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ABSTRACT

Garzén Posada A.Q., F.E. Fajardo Tolosa, D.A. Landinez Télez, J. Roa-Rojas, G. Pefia Rodriguez.
Synthesis, electrical and structural characterization of a composite material based on powdered magnetite and
high density polyethylene. Rev. Acad. Colomb. Cienc., 37 (1): 55-59, 2013. JSSN 0370-3908.

This work describes the synthesis and characterization of a composite material based on magnetite filled HDPE,
which is commonly known for its magnetic properties. Composites of this kind are used in different applica-
tions such as magnetic and microwave absorption, transducers manufacturing, and biomedical applications like
targeted drug delivery, organs tagging, etc. The samples were produced according to different volume ratios of
magnetite and HDPE. The samples structure was analyzed through X-ray diffraction tests and the crystallinity
degree was calculated. Then, the samples were electrically characterized through volume resistivity measure-
ments. The results showed that for ratios less than the 20% of magnetite there is not a substantial reduction in
the resistivity of the composite compared to the unfilled HDPE. For magnetite ratios above the 30% the com-
posite shows a substantial reduction of six orders of magnitude in its electrical resistivity.

Keywords: Magnetite, volumetric resistivity, High density Polyethylene.
N
RESUMEN

En este trabajo se describe la sintesis y caracterizacién de un material compuesto a base de polictileno de alta
densidad (HDPE) y magnetita pulverizada, comtnmente conocido por sus propiedades magnéticas. Los com-
pusstos de este tipo se utilizan en diferentes aplicaciones tales como la absorcién magnética y de microondas,
la elaboracién de transductores y en aplicaciones biomédicas como Ia produccién de capsulas para la entrega
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focalizada de medicamentos, marcacién de 6rganos, etc. Las muestras del material compuesto fueron produci-
das con diferentes proporciones en volumen de magnetita y HDPE. La estructura de las muestras se analizd a
través de pruebas de difraccion de tayos X v se calculé el grado de cristatinidad. Posteriormente las muestras
se caracterizaron eléctricamente a través de medictones de resistividad volumétrica. Los resultados mostraron
que para proporciones menores al 20% de volumen de magnetita no hay una reduccidn sustancial en la resis-
tividad del material compuesto, en comparacién con el polietileno de alta densidad puro. Para proporciones de
magnetita por encima del 30% el compuesto muestra una reduccidn sustancial de seis érdenes de magnitud en

su resistividad eléctrica.

Palabras Clave: Magnetita, resistividad volumetrica, polietileno de alta densidad.

1. Introduction

This paper aims to produce a composite material based on
high density polyethylene (HDPE) with different propor-
tions of powdered magnetite (Fe,O,). The HDPE is one of
the most used polymers in the world due to its low cost, ease
of processing and good performance in addition to being
known as a reusable thermoplastic.

During the last decade, many studies have tried to improve
the performance of this material for specific applications,
adding to the polymeric matrix different kinds of reinforce-
ments like fibers and particulate materials such as the sili-
cates or other ferrimagnetic minerals. For instance, in Co-
lombia the magnetite is an abundant material, economical
and easy to achieve due to the good amount of mines found
throughout the country, mainly those that are located in Hui-
la and Cundinamarca.

By the addition of silicates such as montmorillonite some
researchers have successfully enhanced the mechanical pro-
perties of different polymeric matrices; these composites can
be used as building block for constructions. In .other works
the addition of some minerals, like the graphite or magneti-
te in different proportions into the polymeric matrix, have
allowed to study the percolative propesties of the composi-
te material, these kinds of studies are useful for the design
of technological gadgets such as heat sinks or packages for
electronic devices with electromagnetic shielding e (Panwar
et al., 2007; Weidenfeller et al, 2002). Although the use of
magnetite in thermoplastic and thermoset matrices is rela®
tively new, these composites has been implemented in the
automotive industry and in some biomedical uses, like the
design of stents that can be able to change their shape in the
presence of magnetic fields (Razzaq et al., 2007). Some po-
lymers filled with magnetite can also use in pharmaceutical
applications including targeted drug delivery, tissue recons-
truction and tumor treatments (Zhang et al., 2008), prima-
rily becanse of the low cytotoxicity of the magnetite [Miles
et al., 2010; Wentao et al., 1996],

in this work the samples were synthesized using an extruder
plastic machine and its resistivity and crystallinity degree for
different concentrations of HDPE and magnetite were stu-
died. Is expected to be achieved a composite with the mecha-
nical properties and excellent machinability of the polymers,
along with the conductive and ferromagnetic properties of
the magnetite. This composite can be used for the develop-
ment of technology or biomedical products, using economic
and reusable precursors.

2. Experimental

2.1 Samples Preparation

Based on the calculation of the HDPE and magnetite (Fe,0,)
real densities, samples of filled HDPE with magnetite were
obtained with different volume ratios: 90%-10%, 80%-20%,
70%-30%, 65%-35% and 60%-40%. For each volume ratio
were prepared two samples.

Fig. 1. Samples poured in different shapes.

The samples were made using an extruder plastic machine
with thrée heating zones. After the extrusion process, the
composite is poured into various molds with different shapes
in order to facilitate the machinability of the samples, as is
shown in figure 1.
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For the X-ray diffraction tests and for the electrical resistivi-
ty measurements, small cylinders of approximately 1.2 mm
diameter and 1mm height were cut and polished.

