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1 | INTRODUCTION

Abdelhameed A. El-Bellihi |

Wafaa A. Bayoumy |

Abstract

Firstly, three different nano ferrites (MgFe,0,, NiFe,O, and Nij, sMg, sFe,0,) were
synthesized using a combustion method. Secondly, polyaniline composites contain-
ing small amounts of those nano ferrites were prepared using in situ chemical polym-
erization method. Ferrite samples were characterized using X-ray diffraction (XRD)
and Fourier transform infrared spectroscopy (FT-IR) analyses. XRD analysis of fer-
rites exhibited well-resolved broad peaks, which confirm the polycrystalline and
mono-phasic nature. FT-IR confirmed the spinel structure of these ferrites. Polymer
nano ferrites composites were also characterized using XRD, FT-IR, thermal analy-
sis (TG and DTA), and transmission electron microscope (TEM). Also, electrical
(AC conductivity, dielectric constant, dielectric loss, and complex impedance) and
magnetic properties were investigated for all nano composite samples. XRD analysis
confirmed the formation of polymer nano composites. Moreover, the absorption
bands of polyaniline were shifted in the presence of the three different ferrites, con-
firming the presence of interactions between the different phases in all composites.
Additionally, different thermal stability behavior of nano composite samples was
observed, which may be attributed to the nano ferrite type and the physical interac-
tions nature with polymer matrix. The sample containing nano magnesium ferrite
showed the core—shell structure by TEM. The same sample exhibited the highest
values of both AC conductivity (1.01 X 10~ ohm™ cm™") and magnetization satura-
tion (3.38 emu/g) at room temperature. In comparison with other similar composites
containing large amounts of the same ferrite, the investigated sample showed a good

magnetization saturation value and thermal stability behavior.
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several materials and their properties in a single one.””! The
magnetic properties with the conductive ones lead to pro-

Polymer nano composites with electrical properties, incorpo-
rated with inorganic magnetic oxides, have attracted obvious
interest as of their potential applications for combining prop-
erties that are difficult to attain separately with the individ-
ual components.'"! The basic idea in a composite is to collect

ducing new materials such as conductive polymers with a
magnetic behavior, or magnetic particles having a conductive
polymer.m Also, these materials have potential applications
such as microwave absorption, batteries, electrochemical dis-

play devices, and electrical-magnetic shields.!*!
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Intrinsic conducting polymers, as polyaniline, are a novel
class of synthesized materials having the electrical and op-
tical properties of semiconductors and metals, in addition
to the mechanical ones. Also, a high level of conductivity
can be achieved in intrinsic conducting polymers through
oxidation-reduction and doping with a suitable dopant.[]O]
The reasons for making those polymers are popular basic
materials for advanced applications.[“] It is well known that
polyaniline and its derivatives can be considered as the most
promising conducting polymer as of its unique electrical,
optical, and opto-electrical properties, its straightforward
and easy polymerization, in addition to its excellent en-
vironmental stability.[“] In contrast, spinel ferrites of the
type MFe,O, (M is a divalent metal cation) are currently
the key materials for advancements in electronics, magnetic
storage, and ferro-fluid technology.m] In our present work,
we aimed to synthesize a novel nano composite with good
magnetic and conductive properties, which are difficult
to be combined together. We chose to combine the intrin-
sic conducting polyaniline (PAn) with three different fer-
rites, MgFe,0,, NiFe,0, and Mg, sNij sFe,0,, due to the
specific and unique properties of each. These ferrites and
others were previously used many times with polyaniline.
According to the literature survey, the important notice was
that the used amounts of ferrites were high.!">~"> It is well
known that the large ferrite amount can positively affect
the magnetization saturation (M) value. In contrast, some
properties such as electrical and mechanical ones will be
negatively affected. In this vein, our new aim was to com-
bine small amount of magnetic material with polyaniline, to
get more enhanced electrical and magnetic properties and
keep other ones. Additionally, this idea will be performed
using three different ferrites with the same concentration, to
compare their abilities to physically interact with the poly-
mer matrix, and to finally determine which small amount
can achieve the optimized values. A comparison of previ-
ous studies reporting a large amount of ferrites will also be
studied.

