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Abstract
CS/PVP blend embedded by Sr-hexaferrite nanoparticles as a novel composite material to improve the optical and magnetic 
properties of composite samples. This work aimed to study and compare the functional and physical properties of CS/PVP 
film after and before adding  SrFe12O19 with different weight percentages to form nanocomposite film with chemical formula 
CS/PVP/x Wt%  SrFe12O19; x = 1, 3, 5 and 7.  SrFe12O19 was prepared successfully by using citrate auto-combustion meth-
ods, then added to CS/PVP blend with different weight percentages. XRD shows the formation of Sr-hexaferrite in a single 
phase with an average crystallite size 44 nm. The semi-crystalline nature of CS/PVP film decreases with the addition of 
Sr-hexaferrite. FTIR displays the interaction between CS/PVP and  SrFe12O19 by changing the intensity and broadening the 
OH band. HRTEM images show that  SrFe12O19 has a rod structure and has average particle size ranging from 50 to 100 nm. 
The coercivity value increased by increasing the weight% of nanofiller as it increased from 421 Oe for  SrFe12O19 to 4502.6 
and 4488.2 Oe for x = 3 wt% and 7 wt% for  SrFe12O19. The transition between the top of the valance band and the bottom of 
the conduction band in CS/PVP/ x Wt %  SrFe12O19; x = 1, 3, 5, 7 system occurred through the indirect transition.

Keywords Chitosan · PVP · SrFe12O19 · XRD · IR · TEM, FESEM · VSM · optical

1 Introduction

Chitosan (CS) is considered the second rich natural cati-
onic polysaccharide made from incomplete deacetylation of 
chitin. It consists of β-(1,4)-2-acetamino-2-deoxy-Dglucose 
and β-(1,4)-2- amino-2-deoxy-D-glucose [1], and a large 
quantity of amino and hydroxyl groups which facilitate the 
formation of strong contact with nanoparticles or different 
polymer chains to create a new blend with enhanced prop-
erties [2]. Chitosan film has unlimited potential for use in 
different applications such as the food industry as well as 
packaging material owing to its antimicrobial activity [3]. 
However, its uses are presently limited because of its high 
price compared to plastics and darkening through storage at 

high temperatures [4]. The blending of CS with synthetic 
or natural polymers is a simple way to create new materi-
als. The films created by mixing two polymers commonly 
result in modified mechanical and physical properties related 
to films prepared of the primary components [5]. Different 
polymers may interact with CS polymer chains to create an 
“alloy-like” complex structure, while nanoparticles act as 
a new crosslinking nod in the polymeric network [6]. Poly 
vinyl pyrrolidone (PVP) is a hydrophilic polymer produced 
from N-vinyl pyrrolidone monomer polymerization [7, 8]. 
PVP has an advantage in various fields as drug delivery 
applications owing to its good biodegradability and biocom-
patibility [9], tissue engineering, antibacterial material [10], 
and catalysis [11]. It was found that the integration of PVP 
with other polymers is enhancing the swelling, and thermal 
stability properties [12]. Hence, CS and PVP are perfectly 
well-matched in the polymeric matrix. The hydrogen bond 
attraction between carbonyl groups related to PVP and the 
hydroxyl and amino groups of CS makes the polymers to 
be miscible[13], leading to the formation of an innovative 
homogenous biocompatible blend, which may be used for 
different applications [14]. Further, to improve their inclu-
sive properties, the nanoparticle was added to the polymeric 
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matrix to form a new composite film consisting of chitosan/
poly vinyl Pyrrolidone/nanoparticles film. Hexaferrite M- 
type hexaferrites has the formula of  MeFe12O19 (Me = Sr, 
Pb or Ba) is considered one of the most essential materials 
depending on their uses in varied applications as perma-
nent magnets and recording media [15, 16], owing to their 
great magnetic uniaxial anisotropy, high permeability, and 
low-eddy current loss [17]. The net moment in hexaferrite 
is produced from the occupation of  Fe3+ ions the crystal-
lographic positions in three octahedral  (FeO6) sites and one 
tetrahedral  (FeO4) in addition to trigonal bipyramidal  (FeO5) 
sites [18–20]. In the present research paper, we discussed the 
characteristics and physical properties of the film made from 
chitosan with synthetic polymer (PVP) and compared this 
film with chitosan/PVP/x Sr-hexaferrite films with different 
ratios of nanoparticles while the same quantity of PVP and 
CS polymers.

