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Abstract: In this novel work, we have studied the optical 
properties of CuBaM-CZFO nanocomposites. 
(Cu0.5Ba0.5Fe12O19)1-x/ (Co0.6Zn0.4 Fe2O4) x [where x=0.1,0.2] 
nanocomposites were synthesized individually by sol-gel citrate 
method and then made into nanocomposites by physical mixing 
technique. Further characterization over their structural, 
morphological and optical properties were carried out in detail. 
With the help of UV analysis, the optical properties such as, the 
band gap energy was discovered which is found using Tauc’s 

plot. The bandgap energy is 2.6503eV for CuBaM-CZFO 90-10 
which is lesser than CuBaM-CZFO 80-20 (2.8456eV). The 
structural, morphological and optical properties of novel 
CuBaM-CZFO nanocomposite are reported and compared with, 
both among themselves and from the literature review.  

Key Words: Doped Barium Hexaferrite, Cobalt Zinc Ferrite, 
Sol-gel Citrate, Physical Mixing, Bandgap Energy. 

I. INTRODUCTION 

The study on nanocomposites have extensively gained 
interest among the scientists due to its applications in 
numerous field [1]. In order to make a nanocomposite, two 
different materials with dissimilar geometric arrangements 
(0–3/2-2/1–3 types) are joined together using appropriate 
preparation techniques[2]. Among them the 0-3 type 
nanocomposites have a greater advantage due to its simple 
preparation techniques and less reaction between the 
different phases within the composite [3]. Recently many 
scientists have successfully enhanced the electrical, 
magnetic and dielectric properties of these nanocomposites. 
[4]– [7]. But the study of optical properties of such new 
nanocomposite is not done elsewhere as per the authors 
view. In case of nanocomposites, ferrite magnetic materials 
could be found in common. The main goal of this research is 
to create a new nanocomposite Cu doped barium 
hexaferrite/ Cobalt zinc ferrite. Choosing the hard and soft 
site material for the preparation of nanocomposite is the 
most vital part since the ferrite properties varies entirely 
based on the preparation and properties of these materials. 
For the hard site material Copper doped barium hexaferrite 
is chosen.  
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Cobalt zinc ferrite is chosen as the soft site material. 
Both the phases were prepared by sol-gel citrate method, 
which has many advantages over the other conventional 
methods such as low reaction time and cost effective. These 
hard and soft sites are made into composites with different 
weight ratio such as 90%hard site with 10% soft site and 
80%hard site with 20% soft site respectively 
[(Cu0.5Ba0.5Fe12O19)1-x/ (Co0.6Zn0.4 Fe2O4) x] with the help of 
physical mixing method. The prepared nanocomposites are 
sintered at 8000C for 3 hours before sending them for further 
characterization studies. The outline of the research carried 
out by the author is shown below in figure 1. 

 

Figure 1. Outline of the article. 

II. LITERATURE REVIEW 

S. Vadivelan et.al (2016) synthesized copper doped barium 
hexaferrite using coprecipitation method at various weight 
percentages to enhance the coercivity value which increased 
the storage capacity in the prepared sample. From the VSM 
analysis, the copper doping percentage (0–8%) is found to 
increase with the coercivity value (851.128 –856.651 Oe). 
After adding Cu, the magnetic saturation increased from 
11.7 emu/g to 34.9 emu/g [8]. Sunil Kumar et.al (2019), 
studied the relation between the structure of Cu doped 
BaFe12O19 with Magnetic and Dielectric Parameters 
prepared by citrate sol-gel method. He found out that the 
copper ions do not enter into the iron lattice of barium 
hexaferrite for x≥1.0 [9]. Ravindra C. Alange et.al (2021), 
synthesized Co1-xZnxFe2O4 (x = 0.0,0.2 & 0.4) auto-
combustion technique.  He found that the Ms increases with 
Zn content while Mr and HC decreases. It may be due to the 
fact that nonmagnetic zinc replaces magnetic Co2+ ions 
[10]. Mangalam M.K et.al (2020) prepared barium 
hexaferrite copper zinc ferrite nanocomposite using high 
energy ball milling technique.  
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He investigated the interaction of magnetic phases which 
came to a conclusion that the prepared nanocomposite 
showed maximum Ms & Hc at 77 emu/g and 3.8 kOe at 60K 
respectively. His further studies in another article (2021) 
stated that the Ms Value increases with the CoZnFe2O4 
concentration. [11]–[13]. 