2 | EXPERIMENTAL WORK
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Mg (NOy), [99%, Merck], Ni (NOs), [99%, Sigma-Aldrich],
Fe (NOj3); [99%, Merck], and urea [99%, Sigma-Aldrich]
were used as received without purification to synthesize the
nano ferrites (MgFe,0,, NiFe,O4 and Mg ;Ni,sFe,0,).
These nano ferrites were synthesized by a combustion pro-
cess. In this method, and for each nano ferrite, a desired
amount of nitrates and apparently estimated amount of urea,
used as the fuel, were dissolved in distilled water until a ho-
mogeneous solution resulted. Following, the homogeneous
solution was heated to dryness at 90°C, and then, the dried

Preparation of nano ferrites

mass was calcined at 700°C for 2 hr, to finally obtain the
nano ferrite.

2.2 | Preparation of polyaniline nano
composites

In situ chemical polymerization method was used to prepare
the polyaniline nano composites.“é] 0.25 g (13 wt.% of ani-
line) of each ferrite was added to 100 ml of a solution con-
taining 0.2 M aniline in 1 M HCI. Following, 100 ml of a
solution containing 0.25 M ammonium persulfate was added
in drops to the acidic aniline solution while stirring at 25°C
for 12 hr. The polyaniline nano composite was separated on
a filter paper, washed with deionized water and acetone, and
then dried at 90°C in an electrical oven.

Pure and three nano composite samples were prepared.
The samples were denoted as PAn (pure polyaniline), PMF
(polyaniline containing 13 wt.% of magnesium ferrite, PAn/
MgFe,0,), PNF (polyaniline containing 13 wt.% of nickel
ferrite, PAn/NiFe,0,), and PMNF (polyaniline containing
13 wt.% of magnesium—nickel ferrite, PAn/Mg, sNi, sFe,0,).
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FIGURE 1 X-ray diffraction patterns of (a) MgFe,O,, NiFe,O,,

Mg, sNij sFe,0, and (b) PAn, PMF, PNF, PMNF
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X-ray diffraction analysis was performed on a Diano (made
by Diano Corporation, USA). The pattern was run with Cu-
filtered CuKa radiation (4 = 1.5418 10%) energized at 45 kV
and 10 mA. The samples were measured at a room tempera-
ture in a range from 26 = 10° to 80°. The infrared spectra of
the samples were recorded in the range of 4,000-400 cm ™"
using a Bruker-FT-IR. TG and DTA were performed in a
nitrogen atmosphere with a constant heating rate of 10 K/min
in a temperature range of 298-873 K using Shimadzu DT-
50. The morphology was analyzed using transmission elec-
tron microscope (TEM) operating at an accelerating voltage
of 200 kV (JEOL, JEM 2100F). The electrical conductivity
measurements were performed by sandwiching the powder

Characterization
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samples (tablets) between two stainless steel electrodes using
a programmable automatic LCR bridge (Model RM 6306
Phillips Bridge) in various temperatures ranging from 298 to
378 K. The magnetic properties were measured using a vi-
brating sample magnetometer (VSM; Lake Shore 7404).

3 | RESULTS AND DISCUSSION
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X-ray diffraction patterns of ferrites (MgFe,0,, NiFe,O, and
Mg sNij sFe,O,) are shown in Figure 1a. All patterns consist
of well-resolved broad peaks, which confirm the polycrys-
talline and mono-phasic nature of the prepared ferrites. The
diffraction peaks corresponded to planes of (22 0), 3 1 1),
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(222),(400),(422),(333),(440),(620),and (53 3) = =
provide a clear evidence for the formation of a single-phase endo | (Endo Exo
spinel structure of ferrite.!'”! According to ICDD card num- 100 ¥ [—] s D
ber (73-1720) and JCPDS (73-2410) file of MgFe,O, sample, 20 ]
as an example, the single-phase spinel structure was also con-

