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a b s t r a c t
The rapid industrialization of the world is critically influencing our environment and natural 
ecosystem. The researchers are taking keen interest to invent novel material as photocatalyst for 
non-degradable organic pollutants. Herein, we have fabricated Sm and Co substituted M-type hexa-
ferrite with composition Ca0.5Pb0.5–xSmxCoyFe12–yO19, (x = 0.00–0.1; y = 0.00–1.00) by sol–gel auto-com-
bustion approach. The effect of Sm2+ and Co3+ substitution in calcium-lead hexaferrite has been 
investigated for structural, morphological, dielectric and photocatalytic applications for organic 
pollutants. X-ray diffraction study exhibited the presence of the single-phase M-type hexaferrite 
with size ranged between 19–23 nm. The particle size, shape and elemental composition were 
determined by scanning electron microscopy and energy-dispersive X-ray spectroscopy analysis. 
It was investigated that the electrical resistivity was decreased, and drifts mobility increased with 
increasing Sm2+ and Co3+ contents in the doped materials. An inverse relation has been established 
between the dielectric constant and the dielectric loss up to a frequency of 9.0 GHz and remains 
constant above this frequency range. The synthesized materials may prove a suitable contender 
in the domain of high-frequency devices like circulators, filters, transformers and antennas and 
environmental remediation. The energy bandgap (Eg) was calculated from UV-visible absorbance 
spectra by Tauc plot. It showed decreasing trend from 2.2 to 1.95 eV for precursor and doped mate-
rial (Ca0.5Pb0.5–xSmxCoyFe12–yO19, x = 0.1; y = 1.00) respectively. Narrowing of bandgap is considered 
an important factor for the degradation of industrial effluents. The doped materials have also been 
explored to study the photocatalytic efficiency using a batch reactor to remove methylene blue 
dye from the textile synthetic wastewater in the presence of visible light radiations at 668 nm, 
recording 87.50% of degradation efficiency.
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1. Introduction

Hexagonal ferrites, well-known as hexaferrites were 
discovered in 1950 [1]. Due to their unique magnetic and 
electrical behavior, hexagonal hexaferrites have drawn 
keen interest due to their enormous applications [2]. In a 
particular, these materials were endowed with low dielec-
tric constant, high electrical resistivity, enhanced magne-
tization capacity, outstanding decomposition resistivity, 
chemical constancy and high coerciveness; such character-
istics are valued in microwave and radio frequency mate-
rial [3]. They have established a rising role in the renova-
tion of high-quality circulators, filters, transformers and 
antennas [4]. These benign characteristics are generally 
ascribed to the shape, particle size and preparation meth-
ods. Although, strontium (SrFe12O19) and barium (BaFe12O19) 
hexaferrites are being paid copious attention owing to 
their functionality but recently, research is mostly being 
focused towards lead hexaferrites [5].

As lead hexaferrites possess the lower crystalliza-
tion temperature compared to pristine barium and stron-
tium hexaferrite [6]. Noteworthy, the structural aspect of 
lead-hexaferrite (PbFe12O19) is least explored and hence 
needs meticulous exploration. It has been reported earlier [7] 
that rare earth metals doping in M-type hexaferrite reduces 
the porosity as well as a non-magnetic phase which conse-
quently enhances the coercivity. Therefore, Sm was used as 
a dopant. Co is non-toxic and has high electrical properties. 
Therefore, it can preferably be used for dielectric and pho-
tocatalytic activities (degradation power). Because of this, 
we have selected Sm and Co as dopants in our current work.

