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Lead free dielectric materials of Strontium Bismuth Niobate SrBi2Nb2O9 (SBN) and rare earth double doped SrBi1.8Pr0.1Gd0.1Nb2O9 
(SBPGN), SrBi1.8Pr0.1Y0.1Nb2O9 (SBPYN), SrBi1.8Eu0.1Gd0.1Nb2O9 (SBEGN) and SrBi1.8Eu0.1Y0.1Nb2O9 (SBEYN) were prepared 
by two-stage solid-state reaction route. The XRD studies have confirmed the formation of single-phase orthorhombic crystal structure. 
The microstructural analysis showed the formation of plausible needle shaped grains in the prepared ceramics. The FTIR study was 
used to investigate the effect of preparation and doping processes on the band intensities of the spectra. Mechanical studies showed 
that SBEGN and SBEYN ceramics exhibited mild wear (<10−6 mm3 Nm−1) compared to others. The low friction coefficient values 

of SBPYN (0.044), SBEGN (0.058) and SBEYN (0.002) to that of SBN necessitate lattice strain in these materials. The VSM studies 
on the rare earth double doped SBN ceramic materials confirmed the induction and existence of magnetic order in SBPGN and 
SBEGN. 
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Bismuth layered ferroelectric material SrBi2Nb2O9 (SBN) is an 

Aurivillius compound and well established in 1949.1,2 Bismuth layer 
structure Ferroelectric (BLSF) ceramics have been investigated 
because of their high Curie temperature (Tc), lower dielectric loss, 
excellent fatigue properties and short aging rates.3–7 Among BLSFs, 
SBN has received special attention because it retains its structure even 
after doping compared to other Arivullius oxides of the bismuth 
layer.8,9 SBN has a typical bismuth layer structure in which blocks of 
perovskite (SrNb2O7)2−, made up of double octahedra of NbO6 are 
interwoven with layers of (Bi2O2)2+. Recently, many researchers have 

focused on the substitution of A and/or B sites in this ceramic system 
to enhance dielectric, ferroelectric and piezoelectric properties. They 
found that modification at site A is more effective than modification at 
site B in improving the ferroelectric and dielectric properties of BLSF 
ceramics.10,11 Rare earth elements such as Nd3+, La2+, Gd3+, Sm3+, 

Pr3+, Eu3+, Ce3+ and Dy3+ have been introduced at (Bi2O2)2+ layers of 

SBN by many researchers. The substitution at Bi3+ with Nd3+ 
increased the residual polarization, temperature coefficient of reso- 
nance frequency and piezoelectric constant.12 It was observed that 
La3+ doping in bismuth layer of SBN ceramic resulted in pore free 

microstructure with low dielectric constant and high dielectric loss.13 
The Gd3+ substitution in SBN has lowered the Curie temperature (Tc) 

and dielectric constant and exhibited low dielectric loss. The random 
distribution of gadolinium between Bi2O2 layers has induced thermal 
behaviour in SBN.14 In the case of SBN compounds doped with 
lanthanide, an increase in dielectric loss was observed due to the 
weight loss of bismuth during the sintering process.15 The samarium 
or holmium substituted at bismuth has reduced the dielectric loss.16,17 
The red and green photoluminescence respectively has been noticed 
with either Eu3+ or Er3+cations in SBN compound.18,19 A decrease in 

the residual polarization and the coercive field was observed due to the 
substitution of Bi3+ ions by Pr3+ ions in SrBi2-xPrxNb2O9 compounds 

(x = 0.2).20 The SBN ceramics doped with Ce3+ exhibited higher 

Curie temperature and dielectric constant.16 The Bi3+ ions replaced by 

Dy3+ ions have revealed the ferroelectric ordering in SBN.21 DC 

conductivity, dielectric, impedance and modulus studies have been 
presented by double doping A-site with Potassium and Gadolinium in 
SBN by Ravi Kumar et al.22,23 Barium and Gadolinium are 
simultaneously substituted at Strontium site of SBN by Sambasiva 
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Rao et al., and found that Tc of SBN has increased from 392 °C–470 
°C.24 In view of the study of the above literature, it can be seen that 
few attempts have been made to study the structural, ferroelectric, 
dielectric and piezoelectric properties of rare earth double doping 
(simultaneous doping) at the Bi-site of SBN. For the first time, a 
valiant attempt has been made to investigate the effect of double 
doping on the structural, mechanical, and magnetic properties of lead- 
free BLSFs under solid-state reaction conditions. The novelty of this 
paper is that no researcher has quoted mechanical and magnetic 
properties of double doped rare earth SBN for checking their utility as 
wear-resistant tribo-materials and magnetic memory materials so  far. 