firmed. The average crystallite size of all ferrites was calcu- 3

lated using Scherer equation“s] and found equals 13, 6, and 40 /
26 nm for MgFe,0,, NiFe,0, and Mg, sNi, sFe,0,, respec- = /
tively. Additionally, the X-ray diffraction patterns of PAn,
PMF, PNF, and PMNF samples are also shown in Figure 1b. L,
The pattern of PAn shows the amorphous structure in addi-
tion to a broad diffraction peak at 26 value of 25.3°, which
corresponds to the periodicity parallel and perpendicular to
the polymer chains, respectively.“gl On the other hand, the 120 o) 10
patterns of polymer nano ferrites composites show the pure Endo nd -
ferrite crystalline peaks, but with low intensity, as repre- g "
sented by circles on the figure. This may be attributed to the 80
small amounts of ferrites (only 13 wt.%) incorporated in the
polymer matrix. Meanwhile, as no new crystalline peaks are
observed, the X-ray diffraction analysis confirms the poly-
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3.2 | FT'IR analySiS 30 100 170 Z::mp:r:uw I:z(; 450 520 590

The FT-IR spectra of both pure ferrites and polymer nano fer-

rite composites are shown in Figure 2a,b. Firstly, for the spectra — =

of pure ferrites (MgFe,0,, NiFe,0, and Mg sNi, sFe,0,), the (endo | [ Endo ] [xo |

band at 3,470 cm! is attributed to the stretching vibrations of 100 ] E 8 =
the hydrogen-bonded OH groups.m] The bands over the range = 50 ] [~— x 333
of 1,000-400 cm™" (570, 460 cm™") correspond to metal—oxy- = E, 3
gen bond (Mg and/or Ni—O and Fe—O stretching) vibrations of ;cj 60 1 - s
the spinel structure compoundm] that was already confirmed § G5 / PNF 5
by XRD (Figure 1a). Secondly, for the spectra of PAn, PMF, 2 =
PNF, and PMNF, the main observed bands of PAn at 3,419, 20 {1 -4
1,560/1,475, 1,290, and 1,128 cm™" are corresponding to N-H e . S TS . (Y .
stretching vibration, C=C stretching vibration of quinine ring 30 100 170 240 310 380 450 520 590

Temperature (°C)

and benzene (B) ring, N-H bending stretching of benzenoid
ring, and C-H in-plane bending vibration, respectively.m] To

also investigate the expected interactions between the metal ox- 100 ; Cogs | 8
ides (nano ferrites) and PAn, the interpreted absorption bands 90 3 o

of PAn were investigated in the nano ferrite composites. It was &0 Endo Endo B,
found that all absorption band values of PAn were shifted, in £ " F ‘§
general, to higher ones. This indicates the interactions existing § :z F 2 g
between the metal oxides and PAn matrix. All shifted values Bl fo
were tabulated in Table 1. Additionally, the same thing was 2 30 /’ PMNF o E
observed for the absorption band values of metal oxides (570, 20 [

460 cm™"). These values were also shifted, but to lower ones 10 3 | T

as obviously shown in Figure 2b. [ R . A, . om——.. -6

30 100 170 240 310 380 450 520 590
Temperature (°C)

3.3 | Thermal analysis
FIGURE 3 Thermal analysis patterns (TG and DTA) of PAn,
To investigate the thermal stability of PAn and polymer PMF, PNF and PMNF samples

nano ferrites composites (PMF, PNF, and PMNF), thermal
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TABLE 1 FT-IR spectral basic bands assignment of PAn, PMF,
PNF and PMNF samples.
Wave
number
PMNF PNF PMF PAn (em™)
3429 3423 3425 N-H stretching 3419
vibration
1571 1566 1569 C=C stretching 1560/1475
vibration of
quinine ring and
benzene (B) ring
1294 1289 1299 N-H bending 1290
stretching of
benzenoid ring
1134 1131 1135 C-H in- plane 1128

bending vibration

analyses (TG and DTA) were performed and shown in
Figure 3. The figure showed three main steps of decomposi-
tion for all investigated samples. The first decomposition step
(up to 120°C) is due to the expulsion of water molecules and
the dopant HCI from PAn chains,m this decomposition was
also confirmed through DTA curve, as endothermic peaks (at
~62, 87, 70, and 76°C for PAn, PMF, PNF, and PMNF, re-
spectively, as shown in Figure 3) were observed. The second

