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ABSTRACT 
 

Neodymium, gadolinium, and praseodymium doped barium-iron oxide ceramic materials were 
synthesized by polymeric precursor method. No carbon contents or the moisture was observed in 
infrared spectra of the ceramics. Neodymium and gadolinium doped ceramics were crystallized in 
cubic lattice form, while praseodymium doped ceramic was formed in hexagonal lattice. Same 
results were observed from SEM images, Neodymium and gadolinium doped ceramics had similar 
morphological structures, but praseodymium doped ceramics had slightly different morphology. 
Neodymium and gadolinium doped ceramics consisted of grain-like structure, while praseodymium 
doped ceramic material consisted of both grain-like and pillar-like crystal structures. 
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1. INTRODUCTION 
 

Barium oxide ceramics are popular materials 
amongst scientist. They have been studied so 
many years. These ceramics have several 
applications even on their own. They have also a 
wide range of uses especially when forms 
multiple oxide compounds with transition metal 
oxides. These compounds have considerably 
high dielectric constant, ferroelectric properties, 
piezoelectric properties, excellent optical 
properties, and high proton conductivity. 
Therefore, they are used as solar cells, 
piezoelectric materials, super conductors, and 
super capacitors [1]. 
 

 When barium oxide forms a compound with iron 
oxides, resulting materials (barium-iron oxides) 
have ferromagnetic properties [2,3]. Iron oxide 
addition may also cause a decrease in transition 
temperature, therefore is used as stabilization 
agent for cubic phase [4]. Barium-iron oxides are 
also used as thermoelectric materials [5-7].  
 

In this study, barium-iron oxide based ceramic 
materials were synthesized because of these 
wide application areas. Polymeric precursor 
method was used to synthesize the ceramic 
materials because of its advantages such as low 
cost, low production time, suitability for bulk 
production, and suitability for nanoceramic 
production [8-11]. Rare earth elements, i.e. 
neodymium, gadolinium, and praseodymium 
were doped to investigate their effects to the 
structure. 
 

2. EXPERIMENTAL DETAILS 
 

2.1 Materials 
 

In the experiments, acetate and nitrate salts of 
barium, iron, praseodymium, neodymium and 
gadolinium were used. Barium acetate, iron(II) 
acetate, praseodymium(III) nitrate hexahydrate, 
neodymium(III) nitrate hexahydrate, and 
gadolinium(III) acetate hydrate were purchased 
from Sigma-Aldrich. Poly(vinyl alcohol) (PVA) 
(Mw 84 000 – 124 000 gmol-

1
) was used as the 

polymeric precursor; and was purchased from 
Sigma-Aldrich. De-ionized water and acetic acid 
were used as solvents. Acetic acid was obtained 
from Merck. 
 

2.2 Sol Preparation 
 

In this study, the ceramic materials were 
synthesized by the polymeric precursor method. 

In the first step of the method, the polymeric 
precursor solution, i.e. poly(vinyl alcohol) solution 
(8%), was prepared. To prepare this solution, 8 g 
of the PVA powder was added to 92 g of de-
ionized water. Then, this mixture was heated to 
80 °C and stirred at this temperature until a 
homogenous solution obtained.  
 
In order to prepare metal salts containing 
polymeric precursor solutions, proper amounts of 
metals acetate and nitrate salts were dissolved 
one by one in de-ionized water and acetic acid 
mixture. Then, the solutions were poured               
into the PVA solution drop by drop during 
vigorous stirring. Thus, metal acetate and           
nitrate containing PVA solutions were prepared. 
The samples were named as BIOC-1,         
BIOC-2, and BIOC-3 for neodymium,        
gadolinium and praseodymium doped samples, 
respectively. 
 
Proper amounts of PVA powder and metal salts 
were given in Table 1. 
 

2.3 Ceramic Materials Preparation 
 
After the preparation of the metal acetate and 
nitrate containing PVA solutions, the last step 
was carried out. The solutions were first dried at 
80 °C in a vacuum oven until polymeric gels 
were obtained. Then, the gels were put into 
ceramic crucibles, and calcined at 1000 °C using 
a tubular furnace.  After calcination, the         
crucibles were cooled down to the room           
temperature. Thus, the BIOC materials were 
obtained. 
 