2  Experimental Technique

2.1  Materials

Strontium nitrate [Sr(NO3)36H2O], iron nitrate 
[Fe((NO3)39H2O], Citric acid  [C6H8O7], PVP[Poly vinyl 
pyrrolidone] and (CS) chitosan polymers were obtained 
from LOBA, India.

2.2  Preparation of Sr‑hexaferrite

Sr-hexaferrite has been prepared by using the citrate auto-
combustion method as mentioned in our previous work in 
[21] by mixing the proper quantity of strontium nitrate and 
iron nitrate according to their stoichiometric ratios with Cit-
rate acid using small amount from distilled water. Then pH 
of the obtained solution was adjusted to 7. After that, the 
temperature was set at 200 °C and waiting for all fumes to 
end, finally, the obtained powder was calcined for 6 h at 
900 °C.

2.3  Preparation of CS/PVP/x  SrFe12O19 
Nanocomposites

2.5 gm CS solution was prepared by dissolving in a solution 
composed of distilled water and acetic acid and stirring at 70 
°C (solution A). Solution B was prepared by dissolving 2.5 
gm of PVP in 100 ml distilled water. After that solution B 
was added to solution A under continuous stirring at 70 °C 
until getting a homogenous solution. The prepared Sr-hexa-
ferrite was added to the prepared blend with different weight 
percentages (1, 3, 5 and 7 wt%). The resultant nanocompos-
ite solution was sonicated very well using a dip sonicator to 
be sure the complete dispersion of nanoparticles in CS/PVP 

solution. Finally, the nanocomposite solutions were cast into 
a petri dish and left to dry at 45 °C for 48 hours.

2.4  Measurement Techniques

The chemical structures of  SrFe12O19, PVP/CS, and PVP/
CS/SrFe12O19 were confirmed by X-ray diffraction (XRD) 
[PANalyticalX’Pert Pro target Cu-K] and Fourier transform 
infrared spectrometer [FTIR] in the range between 400:4000 
 cm− 1. The microstructure and particle distribution were 
examined by high resolution transmission electron micro-
scope (HRTEM) [JEM-2100 F electron microscope using 
accelerating voltage of 200 kV ]. The surface morphology of 
samples was observed by using the field emission scanning 
electron microscopy [FESEM], model (Quanta 250 FEG). 
Magnetic properties were studied by using a vibrating sam-
ple magnetometer (VSM)[ Lake Shore VSM 7410] while 
the optical properties were investigated by UV-Vis absorp-
tion [Jasco UV- Vis (V-630)] in wavelength range between 
190:1000 nm.

3  Results and Discussion

3.1  XRD

Figure  1 displays XRD pattern of  SrFe12O19, CS/PVP 
blend and CS/PVP/x  SrFe12O19; x=(1, 3, 5 and 7) wt%. For 
 SrFe12O19, all the diffraction peaks related to 2theta values 
30.33o, 34.148o, 37.12o, 42.52o,and 56.82o have d-spacing 
values ( 2.944, 2.622, 2.42020, 2.124, and 1.6190)  Ao 
respectively and in agreement with ICDD card number [00-
033-1340]. These previous values confirm the formation 
of single phase without any impurities M-type hexaferrite 
with space group P63/mmc [22]. The amorphous structure 
of chitosan is represented by halo peaks at 2θ = 9.1º, 11.6º, 
19.3º, and 22.0º [23]. While PVP has two diffraction peaks 
at 2θ = 10.4º and 21.2 º [24]. For CS/PVP blend, there is 
diffraction peaks are observed at 2θ = 8.5°, 11.5°, 18.2° and 
22.8° which comprises the structural characteristics of the 
two polymers with shifting in the diffraction peaks which 
affirmed the interaction between both polymers [25]. By 
mixing CS with PVP leads to strong interactions between 
(N–H and O–H) groups of CS and (O–H) group of PVP, 
consequently the length of inter and intramolecular hydrogen 
bonds decreased while the PVP and CS become miscible and 
the film stiffness increased. The semi-crystalline nature of 
CS/PVP is affected by the addition of Sr-hexaferrite as seen 
in the peak intensity is decreased by the addition of Sr-hexa-
ferrite. Also, the peak broadening increases which indicated 
the increase in the amorphous character of the blend. It is 
noticed that there is shifting in the peak at 2θ = 8.5°, 11.5° 
and 22.8°. With increasing Sr-hexaferrite weight%, there is 
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peak appeared at 2θ = 32.4° and 34.5° which are related to 
the diffraction peak of Sr-hexaferrite. All the above concul-
sions indicated the change in the crystal structure of CS/PVP 
by the addition of Sr-hexaferrite. The average crystallite size 
attributed to Sr-hexaferrite was given by Debye–Scherrer 
relation [25]:

