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Abstract— Magnetic polymer composite materials have
very good rheological (that are characteristic for polymers
used as matrix) and magnetic properties superior to those of
polymers (due to their magnetic filler) making them useful
in many power applications (electromagnetic shielding,
permanent magnets etc.). In this paper the results of an ex-
perimental study regarding the manufacture and charac-
terization of some composites which have low density poly-
ethylene (LDPE) as matrix and neodymium (Nd) and neo-
dymium-iron-boron (Nd-Fe-B) as filler are presented. The
manufacture process (with mass content between 0 and 15
%) and their structure (obtained by electronic and optical
microscopy) are presented. It is shown that the samples are
inhomogeneous and isotropic and the filler particles form
clusters of variable dimensions and distances between them.
The rheological behavior of composites was analyzed and
more rapid melting was observed for composites compared
to neat polyethylene
Then, the first magnetization cycles obtained on neodymium
(A) and neodymium-iron-boron (B) samples for three mass
concentrations (5, 10 and 15 %) are presented. It is shown
for both samples type (A and B) that the hysteresis area
cycles and the hysteresis losses increase with filler content
being greater for samples B than A. It is shown, also, that
the magnetic permeability values increase with filler con-
tent, but decrease very quickly with the magnetic field
strength.

I. INTRODUCTION

Polymer composites with conductive or magnetic fill-
er have electrical, magnetic and thermal properties supe-
rior to those of polymers, easy process ability and low
cost [1]. For their manufacture polyethylene,
polyvinylchloride,  polycarbonate,  epoxy  resins,
acrilonitril-butadien-stiren (ABS), polystyrene (PS), ny-
lon 6,6 etc. as matrix and aluminum [2] carbon and
graphite [3.,4], copper [5], steel [6], aluminum nitrides
[7], nickel or silver particles [9], polyacrylonitrile (PAN)
[8], [9], barium titanate [10] as fillers are used.

The polymer composites with conductive/magnetic
fillers are used for encapsulating, thin film coating,
packing of electronic circuits [4], electromagnetic and
radio- frequency interference (EMI/RFI) shielding for
electronic devices and electrostatic dissipation (ESD) [9],
[11].

The properties of polymer composites depend, on one
hand, on the matrix and fillers characteristics and, on the
other hand, on their technological process and environ-
ment action [12-14]. In a series of papers the influence of
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nature, concentrations and filler dimensions on the
properties of composite materials with conductive [15-
18] and magnetic [14], [19-20] fillers are presented. It is
shown that there is a critical concentration for which the
percolation phenomenon occurs, leading to important
variations of the electrical and magnetic properties
allowing more diverse applications [14], [21-23].

Due to the many applications of polymer composite
materials with magnetic filler (hard disc components,
electric appliances, automobile industry, sensing ele-
ments, electronic, small motors in video recorders, cam-
corders, printers, communication and micro-electro-
mechanical system (MEMS) applications, actuators,
magnetic buffers etc.), in the last decades multidiscipli-
nary research were performed in order to obtain bonded
magnetic materials (based on Nd-Fe-B magnetic powders
and epoxy resins), rubber magnets (using the same mag-
netic powders, but with thermoplastic polymers). These
researches are directed into four directions: (a) increase
of magnetic energy density, (b) improving corrosion re-
sistance, (c) optimization production process of process
parameters and (d) reduction of the subtle rare earth con-
tent (Nd), targeting decreasing the price of the magnetic
material [24].

Neodymium-iron-boron (Nd-Fe-B) composite materi-
als are an excellent combination of superior magnetic and
mechanical properties. The most important advantages of
polymer bonded magnets are their simple technology,
possibility of forming their final properties, lowering
manufacturing costs, low weight, near-net shape manu-
facture, good mechanical strength and isotropic magneti-
zation.

On the other hand, the oxidation and corrosion of
polymer-bonded Nd-Fe-B magnets limit their possible
applications in automobiles, computers, and medical de-
vices designed for use in hostile environments [24].

The amount of the Nd-Fe-B powder in the bonded
magnet is directly responsible for magnetic and mechanic
[25-26] behaviour of bonded magnets. A higher content
of Nd-Fe-B powder usually results in a higher remanent
magnetization (M,) and maximum energy density (BH)
and therefore, it is desirable from the magnetic perspec-
tives.

On the other hand, a higher content of magnetic filler
may change the rheology of polymer melt during the
process, in the detriment of the mechanical strength of
bonded magnets. The rheological behaviour of polymer
composites is very important for the melt processing step
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final characteristics and depends on the material micro-
structure, the state of filler dispersion, the aspect ratio of
the filler, the interaction between the filler and the poly-
mer chains and filler-filler interactions [6, 27-32].

The use of coupling agents is highly recognized as
benefic in terms of enhanced wettability of the filler sur-
face by non-polar polymers and enhanced interfacial ad-
hesion resulting in better mechanical properties [33-34].
Copolymers containing maleic anhydride, such as maleic
anhydride-grafted polyethylene, are the most commonly
reported coupling agents: the anhydride groups of the
copolymers can react with the surface of the filler and the
other end of the copolymer entangles with the polymer
matrix because of their similar polarities [35-36].