Various methods are practiced for the synthesis of 
hexaferrite, among these ammonia nitrate melt [8], co-pre-
cipitation process [9], micro-emulsion [10], sol–gel and 
hydrothermal are well-recognized [11]. The sol–gel is 
regarded as better as it involves exothermic and self-sus-
taining anionic redox reaction of xerogel. Xerogel is formed 
from an aqueous solution containing desired metal salts 
solutions (oxidizer) and organic complexant (reductant) 
[12]. Evaluation of gases during the combustion of xerogel 
favours the formation of hexaferrite nanopowder and 
avoids agglomeration [13]. The advantages of the sol–gel 
auto combustion method include high product purity, good 
chemical homogeneity, narrow particle size distribution, 
simple equipment and preparation process [14]. The elec-
tric, magnetic, structural, energy proficiency, the shorter 
reaction time, clear crystalline product, are the properties 
of M-type Pb hexaferrite that depend upon the substitutions 
of Pb2+ and Fe3+ ions with Sm2+ and Co3+ cations [15]. The 
substantial role of calcium content in the ferrite is to control 
the particle size up to the required limit. M-type Pb hexa-
ferrite doped with Sm and Co has not been explored to the 
best of our knowledge.

The introduction of rare earth elements (RE) in cal-
cium-lead M-type hexaferrite cause a reduction in non- 
magnetic character and porosity, the enhancement in resis-
tivity and saturation magnetism [16]. Notably, the room 
temperature resistivity of M-type Pb hexaferrite doped with 
Sm and Co ions has been determined. Dyes are complex 
non-degradable organic compounds that enter the environ-
ment by dyeing and completion in the textile industry [17].

Studies have shown that textile wastewater has low 
biochemical oxygen demand/chemical oxygen demand 
(0.1) which was resulted from the non-biodegradability of 
dyes [18]. The extensive release of dyes into water leads 
to serious toxicity for the living organism and damage to 
the environment [19]. Commonly used dye removing tech-
niques have many limitations like low removal efficiency, 
high cost, selectivity and secondary pollutant formation. 
Therefore, a low cost, versatile, broad spectrum and envi-
ronmental friendly technique like photocatalysis was 
considered necessary [20–22].

Methylene blue is a cationic aromatic compound con-
taining sulphur used as a dye in the textile industry [23]. 
Sm-Co calcium lead hexaferrite was investigated for degra-
dation of methylene blue from textile synthetic wastewater in 
the presence of visible light radiations. The most degradation 
reactions of toxic organic pollutants took place in the visible 
light. Hence, the sunlight was preferred to develop photocat-
alyst to degrade a pollutant. The calculated bandgaps of the 
precursor and the doped materials are manifested in the visi-
ble region (1.95–2.2 eV) accordingly. Materials were believed 
to be active for the degradation of methylene blue. The aim 
of this research is to explore the dielectric properties and 
photocatalytic application in removing the methylene blue 
(MB) from textile wastewater of the prepared nanomate-
rial. These materials may find applications in the environ-
mental remediation and high-frequency devices domains.

2. Experimental

2.1. Materials

Analytical grade iron chloride (FeCl3∙6H2O), citric acid 
(C6H8O7), cobalt chloride (CoCl3), calcium chloride (CaCl2), 
samarium oxide (Sm2O3), methylene blue, lead nitrate 
Pb(NO3)2, nitric acid and ammonia solution (NH3) were 
obtained from Merck KGaA (Germany). Deionized water 
was used throughout the work.

2.2. Sm-Co substituted calcium-lead ferrite nanomaterials

Samples with composition of Ca0.5Pb0.5–xSmxCoyFe12–yO19, 
(x = 0.00–0.1; y = 0.00–1.00) were prepared by sol–gel auto- 
combustion method as reported in literature [24]. The metal 
salts/oxides were dissolved by stirring in deionized water at 
85°C for 30 min. The pH of the solution was maintained at 
8.0 by the addition of 3.0 M ammonia solution, as in alka-
line solution, sufficient no of OH− ions are produced which 
assist photodegradation process, followed by evaporation of 
mixture at 80°C to obtain gel for 6 h. The temperature of the 
gel was increased up to 200°C and burned to brownish-black 
powder. Finally, the powder was calcinated at 1,000°C 
for 12 h, subsequently grounded to get a fine powder.

