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A B S T R A C T   

In this study, we fabricated and characterized six new nanopowders representing variations of 
La2O3–Fe2O3–Bi2O3, i.e., 100Bi2O3, 30Fe2O3–70Bi2O3, 3La2O3–27Fe2O3–70Bi2O3, 7La2O3–23Fe2O3–70Bi2O3, 
10La2O3–20Fe2O3–70Bi2O3, and 20La2O3–10Fe2O3–70Bi2O3 (represented by 100B, 30F70B, 3L27F70B, 
10L20F70B, and 20L10F70B, respectively). These nanopowders were prepared by the microwave-assisted hy
drothermal synthesis method. Saponin extract from soapnuts was used as the nanoparticle capping agent. The 
structural, optical, and gamma radiation characteristics were measured, calculated, and analysed, respectively. 
The chemical structures of the nanocomposites influenced their optical and radiation shielding characteristics. 
The optical bandgaps of the 100B, 30F70B, 3L27F70B, 7L23F70B, 10L20F70B, and 20L10F70B nanopowders 
were 3.16, 3.13, 3.43, 3.45, 3.46, and 3.58 eV, respectively. The ranges of the mass attenuation coefficients of the 
nanopowders were computed, using XCOM, to be 0.0412–5.1624, 0.0401–4.5406, 0.0401–4.5285, 
0.0401–4.5129, 0.0401–0.5015, and 0.0400–4.4156 cm2/g, respectively, and the ranges of mass energy ab
sorption coefficients were found to be 0.0232–1.7525, 0.0228–1.5484, 0.0228–1.5598, 0.0288–1.5746, 
0.0228–1.5853, and 0.0227–1.6192 cm2/g, respectively, for photon energies in the range of 0.1–10 MeV. The 
order of the dose rate trend was as follows: 30F70B < L27F70B < 7L23F70B < 10L20F70B < 20L10F70B. 
Analysis of the photon interaction parameters showed that the synthesized nanopowders could function well as 
fillers in radiation-shielding matrices.   

1. Introduction 

Nanoparticles (NP), depending on their geometry, are zero-, one-, 
two, or three-dimensional (0D, 1D, 2D, and 3D, respectively) and 
technologically versatile materials with dimension(s) less than 100 nm 
[1,2]. The exceptional features that NPs exhibit, which are dependent on 
their size and are different from those of corresponding macro particles 
or bulk materials, make them an interesting class of materials with a 
wide range of functionality. The technology for synthesis, characteri
sation, and application of NPs has grown tremendously in the past few 

decades. Nanoscience technology has become an indispensable tool in 
multidisciplinary applications in fields such as medicine, agriculture, 
materials science, energy harvesting, environmental conservation, 
electronics, and manufacturing [2,3]. Hence, a large number of mate
rials based on NPs have been produced on a commercial scale in recent 
times. 

As a result of their high surface energy, NPs tend to agglomerate 
easily. This affects their stability and functionality. Instability can be 
addressed by coating the surfaces of NPs with an appropriate capping 
material [4]. The capping agent can also control growth, the growth 
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direction, and particle size [5]. A good capping agent should be 
non-toxic, biodegradable, and compatible with green chemistry. For this 
reason, biological materials are attractive as capping agents when 
toxicity and environmental concerns are of major importance. Saponins 
are natural compounds found in plants and animals which can be used as 
surfactants and capping agents [6,7]. Their biological sources make 
them environmentally friendly and non-toxic. One good source of sa
ponins is the soapnut tree (Sapindus mukurossi). Soapnut extract has been 
shown to be a very effective, inexpensive, and biologically safe surfac
tant and clapping agent [8,9]. These features led to its selection for use 
in this study. 

The use of clapping agents makes NPs stable and attractive in many 
applications. Metallic, ceramic, polymeric, liquid-based, semiconductor 
and composite NPs have a wide spectrum of applications, depending on 

their properties. The unique attributes NPs offer make them useful in 
drug and medication development, manufacturing and material devel
opment, environmental conservation, purification and pollution control, 
electronics, renewable energy harvesting and many more applications 
[1,2]. 