Different metallic particles (iron, aluminum, high al-
loy steel, casting cooper alloy with tin etc.) were also
used besides Nd-Fe-B in bonded magnets. These materi-
als have improved mechanical properties but lower mag-
netic properties than composites which contain only
powder of Nd-Fe-B [37]. Consequently, a balance be-
tween magnetic properties and corresponding dynamic
mechanical behavior is an important issue for bonded
magnet applications [24].

In many papers the magnetic and mechanical
characteristics of composites with thermoplastic polymers
matrix and different magnetic filler (rubber magnets) are
presented. Low and high density polyethylene [38-41],
copolymers with polystyrene end blocks and a rubbery
poly(ethylene-butylene) mid block [42], natural rubber
[43-44], silicone polymers [45-46], polyethylene glycol
and styrene butadiene rubber [47], pentaerythritol tetra-
polyethylene glycol ether with four thiol-modified termi-
nals [48] etc. were used as matrix.

As fillers, Nd-Fe-B [38-39, 43, 47], ferrites [40-41,
43, 49], nickel [41] and nickel alloys [40, 42, 49], iron
[42], magnetite [44, 48] and Fe-Si-B [45], Ni fibres [41,
46] etc. were used.

It has been found that the remanent magnetization of
polymer composites with magnetic fillers increases with
filler degree at first, but it decreases at high Nd-Fe-B lev-
els because of interactions among magnet particles [39].

The relative magnetic permeability p, increases with
the filler content ¢,, an estimation of this increase might
be obtained with the linear equation:

uAcy) =1+ Ce,, (1

where ¢, is the volume concentration of the filler and C is
a coefficient which depends on the magnetic properties,
the shape and the volume fraction of the filler [40-41].

For spherical particles it may be considered C = 3
[41], equation (1) becoming

wle) =1+ 3c,. @)

If the filler content has greater values (¢, > 0.25), the
variations of the magnetic permeability significantly de-
viates from the linear ones, a parabolic variation being
presented in some papers [42]:

wie,)=1+Ce/, 3)

where C’ is a material constant.
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As is presented in [41], a hybrid magnetic polymer
composite is defined as a composite containing two or
more fillers with different magnetic properties, sizes, size
distributions and shapes. The relative magnetic perme-
ability of a hybrid magnetic polymer composite consist-
ing of similar particles (shape, size, size distributions) but
having different magnetic properties is given by the equa-
tion:

>, 2 2
Hr(cvlaCVZ) = 1 + C Cyl + C Cy

“4)

where c¢,;,¢,, are the the the volume concentrations of the
filler 1 and 2, respectively [41].

On the other hand, the mechanical properties (the ten-
sile strength etc.) of the Nd-Fe-B composites are lower
comparative to the unfilled ones [38, 43, 46]. An im-
provement of their properties is obtained if nanometric
fillers are used [44-46, 48].

An experimental study of electrical conductivity —
measured both in DC and AC — of some polyethylene
polymer composites with neodymium particles as filler is
presented in [14]. A theoretical and experimental study of
dielectric response function and electrical permittivity of
these materials is presented in [23] and a study concern-
ing the dielectric losses on the same composites type is
presented in [50].

In this paper the results of an experimental study re-
garding the manufacture and characterization of some
composites of low density polyethylene (LDPE) as matrix
and Neodymium and Neodymium-Iron-Boron as fillers
are presented. The structural characteristics (by electronic
and optical microscopy) but also the magnetic ones are
analyzed and conclusions regarding the influence of the
nature and fillers content on the magnetic properties are
drawn.

II. EXPERIMENTS

Experiments were performed on flat samples of com-
posites prepared from low density polyethylene (LDPE)
with a melt flow index (190 °C, 2.16 kg) of 0.3 g/10 min,
a density of 0.920 g/cm® at 23 °C and an electrical con-
ductivity of 5-10"7 S/m.

As fillers, neodymium particles were used (for sam-
ples A) and Nd-Fe-B (for samples B). The particles of
Neodymium have the length of 75-100 pm and the width
of 30-50 um (Fig. 1), the density of 7 kg/dm’ and the
electrical conductivity of 1.56-10° S/m.

The particles of Neodymium-Iron-Boron have the
length of 60- 570 um and the width of 30-300 pum (Fig. 2)
and the density of 7.5 kg/dm’. Maleic anhydride-grafted
polyethylene (MA-PE), with a density of 0.925 g/cm’ and
a melting point of 105 °C, was used as compatibility
agent.

A 50 cm® mixing chamber of a Brabender LabStation
was used for mixing and homogenizing Neodymium and
Nd-Fe-B powders with the polymer matrix and the com-
patibility agent (5 wt % MA-PE).

Metal powders (concentrations of 5, 10 and 15 wt %)
were slowly added (~ 2 minutes) to the mixture of LDPE
and MA-PE and mixed at 160 °C, for 8 min (the speed of
the rotors being 100 rpm) [14].
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Fig.2. NdFeB particles (Optical microscopy, 100 X).