III. METHODOLOGY 

A. Preparation of Hard site material 
Nanocrystalline copper doped barium hexaferrite were 
synthesized by sol-gel citrate technique. The nitrates of 
Barium, Iron, Copper and citric acid were put into the 
deionized water. The ratio of citric acid to nitrates is 1:2. 
The pH of the mixture is kept at 7 by using ammonia. The 
resultant powder was grounded with mortar and pestle and it 
is annealed at 850 oC for 2 hours [14]. 

 

Synthesis of Cu-BaM

Citrate Sol-gel Method

Ba(NO3)2 +Fe(NO3)3

+Cu(NO3)2+C6H8O7 (1:2)

pH (7) 
Using NH4OH

Hot Plate

1000C

800C Until 
Viscous Gel

Dried Powder

Annealed at 8500C
for 2 Hrs

Obtained 
powder is 
Grounded

CuXBa1-XFe12O19

 
Figure 2. Synthesis of Copper doped Barium hexaferrite (CuBaM) by Sol-gel Citrate Method. 

B. Preparation of Soft site material 

Cobalt Zinc ferrite nanoparticles were prepared by auto-combustion synthesis. Where Under fierce stirring, the nitrates of 
Zinc, Cobalt and ferric are mixed in stoichiometric amounts. The citric acid ratio to the nitrates of metal is 1:1. The mixture 
was maintained at constant stirring and temperature is gradually increased until a viscous gel form.  Later the solution is kept 
under fierce stirring and the temperature is increased to 75oC until the solution turns to dry powder. Finally, the dried 
powders were ground and annealed at 800 Celsius for 5 hours to get the desired Cobalt Zinc ferrite nanoparticles [15]. 

Synthesis of CZFO

Citrate Sol-gel Method

Zn(NO3)2.6H2O+
Zn(NO3)2.6H2O+
+Fe(NO3)3.9H2O+

C6H8O7 (1:2)

Stirring Hot Plate

750C

Heated Until 
Viscous Gel

Dried Powder

Annealed at 8000C
for 5 Hrs

Obtained 
powder is 
Grounded

CoXZn1-XFe2O4

 
Figure 3. Synthesis of CoZnFe2O4 by Citrate Sol-Gel Method. 
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C. Preparation of Nanocomposite material 

For the preparation of nanocomposite, physical mixing 
method is used[16], [17]. In this method, Copper doped 
BaFe12O19 was physically stirred with CoZnFe2O4 at various 
hard to soft site such as 90/10 and 80/20 to make the 
nanocomposites[(Cu0.5Ba0.5Fe12O19)1-x/ (Co0.6Zn0.4 Fe2O4) x]. 
These are denoted CuBaM-CZFO 90/10, CuBaM-CZFO 
80/20 respectively. The resultant mixture is mixed and 
grounded for 60 minutes and were annealed at 800oC for 3 h 
in air atmosphere and are given for characterization. 
 

IV. EXPERIMENTAL TECHNIQUES 
 

The following characterization is done over the prepared 
nanocomposites. The Structural analysis is done using XRD 
(3rd generation Empyrean, Malvern Panalytical) with Cu Kα 

(λ=1.540598 Å) radiation. FTIR (Shimadzhu, IR affinity 
1A) were recorded within 4000-400 cm-1 range to conform 
Spinel and M-type hexaferrite metal-oxygen bond 

formation. Particle size distribution and morphology studies 
were done using SEM Jeol JSM 6390model armed with 
EDX for elemental studies. The optical parameters of 
nanocomposite were studied within 200-800nm range using 
UV-2400PC Series with slit width 1.0nm and light source of 
wavelength 360 nm. From the UV analysis the bandgap 
energy was calculated using tauc’s plot. 