Some NPs have shown great resistance to ionising radiation (IR), 
which suggests that they could be used for radiation shielding. Previous 
studies have shown that multiwall carbon nanotubes (MWCNT) are 
resistant to IR-induced structural changes, which suggests that they 
could be effective in charged particle shielding [10–12]. Recently, ZnO 
and MgO NPs were synthesized by Rashad et al. [13] using the solid state 
reaction method. Radiation studies of NPs synthesized via FLUKA 
simulation have shown that ZnO NPs with smaller particle sizes have 
better radiation-shielding prowess. It has been suggested that ZnO NPs 
could serve as additives to other materials to enhance their 
radiation-absorbing capacity. Earlier studies reported that the shielding 

Fig. 1. Synthetic process of La2O3-Fe2O3 –Bi2O3 nanocomposites.  

Fig. 2. Full range-FTIR spectra of the synthesized samples.  

Fig. 3. Short range - FTIR spectra of the synthesized samples.  
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capacities of different materials improved when they were infused with 
NPs [14–16]. The addition of H4B, Fe2O3, WO3, and PbO2 NPs and micro 
particles was discovered to alter the gamma ray and neutron interaction 
efficiency of ordinary concrete [14], with NPs enhancing the shielding 
ability of the concrete more than micro particles. The improvement in 
shielding ability achieved when NPs were infused into concrete was 
more than 11% than that achieved with micro particles for neutrons in 
the energy range of 100–3000 keV and at least 19% for photons in the 
energy range of 142–1250 keV. In another study, Tekin et al. showed 
that the use of WO3 NP-doped concrete performed better than concrete 
doped with WO3 micro particles [15]. The addition of WO3, PbO, and 
Bi2O3 NPs has also been confirmed to improve the photon attenuation 
coefficient of silicon resins [16], with PbO- and Bi2O3-impregnated 
resins exhibiting better attenuation than WO3-impregnated resin. The 
same study showed that NPs attenuate photons better than micro par
ticles. The differences in the shielding ability of the WO3, PbO, and Bi2O3 
NP-impregnated silicon resin were attributed to differences in the 
shielding ability of the different fillers (WO3, PbO, and Bi2O3 NPs). 

These results indicate that examination of the shielding ability of 
different types of NPs is important in producing improved or novel 
shields. 

Bi2O3, Fe2O3, and La2O3 are important compounds from a radiation- 
shielding perspective. Their high densities, i.e., 8.9, 5.24, and 6.51 g/ 
cm3, respectively, imply that high photon cross sections and high O 
contents can produce high neutron cross sections. The influence of these 
compounds and metals (Bi, La, and Fe) on composite materials such as 
glasses, alloys, and ceramics are well documented [17–23]. In addition, 
Bi2O3 NPs have been found to improve the electron shielding proficiency 
of poly (methyl-methacrylate)/multi-walled carbon nanotube 
(PMMA/MWCNT) nanocomposites [24]. Likewise, the photon shielding 
ability of polymer fabrics has been shown to be enhanced by the addi
tion of Bi2O3 NPs [25]. The radiation shielding capacity of ordinary 
Portland cement paste has been shown to be enhanced by the addition of 
Fe2O3 NPs [26]. The findings of these previous studies suggest that a 
combination of Bi2O3, Fe2O3, and La2O3 nanocomposites would have 
outstanding radiation-shielding capacity. 

In this paper, we present for the first time the optical, structural, and 
radiation-shielding parameters of La2O3–Fe2O3–Bi2O3 nanocomposite 
powders. The influence of the ratio of La2O3 to Fe2O3 on the properties 
of the nanocomposites is also reported. The results of this study will be 
useful in the design of novel radiation shields containing Bi2O3

–Fe2O3–La2O3 nanocomposites. 

2. Experimentation 

2.1. Materials 

Analytic-grade bismuth nitrate pentahydrate (Bi(NO3)3⋅5H2O), iron 
chloride anhydrous (FeCl3), lanthanum nitrate heptahydrate (La 
(NO3)3⋅7H2O), and potassium hydroxide (KOH) have been purchased 
from Sigma-Aldrich. Double-distilled water was used to make all of the 
solutions. Soapnuts were acquired from NatureOli Beautiful in Arizona, 
USA. These have been sun-dried, de-seeded soap berries that were 
certified as organic by the US Department of Agriculture (USDA). 