2.2 Resistivity Measurements

It is well known that the electrical resistivity of insulating
polymers like de HDPE could decrease by dispersing a con-
ductive filler, for instance, carbon black (CB) throughout the
polymer matrix ( Wentao & Xinfang, 1997; Tang et al,,
1994; Beancage et al., 1999); likewise, the magnetite as
filler of polypropylene and polyamides matrices has been
shown similar behaviors (Weidenfeller et al, 2002).

To assess the effect of the different magnetite ratios into the
HDPE matrices, at room temperature, measures of volume-
tric resistivity were taken. The volumetric resistivity is the
resistance to leakage current through the body of an insu-
lating material, is commonly expressed in chm-centimeters
{ASTM international, 2007). The resistivity of the samples
was measured the 6517A Keithley Electrometer and its 8009
resistivity test chamber.

2.3 X-ray diffraction Tests

The qualitative composition or phase identification of each
sample is determined by the X-ray diffraction tests. The
degree of crystallinity is estimated by the areas under the
diffraction curves. The X’Pert PRO MPD panalytical X-ray
diffractometer was used. This equipment uses a copper ano-
de of 1.540998 A. As analysis software the HighScore plus
of panalytical was used.

3. Results and discussion

Fig. 2 shows the volume resistivity of HDPE samples filled
with different volume proportions of magnetite, for each
volume ratio two samples were measured. As is shown in
Fig. 2 the significant drop (six orders of magnitude 10" to
10%) in the resistivity of magnetite filled HDPE can be ob-
served between a filler loading of 30 vol% to 40 vol% as
was predicted in previous works (Weidenfeller et al., 2002;
Boettcher, 1954; Bruggeman, 1937) . In contrast to this,
the Fig.2 shows a high volume resistivity between the pure
HDPE samples and the HDPE filled samples with 20 vol%
of magnetite, that’s an indicative of the predominant insula-
ting polymeric phase.

The samples resistivity can be affected by some factors like
the magnetite particles distribution and its interconnectivity
into the HDPE matrix. This is why the samples with a low
volume fraction of magnetite (0 vol% - 20 vol%) have a high

volume resistivity, with a low magnetite particles dispersion,
the resistivity is expected to be high and no conductive paths
are available between the magnetite particles.

This behavior, the decrease of the resistivity between filler
loadings of 30% to 40% of magnetite, and the increase of
it between the pure HDPE to 20% of filler loading was also
confirmed by electromagnetic polarization measures.

Volume resistivity of Magnetite filled HDPE
10* T T T T 3

-
<.
T
EE]
un
"

o
<
]
T
L

10" 4

10" E

®a

10° b -v

10° £ E

Specific volume resistivity (0 * cm)
=

-
<,
T
R”E
.

o
<

T T ? ™ T T T i T
0,0 0.5

0,1 0,2 03 0.4
% Volume fraction filler of magnetite
¢

Fig.2, Specific volume resistivity of extruded and molded mag-
netite filled HDPE as a function of the percent of volume fraction
filler of magnetite. For each volume ratio were prepared and
measured two samples.

On the other hand, in the samples with the highest filler
content (30 vol% - 40 vol%) some particles seem to have
contacts points among them or are separated only by very
small gaps, that produces conducting paths according to the
theories of Boettcher (1954) and Bruggeman (1937). This
indicates an ideally and homogenous dispersion of the mag-
netite particles in the polymeric matrix of HDPE. Therefore
charge carriers can migrate from one magnetite particle to
a neighboring one by hopping or tunneling. It’s also possi-
ble according to the figure 2 make an approximation of the
percolation threshold for the magnetite filled HDPE samples
near to the 30 vol%.

Figure 3 shows the diffraction pattern of the pure magnetite,
this describes the normal crystalline behavior of the ferrites.
Figure 4 shows the diffraction patterns of each sample. Ex-
cepting the unfilled HDPE and the pure Magnetite it was ob-
served .three main phases: Magnetite, Hematite and HDPE.
The Hematite phase belongs to the magnetite used as pre-
cursor material for the experiments and was not previously
isolated.
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Fig. 3. Pure magnetite diffraction pattern.
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Fig. 4. Diffraction patterns of the magnetite filled HDPE samples.

As was expected, when the content of the magnetite is in-
creased into the composite, the main peaks of the magneti-
te and hematite phases becomes more significant, while the
main peak of the HDPE phase is gradually reduced (300.000
to 15.000 counts), in other words the degree of amorphous-
ness decreases. The percentage of crystallinity for each dif-
fraction pattern is measured as the ratio of the crystalline
area over the total area, and the results are summarized in
Table 1. Note that the percentage of crystallinity is higher as
the volume of the magnetite increases. h

Conclusions

Electrical and structural properties of magnetite filled HDPE
samples were investigated. Samples were prepared with di-
fferent volume ratios of magnetite. Electrical resistivity mea-
surements show a rapid drop for filler loadings of the HDPE
over the 30 % of volume, it is a result of point contacts bet-
ween magnetite particles which are surrounded by the HDPE
matrix. The increasing number of magnetite particles can be

Table 1. Magnetite filled HDPE samples degree of crista-
Ninity.

% Vol Magnetite % Cristallinity
0% 16 %
10% 24,4 %
20% 22,4 %
30% 24,5%
35% 27 %
40 % 27,4 %

confirmed through the diffraction patterns and the cristalli-
nity degree. The structural changes in the composite started
with 20 vol% of filler. Therefore, the resistivity values of
the investigated materials mainly depend on the magnetite
grade.
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