where λ represents the X-ray wavelength, and β donates 
the full width at half-maximum. The crystallite size for 
 SrFe12O19 was 44 nm, which indicates the formation in the 
nanoscale.

3.2  FTIR

FTIR technique provides information about the chemical 
structure and molecular bonding of investigated samples 
to confirm their preparation. Figure 2 a reveals the FTIR 
spectrum related to  SrFe12O19 nanoparticles in the range 
from 3500 to 370  cm− 1. As shown in Fig. 2, a two main 

(1)D =
0.9�

�cos�

characteristic bands for hexaferrite appeared around 421 
and 542  cm− 1 are assigned to the Fe–O bond correspond-
ing to octahedral and tetrahedral sites respectively [26]. The 
frequency band at 583  cm− 1 confirms the formation of Sr 
hexaferrite in a single phase, as it is associated with Metal-O 
stretching mode [27]. The absorption band at 885  cm− 1 may 
be referred to stretching vibration belonging to the traces of 
nitrate ion [28]. The band appears at 1098  cm− 1 correspond-
ing to Sr–O–Sr band. The absorption band observed at 1643 
 cm− 1 associates with O–H group stretching vibration [29]. 
FTIR is also considered an essential technique for identify-
ing the interaction that occurs between any two polymers. 
For Chitosan, The O–H and N–H groups stretching vibra-
tions are observed at 3360  cm− 1 and 3286  cm− 1. The C–H 
symmetric and asymmetric stretching vibrations are seen at 
2921  cm− 1 and 2870  cm− 1, respectively. The amide I and 
amide II bond vibrations are assigned at 1641  cm− 1 and 
1564  cm− 1, respectively. The primary alcoholic OH group is 
observed at 1382  cm− 1. At 1155  cm− 1, the stretching vibra-
tion of the bridge oxygen in glycosidic bonds is observed. 

Fig. 1  XRD pattern of  SrFe12O19, CS/PVP blend and CS/PVP/x Wt. 
%SeFe12O19 nanocomposite film

Fig. 2  FTIR spectra for CS, PVP,  SrFe12O19, CS/PVP and CS/PVP/
xSrFe12O19; (x=, 1, 3, 5 and 7) wt. % nanocomposite film
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The C–O stretching vibration is seen at 1063  cm− 1 and 1027 
 cm− 1. The C–H bending vibration is assigned at 896  cm− 1 
[30, 31]. In PVP spectrum, the O–H stretching vibration is 
observed at 3408 cm − 1. The asymmetric and symmetric 
stretching vibrations of  CH2 are located at 2945 cm − 1 and 
2883 cm − 1, respectively. The C–O stretching vibration is 
observed at 1646 cm − 1. Bands at 1427  cm− 1and 1373 cm − 1 
are assigned to the bending vibrations of the CH group. The 
band located at 1278 cm − 1 is assigned to the C–N bending 
vibration. The twisting and rocking vibrations of  CH2 are 
assigned at 1223 cm − 1 and 1012 cm − 1. The N–C=O bend-
ing vibration is located at 567 cm − 1 [32, 33].