2.2. Saponin extraction 

The soapnuts have been finely ground using a home grinder, and 1 g 
of soapnut powder was mixed with 10 ml of deionized water. At a 
temperature of 60 ◦C, this mixture was sonicated for 1 hf. Whatman 
filter paper was used to separate the extract, which was then kept at 4 ◦C 
in the refrigerator. This filtrate is referred to hereinafter as saponin 
extract. 

2.3. Microwave-assisted hydrothermal synthesis 

The requisite mole percent composition was determined by weighing 
specific quantities of bismuth nitrate pentahydrate (Bi(NO3)3⋅5H2O), 
iron chloride anhydrous (FeCl3), and lanthanum nitrate heptahydrate 
(La(NO3)3⋅7H2O). The pH (10), volume of extract (20 mL extract/100 
mL salt solution), microwave treatment period (30 min), and tempera
ture (200 ◦C) were all held constant to avoid affecting the synthesis. The 
requisite weights were combined with 50 mL of deionized water and 25 
mL of saponin extract. The pH of the mixture was adjusted using a 5 M 
KOH solution. Using a burette, 1 mL of KOH solution was added drop
wise at a rate of 1 mL/min while the mixture was stirred continuously. A 
Thermo Scientific™ Orion™ 2-Star Benchtop pH meter was used to 
monitor the pH of the solution until it reached the desired pH of 12 [27]. 
Fig. 1 illustrates the synthesis procedure. The hydroxide precipitate 
created previously was transferred to a Teflon jar and heated in a mi
crowave for 30 min at 200 ◦C. After the liquor was poured, the sample 
was removed from the microwave and placed in a beaker. The material 
was then sonicated for 90 min in 50 mL of distilled water using a 
POWERSONIC 405 system. The solid oxide was then allowed to settle for 

Fig. 4. The FTIR spectra of (a) Saponin extract, of sample 7L23F70B (b) pre
cipitate (c) after hydrothermal-assisted microwave treatment (d) after 
calcination. 

Fig. 5. UV-VIS spectra of the synthesized samples.  
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12 h under gravity, and the liquid was drained out and refilled with 20 
mL of ethanol. After a second round of sonication and precipitation, the 
sample was dried in a 60 ◦C oven for 12 h. Finally, the samples were 
calcined for 2 h at 300 ◦C to remove any organic residue. 

2.4. Powder characterization 

The Fourier transform infrared (FTIR) spectra of metal oxide nano
particles and nanocomposites samples were collected using a Cary 630 
FTIR spectrophotometer. A UV-1800 spectrophotometer was used to 
obtain the UV spectra of the nanocomposites (Shimadzu, Kyoto, Japan). 

2.5. Gamma ray absorption characterisation 

To assess the gamma ray photon-absorbing efficiency of the prepared 
nanocomposites, the photon attenuation parameters of the 
La2O3–Fe2O3–Bi2O3 nanocomposite powders, such as the mass attenu
ation coefficient μ/ρ, mass energy absorption coefficient μen/ρ, effective 

atomic number Zeff , effective electron density Neff , specific gamma ray 
constant Γ, and gamma dose rate were evaluated for photon energies in 
the range 0.10–10 MeV. The μ/ρ and μen/ρ of the NP powders was esti

mated using the well-known free online XCOM computational tool 
(https://physics.nist.gov/PhysRefData/Xcom/html/xcom1.html). 
XCOM can calculate the μ/ρ and μen/ρ values of elements, compounds, 

Fig. 6. The Tauc’s plots of the synthesized samples.  
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and mixtures. The addition rule shown as equation (1) was adopted for 
the mixture and compound calculations [28–33]. 

(μ/ρ)i, c =
∑

wi(μ/ρ)i, e (1) 

In this equation, (μ/ρ)i, c represents μ/ρ (or μen/ρ) for compound or 

mixture c, wi represents the weight fraction of chemical element e in the 
compound or mixture, and (μ/ρ)i, e represents μ/ρ (or μen/ρ) of chemical 

element e in the compound or mixture. Finally, the i is going on for each 
element in the compound or for each compound in the mixture. The 

values of other radiation absorption parameters for the prepared nano
powders were estimated from these two coefficients, using the following 
equations [34–37]: 

Zeff =

∑
efeAe(μ/ρ)e

∑
efe

Ae
Ze
(μ/ρ)e

(2)  

Neff =
Zeff

A
(3)  

Γ=
Ψ̇(μen/ρ)c

4πr2 (4)  

Ḋ=
AΓ
d2 (5) 

In these equations, Ψ̇, A, d, and A represent the energy fluence rate, 
the activity of a single energy photon source, and the mean molar mass 
and thickness, respectively, of an absorbing medium. 