 
Experimental 

Ceramic samples of SrBi2Nb2O9 (SBN) and rare earth double 
doped SrBi1.8A0.1B0.1Nb2O9 (where A = Pr/Eu; B = Gd/Y) were 

synthesized by a two-step solid-state reaction process. Powder with 
stoichiometric proportions, SrCO3 (SRL, 98%), Bi2O3 (AVRA, 
99%), Nb2O5 (AlfaBiochem, 99.9%), Pr2O3 (LobaChemie, 99.9%), 
Gd2O3 (SRL, 99.9%), Eu2O3 (SigmaAldrich, 99.99%) and Y2O3 
(AVRA, 98%) were mixed and manually ground in an agate mortar 
for 8 h. and then calcined twice at 800°C for 2 h. A binder (polyvinyl 
alcohol) (PVA) is added to the heat-treated powder, and pellets 
having a diameter of 10 mm and a thickness of about 1 mm are made 
using a hydraulic press (7HPDEC427) at a pressure of 6 tons cm−2. 
These pellets were sintered at 1120 °C for 2 h. The formation of 
grains in the samples was verified using XRD analysis 
(RigakuMiniflex 300/600) with CuKα radiation of wavelength 
1.541Ao. Lattice parameters and Cell volume are determined using 
POWD software and the prominent peaks were indexed. The 
morphology of the pellet samples was examined  using  SEM 
(vega3 tescan). The consequential shift in the band position in the 
rare earth double doped SBN materials compared to SBN has been 
analyzed from FTIR (YLS-QC-WQP-004) in the range  of 4000–
400 cm−1. The mechanical properties, namely Vickers hard- ness 
(HV), coefficient of wear (K) and coefficient of friction (μ), were 
examined for the samples. The hardness was derived by the Vickers 
hardness tester under a load of 500 gm with a dwell time of 20 s. 
Wear and friction coefficient were found by using Pin on disc 
tribometer (Tribometer-201) under a load of 10 N and 575 revolu- 
tions per minute (rpm) with a dwell time of 12 min. The ferromag- 
netic properties of powders calcined at room temperature were 
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investigated using a vibrating sample magnetometer (VSM) 
(MicroSense-20130523-01). 

 

Results and Discussion 

X-ray Diffraction (XRD).—The X-ray diffractograms of the 
samples SrBi2Nb2O9 (SBN), SrBi1.8Pr0.1Gd0.1Nb2O9 (SBPGN), 
SrBi1.8Pr0.1Y0.1Nb2O9 (SBPYN), SrBi1.8Eu0.1Gd0.1Nb2O9 (SBEGN) 
and SrBi1.8Eu0.1Y0.1Nb2O9  (SBEYN)  are shown in the Fig.  1.   The 

 

Figure 1. XRD patterns of SBN and SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = 
Gd/Y) ceramic powders. 

X-ray diffraction peaks obtained for SBN sample match the standard 
peaks of SBN and no extra peaks were observed. The highest peak 
(1 1 5) occurred is compatible with the (112 m+1) highest peak of 

diffraction in BLSF structures.25 From Table I, a change in lattice 
parameter values of SBN was observed due to the introduction of rare 
earth double doped ions in the bulk of the crystal sample. The 
obtained ceramics are of single phase with orthorhombic structure. 
The average crystallite size was obtained from Debye–Scherrer 
formula by considering high intensity peak of (1 1 5). It is found  
that the crystallite size is decreased for the rare earth double doped 
SBN compared to SBN as given from Table II. The lattice strain for 
all the studied materials has been computed and is found to rise. The 
2Ө value of prominent intensity peak (1 1 5) has been subjected to 
slight variation upon rare earth double doping in SBN materials, 
represented as inset figure in Fig. 1, indicating turn around in the 
structural distortion. Further, it may also be due to comparatively 
smaller ionic radius of dopant ion to that of Bi3+ ion. The observed 

peak broadening is indicative of structural disturbance in crystal due 
to lattice strain, caused due to introduction of dopants at (Bi2O2)2+ 
layers of SBN. The POWD software was used to estimate Lattice 
parameters (a, b, c), Cell volume (V) and Orthorhombic distortion (b/ 
a) of the samples and are given in Table I. The tolerance factor (t) 
values, given in Table II for all the studied materials reveal that the 
materials belong to Aurivillius family of ferroelectrics with perovs- 
kite structure. 