2.4 Characterization 
 
Functional groups of the prepared ceramic 
(BIOC) materials were determined using Fourier 
Transform Infrared Spectroscopy (FTIR). The 
PerkinElmer Spectrum 100 Series FT-IR 
spectrometer with ATR (Attenuated Total 
Reflection) apparatus was used in these 
experiments. GNR APD 2000 Pro X-Ray 
Diffractometer (XRD) was used to determine 
crystal structures of the ceramic materials. 
Morphological structures of the synthesized 
ceramic materials were investigated by Scanning 
Electron Microscopy (SEM). Zeiss Supra 40VP 
SEM was used for evaluation.  Used parameters 
in the SEM observations were as followings: 10 
kV accelerating voltage, 10 mm working 
distance. 
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Table 1. Amounts of the PVA powder and the metal acetates salts 
 

Sol # PVA 
Solution (8% 
w/w) (g) 

Barium 
Acetate 
(g) 

Iron 
Acetate 
(g) 

Neodymium 
(III) Nitrate 
(g) 

Gadolinium 
(III) Acetate 
(g) 

Praseodymium 
(III) Nitrate (g) 

BIOC - 1 20 1.414853 1.44526 0.890086 - - 
BIOC - 2 20 1.39925 1.429330 - 0.9159 - 
BIOC - 3 20 1.95727 0.888598 - - 1.1112 

 

3. RESULTS AND DISCUSSION 
 
Infrared spectra of the BIOC ceramic materials 
were taken in the range of 4000-500 cm

-1
 using 

infrared spectrometer (FTIR) with ATR 
apparatus. The spectra of the ceramics are given 
in Fig. 1. As the ceramics were calcined at 1000 
°C, no water content was expected at the 
ceramics. Indeed, there is not any vibration band 
at around 3400-3200 cm

-1
 which can be related 

with hydroxyl (–OH) group in water. Because of 
the main structures are same in the ceramics, i.e. 
barium-iron oxide, there is not any significant 
difference observed in the vibrational spectra. In 
the spectra, broad bands appeared at 1425 cm

-1
. 

There are also sharp peaks located at 859 cm
-1

 
and 691 cm

-1
. These bands are thought to arise 

due to barium oxide [12,13].  
 
Crystal structures of the synthesized ceramic 
materials were determined using the powder X-
Ray Diffractometer. XRD patterns of the BIOC 
materials were given in Fig. 2. Literature data 

showed that barium ferrite generally had a 
complex lattice structure (such as hexagonal, 
octahedral, and tetrahedral) [14-17]. Thanks to 
the doping of rare earth element, which acts as a 
stabilizer [18], this complex crystal lattice 
structure turned into lattice structure with single 
uniform and helped to increase the 
homogenization in the material. According to the 
XRD results the BIOC-1 ceramic was crystalized 
in c-NdBa2Fe3O7.995 structure (JCPDS number 
00-050-1848). The BIOC-2 ceramic material 
consisted of c-GdBa2Fe3O8.17 crystal structure 
(JCPDS number 00-050-1841). While the BIOC-
1 and the BIOC-2 ceramics were crystallized in 
cubic lattice form, the BIOC-3 ceramic was 
formed in hexagonal lattice. Crystal formula of 
the BIOC-3 ceramic can be shown in Fig. 2 as h-
Ba6Pr2Fe4O15 (JCPDS number 01-086-1983). 
These results may be interpreted as the main 
structure of the ceramics was barium-iron oxide. 
However, it can be easily seen that 
praseodymium addition caused a change in the 
structure of barium-iron oxide. 