A. XRD Analysis 

The structural analyses of all the prepared samples 
are carried out using XRD. All peak points are indexed with 
respect to JCPDS card no 78-0133 and 88-2152 for CuBaM 
and CZFO respectively. It confirms the hexagonal CuBaM 
structure with P63/mmc space group; and cubic CZFO 
structure with Fd-3m space group respectively. The cell 
volume & lattice values for all prepared nanocomposites are 
calculated and it matches with the standard JCPDS card 
data.  

 

          

Figure 4.XRD patterns for (a) CuBaM-CZFO 90-10 and (b) CuBaM-CZFO 80-20 respectively. 

Table 1. Lattice parameter and cell volume for CuBaM CZFO 80-20 and CuBaM CZFO 90-10. 

CuBaM : JCPDS: 78-0133 CZFO :JCPDS: 88-2152 a c Cell Volume(V) 
Standard Value (CuBaM) 5.865 23.099 688.1131 
Standard Value (CZFO) 8.396 = 591.8577 

Calculated Value CuBaM CZFO 80-20 
CuBaM(0014) - 23.03141 

683.9746 
CuBaM (210) 5.85591 - 
CZFO (311) 8.303172 = 572.4428 

Calculated Value CuBaM CZFO 90-10 
CuBaM(0014) - 23.0656 

688.2714 
CuBaM(210) 5.86992 - 
CZFO (311) 8.327897 = 577.5719 

 
The average crystalline size of the prepared nanocomposites is measured using Scherrer’s equation as shown in the 

table 2. Where to calculate the average size for CuBaM-CZFO the peaks (106), (1011), (116), (108), (109), (118) is used by 
substituting K=0.89. Here we can clearly see that for CuBaM-CZFO the average crystalline size increases with increase in 
hard site concentration.  

Table 2. Average crystalline size of CuBaM-CZFO nanocomposite calculated using Scherrer’s equation. 

Sample H-S Peaks Taken 
Range of particles (nm) Average size 

(nm) 
Inference 

From To 

CuBaM 
CZFO 

80-20 (106),(1011),(116), 
(108),(109),(118) 

20.60 28.02 24.65 Increases with increase 
in hard site 90-10 24.94 37.14 31.81 

 

 

 

(a) (b) 
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B. Morphological Analysis 

The SEM along with histogram of particle size of CuBaM-CZFO samples are shown in figures 5. The surface of the 
prepared samples is found to have a good crystalline formation were few particles joined together due to agglomeration 
within the individual particle in the sample. Spherical microstructure has been detected from the SEM Image. All the 
prepared samples have similar distribution which is interesting to have a uniform distribution of particles (as shown in figure 
5). The SEM size differs from the Size obtained from XRD. This may be due to agglomeration [18]. It is the characteristic 
nature of the ferrite materials. 
 

 
 

Figure 5. Typical SEM with histogram of particle size distribution in CuBaM-CZFO (a) 90-10 and (b) 80-20 
nanocomposite. 

 
The EDAX study was made on all prepared samples. figure 6 shows the existence of Copper, Barium, Cobalt, Zinc, Fe and 
Oxygen elements in CuBaM CZFO 90-10 and 80-20 samples respectively. The data obtained from EDX are tabulated in 
table 3.  

 
 

Figure 6. EDAX analysis for CuBaM-CZFO revealing Cu, Ba, Co, Zn, Fe & O with weight %. 
 

Table 3. Typical weight percentage of different elements in CuBaM CZFO 90-10 and 80-20 samples. 