2.3. Photocatalytic degradation

Photocatalytic potential for the degradation of meth-
ylene blue dye solution was evaluated by using prepared 
samples. The time for the experiment was set between 
10 AM to 3 PM due to the least fluctuations in the light 
intensity in May (Pakistan Standard Time) [25]. For the 
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determination of the effect of pH change, the dye solu-
tions of pH 4, 7.3 and 11 were used. The pH of the solution 
was adjusted by the use of 0.5 M HCl or NaOH solutions. 
The experiment was carried out in a 100 mL glass beaker 
under the specific conditions accordingly. A 20 mL of the 
dye solution was stirred for 120 min in the presence of vis-
ible light and in the absence of a photocatalyst [22]. No 
appreciable change in the concentration of MB dye solution 
was noted within the specified time interval. The maximum 
wavelength (λmax) for the absorbance of MB dye solution 
is 668 nm [21]. The decreased intensity of MB dye solution  
was noted for the determination of the degradation process. 
First, the dye solution and the photocatalyst were put under 
the dark condition and stirred continuously for 30 min to 
establish equilibrium. The amount of the photocatalyst 
used was 1.5 g/L. After the specified interval of the time, 
the reaction mixture was centrifuged, filtered and subse-
quently analyzed with UV-visible a spectrophotometer for 
a zap of methylene blue (MB) dye solution concentration.

2.4. Characterization

Structural properties of the prepared samples like 
average crystallite size (D), lattice parameters (a and c), 
unit cell volume (Vcell) and X-ray density were analyzed 
by JEOL X-ray diffraction meter fortified with CuKa radi-
ations (wavelength = 1.5418 Å). While, energy-dispersive 
X-ray spectroscopy (EDX) spectra of samples were obtained 
using INCA 100/Oxford UK, JEM-2100). The morphologi-
cal analysis of the selected doped materials was affirmed 
by a scanning electron microscope (JEOL, Japan JSM5910). 
The resistivity was measured by using a two probe method 
source meter (model 2400). The electrical properties of 
samples were investigated by using LCR meter (model 
8101 Gw, Taiwan). On the other hand, the UV-Visible 
spectrophotometer (CeCil CE 7400, Waltham, MA, USA) 
was used to record the absorbance of the dye solutions.

3. Results and discussion

3.1. EDX analysis

Fig. 1 illustrates the presence of Pb, Fe, Ca, Co, Sm 
and O in the samples of doped materials. It manifests the 
purity and composition of the doped samples which also 
depicts the approximate composition of elements by weight  

percentage present in the doped nanomaterial. Furthermore, 
it also reveals that Pb2+ and Fe3+ were substituted by stoichio-
metric amounts of Co3+ and Sm2+ in doped hexaferrite [26].

3.2. X-ray diffraction analysis

X-ray diffraction (XRD) analysis of the Ca0.5Pb0.5–xSmx-
CoyFe12–yO19 (x = 0.00–0.1 and y = 0.00–1.00) nanomaterial 
are presented in Fig. 2. From X-ray diffraction patterns, 
it has been inferred that the samples correspond to the 
standard pattern (ICDD 00-051-1879) [27]. Besides, it also 
shows that the peak intensity was increased by increas-
ing the content of dopants into samples of doped materi-
als. The parameters such as unit cell volume (Vcell), cell 
constant (a and c) and crystallite size have also been 
derived from XRD data. The difference in ionic radius 
between Pb2+ (0.739 Å) and Fe3+ (0.641 Å) is attributed to 
the increase in lattice constants [28]. Bulk density was 
calculated from XRD data by using the following formula:

d m
r hbulk � � 2  (1)

where r describes pellet radius, m presents pellet mass, 
and h stands for pellet thickness. It has been established 
that the doped samples possess a higher bulk density 
(2.51–2.94 g/cm3) compared to pristine materials as listed 
in Table 1. This enhancement in the bulk density is spe-
cifically ascribed to the substitution of Sm3+ (7.54 g/cm3) 
with Fe2+ ions (2.55 g/cm3).

