS Excel . The information about the parameters investi-3.2. XRD analysis

gated in the study is given in Table .

XRD patterns recorded at room temperature are given in

Fig. 3. The diffraction peaks were examined by the litera-

ture [1, 25, 26]. X-ray analysis of the samples shows similar

3.1. SEM and EDS analysis results and the existence of c:_alpite a_md SiOZ_phase peaks. The
samples produced by W addition giweW main phase. Itis

SEM images and EDS spectra of the samples are given iAbserved that the samples show more amorphous structure

Figs. 1-2. If the micrographs obtained from the surfaces ofvith some crystalline features in XRD patterns.

the samples are studied, smooth surfaces with some micro- The crystallite size is calculated by the diffraction pat-

crystallites are seen. The weight % ratios of the elementtern depending on the full width half height (FWHM) and

obtained from these spectra are given in Table Ill. It is un-the Debye-Scherrer equation [27].the FWHM in radians;

derstood from the SEM images given in Fig. 1 that all theK the Scherrer's constant and in the order=f0.9; \ the

samples have smooth structures. Air bubbles are observettray wavelengthd the average size of the crystalline, ahd

which were also stated before by Aygun [24]. EDS analy-the Bragg angle in degrees [1]:

3. Results and discussion

Rev. Mex. Fis72051201



REUSE OF WASTE GLASS ADDITION WITH INDUSTRIAL WASTES AND TUNGSTEN AS NEW RADIATION SHIELDS: SPECTROSCOPIC. .

900

% Calcite Wi
800 & Si02 w2 [
— 700 0w w3 /| g=4.21
3 i | 3000 G
8 600 |
.g 500 / u +2
2 \ Mn
-o_E 400 g=1.98
3004 WM M Vi A e
200 .
100 ‘d)
0
2 Theta (Degree)
‘ 3000 G
FIGURE 3. XRD patterns of the samples. | U
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The presence of the-W main phase at«58° has the
crystallite size as 50.75 nm. The crystallite size of other main I
phase atv29° assigned to calcite is68 nm. ‘ u”""“
3.3. EPR study 208 oy

EPR is a useful magnetic resonance technique which cause

determination of the local chemical environment of magnet-

ically active nuclei (I 0), radicals or paramagnetic centers )

that have one or more unpaired electrons in their structure.

_The EPR effect is defined by the observation_of transitions; s yre 4. EPR spectra of the samples W1 a) W2 b) and W3 c).

in the spin of electrons between energy states in the presence

of an external magnetic field; these transitions are known as

'degenerate’ when the magnetic field is absent [28,29]. EPR 4. Radiation protection analysis

is based on the measurement of the absorption of electro-

magnetic radiation in the microwave frequency region by aPhy-X/PSD code was used to calculate radiation attenua-
paramagnetic sample positioned within a magnetic field. It idion parameters with the chemical compositions (w%) of the
important to note that these absorptions are observed at spgamples determined by EDS (Table Il). The MAC values
cific frequencies and magnetic field combinations, which areehanged with incident energies (1 keV-100 GeV) are shown
known to vary according to the type of paramagnetic specied Fig. 5a). The changes in MAC results are affected by the
present and its characteristics. Consequently, the lines pr@rocesses at low (0.001-0.1 MeV), mid (0.1-5 MeV) and high
duced at distinct regions of the scanned magnetic field wilenergies £5 MeV) correspond to photoelectric effect (PE),
vary significantly depending on the type of radical or metalcompton scattering (CS) and pair production (PP), respec-
ion under investigation [30]. The EPR lines are identifiedtively. The LAC values varied with photon energies as seen
by g-values and the equatidgny = gSH with 5 the Bohr in Fig. 5b). MAC values and material’s density are the factors
magneton, H the magnetic field, h the Planck constantyand affect LAC parameter. Additionally, the MAC results of the
the microwave frequency is used for the determination of thesamples are compared with previously reported ordinary con-
values. The paramagnetic center by the effect of local magerete (OC) [32] and cement [33] [Fig. 5¢)]. The MAC values
netic fields on unpaired electrons can be characterized by thend so the shielding efficiencies of the samples can be or-
g-factor. Therefore, the nature of the EPR signal can be aslered as W3W1>W2>Cement-OC. Among the samples,
cribed to a paramagnetic center. EPR spectra of the sampl&83 has the highest shielding ability, while W2 has the least.
taken at room temperature are given in Fig. 4.7Fe@ns  According to the results obtained at all energies, the common
or high-spin isolated F&® center is observed with g value of feature is that all samples have better protection potential than
~4.21 for the samples [28]. A broad EPR signal with g-valueOC.

of ~ 1.98 which can be ascribed to M (1=5/2) is detected. The MFP and HVL values changed with photon energies
In general, it is expected to observe six hyperfine lines ofare given in Fig. 6. If the material has higher values of HVL
Mn*2 but as a result of the random and close localizatiorand MFP, it is known as the worst shield. The highest values
of Mn ions and their dipole-dipole or exchange interaction aof HVL and MFP and so the lowest shielding performance is
broad signal can be seen [31]. found for W2, whereas the highest one is obtained for W3.
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FIGURE 5. The variations of MAC a) LAC b) and the comparison of MAC values with OC and cement c) versus photon energies.
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FIGURE 6. The variations of HVL a) MFP b) and the comparison of HVL values with OC and cement c) versus photon energies.

The radiation shielding capability (RSC) of the samples areatomic numbers in the material. Asgds the atomic num-
compared by OC and cement [Fig. 6¢)]. It is concluded thaber of a material containing more than one element, structure
the HVL values of the samples are lower than those of OGwith large atomic number differences cause fluctuations. The
and cement. samples with W content have the highesk ¥alues and this
The Zy values changed with photon energy is demon-kind of fluctuations. Thus, W3 has the highest shielding per-
strated in Fig. 7. In the low energy region (0.001-0.1 MeV),formance depending on.£values.
the PE cross-section §Z°); in the mid-energy region (0.1-5 The EBF and EABF varied with photon energies are
MeV), CS cross-section (E) and in the high energy region given in Figs. 8-9. In the low, mid and high energy regions,
(>5 MeV), PP cross-section tX are effective and therefore EBF and EABF are lower, higher and again lower based on
Ze values increase, decrease and are stable, respectivgly. Zhe PE, CS and PP effects, respectively. According to the ob-
values can be influenced due to the elements with distindained EBF and EABF values, the photons cluster more for
W3 among the samples. So, it is seen that W3 shows the CS

w1 process is effective.
—— W2 Attenuation of fast neutron of the samples was also
[ —— W3] achieved by the code and the cross sections are given as

0.092, 0.085 and 0.094 for W1, W2 and W3, respectively.
The highest neutron attenuation is found for W3, the lowest
one is for W2 like photon shielding. It can be also concluded
that FNRCS values of W3 are better than those of the previ-
ously studied OC (0.093).

e eeeseaese asssesasssese 4. Conclusions

The goal of the study was to develop alternative materials
based on reusing of wastes for obtaining higher shielding fea-
tures. To this end, RSC and spectroscopic details of the waste
samples were determined by Phy-X/PSD code and the tech-
FIGURE 7. The variations o versus photon energies. niques. EPR spectra of the samples give an EPR signal with

10° 102 107 10° 10' 10? 10° 10* 10°
Energy (MeV)
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