TABLE L.
FILLER CONCENTRATIONS FOR SAMPLES A AND B

Sample Filler mass Filler volumic
concentration ¢,, (%) concentration ¢, (%)

A0, BO 0 0

Al, Bl 5 0.688

A2, B2 10 1.377

A3, B3 15 2.064

By hot pressing at 170 °C for 5 min., with a force of
50 kN, square plates of 100x100x0.5 mm’ have been
realized. After pressing, the samples were cooled to room
temperature under a pressure of 5 bars.

The structure of samples and the dispersion of the fill-
ers in polyethylene matrix were analyzed using the opti-
cal microscopy (with a NIKOV TI-e microscope) and
Scanning Electron Microscopy SEM (with a workstation
Karl Zeiss SMT-model Auriga and detector type Ever-
hart-Thornley) [14].

The major hysteresis cycles were determined with a
vibrating sample magnetometer VSM 7304 (produced by
Lake Shore) for magnetization fields between 0 and 1000
kA/m). The very good absolute accuracy (better than 2%
of reading +0.2% of full scale) and reproducibility (better
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Fig. 3. Rheological behavior of Al — A3 during melt processing in the
Brabender LabStation; Torque vs. time curves.

(than £ 1%, or + 0.15% of full scale, whichever is great-
er) allow the measurement of magnetic characteristics for
weak magnetic samples (magnetic moment between 5 x
10 emu and 10° emu).

For each type of material (A0, Al, A2, A3 and BO,
B1, B2, B3, see Table I), 3 samples were manufactured.
All measurements were performed 3 times on each sam-
ple and the average values were calculated.

III. RESULTS AND DISCUSSIONS

For all samples, their structure and magnetic charac-
teristics (hysteresis cycles, remanent magnetization and
coercive field) were determined. Their dependencies on
the nature and filler content were analyzed.

A. Melt rheology

The torque vs time curves were recorded for giving
some insight into the rheological behavior of composites.
Fig. 3 shows the plots for A0 — A3 samples. More rapid
melting was observed for composites compared to neat
polyethylene. This was expected because of the increased
abrasion of the metallic filler which favor increased fric-
tion in the matrix and local increase of temperature.
The influence of the coupling agent and of the local in-
crease of the temperature is observed from the lower melt
viscosity of composites compared to the matrix (AO0).

No significant differences were observed between the
melt viscosities of the composites, regardless of the filler
content which emphasize the low influence of small
amount of filler on the melt rheology of composites. For
correctly explain the viscoelastic behavior of polyethyl-
ene-based magnetic composites, it is necessary to take
into consideration the particle distribution, shape factor,
particle-particle interactions as well as particle-polymer
matrix interactions [55].

B. Microscopic investigation

SEM analysis reveals a small (almost negligible) po-
rosity in both surface and volume of the
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samples (P, Fig. 4).

Low density polyethylene (LDPE) shows a lamellar
structure and neodymium particles form clusters (the so
called metal “islands” [50]) (Figures 5 - 8) having vari-
able dimensions (Figures 7 and 10, Table II). These clus-
ters have a cvasiuniform distribution in the samples and
the distance d between them decreases with the increase
of the filler content (Figures 9 - 12, Table II). For exam-
ple, in the case of samples Al the distance d takes values
between 99.5 pm and 275 um and for A3 samples, the
quantity d varies between 67.5 pum and 211 pm.

On the other hand, for the both types of samples (type
A and B), the dimensions of the clusters increase with the
filler content (Table II).

The presence of agglomerates greatly influences the
maximum possible loading of the filler and the final rheo-
logical properties of the material. These agglomerates
absorb the polymer in their inter-particles voids and
pores, thereby increasing the viscosity in the melt proc-
essing step. Such increase of the viscosity in composites
compared to the matrix was not observed in torque vs.
time graph shown in Figure 3. This is probably due to the
proper choice of processing parameters.

Wo=21mm
FIB Imaging = SEM  Moise Reduction = Pixel Avg.

Mag= 100KX 10
Operator=My ||

EHT= 100KV  Signal A= SESI

Fig. 4. Neodymium particles clusters and pores in LDPE matrix
(SEM, 1000 X).

Fig. 5. Neodymium particles clusters (metal “island”’) in A2 samples
(Optical microscopy, 200 X).

Fig. 6. Neodymium particles clusters (metal “island”) in A3 samples
(Optical microscopy, 200 X).
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TABLE II.
DIMENSIONS AND DISTANCES BETWEEN CLUSTERS
Sample Clusters dimension Distance between clus-
(um) ters (Lm)

A0, BO 0 0

Al 95.92 117.81

A2 100.95 94.04

A3 103.6 67.5

Bl 178.6 510.55

B2 200.0 415.0

B3 228.55 284.24

Fig. 7. NdFeB particles clusters (metal “island”) in B1 samples
(SEM, 1000 X).
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Fig. 11. Dimensions between Nd-Fe-B particles clusters in B3
samples (SEM, 100 X).