The average crystallite size (D) has been estimated by 
employing Debye–Scherrer:

D K
B�

�
�

�cos  (2)

 

Fig. 1. EDX analysis of M-type hexaferrites Ca0.5Pb0.40Sm0.1 
Co1.0Fe11.90O19.

 
Fig. 2. XRD analysis of M-type hexaferrite CaPbSmCoFe12O19.
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where K (0.89) shows the shape constant of the hexagonal 
system, β denotes full-width half maxima (FHWM), and θB 
is Bragg’s angle of diffraction. The average crystallite size 
is found to range between 19–23 nm in the doped samples. 
The crystallite size <50 is necessary for obtaining the appro-
priate signal to noise ratio, as materials within this dimen-
sion may be used in the high density recording media [29]. 
The cell volume was recorded ranging between 49.75–139 Å 
for the doped materials. This parameter was calculated by 
using the given relation:

Cell volume � �� �a c2  (3)

where a and c are lattice parameters of particles.
X-ray density has been determined by using the below 

expression:

�x
x

A

Z M
N XV

�
cell

 (4)

where M denotes molecular mass and Z shows the 
orthorhombic system of material.

3.3. Lattice parameters

Figs. 3a and b demonstrate the lattice parameter vari-
ations in Ca0.5Pb0.5–xSmxCoyFe12–yO19 (x = 0.00–0.1; y = 0.00–
1.00). These parameters were derived from X-ray diffraction 
data. The calculated values of the lattice parameters a and 
c ranged between a = (2.62–3.73 Å) and c = (4.79–6.58 Å), 
respectively. The trend of increasing lattice parameters 
was connected to the substitution of Sm (x = 0.00–0.1) RE 
metal, which in turn results in a multitude of ionic spe-
cies and a larger radius compared to the host metal ions 
[30]. Besides, the enhancement in dielectric constant and 
dielectric loss was attributed to the substitution of Sm and 
Co within the pristine host metal oxides. The enhanced 
lattice parameter was associated with interatomic distance.  
As the content Sm was increased within the doped 
sample, interionic distance was also increased due to 
the larger RE ionic radius compared to the host metals [31].

3.4. Scanning electron microscope analysis

Morphology and the microstructure of the synthe-
sized materials Ca0.5Pb0.5–xSmxCoyFe12–yO19 were analyzed 
by scanning electron microscopy and attained results are 
shown in Fig. 4. The doped nanomaterial was nearly of 
spherical shape. Besides, these were distributed uniformly 
and such type of morphology was considered suitable for 
the microwave absorption and recording devices. From 
here, it can be deduced that smaller lead content into the 
sample results in formation of the smaller grain sized par-
ticles. Contrarily, the increase in Pb content within the 
doped nanomaterial results in the large grain sized arti-
cles. Although, increased quantity of lead improves the 
magnetic moment of the crystalline structure as it modifies 
the super-exchange coupling between iron cations.

3.5. Dielectric properties

3.5.1. Dielectric constant

The dielectric constant and the dielectric loss pro-
vide insight into the electrical behavior of the charge 
carrier vs. frequency is plotted as shown in Fig. 5a. 
Noteworthy, dielectric constant values were decreased 
for the first three samples with the increase of frequency 
due to the interfacial polarization. Further, no appreciable 
change recorded in dielectric constants in the remaining 

 
Fig. 3. (a and b) Lattice parameter of Ca0.5Pb0.5–xSmxCoyFe12–yO19 (x = 0.00–0.1; y = 0.00–1.00).

