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Abstract

Currently, innovation in materials is a highly explored
area, due to the requirements to satisfy the industrial needs
for intelligent materials that arise mainly with an
improvement in physical and mechanical properties.
Within the classification of intelligent materials are
composites and in this work it is proposed to combine a
very versatile and low-cost polymer such as polypropylene
and the important mineral called magnetite. By manual
injection, three compounds are obtained and evaluated the
effect on the thermal and mechanical properties of the
polypropylene (PP) composite reinforced with different
concentrations of mineral magnetite (5%, 10% and 20%)
is evaluated. The three composites obtained (MP5, MP10
and MP20), were characterized by thermogravimetric
Analysis (TGA), Differential Scanning Calorimetry
(DSC) and Dynamic Mechanical Analysis (DMA). A
favorable effect with MP20 composite is achieved on the
thermal properties of polypropylene, managing to extend
the thermal stability up to 420°C and improve the storage
modulus up to almost 2 GPa.
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Resumen

En la actualidad la innovacion en materiales es un area
muy explorada, debido a los requerimientos para satisfacer
las necesidades industriales por materiales inteligentes que
surgen con un mejoramiento en las propiedades fisicas y
mecénicas. Dentro de la clasificacion de los materiales
inteligentes se encuentran los compositos y en este trabajo
se propone combinar un polimero muy versatil y
econdmico como lo es el polipropileno y un mineral
importante como lo es la magnetita. Mediante inyeccion
manual se obtienen tres compositos y se evalla el efecto
en las propiedades térmicas y mecanicas del composito de
polipropileno  (PP)  reforzado con  diferentes
concentraciones de magnetita mineral (5%, 10% y 20%).
A los tres compositos obtenidos (MP5, MP10 y MP20), se
les caracteriz6 mediante Andlisis de Termogravimetria
(TGA), Calorimetria Diferencial de Barrido (DSC) y
Anélisis Dindmico Mecéanico (DMA). Se observa un
efecto favorable con el composito MP20, logrando
aumentar la estabilidad térmica hasta 420°C y aumentando
el modulo de almacenamiento hasta 2 GPa.
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Introduction

Thanks to the excellent properties of
polypropylene such as high thermal stability,
high chemical durability, easy processability and
low cost, it is a very versatile material for
different applications, not to mention its
reusability [1, 2, 3 and 4]. Polypropylene
composites are attracting attention among other
aspects for their versatility in different
applications ranging from medical [5 and 6],
industrial [7] and aerospace [8, 9 and 10] as well
as in the production of composites with
interesting properties such as light weight, low
cost, high resistance to elastic deformation, etc.
It is known that polypropylene among
thermoplastics is one of the most attractive
thermoplastics to reinforce and improve its
properties making it compatible with most
processing techniques [11].

Magnetite is a very abundant mineral in
the earth's crust and in addition to possessing
important physical properties such as high
density, thermal and electrical conductivity, it is
also known to be opaque to x-rays and can block
radiation, including microwaves and radar [12].
Glass is currently used for this purpose and has
also been used for its modification to obtain
composites [13].

In this work we propose to obtain three
composites with polypropylene matrix with
different concentrations of magnetite as a
reinforcing agent.

Experimental development
Obtaining the composite

To obtain the composite, magnetite mineral from
amine in Oaxaca was used as a reinforcing agent
and the versatile thermoplastic polypropylene
(PP) pellets with a density of 900 kgm-3 and a
melting temperature of 170°C were used as a
polymeric matrix.

In the process of obtaining the composite,
the injection method was used using a manual
injector Vulcano brand/model, the injection of
the composite with the reinforcement of the
clays was deposited in a mould for tensile
specimens with measures of 2.5X8 in.
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Based on the literature review, 3
concentrations of magnetite were established:
5% (MP5), 10% (MP10) and 20% (MP20) of the
total PP, and then the mixture was mixed with
the polypropylene, where the injector hopper
was used for the mixing process, which was
preheated to 130°C.

Cleaning of
the injector

Operating
conditions

Emptying into
test tube

Graphic 1 Process of obtaining the Magnetite-PP
composite
Source: Own elaboration

Once the specimens with the
corresponding magnetite concentration were
obtained, dynamic mechanical analysis (DMA)
tests were carried out with a deformation sweep
from room temperature of 25°C to 200°C with a
heating ramp of 10°C/min. These tests were
carried out on a TA Instruments RSA I11.

Thermal analysis (TGA-DSC)

In order to know the thermal behaviour of the
composites, a standard DSC-TGA-SDT
Q600Vv20 was used.

Stress Test

An INSTRON INS-001 tensile testing machine
was used to determine the maximum stress of the
composites obtained. The tests were carried out
at room temperature and with a humidity of 20%
under the procedure of the ASTM D638 standard
(stress properties of plastics) with a speed of 100
mm/min.
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Rotational rheology (viscosity)

A Physica MCR 501 rotational rheometer was
used to obtain the flow curve. A gap=1mm was
used, from a temperature of 200°C, with a
geometry of 25 mm parallel plates and a shear
rate range of 0.0001-100 (1/s), recording the
stress values (Pa).

Results
Thermal analysis (TGA-DSC)
Graph 2 shows the behaviour of pure

polypropylene, as well as the composites with
different concentrations of magnetite.
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Graphic 2 Thermogravimetric analysis of the obtained
composites and pure PP
Source: own elaboration

In the thermograms (graphic 2), a
significant decomposition of PP and the
composites MP5 and MP10 can be observed in
the temperature range from 240 to 420 °C,
achieving a positive thermal reinforcement by
the magnetite from the lowest concentrations (5
and 10%) resisting up to a temperature of 280°C
in comparison with the pure PP. It can be seen
that with the highest concentration of magnetite
(MP20) the thermal stability of the composite
has been increased by approx. 50%, remaining
stable up to 500°C.
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Graphic 3 Differential scanning analysis of the obtained
composites and pure PP
Source: Own elaboration
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Graphic 3 shows that the melting
temperature of the MP5 and MP10 composites
achieves a delay of 30°C compared to pure PP.
In a favourable way, the MP20 composite
achieves a delay of the crystallisation phase up
to a temperature of 430°C compared to pure PP.

Tensile test

Table 1 shows the storage modulus achieved by
each composite compared to neat PP.

Sample | Module E (kPa)
PP 464503.336
MP5 264269.543
MP10 572806.501
MP20 1991694.450

Table 1 Tensile test on PP and the composites obtaine
Source: Own elaboration

It is observed that the incorporation of
magnetite in the MP5 composite has a negative
effect by lowering the storage modulus of pure
PP. However, with the highest concentration of
the reinforcing agent (MP20), a significant
increase in the storage modulus of~2 GPa is
achieved.

Rotational rheology (viscosity)
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Graphic 4 Viscosity of the PP and composites obtained
Source: Own elaboration

Graphic 4 shows that regardless of the
concentration of the reinforcing agent
(magnetite), the four samples show a decrease in
the loss modulus or viscosity of the material;
however, as the speed increases, the composites
show a damping in the decrease of viscosity,
which is a direct contribution of the reinforcing
agent.
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Conclusions

The characterisation of the composites obtained
with different concentrations of the reinforcing
agent (magnetite) shows a favourable effect by
improving the thermal and dynamic-mechanical
properties of the polypropylene. With the MP20
composite it was possible to increase the thermal
stability up to 420°C and to increase the storage
modulus up to 2 GPa.

In this way, we contribute with
information for the processing of this versatile
and economical material.
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