Fig. 8. NdFeB particles clusters (metal “island”) in B3 samples
(SEM, and 500 X).
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Fig. 12. Distances between Nd-Fe-B particles clusters in B3
samples (SEM, 100 X).

Fig. 9. Dimensions between neodymium particles clusters in A3 sam-

ples (Optical Microscopy, 200X). C. Magnetic properties

In Figures 13-15 the magnetization cycles of the
samples A3, Bl and B3 for values of the magnetic field
between 0 and 955 kA/m are presented. It was found that
their shapes depend essentialy on the filler content. Thus,
in the case of filler of Nd particles (samples A), the
cycles are very thin and unsaturated (Fig. 13), while in
the case of Nd-Fe-B (samples B) are larger and present
magnetic saturation phenomenon (Figs. 14 and 15). It
results that the samples A have the characteristics of soft
magnetic materials, while the samples B of hard magnetic
materials.

The shape of the hysteresis cycle for sample A3 (Fig.
13) is similar to the known magnetization characteristic
of thin films. An explanation could be the small distance
between clusters (see Table II), like the distance between
two layers into a multi-layers microstructure. One must
notice that the samples Al and A2 have a weak magnetic
moment, close to the magnetometer limits (5 micro-emu)
and the measured hysteresis cycles are distorted. Al-

Fig. 10. Distances between neodymium particles clusters in A3 samples ’ ; ;
(Optical Microscopy, 200X). though its magnetic moment of the neodymium atom myy

(myq=3.15 mg mp=9.27-10>* A-m’ is the Bohr
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Fig. 15. Magnetization cycle for samples B3.

magneton) is greater than of Fe mpg, (mp, = 2.24 mp), the
samples A (Fig. 13) have, for the same value of the filler
content, lower values of the magnetization than samples
B (Figs. 14 and 15). This may be explained by the

interactions between the spin magnetic moments of the
electrons with the unpaired spins from layers 3d (that
corresponds to transition metal ions: Mn, Fe, Co, etc.)
and 4f (that corresponds to rare earth ions: Nd, Sm, Gd,
Tb, etc.), respectively to the exchange integral J [51-52].
In the case of elements from Fe group, Jr.r > 0 and the
orientation of the atom magnetic moments is the same,
the particles having a ferromagnetic behavior [51]. In the
case of unpaired electron coupling from layers 3d (Fe
ions) and 4f (neodymium ions) the exchange integral is
also positive (respectively Jr.y, > 0). The atom magnetic
moments have also the same orientation (ferromagnetic
behaviour) [53]. Therefore, the samples B (that contain
Nd-Fe-B) have a ferromagnetic behavior and the
magnetization is proportional with the concentration and
module of filler magnetic moments.

Experiments performed on polymer nano composites
with neodymium filler shown that the magnetic state in
strongly influenced by the temperature: for temperatures
greater than 19 K the bodies are in a paramagnetic state,
if the temperature has values between 19 and 7.5 K the
bodies pass in anti-ferromagnetic state and if the tempera-
ture is below 7.5 K these pass in a ferromagnetic state
with a relative complicated magnetic structure [54]. On
the other hand, as the interactions between the unpaired
electrons of neodymium atoms are poor, is very difficult
to determine the precise state of the neodymium particles
[53]. Therefore, the samples A (with neodymium filler)
have at the room temperature (where the tests were
performed) a more paramagnetic behavior and the
magnetization takes lower values than samples B (with
Nd-Fe-B filler).

For samples with neodymium filler, the values of the
coercive field (H,.), remanence (M,) and maximum
magnetization (M) are lower than for the Nd-Fe-B
samples (Table III). This is due, as was shown above, to
interactions between the unpaired electron moments of
type Fe-Fe and Fe-Nd for samples B [42] and only Nd-
Nd for samples A. On the other hand, the values of the
ratio k = M,/ M, are lower (k < 0.2) for samples A and
greater (k> 0.73) for samples B. It comes out that Nd-Fe-
B composite materials may be used to permanent
magnets manufacture, while those based of Nd for
magnetic circuits, electromagnetic shields [14] etc.

Increasing the filler content, the remanent and
maximum magnetization increase also (Table III). The
coercive field values decrease slightly (due to reduction
of the distances between the magnetic particles and inter-
actions intensification between them [42]).

TABLE III.
VALUES OF COERCIVE FIELD #_, REMANENT MAGNETIZATION M, ,
MAXIMUM MAGNETIZATION M, MAXIMUM MAGNETIC

SUSCEPTIVITY % max AND RATIO & = M, /M

max

Sam- [—[4 (kA/m) M/‘ (kA/m) me Ym,max k

ples (kA/m) - -
Al 38.42 0.00565 0.0309 0.013 0.178
A2 1.68 0.01369 0.0697 0.338 0.196
A3 0.35 0.02532 0.1680 0.580 0.151
Bl 78.50 3.048 4.1046 16.8 0.743
B2 66.53 8.904 11.91 140.0 0.748
B3 52.69 13.90 18.96 235,0 0.733
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Fig. 16. Variation of magnetic susceptivity with magnetic field strength
for samples A.