Table 1
Lattice parameters of CaPbSmCoFe12O19 M-type hexaferrites

Compositional formula A C c/a Vcell 
(Å)

db 
(g/cm3)

Ca0.5Pb0.5Fe12O19 2.62 4.79 1.82 49.75 2.51
Ca0.5Pb0.48Sm0.02Co0.2Fe11.98O19 2.78 4.97 1.79 49.77 3.30
Ca0.5Pb0.46Sm0.04Co0.4Fe11.96O19 3.20 5.60 1.75 151 3.29
Ca0.5Pb0.44Sm0.06Co0.6Fe11.94O19 3.28 5.80 1.77 141 2.95
Ca0.5Pb0.42Sm0.08Co0.8Fe11.92O19 3.71 6.50 1.75 140 2.94
Ca0.5Pb0.40Sm0.1Co1.00Fe11.90O19 3.73 6.58 1.76 139 2.94
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Fig. 4. Scanning electron microscopy images of different magnification of the Sm-Co doped M-type Ca-Pb hexaferrites.

 
Fig. 5. (a–c) Dielectric constant, dielectric loss, tangent loss vs. logf for Ca0.5Pb0.5–xSmxCoyFe12–yO19, (x = 0.00–0.1; y = 0.00–1.00) and 
(d) resistivity vs. metal content.
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two compositions compared to the previous samples; 
dielectric constant values became constant even at the 
higher frequency. It manifested usual behavior regarding 
hexaferrite following Maxwell–Wagner and Koop’s theory 
[32]. Keeping in the view above mentioned attributes, the 
dielectric constants of heterogeneous nanomaterials are 
considered the most important because of being composed 
of a double layer with well-conducting grains separated 
by poorly conducting grain boundaries [33]. For the doped 
material (Ca0.5Pb0.5–xSmxCoyFe12–yO19), at a low-frequency 
surface charge polarization is created on grain boundaries. 
Free charge and polarization of the grain boundaries man-
age surface charge polarization phenomena. The charge 
polarization was largely dependent upon the concentra-
tion of Fe2+ in ferrites [34]. On the other hand, Co3+ ions 
demonstrated the tendency of penetration into the tetrahe-
dral site, thus resulting into a probable reduction in Fe2+ 
ions concentration at the tetrahedral site. Subsequently, 
electric polarization and dielectric constant are reduced 
by further addition of Sm2+ ions within the ferrites. Sm2+ 
ions do not boost the conduction process but in reality, 
obstruct the movement of charge carriers. Koop suggested 
that dielectric constant values are related to the applied 
frequency and grain boundaries of sample material. The 
dielectric constants obtained from Sm and Co substitution 
of Pb hexaferrite were much smaller due to the creation of 
high density defect within the host material therein. From 
these results, it is clear that Sm and Co substituted Pb 
hexaferrite was a much better dielectric nanomaterial and 
suitable for application in high-frequency devices.

3.5.2. Dielectric loss

Figs. 5b and c show curves of dielectric loss and tan-
gent loss under the function of frequency for Ca0.5Pb0.5–x 
SmxCoyFe12–yO19, (x = 0.00–0.1; y = 0.00–1.00). The dielectric 
tangent loss describes the energy dissipation in the doped 
sample used as dielectric media. It has also been established 
that the lowered dielectric loss is an indication of the low 

core loss and the high frequency. In Ca0.5Pb0.5–xSmxCoyFe12–

yO19, the dielectric loss was significant at the high frequency. 
It was ascribed to the increase in Sm2+ and Co3+ content while 
the decrease in Fe3+ because of reduction to Fe2+ ions, which 
were responsible for conduction losses. As electron exchange 
between Fe3+ and Fe2+ ions required a lower amount of 
energy, it favours a drop in dielectric loss [35]. It has been 
observed that energy loss was higher in the low-frequency 
region and reportedly lower in the high-frequency region. 
In general, lead poses greater resistance in contrast to iron 
at 300 K, which increases the specific strength of lead. Thus 
the resistance of lead in addition to the effect of Sm and 
Co dopants results to decrease in the dielectric parameters.

3.5.3. Room temperature resistivity

The resistivity curve as a function of the amount of 
Sm and Co contents can be seen in Fig. 5d. In Sm and Co 
substituted Ca-Pb hexaferrite, the decrease in the resis-
tivity was noticed. This decrease in resistivity is ascribed 
to the formation of Fe2+ ions from Fe3+ by super exchange 
interaction of the octahedral to the tetrahedral site [36]. 
A distinct decrease in the resistivity was recorded between 
6.64 × 108 Ω cm to 4.85 × 105 Ω cm. The main cause of 
decreased resistivity is associated with the addition of 
Sm2+ and Co3+ ions in the host material.