 
Scanning electron microscopy analysis.—Figure 2a shows the 

plausible needle shaped grains present in the SBN sample. In the 
microscopic photographs of doubly doped rare earth SBN samples 
shown in Figs. 2b–2e, the grains are of unequal size and appear to be 
inhomogeneously distributed along with SBN. In addition, the 
microscopic image shows a porosity, which indicates that the sintering 

 
 

Table I. Comparison of lattice parameters, orthorhombic distortion, cell volume on SBN and SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = Gd/Y) of 
ceramics. 

 
S. No Composition a (Ao) b (Ao) c (Ao) Orthorhombic distortion(b/a) Cell volume(Ao) 

1. SBN 5.5000 5.4600 25.0030 0.9927 750.84 

2. SBPGN 5.5070 5.5105 25.1418 1.0006 762.96 

3. SBPYN 5.5065 5.5130 25.0810 1.0011 761.39 

4. SBEGN 5.5065 5.5120 25.0840 1.0009 761.35 

5. SBEYN 5.5065 5.5235 25.0950 1.0030 763.27 

 
 
 

Table II. Crystallite size, lattice strain and tolerance factor on SBN and SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = Gd/Y) of ceramics. 

 
S. No Composition Crystallite Size (nm) Lattice Strain Tolerance factor (t) 

1. SBN 28 0.0077 0.94 

2. SBPGN 25 0.0102 0.88 

3. SBPYN 18 0.0150 0.85 

4. SBEGN 19 0.0146 0.87 

5. SBEYN 21 0.0136 0.85 

 
 
 

Table III. Investigated values of Grain size, % of density and porosity of SBN and SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = Gd/Y) ceramic samples. 

 
S. No Composition Grain size (μm) % of Density Porosity (%) 

1. SBN 1.99 94 0.0577 

2. SBPGN 1.34 95 0.0540 

3. SBPYN 5.68 95 0.0513 

4. SBEGN 5.33 95 0.0510 

5. SBEYN 2.20 95 0.0510 
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Figure 2. SEM micrographs of SBN and SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = Gd/Y) gold coated ceramic samples. 
 

conditions are optimal to obtain ceramics with high density.26,27 The 
percentage of density was found to be in the range 94%–95% in all the 
ceramic samples, given in Table III. The average grain size was 

observed to vary and it is there to decrease in SBPGN and found to 
increase in SBPYN, SBEGN and SBEYN ceramic samples compared 
to SBN for the same sintering temperature, given in Table III. This 
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Figure 3. EDS spectra of SrBi1.8A0.1B0.1Nb2O9(A = Pr/Eu; B = Gd/Y) ceramic compositions. 
 

can be attributed to relatively smaller size impurity ions (Pr3+ and 
Gd3+), which induce more kinking of the bond angle and a smaller 
tolerance factor that restricts the diffusion of rare earth ions, resulting 

in a smaller grain. The increased grain size may be due to 
agglomeration of particles and due to high volatilization of Bi ion   
in the process of sintering. 
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Figure 4. FTIR spectra of SBN andSrBi1.8A0.1B0.1Nb2O9 (A= Pr/Eu; B = Gd/Y) ceramic compositions. 



ECS Journal of Solid State Science and Technology, 2021 10 041002 
 

 
 

 
 

Figure 5. Definitions of the absorption feature of SBN. 

 
Energy dispersive x-ray spectroscopy.—Figure 3 shows that the 

EDX Analysis of SBN and double doped SBN ceramics. The 
analysis primarily reveals that there are no impurities in the studied 
samples. SBN has elemental composition of Strontium, Bismuth, 
Niobium and Oxygen. The double doped samples as  read  from 
Figs. 3b–3e are induced with (Praseodymium, Gadolinium)/ 
(Praseodymium, Yittrium)/(Europium, Gadolinium)/(Europium, 
Yittrium) respectively besides the elements of SBN constitution. 

