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Abstract
In this work, polymeric composites based on room-temperature vulcanized (RTV) silicon rubber incorporated with different 
NiCr0.2Fe1.8O4 (NCF) content are prepared. The results indicate the well dispersion of various micron-sized particles of NCF 
with low agglomerations. The decrease in the density is the most advantage property that allows us to obtain the light mag-
netic material for industrial applications. It is shown that the rubber occupies the porous and defects between NCF particles. 
It is found that dielectric constant is enhanced with RTV content and decreases with increasing selected frequency for all 
samples. The electrical conductivity of composite is enhanced with both RTV content and the heat treatment temperature 
of composites. The saturation magnetization is strongly dependent on NCF content in RTV matrix.
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1  Introduction

The advantages of polymeric composite materials have supe-
riority over metallic and ceramic materials [1–11]. Ferrite 
is considered one of the most important magnetic materials 
and cannot be replaced by other materials because of its 
low cost and chemical stability and low eddy current losses 
[12–15]. Therefore, the ferrites are widely used in many 
applications, although they are less magnetic performance 
than rare materials. The ferrite in the form of ceramic is 
used as a component in multi-devices such as noise filters, 
magnetic storage, transformer cores, circulators, refrigera-
tors, radio, and TV, and in other devices [16–20]. Among 
these ferrites, NiFe2O4 ferrites are of great interest due to 
their significant properties such as low cost-effectiveness, 
chemical stability, highly permeability at highly frequency, 

and large electrical resistivity [21]. The structure of NiFe2O4 
belongs to inverse spinel structure, where half of the B sites 
are occupied by Ni2+ ions, while the other half on B sites are 
occupied by Fe3+ ions in the same time the half of the Fe3+ 
ions rest on A sites [22]. When NiFe2O4 ferrites are doped 
by chromium, the magnetic parameters like remanent mag-
netization (Mr), saturation magnetization (MS), and coercive 
field (HC) are tailored according to chromium content [23]. 
This chromium doping induces magnetic changing in this 
system and leads to tailor magnetic properties, due to chro-
mium ion strongly prefers to occupy in the B-site, making 
antiferromagnetic coupling with Fe ion [24]. It is recom-
mended the bulk NiFeCrO4 sample to use as a permanent 
magnet, due to its high HC [24]. Furthermore, compensa-
tion of the magnetic moments of the A and B sublattices 
for certain Cr content samples ordered antiferromagnetically 
in the ground state at low temperatures [25]. In addition, 
there are many effects which were observed in this system, 
such as Hall effect, magnetocaloric effect, magnetoresist-
ance, and magneto-optical Faraday effect [26, 27]. Patange 
et. al have observed that lattice constant of NiFe2-xCrxO4 
increases slightly with low chromium content up to x = 0.2 
due to the fact that up to 0.2 substitution of Cr3+ ions does 
not affect the lattice constant [28]. On the other hand, the 
conductive rubber is a material used to prevent the occur-
rence of wave interference and it is taken into account for a 
long period [29, 30]. There are many types of rubber used 
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Fig. 1   XRD patterns of pure NCF and NCF–RTV-silicon rubber composites
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as conductive rubber such as silicon rubber, natural rubber, 
nitrile rubber, and so on [31]. One of these types, room-
temperature vulcanized (RTV) silicon rubber is considered 
one of the best because of its resistance to corrosion, thermal 
stability, resistance to climate, and low surface tension [32-
34]. To improve the properties of rubber composites, the 
thermal treatment is used at a certain temperature, called 
curing temperature, since some of the rubber characteristics 
can be cured at a large temperature range. Therefore, these 
features of NiCr0.2Fe1.8O4 (NCF) and RTV motivate us to 
investigate the polymeric composites based on RTV-silicon 
rubber incorporated with different NCF content. The main 
aim of this work is to study the effect of incorporation of 
different NCF ferrite contents on RTV-silicon rubber matrix, 
and to correlate between electrical properties and curing 
temperature.