3. Results and discussion 

3.1. FTIR characterization 

Fig. 2 presents the FTIR spectra for 100B, 3L27F70B, 7L23F70B, 
10L20F70B, 15L15F70B, and 20L10F70B after calcination. Peaks in the 
range of 3000 to 3600 cm− 1 suggest OH group stretching vibrations, 
whereas peaks around 1600 cm− 1 indicate OH group bending vibra
tions. These peaks are very shallow because of calcination. The small 
peaks at 2390 cm− 1 represent the absorbed CO2 from the surroundings, 
and those at 1750 cm− 1 represent stretching of CO. Peaks around 2100 
cm− 1 have been reported in literature for Si–H, which in this case may be 
referred to as Bi–H and hydrogen being absorbed from the surroundings. 

Fig. 7. The bandgap of samples synthesized by a Hydrothermal assisted- 
Microwave technique and calcined at 300 ◦C for 2 h as calculated from 
Tauc’s plots. 

Table 1 
Sample code and weight fraction (wt.%) of the prepared nanopowders.  

Sample code Composition (mol %) Chemical composition (wt.%) 

O Fe La Bi 

100B 100Bi2O3 10.30095 0.00000 0.00000 89.69905 
30F70B 30Fe2O3–70Bi2O3 12.83104 8.95752 0.00000 78.21144 
3L27F70B 3La2O3–27Fe2O3–70Bi2O3 12.66235 7.95578 2.19873 77.18315 
7L23F70B 7La2O3–23Fe2O3–70Bi2O3 12.44421 6.66038 5.04198 75.85342 
10L20F70B 10La2O3–20Fe2O3–70Bi2O3 12.28548 5.71776 7.11095 74.88581 
20L10F70B 20La2O3–10Fe2O3–70Bi2O3 11.78443 2.74227 13.64183 71.83147  

Table 2 
Mass attenuation coefficient of the prepared nanopowders via XCOM at different photon energies.  

Energy (MeV) μ/ρ (cm2 /g)

100B 30F70B 3L27F70B 7L23F70B 10L20F70B 20L10F70B 

0.1 5.16244 4.54057 4.52849 4.51287 4.50151 4.46564 
0.15 1.88190 1.66372 1.65823 1.65112 1.64596 1.62964 
0.2 0.93961 0.83712 0.83414 0.83029 0.82749 0.81865 
0.3 0.38455 0.34926 0.34801 0.34639 0.34522 0.34150 
0.4 0.22435 0.20772 0.20702 0.20612 0.20546 0.20338 
0.5 0.15751 0.14823 0.14777 0.14718 0.14674 0.14537 
0.6 0.12283 0.11711 0.11677 0.11634 0.11602 0.11502 
0.8 0.08836 0.08577 0.08556 0.08528 0.08507 0.08444 
1 0.07127 0.06997 0.06981 0.06960 0.06946 0.06899 
1.25 0.05927 0.05867 0.05855 0.05839 0.05828 0.05792 
1.5 0.05275 0.05236 0.05226 0.05213 0.05204 0.05174 
2 0.04638 0.04598 0.04590 0.04581 0.04574 0.04551 
3 0.04209 0.04133 0.04129 0.04123 0.04119 0.04107 
4 0.04124 0.04012 0.04010 0.04008 0.04006 0.04000 
5 0.04159 0.04015 0.04015 0.04015 0.04015 0.04015 
6 0.04243 0.04072 0.04073 0.04075 0.04076 0.04080 
8 0.04472 0.04254 0.04258 0.04262 0.04266 0.04276 
10 0.04723 0.04467 0.04472 0.04479 0.04484 0.04499  
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Fig. 3 illustrates the FTIR short range, highlighting where the peaks 
in this range are located. Sample 100B, which is composed of 100 mol.% 
Bi2O3, shows a broad band between 400 and 640 cm− 1, with strong 
peaks around 474, 500, 588, and 620 cm− 1, which are characteristic of 
Bi–O, and a strong broad peak centred around 1350 cm− 1, which is 
characteristic of Bi–O–Bi. For sample 30F70B, which is composed of 30 
mol.% Fe2O3-70 mol.% Bi2O3. The peaks round 485 and 1350 cm− 1 are 
characteristics of Bi–O and Bi–O–Bi, respectively. In addition, two new 
peaks are visible around 700 and 880 cm− 1, which may be due to iron 
oxide. It has been reported that iron oxide exhibits a strong peak around 
570 cm− 1, which may overlap the broad peak of bismuth oxide. For the 
other spectra, a strong sharp peak characteristic of La2O3 is centred 
around 824 cm− 1 [38]. The FTIR results confirm the successful forma
tion of La2O3–Fe2O3–Bi2O3 nanocomposites [27,39,40]. 