FIGURE 4 Transmission electron
microscope patterns of PAn, PMF, PNF
and PMNF samples

weight loss step (from around 140 to 300°C) may be attrib-
uted to the volatilization of lower weight PAn. This vola-
tilization was also confirmed through DTA, as endothermic
peaks (at ~187, 200, 187, and 200°C for PAn, PMF, PNF, and
PMNEF, respectively, as shown in Figure 3) were observed.
The final third step at higher temperatures can be attributed
to the destruction of the polymer backbone!?! which was also
confirmed through DTA, as exothermic peaks (at ~387, 360,
375, and 385°C for PAn, PMF, PNF, and PMNF, respec-
tively, as shown in Figure 3) were observed. Additionally, it
was observed that the weight of each sample becomes stable
at a definite temperature. This means that the investigated
samples have different thermal stability. Furthermore, this
also shows that the small incorporated amounts of nano fer-
rites have interactions with the polymer matrix chains. The
temperature values of weight loss stability were determined
as 600, 512,575, and 575°C for PAn, PMF, PNF, and PMNF,
respectively. This reveals that the samples containing the
small nano ferrites have a near-thermal stability value to the
pure one, and the PMF sample has the lowest value (512°C).

34 |

The morphology was also studied to investigate the differ-
ence between pure and nano ferrite composite samples as

TEM analysis

PMF
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shown in Figure 4. The figure showed three different mor-
phologies: agglomeration of irregular particles for PAn
sample, agglomeration of particles having an interesting
core—shell structure for PMF sample, and agglomeration of
particles having rod shape for PNF and PMNF samples. It
is well known that the particle shape depends on more than
one factor, such as preparation method, conditions, concen-
tration, and structure (ionic radius, surface charge, etc). As
we here have the same preparation method, conditions, and
also concentrations, so we think that the different structure
nature (ionic radius, surface charge, etc) will play the biggest
role in determining the nuclei growth rate and its direction
during the preparation method to finally have more and more
suitable energy with a stable texture. For this reason, we can
get different shapes (rods, irregular, and core—shell) for the
different nano ferrites.

For the core—shell structure of PMF particles, the mag-
nification inset (Figure 4) shows a dark core and a light
shell. The dark core represents the nano ferrite particles
(MgFe,0,), and the light-colored shell represents the PAn.

HCl
—_—
] &
MgFe,0,Particle ©@®

- PAn shell
> MgFezCI,

ﬁ

Amm.persulphate

PMF

SCHEME 1 Synthesis of PMF composite

To further illustrate the formation of the core—shell structure
through the chemical polymerization of PAn in the presence
of MgFe,0, particles, a Scheme 1 was added. As it is well
known, the surface charge of the metal oxide is positive in
acidic mediums. An amount of Cl~ ions are adsorbed on the
nano ferrite surface to compensate the positive charges. In
the same acidic medium, the aniline monomers as described
converted to cationic anilinium ions, and as a result, electro-
static interactions produced between the adsorbed anions and
cationic anilinium ions are described in Scheme 1.

35 |

The temperature dependence of AC conductivity was studied
at 5 MHz for PAn, PMF, PNF, and PMNF as shown in
Figure 5. Obviously, the figure shows that the presence of
small nano ferrite amounts enhanced the AC conductivity of
the PAn sample. This can be attributed to the small nano fer-
rite amounts that can induce a more efficient network forma-
tion for charge transport in the base PAn—matrix, resulting in

Electrical conductivity properties
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high conductivity values.”>?*! The efficient network forma-
tion in the presence of ferrites is originated from the addition-
ally generated extended states and charged defects with
electronic structures. This efficient network can be discussed
in the light of interchain hopping mechanism; the electrical
conductivity of conducting polymers results from mobile
charge carriers introduced into the z-electronic system
through composite formation (doping). At low concentra-
tions, these charge carriers are self-localized and form non-
linear configurations. Because of large interchain transfer
integrals, the transport of charge is believed to be principally
along the conjugated chains, with interchain hopping as a
necessary secondary condition.”**”) The PMF sample ex-
hibited the highest conductivity value
(0pc=1.01 % 107 ohm™" em™") compared to the other ones
as in the following conductivity order: PMNF, 0, = 3.72 X
1072 ohm ™' ecm™' > PNF, o,c=151X% 107 ohm ™' em™.