2 � Experimental details

NCF powder with the chemical formula NiCr0.2Fe1.8O4 was 
prepared by flash autocombustion method [35].

The prepared powder was then sintered at 400 °C for 
2 h. RTV-silicon rubber matrix was incorporated into the 
pre-characterized powder samples according to the fol-
lowing ratios 0.8 NCF + 1.2 RTV, 0.6 NCF + 1.4 RTV, 0.4 
NCF + 1.6 RTV, and 0.2 NCF + 1.8 RTV. This was then 
homogenized using a two-roll mixing mill. The composite 
samples were molded into thin disks with 2 mm thickness 
and 16 mm diameter. Philips model (PW-1729) diffractom-
eter was used to investigate the structure properties of pre-
pared samples, using X-ray diffraction (XRD). The average 
crystallite size was estimated from the most intense peaks 
of the XRD pattern of the samples using Scherer’s equation 
[36, 37]:

Table 1   Values of lattice 
parameter, average crystallite 
size, X-ray density, and bulk 
density for pure NCF and NCF–
RTV-silicon rubber composites

Composition Lattice param-
eter a (Å)

Average crystallite 
size d (nm)

X-ray density 
Dx (g/cm3)

Bulk den-
sity Db (g/
cm3)

NCF 8.288 19.460 5.4523 5.310
NCF–RTV-silicon rubber 8.410 20.080 5.2170 1.5005
0.8 NCF + 1.2 RTV-silicon rubber 8.340 23.209 5.3509 1.3609
0.6 NCF + 1.4 RTV-silicon rubber 8.361 25.110 5.3099 1.2290
0.4 NCF + 1.6 RTV-silicon rubber 8.323 26.714 5.3823 1.1670
0.2 NCF + 1.8 RTV-silicon rubber 8.336 30.497 5.3577 0.999

Fig. 2   SEM micrograph of a 
pure NCF, b pure RTV-silicon 
rubber, and c NCF–RTV-silicon 
rubber composite
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where k = 0.89 , � is the full width at half maximum, and �
B
 

is the diffraction angle. JEOL JSM-5600 Scanning Electron 
Microscope (SEM) was used to investigate the morphol-
ogy. The dielectric constant (εʹ) and AC resistivity (ρac) for 
prepared samples were measured using RLC Bridge-type 
MC2811C. The magnetic hysteresis loops of samples were 
recorded at room temperature by vibrating sample mag-
netometer model (Lakeshore 7304).

3 � Results and discussion

3.1 � X‑ray diffraction analysis

To investigate the structure of NCF–RTV-silicon rubber 
composites, XRD measurements of pure silicon rubber, 
NCF, and NCF containing different silicon rubber content 
composite samples are shown in (Fig. 1). XRD patterns of 
NCF–RTV-silicon rubber composites were recorded from 

(1)d =

k�

�cos�
B

,
2θ (4°–80°) and the structure parameters of the composite 
samples were estimated. Comparing the structure param-
eters of the composite samples from the XRD pattern with 
the pure NCF reveals that the structure of NCF does not 
change during the stages of processing the rubber com-
posite. The broad diffraction peak located at 2θ = 11.56° is 
attributed to the diffraction of RTV-silicon rubber, indicat-
ing that there exists a certain degree of ordered structure 
that usually accompanied by an internal partial regularity 
of RTV. Besides, with increasing content of NCF, the dif-
fraction peak located at 11.62° became broader, revealing 
that NCF dispersed uniformly in the RTV-silicon rubber 
matrix with no large agglomeration or stack structure. It is 
suggested that NCF structure has good compatibility with 
RTV-silicon rubber. This could improve the interfacial inter-
actions between NCF and RTV-silicon rubber. Furthermore, 
the average crystallite size of RTV-silicon rubber increases 
with ferrite due to the increase of internal stress. On the 
other hand, the XRD pattern of NCF ferrite demonstrates 
the cubic spinel structure and is indexed to (220), (311), 
(400), (511), and (440) crystal planes at 2θ = 30.54°, 35.94°, 
43.66°, 57.67°, and 63.30°, respectively, for cubic spinel 