To further understand the influence of the synthesis procedures on 
the saponin extract, Fig. 4 was produced to show the FTIR spectra (a) of 
the saponin extract for sample 7L23F70B, (b) of the precipitate, (c) after 
the production treatment, and (d) after calcination. Fig. 4(a) shows 
peaks of 2150–2010 cm− 1 indicating CH2 stretching, peaks in the range 

of 3700–2800 cm− 1 indicating hydroxyl (OH) group stretching, peaks in 
the range of 1740–1530 cm− 1 indicating carbonyl (C––O) groups and 
C––C alkenes, and peaks in the range of 1110–950 cm− 1 indicating 
C–O–C [5,6]. The existence of saponin in the aqueous soapnut solution is 
confirmed by the concordance of the peaks observed for the saponin 
aqueous extract with those reported in the literature [41–47]. Fig. 4(b) 
shows 7L23F70B following precipitation, which displays the saponin 
extract peaks, as well as a nitrate group peak around 1350 cm− 1, from 
nitrate detected in the precursors. Thereafter, FTIR for the prepared 
powders after the production treatment is shown in Fig. 4(c), with no 
visible changes in the peaks since the specimens were in solution form. 
Fig. 4(d) shows FTIR spectra for studied specimen after 2 h of calcination 
at 300 ◦C, which resulted in the elimination of saponin-related peaks and 
the emergence of M − O bond peaks between 400–600 cm− 1. 

3.2. UV–VIS characterization 

Fig. 5 shows the ultraviolet–visible (UV-VIS) spectra of all the sam
ples. The highest absorbance of the 100B sample was approximately 
285 nm, whereas the maximum absorbance of the other samples was 
blue-shifted. Fig. 6 shows Tauc’s plots for the samples, which were 
created by plotting the photon energy hν versus (αhν)2, where α is the 
absorption coefficient of the material. Fig. 7 shows the bandgap values 
with respect to sample composition. The bandgap for pure bismuth 
oxide is shown to be approximately 3.16 eV, which is consistent with 
values of approximately 3.1 eV reported in the literature. In sample 
30F70B, adding iron oxide to bismuth oxide decreased the bandgap to 
3.13 eV, which is to be expected, as the bandgap of pristine iron oxide is 
approximately 2 eV. The band gap of lanthanum oxide is approximately 
5.2 eV, and substituting lanthanum oxide in place of iron oxide in bis
muth oxide increased the bandgap to 3.43, 3.45, 3.46, and 3.58 for 
samples 3L27F70B, 7L23F70B, 10L20F70B, and 20L10F70B, respec
tively (see Table 1). 

3.3. Gamma ray shielding parameters 

The mass attenuation coefficient μ/ρ is a commonly used parameter 

for classification of a material as either a good or bad absorber of pho
tons. A higher mass attenuation coefficient is an indication that more 
photons interact and thus are absorbed by the interacting medium. μ/ρ 
values for the different samples of NP composites at different photon 
energy levels are shown in Table 2, and the energy and sample variation 
are shown in Fig. 8. The value of μ/ρ changes with the incident photon 

Fig. 8. Variation of mass attenuation coefficient with respect to a function of 
photon energy in the prepared nanopowders. 