3.6. Determination of bandgap

The spectra (Fig. 6b) demonstrate the energy of for-
bidden bands; both precursor and product are within the 
visible light spectral region. The calculated bandgaps val-
ues were 2.2 and 1.95 eV for the precursor and product, 
respectively. For proper functioning of the photocatalyst 
under the visible light, pertinent bandgap energy is prereq-
uisite. In certain cases, any impurity or dopant is required 
to manipulate the bandgap energy of the pristine (pure) 
materials for the optimization of bandgap energies. So, 
doping of Sm and Co raised structural defects within the 

 
Fig. 6. (a) UV-Visible spectra of sample (Ca0.5Pb0.5–xSmxCoyFe12–yO19, x = 0.04; y = 0.4) and precursor (Ca0.5Pb0.5Fe12O19, x = 0.00; y = 0.00) 
and (b) Tauc plots of sample and precursor for bandgap determination.
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lead hexaferrite pristine material by increasing the number 
of oxygen vacancies in the composite. It was observed that 
the bandgap energies for the doped materials are lower than 
pure hexaferrites, which may be attributed to the decrease 
in vacancy between the conduction band and valance band 
resulting from energy states that inhibit the electron–hole 
recombination [37–39]. These bandgaps revealed the 
higher photolytic activity of organic pollutants such as MB.

3.7. Photocatalytic performance

From the photodegradation experiments, the photocat-
alyst Ca0.5Pb0.5–xSmxCoyFe12–yO19, x = 0.04, y = 0.4 was found 
most effective for the degradation of methylene blue solu-
tion under the solar light irradiation. The removal effi-
ciency of methylene blue dye was calculated by using the 
following relation [40].

%Removal � �
C
C0

100  (5)

where C0 is the initial concentration of MB dye, C is the 
concentration of dye at a certain time interval. The photo-
catalyst showed 87.50% degradation efficiency for meth-
ylene blue. The enhanced photocatalytic performance of 
the Ca-Pb M-type hexaferrite is attributed to more energy 
sites and efficient charge transfer due to the substitution of 
samarium and cobalt [41,42]. From the results, the decrease 
in the concentration is indicated with the time interval.

3.7.1. Effect of contact time on the photodegradation

The contact time is a crucial parameter for the degra-
dation of methylene blue over the surface of the photo-
catalyst Ca0.5Pb0.5–xSmxCoyFe12–yO19, (x = 0.04; y = 0.4). The 
contact time corresponds to the duration of the degrada-
tion of the dye on the surface of the photocatalyst. Fig. 6b 
depicts the effect of the contact time for the degradation 
of methylene blue. It was found that the efficiency of the 
dye degradation was increased with increasing the contact 
time and the concentration of the dye decreased with the 
increasing contact time as shown in Fig. 7a. Furthermore, 
the rate of degradation decreases with the passage of the 
time. In the dark phase of 30 min, only 42% of the dye 
degradation was recorded. However, in 120 min 87.50% 
of the dye degraded and after this time interval no 
noticeable decrease in concentration was noticed.

3.7.2. Effect of photocatalyst dosage on the photodegradation

Generally, the photocatalytic degradation efficiency 
was increased with the photocatalyst dosage up to a certain 
amount. Herein, the amount of the photocatalyst has been 
optimized at 1.5 g/L as maximum photocatalytic degradation 
of MB was recorded. However, in the absence of the photo-
catalyst no appreciable has been reported.