 

FTIR study.—Figure 4 shows that FTIR spectra of SBN and 
double doped rare earth ceramic materials (SBPGN, SBPYN, 
SBEGN and SBEYN). In the FTIR  spectra  of  SBN  shown  in  
Fig. 4a, four absorption bands are found  at  423 cm−1,  466 cm−1, 
679 cm−1 and 788 cm−1 and they agree well  with  the  data given.28–

30 The lower bands at 423 cm−1 and 466 cm−1 correspond   to the 
NbO6 bending vibration. The broad absorption band at  around 679 
cm−1 is due to the stretching vibration of NbO6 and the band at 788 
cm−1 has occurred from the Bi-O  vibration  of (Bi2O3)2+  layers.28,31  

The  bending  vibrational   bands   are   at   423 cm−1 and 466 cm−1 
identified to shorter for  SBPYN  and  sharper for SBPGN, SBEGN 
and SBEYN from SBN, indicating  that the distortion of NbO6 
octahedra with rare earth double doping in SBN. The stretching 
vibration band (679 cm−1) was found to be enlarged for SBPYN and 
SBEYN than the other samples  of  SBPGN and SBEGN. This may 
be due to the environment around the NbO6 octahedron, to local 
structural changes due to the incorporation of foreign ions into the 
crystal structure. A slight change was observed for the absorption 
band at 788 cm−1 for the double doping of PG, EG, and EY at Bi-site 
of SBN and the same band was vanished for SBPYN. Thus, the 
absorption bands are identified to shifting towards lower wave 
number side for SBPGN, SBPYN and SBEYN, indicating that the 
interatomic force constant between Nb-O band is decreases with the 
sintering temperature, 

Figure 6. Variation of Vickers’s hardness for SBN, SBPGN, SBPYN, 
SBEGN and SBEYN ceramic materials. 

 
The full width at half maximum (FWHM) was defined as the 

width of the spectral elements at half maximum depth. The 
asymmetry factor was determined as follows: 

s =  log (Al/Ar) [1] 

Where Al is the area to the left of the absorption position, and Ar is the 
area to the right of the point of maximum absorption to the end point.36–

38 The definition of absorption feature of  SBN  is  given  in Fig. 5. The 
results of the calculation such as position of the peak, asymmetry factor, 
relative depth, FWHM and crystallite size are summarized in Table IV. 
FTIR  spectra  of  SBN,  SBPGN  and SBEYN enunciate that the area 
on the left-hand  side is greater  than the area on the right-hand side, 
such that the asymmetry values are positive for a skewed absorption 
features towards longer wavelength.38 In SBPYN, the absorption feature 
has a perfect asymmetry, as the asymmetry factor is found to be zero. 
The area on the left-hand side has been found less than the area on the 
right-hand side for the ceramic sample SBEGN, the asymmetry value 
has been identified to be negative for a skewed absorption feature 
towards shorter wavelength.37,39,40 

Mechanical studies.—In recent years, the use of ceramics as 
components in back-up systems has increased. Fundamental studies of 
hardness, coefficient of friction and coefficient of wear were carried out 
on ceramic materials SBN (BLSF) and double alloyed rare earths. This 
research mainly helps to understand the physical and chemical proper- 
ties, as well as the behavior of materials in contact with themselves, 
other ceramic materials or metals. The purpose of this article is to 
review the above mechanical properties of the studied ceramic 
materials. Fig. 6 shows the variation of the digital Vickers micro 
hardness of the prepared ceramic materials obtained from the Eq. 2. 

Figs. 4b 4c and 4e. The shift observed in SBEGN towards higher 
wave number side may be ascribed to change in binding strength 

HV = 0.189 F/D2GPa [2]   

and atomic force constant due to heavier mass of  Bi-atom  
compared to that of Eu and Gd, shown in Fig. 4d.28,32–35 

Where “F”  is the test force, “D” is the average of the diagonal length 
of the two indentations. Materials with good hardness can be used 

 
 

Table IV. Data absorption feature characteristics of SBN, SBPGN, SBPYN, SBEGN and SBEYN from FTIR study. 
 