0.025
g + NdFeB-1
0.02 WITAFER-7
z AMNdFe-3
3
2
2 0015
g 'y
3
i
o
T 001 =
c
gﬂ 'y
E A
> ‘A
0.005 ¥ Leserereeete
“'3000at2""..
P20 0000000 0 ‘4‘1‘AAAA.|AAAAAAAA

0
0

EEEE NN NEEEEEENEEEENEEEEENEEEEEEE
200 400 600 800
Magneticfield (kA/m)

1000
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for samples B.

Variations of magnetic susceptivity y,, with magnetic
field strength H that correspond to the first magnetization
curves (quadrant I) are presented in Figures 16 (for sam-
ples A) and 17 (for samples B). It comes out that, for
samples A, values of y,4 decrease with H. Curves y,,4(H)
present maxima for values of H that increase with the
neodymium content of the samples (Fig. 16). For higher
values of H, the values of y,, are relative low. For
samples B, curves y,,3(H) have greater values for low
values of H, decrease to a minimum value (dependent on
the filler content) and then increase to a maximum (for a
value of H that increases more while the filler content is
less).

Values of y, are relatively small for both types of
samples, due to the low volume filler content (below 2.1
%) [42, 44, 49]. On the other hand, the magnetic
susceptivity has lower values for samples that contains
neodymium (below 0.0031) than for neodymium-iron-
boron samples (Table III). This is due to the magnetic
interactions between orbitals 3d (Fe ions) and 4f (rare
earth ions) that occur in the case of neodymium-iron-
boron filler and that play a more important role on the
magnetic properties values that those of rare earth ions
[52].
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On the other hand, the variations of the magnetic
permeabilities p,o and p,g with the volume filler content
¢, do not satisfy any of the equations (1)...(3). For
example, in the case of samples A (for volume
concentrations greater than 0.623 %), for maximum
values of the susceptivity (Yu.amax) and magnetic
permeability ([,amax) the following equations were ob-
tained:

XmA,max(Cv) =-0.26 +41 .Zlcv
Woama(cy) = 0.74 +41.21c,

)
(6)

The differencies between the equation (6) and the
equations (1)...(3) are due to inhomogenities of shapes
and filler particles dimensions, but also to lower values of
the filler content.

The magnetization curves M(H) can be transformed
in B(H) characteristics, taking into account the fundamen-
tal scalar relationship for an isotropic magnetic material:

B=p,(H+M). (7)

The hysteresis losses Aw,, - variation of the volume
magnetic energy density per cycle — can be computed
according to Warburg’ theorem:

Aw, = {{H -dB

cycle

®)

Considering a linear variation between two consecu-
tive measurement points, the integral has been approxi-
mated with a finite sum.

The hysteresis losses Aw,, values for A3 and B1, B2
and B3 samples are presented in Table IV. It is found that
Aw,, takes higher values for neodymium-iron-boron filler.
Thus, for the same value of volume filler content ¢, =
2.064 %, the hysteresis losses are 676 times higher for
Nd-Fe-B filler (samples B3) that for Nd ones (samples
A3).

On the other hand, the increase of filler content leads,
for both type of samples (A and B), to the increase of
hysteresis losses. For example, in the case of B samples,
if the filler content increases from 0.688 % to 2.064 %,
the hysteresis losses increase from 10.323 kJ/m’ to
48.231 kJ/m® (Table IV).

The significant increase of the hysteresis cycle area
and hysteresis losses of polyethylene-based magnetic
composites with Ne-Fe-B shows that, these composites
can be used for permanent magnets manufacture. But, for
such applications, the volume filler content of Nd-Fe-B
must takes higher values (over 10 %) [55].

TABLE IV.

VALUES OF HYSTERESIS LOSSES Aw, FOR A AND B SAMPLES

Samples Aw,, [J/m’]
A3 71.38
Bl 10322.71
B2 30281.33
B3 48231.26
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CONCLUSIONS

Neodymium particles (samples A) and neodymium-
iron-boron (samples B) are grouped inside the bodies and
give rise to metallic islands, where the polyethylene end
chains are fixed. The dimensions of the islands vary
between 95 um and 103 pm for samples A and between
178.6 pm and 228.5 pm for samples B. The distances
between clusters depend on the filler content and vary
between 117.81 pm and 67.5 pm for samples A and
between 510.55 um and 284.24 um for samples B.

The addition of Nd or Nd-Fe-B particles affects the
rheological properties of the polyethylene matrix (by in-
ternal structural changes) and, consequently, the me-
chanical properties of the composites.

The magnetic properties of composites depend on the
filler content nature, remanent and saturation
magnetizations, coercive field and magnetic susceptivity
taking values greater for samples with neodymium-iron-
boron than for neodymium samples.

Increase of the filler content leads to the increase of
the magnetization, magnetic susceptivity and hysteresis
losses, due to the feromagnetic interactions between the
electrons from layers 3d and 4f (respectively Fe-Fe and
Fe-Nd).