Here, it is worthwhile to mention that the PMF sample hav-
ing the interesting core—shell structure (as confirmed by TEM
in Figure 4) exhibits the highest electrical conductivity. This
also may be attributed to the core—shell structure which can
induce the most efficient PAn network (extended states and
charged defects with electronic structures), and, as a result, a
high conductivity. Figure 5 also shows that AC conductivity
increases upon increase in temperature for all investigated
samples. This behavior can be described by Arrhenius
formula'®®!
Oac=00€Xp.(—Exrc/kT) (D
where o, is a temperature-independent term, k is the
Boltzmann constant, 7 is the absolute temperature, and E,¢
is the apparent activation energy. Figure 6 represents the ac-
tivation energy values. The figure showed that the PMF sam-
ple has the lowest one (0.093 eV) compared to the other ones.
All values are also tabulated in Table 2.

3.6 |

Dielectric constant (&) versus temperature (at 5 MHz) and
frequency (at 303 K) were studied for PAn, PMF, PNF,
and PMNF as shown in Figures 7 and 8. Firstly, for the
temperature dependence of dielectric constant, all samples

Dielectric constant

TABLE 2 Values of AC-conductivity and activation energy of
PAn, PMF, PNF and PMNF samples.

AC-conductivity at Activation Energy

Sample 303 K, ohm™"-cm™! (E,,ev)
PAn 921x107% 0.097
PMF 1.01 x 1074 0.093
PNF 151x107° 0.095
PMNF 3.72x107° 0.094

140
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. 1 -5-PMF
= 100 |
§ ]
2 80 —+—PNF
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FIGURE 7 Temperature dependence 0 i . N et N . =
of dielectric constant of PAn, PMF, PNF and 300 320 340 360 380
PMNF samples at 5 MHz T(K)
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FIGURE 10 Frequency dependence
of dielectric loss of PAn, PMF, PNF and
PMNF samples at room temperature
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FIGURE 11 Complex impedance of PAn, PMF, PNF and
PMNF samples at room temperature (303 K)

showed an increase in dielectric constant with an increase
in temperature. This can be explained on the basis that as
the temperature increases, the thermal energy librates more
localized dipoles and the field tries to align them in its di-
rection.'** % At the same time, the PMF sample having the
core—shell structure exhibited the highest values of dielectric
constant compared to the other ones. The sample showed a
value of 110, while the others showed the following value
order: PMNF, 93.2 > PNF, 35.2 > PAn, 1.2, at 303 K. The
dielectric properties of these samples are mainly due to inter-
facial polarization process®’** and intrinsic electric dipole
one!* which all are partially attributed by the disordered mo-
tion of the charge carrier along the backbone of conducting
polymer chain. Secondly, the frequency dependence of di-
electric constant showed a decrease in behavior through two
ranges, the first (at a frequency between 1 KHz and 1 MHz)
exhibited a weakly dependent behavior and the second (at
a frequency between 2 and 5 MHz) exhibited a strong one.
Additionally, all values order of dielectric constant at 1 KHz
comes as the same of the temperature dependence. The PMF
sample showed a value of 110.