Sample Wave number (cm−1) Asymmetry Factor Relative depth (%) FWHM (cm) Crystallite size (nm) 

SBN 692 0.36 1.37 694 28 

SBPGN 627 0.30 1.47 1067 25 

SBPYN 629 0.00 1.85 2623 18 

SBEGN 706 −0.11 2.08 2895 19 

SBEYN 664 0.22 2.00 2510 21 
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Figure 8. Magnetic hysteresis curve at room temperature by VSM for SBN 
and SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = Gd/Y) ceramics compositions. 
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Figure 7. (a) Study of Wear for SBN, SBPGN, SBPYN, SBEGN and 
SBEYN ceramic specimens (b) Influence of frictional force on SBN 
andSrBi1.8A0.1B0.1Nb2O9 (A= Pr/Eu; B = Gd/Y) ceramic specimens. 

 
for applications requiring abrasion and corrosive wear resistance and 
they are suitable for ballpoint pen tips, bearings for precision 
instruments, cutting tool inserts, prosthetic hinge joints etc, The 
investigated material SBEYN has a good Vicker hardness (HV = 
5.24 GPa). 

In general, wear is classified as moderate to severe wear based on 
the ratio of the surface roughness (Ry) to the average grain size (Dg). 
Wear often occurs due to surface and subsurface defects and 
microcracks on the surface layers of contacting materials. The extent 

Figure 7a shows the wear in all studied samples with time. The 
wear rate obtained with (Ry/Dg > 0.5) is found to be less than    10−6 

mm3 Nm−1 in case of SBEGN and SBEYN exhibiting mild wear 
compared to other studied materials. This is indicative of a fact that 
the studied materials may be used as wear-resistant tribo- materials 
as compared to Polytetrafluoroethylene (PTFE).40–42 The materials 
SBPGN and SBPYN have severe wear (>10−6 mm3  Nm−1) as that of 

the base material SBN, given in Table V. It is understood that inter 
granular fracture in all the studied ceramics was responsible for the 
removal of grains leading to severe wear. We also assume that pre—
existing micro cracks at the grain boundary would have prompted 
micro-crack nucleation and hence severe wear.43 This hypothesis 
and the wear model have been used by many researchers44–51 to 
explain the transition mechanism in the mechan- ical wear of 
ceramics. 

Figure 7b shows the effect of frictional force on SBN and 
SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = Gd/Y) ceramic materials.  The 
advanced structural ceramics have potential tribological 
applications.51–53 The study of friction is mainly influenced by the 
crystallographic orientation and the presence of grain boundaries, 
which are crucial for understanding the process of friction in 
ceramics. Understanding tribo-chemical reactions will enable the 
selection and design of chemicals and lubricants specifically 
designed for ceramic tribological components.  Friction  coefficient 
is calculated by the given Eq. 4 below. 

and distribution of such defects largely determines the size of the wear 
damage and the resulting wear particles. The above-mentioned 
features have been observed in SBN and SrBi1.8A0.1B0.1Nb2O9 (A 

m = 
FF

 

FN 
[4] 

= Pr/Eu; B = Gd/Y) ceramics. The wear coefficient is calculated by 
the given Eq. 3 below. 

Where FF is a tangential friction force in newton and FN is the 
normal force in newton. The friction coefficient value has been 

 
 

 

Table V. Study of vickers hardness, coefficient of wear and coefficient of friction for SBN and SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = Gd/Y) ceramic 
materials. 

 

S.No Composition Vickers Hardness (HV) (GPa) Coefficient of Wear (K) (mm3 N.m−1) Coefficient of friction (μ) 

1. SBN 4.9 1.9 × 10−4 0.102 

2. SBPGN 3.3 1.2 × 10−4 0.083 

3. SBPYN 2.8 2.8 × 10−5 0.044 

4. SBEGN 4.0 8.4 × 10−6 0.058 

5. SBEYN 5.2 1.6 × 10−6 0.002 
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Table VI. Magnetization values of SBN and rare earth double doped 
(SBPGN, SBPYN, SBEGN and SBEYN) ceramic materials. 