For CS/PVP spectrum, it is observed that the complexa-
tion between CS and PVP is confirmed through the change 
in the position and band broadening of OH and NH bands 
of individual polymers in the blend. Also, there is a shift in 
the amide II band and C–O band of chitosan. Also, the C–N 
band position of PVP is shifted toward a higher frequency. 
Also, there is a change in the band intensity. This result 
affirmed the homogeneity and interaction between CS and 
PVP.

For CS/PVP/x Wt%  SrFe12O19; (x = 1, 3, 5 and 7), it is 
observed that there is a change in intensity of all bands with 
the addition of  SrFe12O19. Also, it is noticed that the broad-
ening of the band at 3259  cm− 1 increases. This confirmed 
the interaction between CS/PVP polymer and  SrFe12O19.

3.3  Morphological Study

Electron micrographs of TEM and SEM were used to esti-
mate the distribution of  SrFe12O19 nanoparticles in CS/
PVP matrix with its crystallographic and morphological 
features. Consequently, to investigate the morphology and 
homogenous distribution of Sr-hexaferrite nanoparticles in 
CS/PVP blend matrix, transmission and scanning electron 
micrographs have been obtained in Figs. 3 and 4. Figure 3 a 
presents HRTEM for  SrFe12O19 nanoparticles, it has a clear 
rod structure and furthermore, the selected area of elec-
tron diffraction (SAED) confirms the crystallinity of the 

nanopowder, as it is matched with data obtained from XRD. 
The histogram of prepared samples gives information about 
the particle size distribution of Sr-hexaferrite and found that 
it has an average particle size ranging from 50 to 100 nm.

Figure 4 shows SEM micrographs of CS/PVP blend, CS/
PVP/3 wt%  SrFe12O19 and CS/PVP/7 wt%  SrFe12O19. Fig-
ure 4 a Surface morphology of CS/PVP blend is smooth and 
no cracks are observed, signifying that CS/PVP blend has 
a compatible structure. After incorporating 3 and 7 wt% of 
 SrFe12O19, the film surfaces become rougher. Also, there are 
white clusters agglomerated and distributed on the surface 
of CS/PVP blend.

3.4  Magnetic Study

Knowing about the magnetic behavior, hysteresis loops at 
room temperature using external field variable from 0 to 
20 kOe, as shown in Fig. 5a, b. The information about the 
magnetic properties such as saturation magnetization  (Ms), 
Coercivity  (Hc), remanence magnetization  (Mr), squareness 
ratio  (Mr/Ms), Exchange bias  (HEB) and area of hysteresis 
loop were obtained from M-H curve and listed in Table 1. 
The exchange bias is calculated by the following equation 
[34].

where H(−) and H(+) are the magnetization’s intercepts with 
the −ve as well as + ve along the field axis, respectively. 
While the area of the hysteresis loop of any substance that 
represents energy loss during magnetization. The area of 
hysteresis loop is obtained by Just Identify the forward and 
backward parts of the hysteresis loop by looking at where the 
difference in x value in the tuple (x,y) switches from being 
positive to negative or vice versa. Then basically subtract the 
area under the two curves.

Figure 5 a shows a direct relation between magnetization 
and applied magnetic field owing to the alignment of dipoles 

(2)HEB =
−[H(−) + H(+)]

2

Fig. 3  a TEM micrographs and 
b histogram of SrFe12O19
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 (Fe2+ and  Fe3+) with the direction of the applied field and 
there is no saturation state and this is a characteristic feature 
for M-type hexaferrite, therefore, we considered the saturation 
magnetization to be the magnetization value corresponding to 
the highest value of the applied field [34]. Following is how we 

have evaluated Ms using the empirical law of approach (LAS) 
to saturation for materials cannot reach to saturation [34].

(3)M = Ms

(

1 −
b

H2

)

+ �H

Fig. 4  SEM micrographs of a CS/PVP blend, b CS/PVP/3Wt%  SrFe12O19 and CS/PVP/7wt%  SrFe12O19

Fig. 5  a, b VSM of a  SrFe12O19, b CS/PVP blend, CS/PVP/3wt%  SrFe12O19 and CS/PVP/7wt%  SrFe12O19
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 where χ is the susceptibility at high fields and b is related to 
magnetocrystalline anisotropy. We obtained the Ms, b, and 
data by fitting the M(H) data for fields higher than 7 kOe. It 
gives a straight line, the intercept of which (with the M-axis) 
gives the saturation magnetization, and the slope of which 
gives the magneto-crystalline anisotropy constant. For χ its 
values are negligible and ignorable.