Sample Element 
90-10 80-20 

Apparent 
Concentration 

Weight % Atomic % 
Apparent 

Concentration 
Weight % Atomic % 

CuBaM-
CZFO 

Cu 4.48 12.70 8.20 4.70 13.34 8.65 
Ba 12.41 33.71 10.07 11.83 32.09 9.63 
Co 1.00 2.72 1.90 1.45 3.93 2.75 
Zn 0.26 0.73 0.46 0.22 0.61 0.38 
Fe 9.84 26.90 19.77 10.04 27.36 20.19 
O 13.94 23.23 59.60 13.53 22.67 58.39 

Total  100.00 100.00 
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C. FTIR Analysis: 

The FTIR analysis of CuBaM-CZFO nanocomposites shows 
the presence of v1, v2 and v3 bands as shown in the figure 
7. The band v1 was found in 538-605 cm-1 range due to Zn2+ 
tetrahedral stretching complexes. Band V2 in 410-470 cm-1 
range, represents octahedral complexes, which corresponds 
to the presence of Fe–O stretching vibrations. These 
confirms the presence of M–O stretching in ferrites metal-
oxygen bonds. These are attributed to the formation of 
hexaferrite structure including octahedral and tetrahedral 
sites.  

 

Figure 7. FTIR Graph of CuBaM-CZFO 90-10 and 
CuBaM-CZFO 80-20 

Table 4. FTIR Table for the prepared nanocomposite. 

Absorption 
(cm-1 ) 

Functional Group 

V2 (410-470) Fe-O Stretching confirming M-O
octa

 

V1 (538-605) M-O
tetra

 

551, 569 Characteristic peak of CoFe
2
O

4
 

V3 (630-773) Characteristic peak of Fe-O 

1138-1496 O-H bending 

1635 
O-H bending, Evidence for M-Ferrite 

nanoparticles formation 

D. Optical Analysis 

The optical Analysis of the samples prepared were 
investigated within 200-800nm range using UV-2400PC 
Series with slit width 1.0nm and light source of wavelength 
360 nm. From the UV analysis the bandgap energy was 
calculated using tauc’s plot as shown in figure8. It is found 
that the bandgap for CuBaM-CZFO 90-10 (2.6503eV) is 
lesser than CuBaM-CZFO 80-20 (2.8456eV). Thus, the 
bandgap energy Increases with the decrease in the hardsite 
concentration. 

 
 
 

 
Figure 8. Absorption vs wavelength with Tauc’s plot for (a) CuBaM-CZFO 90-10 and (b) CuBaM-CZFO 80-20 

respectively. 

V. CONCLUSION 

A novel nanocomposite of Cu doped barium hexaferrite/ 
Cobalt zinc ferrite is successfully synthesized using physical 
mixing method. Generally, the optical parameters in 
nanocomposites are greatly affected via synthesis, 
temperature, and the concentration of the hard and soft sites. 
The XRD Analysis revealed successful hexagonal and spinel 
formation in the prepared nanocomposite material. The cell 
volume, and the lattice a and c are calculated which matched 
with JCPDS card data.  
The cell volume, lattice a and c increase with increase in the 
hard site concentration. Similarly, the average crystalline 
size calculated by Scherrer’s equation also showed increase 
in size of the crystal with CuBaM concentration. The SEM 
and histogram of particle distribution are investigated 
showing good crystalline nature with spherical 

microstructure. It is interesting to find a uniform grain size 
distribution in the prepared sample. The quantitative data 
extracted from the EDAX spectrum confirms the purity of 
the prepared nanocomposite material.  
The presence of band v1, v2 and v3 in FTIR analysis 
confirmed the formation of both Metal-Oxide bonds of 
tetrahedral and octahedral sites as well as the formation of 
hexagonal structure in the prepared sample.  
The study of band gap energy from Tau’s plot using UV 

analysis revealed maximum band gap of 2.8456 eV for 
CuBaM-CZFO 80-20 nanocomposite which increases with 
the soft site concentration. These novel results are amazing 
and unique according to the Author point of view. 
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