Fig. 9. Variations of effective atomic number (Zeff ) and effective electron density (Neff ) with respect to a function of photon energy in the prepared nanopowders.  

J.S. Alzahrani et al.                                                                                                                                                                                                                            



Ceramics International 48 (2022) 22943–22952

22949

energy E and the NP composition. Values of μ/ρ in the ranges of 

0.0412–5.1624, 0.0401–4.5406, 0.0401–4.5285, 0.0401–4.5129, 
0.0401–4.5015, and 0.0400–4.4156 cm2/g were obtained for 100B, 
30F70B, 3L27F70B, 7L23F70B, 10L20F70B, and 20L10F70B, respec
tively. This shows that at a given photon energy, there was a gradual but 
small decrease in the value of μ/ρ as the molar concentration of Bi2O3 

decreased in the nanocomposite. At 0.1 MeV, the replacement of 30 mol 
% of Bi2O3 by Fe2O3 resulted in a decrease of approximately 12.05% n 
the mass attenuation coefficient of 100B. A further replacement of 3 mol 
% of Fe2O3 by La2O3 NP led to a further 0.27% decrease in the μ/ρ value 

of 30F70B. A further increase in the molar concentration of La2O3 NP at 
the expense of Fe2O3 resulted in a marginal decrease in the value of the 
mass attenuation coefficient. This trend in μ/ρ (100B > 30F70B >

3L27F70B > 7L23F70B > 10L20F70B > 20L10F70B) was maintained 
throughout the 0.1–10 MeV energy spectrum, although it was more 
visible in the lower-energy region. This trend is attributable to the μ/ρ 
values of Bi2O3, Fe2O3, and La2O3. The relatively higher μ/ρ value for 

Bi2O3 relative to those of Fe2O3 and La2O3 clearly influences the 
attenuation coefficient of the nanocomposite. For example, at 0.1 MeV, 
the mass attenuation coefficient of Bi2O3 is 4.97 cm2/g, compared to 

0.27 and 1.90 cm2/g for Fe2O3 and La2O3, respectively. As the propor
tion of Fe2O3, and La2O3 NP increases in the nanocomposite, the weight 
fraction and hence partial μ/ρ due to Bi2O3 decrease. This in turn reduces 

the total attenuation coefficient of the nanocomposite. Furthermore, for 
each composite, the mass attenuation coefficient decreases with the 
photon energy E within the range 0.1 ≤ E ≤ 4 MeV, above which a 
gradual rise was observed as energy progresses. This behaviour of μ/ρ is 

similar to that observed for other materials [14–23] and consistent with 
theory [48]. Theoretically, the interactions leading to photon absorp
tion, such as the photoelectric effect and Compton scattering, are sig
nificant at low energies, and they decrease with E. The other major 
interaction is the pair production process, which increases slowly as E 
increases. The minimum value of the attenuation coefficient obtained at 
4 MeV indicates that the pair production process begins to be significant 
at this energy level. This transition energy depends strongly on the 
chemical composition of the interacting medium. The consistent mini
mum value of the mass attenuation coefficient for all of the composite 
samples could be attributed to the similar value of the number of elec
trons per unit mass in the materials. 

In Fig. 9a and b, the variation in Zeff and Neff with respect to E is 
illustrated for 100B, 30F70B, 3L27F70B, 7L23F70B, 10L20F70B, and 
20L10F70B. The effective atomic number can be seen as the effective 

Table 3 
Mass energy-absorption coefficient of the prepared nanopowders via XCOM at different photon energies.  

Energy (MeV) μen/ρ (cm2 /g)