3.7.3. Kinetic studies

The kinetic study was carried out to find the rate 
and to certain extent determine the mechanism of the 

photo degradation. For this purpose, pseudo-first-order was 
fitted in for Langmuir–Hinshelwood model; the expression 
is given as follows [43]:

ln
C
C

ktt

0

� �  (6)

The rate of dye degradation was carried out by plot-
ting graph between C/C0 vs. time as demonstrated in 
Fig. 7e. From the results of Fig. 7e, the correlation con-
stants values obtained were 0.970, 0.990 and 0.977 (Table 2) 
strongly support the pseudo-first-order for the degradation 
of methylene blue. The pseudo-first-order rate constants for 
CaPbSmCoFeO19 photocatalyst of the degradation of meth-
ylene blue dye were 0.00564, 0.00354 and 0.00341, respec-
tively. These results suggest efficient photo-degradation 
performance for MB.

3.7.4. Mechanism of the dye degradation

In the case of the degradation of dyes, the electrons 
are generated by absorption of visible light in the valence 
band (VB) of the photocatalyst. The photocatalyst gener-
ated various active species for crucial for the degradation 
of dye. Fig. 8 depicts a general mechanism and genera-
tion of attacking radicals for the degradation of methy-
lene blue molecules. The electrons are then promoted to 
the conduction band (CB) of the photocatalyst and finally 
embark upon the surface of the photocatalyst. Oxygen 
present in the aqueous environment of the dye solution 
is attacked by electron and superoxide radicals (O2

−) were 
produced. These O2

− radicals may interact with the water 
molecule to form H2O. With great ease H2O turns into 
more stable radical, OH. At least, two radicals may attack 
MB dye. It was interpreted that both OH and O2

− were 
generally involved in the degradation of MB. The general 
mechanism for the degradation of MB dye was described 
as in following relation [35,36].

CaPbSmCoFeO h  h  e19 � � �� ��  (7)

O  e  O2 2� �� �  (8)

H O O HO OH2 � � �� �
2 2  (9)

O e O2 � �� �
2  (10)

O H O OH OH2 22
�� � �� � �  (11)

O OH MB Oxidation products2
�� �� � �  (12)

4. Conclusions

In summary, M-type hexaferrites with the chemical 
composition of Ca0.5Pb0.5–xSmxCoyFe12–yO19 (x = 0.00–0.1; 
y = 0.00–1.00) were successfully synthesized via sol–gel 
auto combustion method to obtain a single plumbite phase 
with an average crystallite size ranging between 19–23 nm. 
Dielectric constant and loss follow usual dispersion behav-
ior in accordance with Koop’s and Maxwell–Wagner 



M. Jamshaid et al. / Desalination and Water Treatment 226 (2021) 431–440438

Fig. 7. (a–c) Photocatalytic degradation of methylene blue (MB) at pH: 4, 7.3 and 11, respectively, (d) rate of degradation 
of methylene blue at pH: 4, 7.3 and 11, and (e) kinetic studies of methylene blue.
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theories, two-layer models. The Ca0.5Pb0.5–xSmxCoyFe12–yO19 
(x = 0.00–0.1; y = 0.00–1.00) hexaferrite materials exhibited 
semiconductor behavior, resistivity drop (11.51 Ω cm) was 
observed with a rise in temperature. Furthermore, the drift 
mobility was increased with increasing temperature due to 
thermal activation of charge carriers in the system. It showed 
that the binary mixture of Sm and Co ions can control the 
electrical behavior of calcium-lead hexaferrite nanomate-
rial. The conduction potential of the doped material may 
be explained based on the hopping conduction mecha-
nism of localized charge carriers. Applications of M-type 
lead hexaferrites on real textile wastewater, where multi-
ple contaminants were present are lacking in the published 
literature. Generally, Ca0.5Pb0.5–xSmxCoyFe12–yO19 (x = 0.10; 
y = 1.00) exhibited promising photocatalytic of 87.50% for 
the degradation of MB dye from the aqueous solutions in the 
presence of solar radiations. Due to their unique electrical 
and photocatalytic properties, these ferrite materials were 
expected to be used in high-frequency devices and for textile 
wastewater treatment to reduce environmental pollution.
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