When  SrFe12O19 inclusion through CS/PVP matrix, the 
samples CS/PVP/3 Wt%  SrFe12O19 and CS/PVP/7 Wt% 
 SrFe12O19 still considered as hard magnetic materials because 
of their large magnetic hysteresis loop, although we observed 
that the values of the saturation magnetization dropped from 
63.8 emu/g to 0.44 and 2.59 emu/g for CS/PVP/3 Wt% 
 SrFe12O19 and CS/PVP/7 Wt%  SrFe12O19 respectively. Rem-
nant magnetization followed the same trend as saturation 
magnetization and decreased from 33.9 emu/g for  SrFe12O19 
to 0.480 and 2.6357 emu/g for CS/PVP/3Wt%  SrFe12O19 

and CS/PVP/7Wt%  SrFe12O19 respectively. these could be 
explained by the non-magnetic nature of CS/PVP matrix as 
seen in Fig. 5, b however, sustained the magnetic characteristic 
after adding the nanoparticles into CS/PVP film existing by 
the  SrFe12O19. The value of coercivity  (Hc) donates informa-
tion about the magnetic field strength used to demagnetize 
the magnetic material and it depends on changing the poros-
ity, and morphology as well as magneto crystalline anisot-
ropy [35]. Herein, the coercivity value increased by increas-
ing the weight% of nanofiller as it increased from 421Oe for 
 SrFe12O19 to 4502.6 and 4488.2 Oe for x = 3% and 7%. This 
is attributed to the CS/PVP blend which increases the mag-
netic anisotropy and consequently the coercivity increased. 
The values of the squareness ratios (ratio between remanence 
and saturation magnetization) for  SrFe12O19, CS/PVP/3Wt% 
 SrFe12O19 and CS/PVP/7Wt%  SrFe12O19 donate values sig-
nificantly higher than 0.5, showing that the samples have hard 

Fig. 6  a-c First derivatives of magnetization for a  SrFe12O19, b CS/PVP/3Wt%  SrFe12O19 and c CS/PVP/7Wt%  SrFe12O19
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magnetic behavior [36]. Another magnetic parameter that was 
calculated is the area of the hysteresis loop, which is defined as 
the quantity of energy required to magnetize and demagnetize 
every cycle. As listed in Table 1, the area of the hysteresis loop 
has its lowest value for pure CS/PVP matrix and increased by 
increasing the weight% of  SrFe12O19 inside CS/PVP matrix, 
due to the non-magnetic nature of CS and PVP polymers.

Other magnetic parameters were calculated and listed in 
Table 2 such as anisotropy constant (K) and anisotropy field 
 (Ha). These values were calculated by using the following rela-
tions [37–39]:

The magnetic anisotropy constant gives information 
related to the struggle of dipoles for undergoing annihila-
tion by using a reverse applied magnetic field. As seen in 
Table 2, the highest values of K and  Ha are associated with 
pure nanoparticles, and these values decrease by decreasing 
the weight% of nanofiller mixing into CS/PVP matrix. The 
magnetic susceptibility dM/dH could be calculated through 
Fig. 6a-c at room temperature, which explains the response 
of the material when it is exposed to a magnetic field. Thus 
the largest value is 12 and it is observed for  SrFe12O19 as it 
is expected due to its high magnetic properties and this mag-
netic response is decreased after adding the nonmagnetic 
CS/PVP blend. While pure CS/PVP blend did not show any 
response to the magnetic field due to its non-magnetic nature 
as discussed above.

We concluded that varying in the values of the magnetic 
parameters associated with changing the weight% of the 
nanofiller included in the polymeric matrix. Owing to the 
nature of coating polymers as well as the surface defects as 
cracks and pores which are related to nano filler.