3.7 | Dielectric loss

Dielectric loss (&”) versus temperature (at 5 MHz) and fre-
quency (at 303 K) were studied for PAn, PMF, PNF, and PMNF
as shown in Figures 9 and 10. The temperature and frequency
dependence of dielectric loss showed a typical behavior to that
of dielectric constant. Also, the value order of samples comes
as reported above. The PMF sample showed a value of 1,200
at 303 K, while PMF sample showed a value of 300 at 1 KHz.
The low dielectric loss values propose the investigated samples
to be good shielding materials.® For a more interpretation,
the dielectric loss increases with temperature, which is due to
the relaxation of charges in cooperation with resulting reduc-
tion in the relaxation time; this in turn exerts a double effect on
the dielectric loss. On the one hand, the friction between the
charges will be increased and then the increase in energy dis-
sipation was observed. On the other hand, the energy required
to overcome the internal mechanical friction of the medium
will be decreased. Moreover, the dielectric loss decreases with
increase in frequency which is due to the high periodic reversal
of the field at the interface. The contribution of charges toward
the dielectric loss decreases with increase in frequency.

38 |

Figure 11 shows the complex impedance of PAn, PMF,
PNF, and PMNF at 303 K. As shown, all samples exhibited

Complex impedance
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FIGURE 12 Bulk conductivity values of 1: PAn, 2:
PMF, 3: PNF and 4: PMNF samples at room temperature (303
K) and a frequency of 100 Hz

a semicircle behavior, indicating the electronic conductivity
of PAn and nano ferrite composites.[m Also, the equiva-
lent circuit was determined from the complex impedance
spectrum of each sample, as shown in Figure 11, where R,
and C, are the bulk resistance and capacity of nano ferrite
composite, and R, is the bulk resistance of electrode—nano
ferrite composite interface. To further investigate the bulk
electrical properties of all investigated samples, the bulk
conductivity was calculated using the equation o, = L/R,
A, where L is the thickness of sample, A is its surface area,
and Ry, is the bulk resistance (shown as an arrow on the
complex impedance figures). All bulk conductivity val-
ues are represented in Figure 12. As obviously shown, the
PNF sample showed the highest value at room temperature,
o, =3.37X% 107% ohm™! cm_l,whiletheothers showedthefol-
lowingvaluesorder: PMF,3.05 x 10 ohm™ em™' > PMNF,
1.7% 107 ohm™ em™ > PAn, 6.8 x 10~ ohm™" em™".
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The magnetization (M) versus the applied magnetic field
(H) for PAn, PMF, PNF, and PMNF at 303 K is shown in
Figure 13. The figure exhibited that all samples have a clear
hysteresis behavior. All magnetic parameters (M, M,, H,)
were determined and tabulated in Table 3. According to the
literature survey, the pure ferrites have magnetization satura-
tion (M) values of 21.33, 39.6, and 34 for MgFe,0,, NiFe,0,
and Mg, sNi, sFe,0,, respectively.!'***%°! A5 shown in Table
3, the magnetization saturation (M) values of polymer nano
ferrite composites are lower than those of the pure ones.
This can be interpreted in a light of the equation, M, = ¢ my,
where ¢ is the volume fraction of the particles and mg is the
saturation moment of a single particle. The equation shows
that magnetization saturation () of polymer nano ferrites
composites is dependent on the volume fraction (¢) of nano
ferrite particles in addition to the PAn contribution to the
total rnagnetization.[14J These two parameters will control the
magnetic behavior and magnetization parameters. Also, the
table showed that nano ferrites addition enhanced the mag-
netic properties of PAn, except for the PMNF sample that
exhibited a low value of magnetization saturation (M) com-
pared to the pure PAn one.

Magnetic properties

TABLE 3 Values of magnetization saturation (M), retentivity
magnetization (M,) and coercivity (H,) of PAn, PMF, PNF and PMNF
samples.

—PAN

5000 10000

g

Moment / Mass (emu/g)

Sample M, emu/g M., emu/g H:, G

PAn 0.39 87 x107° 329.5

PMF 3.38 16 x 107> 88.91

PNF 2.39 47 x 1072 298.8

PMNF 0.35 76 x 107 319.23
15000 20000 25900

FIGURE 13 Magnetic properties
curve of of PAn, PMF, PNF and
PMNF samples at room temperature

Magnetic Field (G)

(303 K)
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FIGURE 14 Magnetization saturation values of PAn, PMF, PNF
and PMNF samples at room temperature (303 K)