The values of the volume filler content used in this
paper being lower (below 2.1 %), the magnetization is
relative low and the histerezis cycles area and magnetic
suscpetivity have also low values. Therefore, the magnets
obtained from such composites have weak characteristics
(comparing to the ferrites ones).

REFERENCES

L.A. Ramajo, A.A. Cristdbal, P.M. Botta, J.M. Porto Lopez, M.M.
Reboredo and M.S. Castro, “Dielectric and Magnetic Response of
Fe;04/Epoxy Composites”, Composites, Part A, vol. 40, pp. 388—
393, 2009.

M. Chipara, D.Hui, P.V.Notingher, M.D. Chipara, K.T. Lau,
J.Sankar, and D. Panaitescu, “On Polyethylene-Polyaniline Com-
posites”, Composites B Engineering Journal, vol. 35B(3), pp. 235-
243,2003.

T. Skotheim, R. Elsenbaumer, J. Reynolds and J. Eds., Handbook
of Conducting Polymers, Marcel Dekker, Inc., New York, NY,
USA, 1998.

S.H. Jasem and W. A. Hussain, “Dielectric Properties of Carbon
Black /PVC (Cement) Composites”, Journal of Basrah Researches
(Sciences), vol. 38, no. 1, pp. 60-71, 2012.

D. Panaitescu, H. Paven and P.V. Notingher, “Composite
materials from polymers and conductive fillers. Mechanical char-
acteristics of ABS/copper fibers”, Plastic Materials, vol. 38, no. 3,
pp.145-148,2001.

P.V.Notingher, D. Panaitescu, H. Paven and M. Chipara, “Some
Characteristics of Conductive Polymer Composites Containing
Stainless Steel Fibers”, Journal of Optoelectronics and Advanced
Materials, vol. 6, no. 3, pp.1081-1084.

W R Salaneck, D T Clark and E J Samuelsen, Science and Appli-
cations of Conducting Polymers, Adam Hilger, Inc., Bristol, 1991.
H. H. Choi, J.Lee, K.-Y.Dong, B.-K. Ju and W. Lee, “Gas Sensing
Performance of Composite Materials Using Conducting Poly-
mer/Single-Walled Carbon Nanotubes”, Macromolecular Re-
search, vol. 20, no. 2, pp 143-146, 2012.

M. L. Clingerman, J. A. King, K. H. Schulz and J. D.
Meyers, “Evaluation of Electrical Conductivity Models for Con-
ductive Polymer Composites”, Journal of Applied Polymer Sci-
ence, vol. 83, pp. 1341-1356, 2002.

(1]

105

[10] L. Ramajo, M.M. Reboredo and M.S. Castro, “Characterization of
Epoxy/BaTiO; Composites Processed by Dipping for Integral Ca-
pacitor Films (ICF)”, Journal Materials Science, vol. 42, pp.

3685-3691, 2007.

D. D.L.Chung, “Materials for Electromagnetic Interference
Shielding”, Journal of Materials Engineering and Performance,
vol. 9, no. 3, pp. 418-424, 2000.

D. Panaitescu and P.V. Notingher, “Composite materials from
polymers and conductive fillers. Behavior of the ABS/copper fiber
in electric field”, Plastic Materials, vol. 39, no.1, pp.56-61, 2002.

J.C. Dyre and T. B. Schreder, “Universality of AC Conduction in
Disordered Solids”, Reviews of Modern Physics, vol. 72, no. 3,
pp.873-892, 2000.

C. Stancu, P.V.Notingher, D. Panaitescu and V. Narinescu, ,,Elec-
trical Conductivity of Polyethylene- Neodymium Composites”,
Proceedings of 8" International Symposium on Advanced Topics
in Electrical Engineering (ATEE 2013), Bucharest, 23-25 May,
Paper MATEL 1, pp. 1-6, 2013.

S.H. Foulger, “Electrical Properties of Composites in the Vicinity
of the Percolation Threshold”, Journal of Applied Polymer Sci-
ence, vol. 72, pp. 1573-1582, 1999.

S.H. Jasem and W. A. Hussain, “Dielectric Properties of Carbon
Black/PVC (Cement) Composites”, Journal of Basrah Researches
(Sciences), vol. 38, no. 1. A, pp. 60 — 71, 2012.

G. M. Tsangaris and G. C. Psarras, “The Dielectric Response of a
Polymeric Three-Component Composite”, Journal of Materials
Science, vol. 34, pp. 2151 — 2157, 1999.

X.Y.Huang and P.K.Jiang, “Electrical Properties of Polyethylene
/Aluminium Nanocomposites”, Journal of Applied Physics, vol.
102, 124103, pp.1-8, 2007.

H. Zois, L. Apekis and Y. P. Mamunya, “Dielectric Properties and
Morphology of Polymer Composites Filled with Dispersed Iron”,
Journal of Applied Polymer Science, vol. 88, pp. 3013-3020,
2003.