Fig. 3   Grain size distribution graphs of a pure NCF, b pure RTV-silicon rubber, and c NCF–RTV-silicon rubber composite
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phase with lattice parameter a = 8.288 Å. In addition, no 
impurity phases were detected. Furthermore, the relative 
intensity of peaks decreases with increasing RTV content, 
indicating the decrease of the degree of crystallinity of NCF 
ferrite. Moreover, the structure of NCF in all RTV-silicon 
rubber content composite samples is maintained. As shown 
in Table 1, there was a slight change in lattice parameter 
(a) and X-ray density. Furthermore, the bulk density of the 
composite samples decreases with RTV-silicon rubber. This 
decrease is the most advantage property that allows us to 
obtain the light magnetic material for industrial applications. 
However, Table 1 shows the average crystallite size of NCF 
ferrite in the composite samples increases with RTV-silicon 
rubber. This may be due to the accumulation of rubber in the 
grain boundaries of NCF ferrite phase, causing a change in 
internal stress, leading to lower the lattice parameters.

3.2 � Morphology study of composites

Figure 2 shows SEM images of pure NCF, pure RTV-silicon 
rubber, and NCF–RTV-silicon rubber composite. The results 
of SEM indicate that the dispersion of various micron-sized 
particles of NCF (bright grains) with low agglomerations, 
forming irregular shapes in the RTV-silicon rubbers.

The grain size distributions of pure NCF, pure RTV-sil-
icon rubber, and NCF–RTV-silicon rubber composite are 
given in Fig. 3. The results showed that mean grain sizes 
of the pure NCF and pure RTV-silicon rubber close to 1.5 
and 1 µm with narrow distributions, as shown in Fig. 3a, 
b, respectively. However in NCF–RTV-silicon rubber com-
posite, the grain size distribution showed broader distribu-
tions as shown in Fig. 3c, showing that the large grain size 
increases after incorporation NCF in RTV-silicon rubber 
matrix.

Fig. 4   εʹ as function of RTV content at selected frequencies 100 Hz, 1 kHz, and 10 kHz for composite samples that exposed to heat treatment at 
100 °C, 150 °C, and 200 °C during different curing time 2, 4, and 6 h
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3.3 � Dielectric properties

At room temperature, the dielectric constant vs. RTV-silicon 
rubber content has been measured at selected frequencies 
(100 Hz, 1 kHz, and 10 kHz) for composite samples that 
exposed to heat treatment at temperatures 100 °C, 150 °C, 
and 200 °C for different curing time 2, 4, and 6 h, as shown 
in Fig. 4.

Generally, it is found that εʹ increases with RTV con-
tent due to the increase of space charge polarization in the 
presence of rubber matrix. On the other hand, εʹ decreases 
with increasing selected frequency for all samples due to 
the fact that, as the frequency increases, the dipole polariza-
tion effect becomes low and the polarization becomes elec-
tronic polarization [38]. Figures 4 shows also εʹ of rubber 
ferrite composite decreases with curing time. This happens, 
because the rubber density and space charge polarization 

of NCF in the presence of rubber matrix are reduced as the 
curing time increases, leading to decrease εʹ [39].