3.5  Optical Properties

The optical measurement is used to calculate the energy gap 
materials as well as determine the nature of the band gap. 
The absorption depends on the electron excitation between 
the valance band and the conduction band [40]. In this study, 
all samples displayed absorbance peaks around a wavelength 
of 250 nm as shown in Fig. 7. By increasing the weight% of 
 SrFe12O19, the absorbance increased. This may be explained 
by the complexation between CS/PVP blend and  SrFe12O19 
nanoparticles. The electron excitation from lower to higher 
energy state due to the incident of the photon, these phe-
nomena defined as the absorption edge and it is given by 
extrapolating the straight part of the absorption coefficient 

(4)K =

[

Hc × Ms

]

0.96

(5)Ha =
2K
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(α) and photon energy (hʋ) [41]. The absorption coefficient 
is given by.

(6)� =
2.303A

d

where; A represents the absorbance, and d donates the sam-
ple thickness.

It is observed from Fig. 8 and the date mentioned in 
Table 3. The absorption edge is decreased by increasing 
the weight% of the nanofiller owing to the existence of the 
localized states in the band gap leading to the final number 
of the state in the system being changed. By using Tauc’s 
plot relation [42], the energy band gap could be calculated 
through the following equations:

 where α donates the absorption coefficient, B is constant, 
h gives the photon energy and n = 1/2 or 2 for direct and 
indirect transition respectively between the valence and con-
duction bands.

We concluded two facts from Fig. 9. First one related to 
the value of energy band gap which is reduced by increas-
ing the weight% of  SrFe12O19 nanoparticles for both the 
direct and indirect transitions due to the formation of new 
energy state in the band gap region which related to the 
interaction between CS/PVP blend and nanofiller. Fur-
thermore, the values of the energy band gap are listed in 
Table 3 and as it is observed the energy band gap associ-
ated to the indirect transition is lower than that observed 
for the direct transition which indicates that the transition 
between the top of the valance band and the bottom of the 
conduction band in CS/PVP/x Wt.%  SrFe12O19; x = 1, 3, 5, 
7 system occurred through the indirect transition.

4  Conclusion

CS/PVP blend doped by four concentrations of Sr-hexafer-
rite films have been synthesized successfully. The results 
related to XRD and FTIR approved the interaction between 
CS/PVP blend and nanofiller. The surface morphology 
changed by the addition of  SrFe12O19 by the appearance 
of white spots distributed on the surface of CS/PVP blend 
which means that the roughness increases. The values 
of the squareness ratios (ratio between remanence and 
saturation magnetization) for  SrFe12O19, CS/PVP/3Wt% 
 SrFe12O19 and CS/PVP/7Wt%  SrFe12O19 donate values 
significantly higher than 0.5, showing that the samples 

(7)(�h�) = B
(

h� − Eg

)n

Table 2  The values of magnetic 
anisotropy constant, anisotropy 
field,  Hm and dM/dH of 
 SrFe12O19, (b) CS/PVP blend, 
CS/PVP/3Wt%  SrFe12O19 and 
CS/PVP/7Wt.%  SrFe12O19

Composition K⋅103 (erg/g) Ha (Oe) Hm (Oe) dM

dH
(emu/g Oe) ⋅10−3

 H→ 0  H→  Hm

SrFe12O19 28.8 877 112 8 12
CS/PVP blend, 0.017 6283 – – –
CS/PVP/3Wt%  SrFe12O19 2.25 1679 5000 0.00002 0.00014
CS/PVP/7Wt%  SrFe12O19. 12.32 8746 4927 0.0001 0.0007
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Fig. 7  UV–Vis spectra of CS/PVP blend and CS/PVP/xSrFe12O19 
nanocomposite film

Fig. 8  Absorption coefficient as a function of the photon energy of 
CS/PVP blend and CS/PVP/xSrFe12O19 nanocomposite film
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have hard magnetic behavior. The optical parameters have 
been enhanced by the inclusion of Sr-hexaferrite into CS/
PVP polymeric matrix as the absorption edge and energy 
band gap values decreased which enable these prepared 
films suggested for the optical applications.
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