J. Yacubowicz and M. Narkis, “Dielectric and Magnetic Properties
of Random and Segregated Ferrite Polystyrene Composites”, Pol-
ymer Engineering & Science, vol. 30, no. 8, pp. 469 -475, 1990.

A. L. Efros and B. 1. Shklovskii, “Critical Behavior of Conductiv-
ity and Dielectric Constant near the Metal-Non-Metal Transition
Threshold”, Physica Status Solidi (B), vol. 76, no. 2, pp. 475485,
1976.

W.T. Doyle, “Particle Clustering and Dielectric Enhancement in
Percolating Metal-Insulator Composites”, Journal of Applied
Physics, vol. 78, pp. 6165 — 6169, 1995.

P.V.Notingher, C. Stancu, D. Panaitescu and V. Marinescu,
,Polyethylene  Thermoplastic ~ Polymer Composites — with
Neodymium Filler”, Proceedings of Symposium de Genie
Electrique, 8-9 juillet 2014, Cachan, France (in press)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24] A. Gruji¢, J. Staji¢-Trosi¢, M. Stijepovié, J.Stevanovi¢ and R.
Aleksi¢, Magnetic and Dynamic Mechanical Properties of Nd-Fe-
B Composite Materials with Polymer Matrix, In: Metal, Ceramic
and Polymeric Composites for Various Uses, Edited by John Cup-

poletti, InTech, 2011.

A.S. Grujic, N.L. Lazic, N.M. Talijan, V. Spasojevic, J.T. Stajic-
Trosic, V.R. Cosovic and R. Aleksic, “Polymer — Bonded Mag-
netic Materials with Various Nd-Fe-B Filler Content”, Acta
Physica Polonica A, vol. 117, no. 5, pp. 859-863, 2010.

A. Gruji¢, N. Talijan, D. Stojanovié, J. Staji¢-Trosi¢, Z. Burzi¢, Lj.
Balanovi¢, and R. Aleksi¢, “Mechanical and Magnetic Properties
of Composite Materials with Polymer Matrix”, Journal of Mining
and Metallurgy, Sect. B - Metall., vol. 46, no. 1, pp. 25-32, 2010.

M. R. Parvaiz, P. A. Mahanwar, S. Mohanty and S. K. Nayak,
“Morphological, Mechanical, Thermal, Electrical and Rheological
Properties of Polycarbonate Composites Reinforced with Surfaces
Modified Mica”, Journal of Minerals & Materials Characteriza-
tion & Engineering, vol. 9, no.11, pp. 985-996, 2010.

D. M. Panaitescu, A. N. Frone, C. Radovici, C. Nicolae and F. X.
Perrin, “Influence of Octyl Ssubstituted Octakis(dimethylsiloxy)
Octasilsesquioxane on the Morphology and Thermal and Me-
chanical Properties of Low Density Polyethylene”, Polymer Inter-
national, vol. 63, no. 2, pp. 228-236, 2014.

[25]

[26]

[27]

[28]



Annals of the University of Craiova, Electrical Engineering series, No. 38, 2014; ISSN 1842-4805

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

D. M. Panaitescu, C. Radovici, M. Ghiurea, H. Paven and M. D.
lTorga, “Influence of Rutile and Anatase TiO2 Nanoparticles on
Polyethylene Properties”, Polymer-Plastics Technology and Engi-
neering, vol. 63, no. 2, pp. 196-202, 2011.

A. N. Frone, C. Radovici, F. X. Perrin and D. M. Panaitescu,
“Influence of Branched or Un-Branched Alkyl Substitutes of
POSS on Morphology, Thermal and Mechanical Properties of
Polyethylene”, Composites Part B-Engineering, vol. 50, pp. 98-
106, 2013.

R. N. Rothon, Particulate-Filled Polymer Composites (2nd Edi-
tion) 8. Filled Thermoplastics, Smithers Rapra Technology, 2003.

M. Naebe, C. Hurren, A.Maazouz, K. Lamnawar and X. Wang,
“Improvement in Mechanical Properties of Aluminum Polypro-
pylene Composite Fiber”, Fibers and Polymers, vol.10, no. 5, pp.
662-666, 2009.

J. Firouzi, A. A. Yousefi and A. E. Langroudi, “Rheological Be-
haviour of Metal Powder Suspensions Under Dynamic Loading”,
Iranian Polymer Journal, vol. 15, no. 2, pp. 127-134, 2006.

A. V. Shenoy, “Unsteady Shear Viscoelastic Properties”, Rheolo-
gy of Filled Polymer Systems, pp 338-394, 1999.

D. M. Panaitescu, A. N. Frone and I. C. Spataru, “Effect of
Nanosilica on the Morphology of Polyethylene Investigated by
AFM”, Composites Science and Technology, vol. 74, pp. 131-138,
2013.

D. M. Panaitescu, Z. Vuluga, C. Radovici and C. Nicolae,
“Morphological Investigation of PP/Nanosilica Composites Con-
taining SEBS”, Polymer Testing, vol. 31, no 2, pp. 355-365, 2012.