In this case and according to what was discussed above (in
part of electrical conductivity), this low M, value of PMNF
may be attributed to the unsuitable network formation in pres-
ence of Mg, sNi, sFe,O, particles within PAn matrix which
may affect the magnetization behavior. This explanation can
also be approved through the low magnetization value of
pure nickel ferrite particles in presence of PAn—matrix. Pure
nickel ferrites have a magnetization saturation value of about
39.6 which exhibits the highest one compared to the other
two pure ferrites particles, while exhibits 2.39 in presence of
PAn-matrix. At the same time, pure magnesium ferrite par-
ticles (which have the lowest magnetization value) showed
the highest magnetization value in presence of PAn—matrix
(core—shell structure). This means that the interaction nature
between ferrite particles and PAn—matrix can determine the
magnetization values, because of the additionally generated
extended states and charged defects with electronic struc-
tures that can be created in presence of Pan-matrix. Here,
it is worthwhile to mention that we have two important re-
sults: the high magnetization saturation (M) values of both
the pure PAn and the PMF samples. Also, the pure PAn itself
showed a good magnetization saturation value (0.39 emu/g)
compared to other synthesized samples in previously re-
ported works.!¥ This may be attributed to the synthesis
method that can introduce more suitable network structure.
This can be also supported with a previous work®”); the
properties of polyaniline depend mainly on two import-
ant factors: the degree of oxidation and that of protonation.
Additionally, the PMF sample having the core—shell struc-
ture also exhibited the highest magnetization saturation value
(M, = 3.38 emu/g). The other samples showed the following
values order: PNF, 2.39 emu/g > PAn, 0.39 emu/g > PMNF,
0.35 emu/g, as shown in Figure 14. To further investigate
the effect of small nano ferrite amount (13 wt.%) addition to
the pure PAn, a comparison of the optimized sample, PMF,

with other previous studies'*'¥ containing a high nano fer-

rite amount (53.7 wt.%) was established. In brief, the sample
containing a small nano ferrite amount exhibited a near value
of magnetization saturation (M= 3.4 emu/g) to that con-
taining a high amount (M, = 5.9 emu/g). This indicates that
not only the amount can affect the magnetization saturation
(M) value, but also the nature and degree of interactions with
polymer matrix. At the same time, the thermal stability of
the PMF sample is good (~500°C) while the similar compos-
ite!"* showed a thermal stability value of 590°C. According
to these results, this material will have potential applications
such as microwave absorption materials, batteries, electro-
chemical display devices, and electrical-magnetic shields.
Finally, we can report that although the presence of a small
nano ferrite amount, good properties gotten. This means that
if a large one used, better properties expected.

4 | CONCLUSIONS
Polyaniline composites containing small amounts of
three different nano ferrites (MgFe,O4, NiFe,O, and
Ni, sMg, sFe,O,) were synthesized using in situ chemical
polymerization method. XRD and FT-IR confirmed the for-
mation of nano composites. Moreover, the different particle
shapes produced through the chemical polymerization of each
sample were investigated. As an interesting particle shape,
PMF sample exhibited the core—shell structure one. This
difference may be attributed to the nano ferrite type and the
physical interactions nature with polymer matrix. The sample
of the core—shell structure, PMF, also showed distinguished
magnetic and electrical properties. PMF sample exhibited the
highest AC conductivity value (1.01 x 10~ ohm™ cm™', at
room temperature) compared to the others ones showing the
following values order : PMNF, 0, = 3.72 X 107 ohm™' ¢
m~' > PNF, Opc =151 X% 1072 ohm™" cm™'. The same sam-
ple showed a dielectric constant value of 110, while the oth-
ers showed the following values order: PMNF, 93.2 > PNF,
35.2 > PAn, 1.2 at 303 K. Also, the bulk conductivity value
of PMF sample was of 3.05 x 107% ohm™" em™" at room tem-
perature. Additionally, the PMF sample exhibited the high-
est magnetization saturation value (M= 3.38 emu/g). In
comparison with other similar composites containing large
amounts of the same ferrite, the investigated PMF sample
showed good magnetization saturation value and thermal sta-
bility behavior. At last, we can conclude that small amounts
of ferrites can achieve good properties, especially when good
structural interactions exist.
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