 

S. No Composition Msat (emu g−1) Mrem (emu g−1) Hc (Oe) 

1. SBN 0.007 0.0003 0 

2. SBPGN 0.024 0.0005 125 

3. SBPYN 0.007 0.002 150 

4. SBEGN 0.022 0.0006 169 

5. SBEYN 0.010 0.0003 0 

 
 

identified to be low in case of rare earth double doped ceramic 
samples namely SBPYN (0.044), SBEGN (0.058) and SBEYN 
(0.002) when compared to SBN (0.102). It is found to be 0.083 in 
case of SBPGN ceramic, given in Table V. In addition, ceramics 
with a low coefficient of friction allow the implementation of 
tribological components that can operate in dry conditions or in 
environments with poor lubrication, since they have self-lubricating 
properties, which leads to increased service life and reduced 
maintenance costs.54 The studied materials of  SBPYN  SBEGN  
and SBEYN may exhibit self-lubricating property owing to their low 
frictional coefficient values as that of PTFE.41,42 

Vibrating Sample Magnetometer (VSM).—In the recent past, 
dopant mediated ferromagnetic hybridization was discussed by different 
research groups.55 The room temperature magnetization behavior of 
SBN and SrBi1.8A0.1B0.1Nb2O9 (A = Pr/Eu; B = Gd/Y) were shown in 

Fig. 8. From the M-H plots, it is clear that pure SBN, SBPYN and 
SPEYN ceramic species exhibit the diamagnetic nature which may be 
an indication of absence of magnetic domains. The appearance of M-H 
hysteresis loop confirms the induction and existence of magnetic order 
in the studied ceramic materials of SBPGN and SBEGN as shown in 
Fig. 8. This may be due to incorporation of rare earth ions of Pr/Gd and 
Eu/Gd at Bi- site of SBN lattice, which might have suppressed the 
diamagnetic signature. This can also be attributed to localized f-states of 
RE dopants and due to interaction between conduction electrons and 4f 
shell electrons (s-f interaction).56–59 The obtained values of coercivity 
(Hc), Saturation magnetization (Ms) and Remnant magnetization (Mr)  
of all the studied materials are given in Table VI. Ferromagnetic 
hysteresis loops could arise due to the ferromagnetic interaction of 
Pr3+/Gd3+ and Eu3+/Gd3+ ions, which completely diffused into  the SBN 

host matrix. In addition, some anionic defects such as oxygen vacancies 
(VO) would be created to maintain charge neutrality upon doping in 
terms of defect magnetism. Each oxygen vacancy (VO) serves as an 
electron gap. An F-center is created when an electron gets trapped at 
oxygen vacancy.60 An increase in the magnetization value could be due 
to rare earth double doping at Bi-site of SBN material as it might have 
set in ferromagnetic ordering.61 The observed phenomena can also be 
attributed to the formation of super exchange interaction between 
dopant ions which are close to each other.62 Moreover, the interaction  
of magnetic ions with parent material will also decide magnetic 
properties.63 From the above, it is understood that ferromagnetic 
ordering in the studied ceramic materials might have been due to rare 
earth ion double doping at Bi-site of SBN, which leads to oxygen 
vacancies (Vo), the formation of F- centers, and a change in the 
morphology and particle size. The hysteresis loops at the higher fields 
(greater than 10Koe) become linear for SBPGN and SBEGN ceramic 
composition. This may be due to antiparallel spin clusters or cantered 
nature of spin in antiferromagnetic materials, which are gradually 
turned towards the field direction giving rise to ferroelectric nature of 
the materials SBPGN and SBEGN.64 The low area hysteresis loop 
shows that the materials studied are of soft magnetic nature.65 

 
Conclusions 

This work focused on the solid-state synthesis and characteriza- 
tion of SBN ceramic materials and double-doped rare earths. X-ray 
diffraction studies confirmed the formation of a single-phase 

orthorhombic crystal structure in all calcined powders. SEM micro- 
graphs revealed the grains are of unequal size and appear to be 
inhomogeneously distributed in all studied samples with the inhibi- 
tion of porosity. The characteristics of FTIR spectra illustrated the 
effect of rare earth ion double doping at Bi-site of SBN and the 
asymmetry of absorption was determined for all the studied samples. 
Mechanical properties of Hardness, Wear and Friction coefficients 
have been obtained on SBN and rare earth double doped SBN 
ceramic materials. Good mechanical properties were exhibited by 
SBEGN and SBEYN ceramic compositions over the other studied 
samples, basing on which the materials may find applications as 
wear resistant tribo-materials and may be potentially utilized as self- 
lubricating ceramic composites. The zero coercivity of SBN and 
SBEYN ceramics indicates the absence of magnetic domains. The 
occurrence of M-H hysteresis loops confirms the induction and 
existence of magnetic order in the studied ceramic materials of 
SBPGN and SBEGN. The low area hysteresis curves of SBPGN and 
SBEGN ceramic species establish that the materials are of soft 
magnetic in nature. 
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