100B 30F70B 3L27F70B 7L23F70B 10L20F70B 20L10F70B 

0.1 1.75245 1.54843 1.55983 1.57457 1.58530 1.61917 
0.15 0.96326 0.84799 0.84840 0.84893 0.84931 0.85052 
0.2 0.54221 0.47812 0.47739 0.47643 0.47574 0.47355 
0.3 0.23008 0.20473 0.20412 0.20332 0.20274 0.20091 
0.4 0.12988 0.11710 0.11670 0.11617 0.11579 0.11459 
0.5 0.08748 0.08003 0.07975 0.07938 0.07912 0.07828 
0.6 0.06599 0.06122 0.06101 0.06074 0.06054 0.05992 
0.8 0.04565 0.04335 0.04321 0.04304 0.04291 0.04252 
1 0.03634 0.03509 0.03499 0.03487 0.03477 0.03448 
1.25 0.03001 0.02941 0.02933 0.02924 0.02917 0.02895 
1.5 0.02665 0.02633 0.02627 0.02619 0.02614 0.02596 
2 0.02385 0.02367 0.02362 0.02356 0.02352 0.02338 
3 0.02318 0.02284 0.02281 0.02278 0.02275 0.02267 
4 0.02414 0.02355 0.02354 0.02353 0.02352 0.02349 
5 0.02536 0.02457 0.02457 0.02458 0.02458 0.02459 
6 0.02658 0.02561 0.02562 0.02564 0.02565 0.02569 
8 0.02869 0.02745 0.02748 0.02752 0.02755 0.02763 
10 0.03035 0.02892 0.02896 0.02902 0.02906 0.02918  

Table 4 
Specific gamma ray constant of the prepared nanopowders via XCOM at different photon energies.  

Energy (MeV) Γ(Rm2 /Cih)

100B 30F70B 3L27F70B 7L23F70B 10L20F70B 20L10F70B 

0.1 115.25542 101.83698 102.58686 103.55656 104.26219 106.48957 
0.15 95.02735 83.65602 83.69620 83.74816 83.78597 83.90532 
0.2 71.32010 62.89039 62.79351 62.66823 62.57706 62.28928 
0.3 45.39602 40.39474 40.27311 40.11583 40.00139 39.64012 
0.4 34.16682 30.80630 30.69975 30.56197 30.46171 30.14522 
0.5 28.76567 26.31612 26.22358 26.10391 26.01683 25.74197 
0.6 26.03932 24.15611 24.07354 23.96677 23.88908 23.64382 
0.8 24.01989 22.80750 22.73691 22.64562 22.57920 22.36952 
1 23.89735 23.07766 23.01335 22.93019 22.86968 22.67866 
1.25 24.67029 24.17579 24.11537 24.03723 23.98037 23.80089 
1.5 26.28995 25.97724 25.91772 25.84076 25.78476 25.60799 
2 31.37111 31.13426 31.07369 30.99536 30.93836 30.75844 
3 45.73614 45.05682 45.00542 44.93895 44.89059 44.73791 
4 63.50335 61.96577 61.93827 61.90271 61.87684 61.79516 
5 83.40976 80.79275 80.80260 80.81533 80.82460 80.85386 
6 104.89776 101.05613 101.10888 101.17708 101.22671 101.38338 
8 150.94467 144.42025 144.57814 144.78232 144.93089 145.39987 
10 199.59230 190.20385 190.48173 190.84108 191.10256 191.92796  

J.S. Alzahrani et al.                                                                                                                                                                                                                            



Ceramics International 48 (2022) 22943–22952

22950

atomic number of a compound or mixture, which is a parameter that is 
very important in radiation dosimetric and shielding calculation. In 
shielding, equal values of Zeff indicate similar photon interaction/energy 
loss processes and hence comparable shielding effectiveness. Clearly, 
the behaviour of Zeff with respect to E is similar to that of the mass 
attenuation coefficient, albeit with more conspicuous variation as the 
chemical composition of the composite changes. This shows that Zeff is 
more sensitive to differences in the chemical makeup of a photon- 
interacting medium. The Zeff dependence of the photoelectric effect, 
Compton scattering, and pair production explain the energy behaviour 
of Zeff . Throughout the energy spectrum, 100B exhibited the highest Zeff 

because Bi has a higher atomic number than La and Fe. The higher 
atomic number of La than of Fe is responsible for the trend 30F70B <
L27F70B < 7L23F70B < 10L20F70B < 20L10F70B for the Zeff of the 
remaining composites. Neff is the number of available electrons per unit 
gram of the interacting substance. Neff is directly proportional to the 
effective number and inversely proportional to the mass per mole of the 
nanocomposites, which explains the order 30F70B > L27F70B >
7L23F70B > 10L20F70B > 20L10F70B > 100B. 