 

 
 

Fig. 1. FTIR spectra of the (a) BIOC-1, (b) BIOC-2, and (c) BIOC-3 ceramic materials 
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Fig. 2. XRD patterns of the (a) BIOC-1, (b) BIOC-2, and (c) BIOC-3 ceramic materials 
 

 
 

Fig. 3. SEM images of the (a) BIOC-1, (b) BIOC-2, and (c) BIOC-3 ceramic materials at 10k 
magnification 
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Fig. 4. SEM images of the (a) BIOC-1, (b) BIOC-2, and (c) BIOC-3 ceramic materials at 20k 
magnification 

 

 
 

Fig. 5. SEM images of the (a) BIOC-1, (b) BIOC-2, and (c) BIOC-3 ceramic materials at 40k 
magnification 
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Fig. 6. EDX spectra of the (a) BIOC-1, (b) BIOC-2, and (c) BIOC-3 ceramic materials 
 

Table 2. Elemental composition of the BIOC ceramic materials according to the EDX results 
 

Sample Element Series Composition (wt%) Composition (at%) Error (wt%) 

BIOC-1 Barium L-Series 30.22 11.61 1.08 
Iron K-Series 23.30 21.99 1.02 
Neodymium L-Series 29.61 10.82 1.13 
Oxygen K-Series 16.87 55.58 3.11 

BIOC-2 Barium L-Series 33.17 12.40 1.28 
Iron K-Series 30.65 28.20 1.35 
Gadolinium L-Series 19.68 6.43 1.06 
Oxygen K-Series 16.50 52.97 3.40 

BIOC-3 Barium L-Series 39.63 17.52 1.48 
Iron K-Series 19.65 21.36 1.01 
Praseodymium L-Series 27.75 11.95 1.17 
Oxygen K-Series 12.97 49.17 2.82 

 
Morphological structures of the ceramics were 
examined using a Field Emission Scanning 
Electron Microscope. SEM micrographs of the 
barium-iron oxide based ceramics (BIOC) can be 
seen in Figs. 3-5. According to the SEM images 
both ceramics were consisted of grain-like crystal 
structures. While the BIOC-1 and BIOC-2 
ceramics have similar morphologic structures, 
the BIOC-3 ceramic has slightly different 
morphology (Figs. 3,4). The BIOC-3 ceramic was 
consisted of both grain-like and pillar-like crystal 
structures (Fig. 4c). It can be easily seen from 
the SEM images of the ceramics taken at 40k 
magnification (Fig. 5) that some parts of the 
ceramics were agglomerated. 

EDX spectra of the BIOC ceramic materials were 
given in Fig. 6. As seen in the figure that the 
ceramic materials does not contain any impurity. 
Elemental compositions of the ceramic materials 
were given in Table 2. EDX analysis results 
proved that the BIOC ceramic materials are 
mainly composed of barium-iron oxide. 
 

4. CONCLUSION 
 

Neodymium, gadolinium and praseodymium 
doped barium-iron oxide ceramic materials were 
produced successfully. FTIR-ATR results 
showed that since there was no peak between 
3400-2600 cm

-1
, the carbon contents or the 



 
 
 
 

Aytimur et al.; AJOCS, 10(4): 72-79, 2021; Article no.AJOCS.78654 
 

 

 
78 

 

moisture was not observed in BIOC-1, BIOC-2, 
and BIOC-3 ceramic materials. All graphs had 
similar peak values and intensities. BIOC-1 and 
BIOC-2 ceramics were crystallized in cubic lattice 
form, while BIOC-3 ceramics was formed in 
hexagonal lattice, thanks to stabilizers such as 
Nd, Gd and Pr, which were rare earth elements. 
According to SEM images, BIOC-1 and BIOC-2 
ceramics had similar morphological structures, 
but BIOC-3 ceramics had slightly different 
morphology. BIOC-1 and BIOC-2 ceramics 
consisted of grain-like structure, while the BIOC-
3 ceramic material consisted of both grain-like 
and pillar-like crystal structures. It was observed 
that some parts of the ceramics were 
agglomerated. EDX analysis results proved that 
BIOC ceramic materials were composed of 
barium-iron oxide as the main material and 
showed that there was no impurity in the 
material. According to the results obtained, it is 
recommended to use products with especially 
gadolinium and neodymium additives as 
stabilizers in the production of a product with 
barium iron oxide. Praseodymium additive can 
also be preferred according to the desired 
property of the material. 
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