L.A. Dobrzanski and M. Drak, “Properties of Composite Materials
with Polymer Matrix Reinforced with Nd-Fe-B hard Magnetic
Particles”, Journal of Materials Processing Technology, vol. 175,
pp.149-156, 2006.

L.A. Dobrzanski, B. Zigbowicz and M. Drak, “’Mechanical Prop-
erties and the Structure of Magnetic Composite Materials”, Jour-
nal of Achievements in Materials and Manufacturing Engineering,
vol. 18, no. 1-2, pp. 79-82, 2006.

X. Cao, Y. Luo and L.Feng, “Synthesis and Properties of Mag-
nets/Polyethylene Composites”, Journal of Applied Polymer Sci-
ence, vol. 74, pp. 3412-3416, 1999.

T.J.Fiske, H.S.Gokturk and D.M.Kalyon, ,,Percolation in Magnetic
Composites”, Journal of Material Sciences, vol.32, no. 20, pp.
5551-5560, 1997.

T.J.Fiske, H.S.Gokturk and D.M.Kalyon, ,Relative Magnetic
Permeability of Polymeric Composites with Hybrid Particulate
Fillers”, Proceedings of SPE/ANTEC, pp.1767-1771, 1996.

H.S. Gokturk, T.J.Fiske and D.H.Kalyon, “Electric and Magnetic
Properties af a Thermoplastic Elastomer Incorporated with Ferro-

magnetic Powders”, [EEE Transactions on Magnetics, vol. 29, no.
6, pp. 4170-4176, 1993.

106

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]
[52]
[53]

[54]

[55]

P. Lertsurawat, P. Saramolee, T. Wongpot and C. Sirisathitkul,
“Influence of NdFeB Fillers on Tensile and Electromagnetic Prop-
erties of Natural Rubber”, Walailak Journal of Sciene & Techol-
ogy, vol. 6, no. 2, pp. 273-281, 2009.

I. Kong, S. Ahmada, M. Abdullah, D. Hui, A.N. Yusoff and D.
Puryanti, “Magnetic and Microwave Absorbing Properties of
Magnetite—-Thermoplastic Natural Rubber Nanocomposites”,
Journal of Magnetism and Magnetic Materials, vol. 322, pp.
3401-3409, 2010.

R. Nowosielski, J.J. Wystocki, I. Wnuk, P. Sakiewicz and P.
Gramatyka, “Ferromagnetic Properties of Polymer Nanocompo-
sites Containing Fe;sSigBi3 Powder Particles”, Journal of Materi-
als Processing Technology, vol. 162—163, pp. 242-247, 2005.

L. Sun and K. Keshoju, “Polymer Composites with Oriented Mag-
netic Nanowires as Fillers”, Proceedings of Materials Research
Society Symposium, vol. 1058, 1058-JJ06-26, 2008.

M. Kokabi, F. Arabgol and M. Manteghian, “Nd,Fe;4sB Permanent
Polymeric Composite Magnets”, Iranian Polymer Journal, vol.
14, no. 1, pp. 71-79, 2005.

K. Shimba, K. Furuta, N. Morimoto, N. Tezuka and S. Sugimoto,
“Magnetic Properties of Nanoparticle-Polymer Composites Pre-
pared Using Surface Modification and Cross-Linking Reaction”,
Materials Transactions, vol. 52, no. 3, pp. 486-490, 2011.

Y.Shirakata, N.Hidaka, M.Ishitsuka, A. Teramoto and T.Ohmi,
“High Permeability and Low-Loss Ni-Fe Composite Material for
High-Frequency Applications”, IEEE Transactions on Magnetics,
vol. 44, no. 9, pp. 2100 — 2106, 2008.

C. Stancu, P.V.Notingher, D. Panaitescu and V. Marinescu, ,,Di-
electric Losses in Polyethylene/Neodymium Composites”,
Proceedings of 14th International Conference on Optimization of
Electrical and Electronic Equipment (OPTIM 2014), Brasov,
Romania, pp. 223-230, 2014.

P.V. Notingher, Materials for Electrotechnics. Structure. Proper-
ties, vol. I, Politehnica Press, Bucharest, 2005 (In Romanian).

S.V.Vonsonski, Magnetism, Scientific and Encyclopedic Publish-
ing, Bucharest, 1981.

M. M. Codescu, W. Kappel and N. Stancu, Permanent magnets
based on NdFeB, Printech Press, Bucharest, 2006.

H. Akamatsu, J. Kawabata, K. Fujita, S. Murai and K.Tanaka,
“Magnetic Properties of Oxide Glasses Containing Iron and Rare-
Earth Tons”, Physical Review B, vol. 84, no. 14, pp. 144408 -1:8,
2011.

Grujié, J.Staji¢-Trosi¢, M. Stijepovié, J.Stevanovi¢ and R. Aleksic,
“Magnetic and Dynamic Mechanical Properties of Nd-Fe-B Com-
posite Materials with Polymer Matrix”, In: Metal, Ceramic and
Polymeric Composites for Various Uses (Ed. by J. Cuppoletti), pp.
505-524, 2011, DOI: 10.5772/18599.