The mass energy absorption coefficient μen/ρ is a crucial quantity in 

determining the photon energy absorbed. For dosimetric material, the 
μen/ρ is an invaluable photon interaction quantity. The μen/ρ values of the 

nanocomposites at respective energy levels are presented in Table 3. The 
μen/ρ values clearly change with respect to E and the chemical speciation 

of the composites. Mass energy absorption coefficient changes in the 
ranges of 0.0232–1.7525, 0.0228–1.5484, 0.0228–1.5598, 
0.0288–1.5746, 0.0228–1.5853, 0.0227–1.6192 cm2/g were obtained 
for 100B, 30F70B, 3L27F70B, 7L23F70B, 10L20F70B, and 20L10F70B, 
respectively. The minimum μen/ρ was obtained at 3 MeV because of the 

dominance of Compton scattering, which leads to lower energy ab
sorption than the photoelectric effect and pair production. Furthermore, 
an increase in the La content of the glasses led to more photon energy 
absorption, as indicated by the following order of μen/ρ values: 100B >

20L10F70B > 10L20F70B > 7L23F70B > 3L27F70B > 30F70B. In 
addition, it is obvious that the energy dependence of μen/ρ is similar to 

that of μ/ρ, as shown in equation (6) [49]: 

μen/ρ=
Een

E
μ/ρ (6)  

where E and Een are the incident and absorbed photon energy, 
respectively. 

The specific gamma ray constant Γ of each of the prepared nano
powders is the absorbed dose at a distance of 1 m from a photon source. 
The values of Γ vary with E in a manner similar to that of μen/ρ , as 

suggested by equation (4). At a photon energy of 10 MeV, Γ is equal to 
199.52, 190.20, 190.48.190.84, 191.84, 191.10, and 191.93 
Rm2Ci− 1h− 1 for 100B, 30F70B, 3L27F70B, 7L23F70B, 10L20F70B, and 
20L10F70B, respectively as can be seen in Table 4. The calculated 
absorbed dose rate Ḋ for the prepared nanopowders is shown in Fig. 10. 
The influences of μen/ρ, Γ, and thickness on Ḋ are obvious. Based on the 

analysed photon interaction parameters, it is clear that 100B is the best 
photon absorber among the investigated nanoparticles. Among the 
nanocomposites containing Bi2O3, Fe2O3, and La2O3 nanoparticles, 
20L10F70B exhibited the best photon energy absorption. 

Fig. 10. Variation of gamma dose rate (Dr) at different energy levels for the prepared nanopowders.  
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4. Conclusion 

Nanopowders with chemical representations of 100Bi2O3 (100B), 
30Fe2O3–70Bi2O3 (30F70B), 3La2O3–27Fe2O3–70Bi2O3 (3L27F70B), 
7La2O3–23Fe2O3–70Bi2O3 (7L23F70B), 10La2O3–20Fe2O3–70Bi2O3 
(10L20F70B), and 20La2O3–10Fe2O3–70Bi2O3 (20L10F70B) were suc
cessfully synthesized by the microwave-assisted hydrothermal method. 
Saponin extract from soapnuts was used as the nanoparticle capping 
agent. The structural, optical, and gamma radiation characteristics were 
measured, calculated, and analysed, respectively. The result of the 
analysis suggest that the chemical structures of the nanocomposites 
influenced their optical and radiation-shielding characteristics. Adding 
Fe2O3 decreased the optical band gap of 100B, while the addition of 
La2O3 increased that of 30F70B. The ranges of mass attenuation co
efficients of the nanocomposites computed via XCOM were 
0.0412–5.1624, 0.0401–4.5406, 0.0401–4.5285, 0.0401–4.5129, 
0.0401–4.5015, and 0.0400–4.4156 cm2/g for 100B, 30F70B, 
3L27F70B, 7L23F70B, 10L20F70B, and 20L10F70B, respectively. The 
ranges of mass energy absorption coefficients were 0.0232–1.7525, 
0.0228–1.5484, 0.0228–1.5598, 0.0288–1.5746, 0.0228–1.5853, and 
0.0227–1.6192 cm2/g, respectively for a photon energy range of 0.1–10 
MeV. The results of the analysis of the photon interaction parameters 
show that the synthesized nanopowders could function well as fillers in 
radiation-shielding matrices. 
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