3.4 � AC resistivity

In general, Fig. 5 shows that ρac decreases with RTV con-
tent for all composite samples. The behavior of resistivity 
can be explained by considering the porosity and defects of 
the material. The porosity decreases with increasing RTV 
content as given from SEM results. The pores and defects 
act as trapping regions of hopping electrons. Therefore, the 
reduction in pores and defects with increasing RTV content 
leads to lower the value of ρac. In addition, the electrical 
conduction contribution from RTV shares in decreasing ρac. 
Figure 5 shows also that the ρac decreases with increasing 
both of the heat treatment temperature and curing time due 
to the increase of crosslink density of RTV-silicon rubber 

Fig. 5   ρac as function of RTV-silicon rubber content at selected frequencies 100 Hz, 1 kHz, and 10 kHz for composite samples that exposed to 
heat treatment at temperatures 100 °C, 150 °C, and 200 °C for different curing time 2, 4, and 6 h
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with increasing both of the heat treatment temperature and 
curing time [40]. Moreover, ρac of all composite samples 
decrease with increasing selected frequency of the applied 
field due to the hopping of charge carriers is increased and 
consequently the ρac is decreased.

3.5 � Magnetic properties

As shown in Fig.  6, magnetic hysteresis loop for a 
0.8 NCF + 1.2 RTV composite sample is demon-
strated with MS = 11.9  emu/g, much less than MS of 
NCF (MS = 32.6 emu/g), implying the typical weak of 

ferrimagnetism in composite sample. In addition, it is clear 
that the degree of MS is strongly dependent on NCF con-
tent in RTV matrix. The decrease of MS of composite sam-
ple due to incorporation in nonmagnetic matrix (RTV) and 
the separation between each two particles are increased 
as it was observed in SEM micrograph of this composite 
(Fig. 2), leading to lower magnetic exchange interactions 
for NCF particles. In addition, the RTV matrix is resisted 
towards the alignment of the magnetic moment of NCF. 
Furthermore, the diamagnetic contribution from RTV and 
random dispersion of the NCF particles within the poly-
meric matrix of RTV cause weak ferromagnetic properties. 
According to Xiao et al. [41], the saturation magnetization 
of composite sample MC = wMS, where MS is the satura-
tion magnetization for pure ferrite sample and w is the 
rubber weight fraction. This equation means that the value 
of MS of the composite samples can be controlled by the 
proper selection of the ferrite content within the rubber 
matrix. The hysteresis loop of composite sample shows 
a closed with low coercivity, indicating that the compos-
ite has low magnetic loss. Applying this equation for our 
results, we obtain the theoretical value for MC of rubber 
ferrite composite that equals 13 emu/g. This value closes 
to the experimental value 11.9 emu/g. The other magnetic 
parameters like HC, Mr, and squareness determined from 
hysteresis loops are given in Table 2, indicating no signifi-
cant different values of HC for two samples and substantial 
different values of Mr and squareness.

Finally, it is clear that the electrical and magnetic proper-
ties are strongly affected RTV content. In addition, the elec-
trical properties can be tailored by heat treatment process at 
different temperature.

4 � Conclusion

RTV-silicon rubber-NCF composites have been synthesized 
successfully. The RTV content enhances the electrical con-
ductivity and εʹ. There is a strong correlation between elec-
trical conductivity and curing temperature. Furthermore, the 
fraction of the RTV-silicon rubber can tailor some magnetic 
properties like MS (from 32.68 to 17.5) and Mr (from 4.4 to 
1.66) of the NCF–RTV composite. These lead us to con-
clude that the dielectric and some magnetic properties of 
these composites can be tailored for various applications 
such as electromagnetic wave shielding, health care cloth, 
and magnetic paper by the judicious choice of NCF ferrite 
and RTV content ratio.

Fig. 6   The hysteresis loop of a pure NCF and b 0.8 NCF + 1.2 RTV 
composite

Table 2   Magnetic parameters of pure NCF and 0.8NCF + 1.2RTV 
composite

Saturation magnetiza-
tion (MS) emu/g

HC (G) Mr 
(emu/g)

Squareness

Experi-
mental

Calcu-
lated

Ferrite 32.68 – 182.5 4.4 0.134
Compos-

ite
17.5 13 183.2 1.66 0.140
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