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Resumo

Nos ultimos anos, especialmente fibras naturais extraidos de plantas lignoceluldsico,
ganharam atencdo devido ao seu desempenho como engenharia de reforgo
composito polimero. Por exemplo, as fibras lignocelulosicas extraidos a partir das
folhas da planta curaua (Ananas acutifolius) exibir um potencial de reforgo devido a
sua relativamente alta resisténcia. As fibras, entre 0 a 30% em volume de, foram
misturados com resina de poliéster sob pressdo num molde metalico, e curada a
temperatura ambiente durante 24 horas. Este trabalho procura avaliar a resisténcia
ao impacto deste tipo de matriz de epodxi fibra de reforgo. A resisténcia ao impacto
aumentado substancialmente com a quantidade relativa de fibras de curaua reforco
do compdsito. Este desempenho foi associada com a resisténcia imposta pelas
fibras e o comportamento de propagagao da fissura
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ENSAIO IMPACTO I1ZOD COMPARATIVO ENTRE COMPOSITOS EPOXY
REFORGADO COM FIBRAS DE CURAUA E FIBRA DE VIDRO

Abstract

In recent years natural fibers, especially lignocellulosic extracted from plants, have
gained attention owing to their engineering performance as polymer composite
reinforcement. For instance, the lignocellulosic fibers extracted from the leaves of the
curaua plant (Ananas erectifolius) display a reinforcement potential owing to their
relatively high strength. The fibers, between 0 to 30% in volume, were mixed with
polyester resin under pressure in a metallic mold, and cured at room temperature for
24 hours. This work attempts to evaluate the impact resistance of this type of fiber
reinforcing epoxy matrix. The impact resistance increased substantially with the
relative amount of curaua fiber reinforcing the composite. This performance was
associated with the resistance imposed by the fibers and the crack propagation
behavior.

Keywords: Curaua fibers; Impacto izod tests; Notch toughness; Epoxy matrix.

! Graduating in industrial Engineering, Master, Student, LAMAV, State University of the Northern Rio
de Janeiro/lUENF, Campos dos Goytacazes, Rio de Janeiro, Brazil.

2 Graduating in Metallurgical and Materials Engineering, Student, LAMAYV, State University of the
Northern Rio de Janeiro/UENF, Campos dos Goytacazes, Rio de Janeiro, Brazil.

% Doctor in Materials Engineering, Doctor, Assistant teacher, Science center in engineering,
Redentor college, Itaperuna, Rio de Janeiro, Brazil.

4 Doctor in Mechanical engineering, Doctor, Professor, Advanced Materials Laboratory, State
University of the Northe Fluminense/UENF, Campos dos Goytacazes, Rio de Janeiro, Brazil.

5 PhD in Materials Engineering, Emeritus Professor, Department of Materials IME, Rio de Janeiro,
Braziil



1 INTRODUCTION

Natural fibers, especially those lignocellulosic obtained from plants, offer economical
environmental and technical advantages in comparison to synthetic fibers for
application as the reinforcement of polymeric composites. For the industry, low cost
is certainly an important incentive associated with the use of lignocellulosic fibers that
usually have a commercial price around five times lower than that of glass fiber, the
cheapest among the synthetic fibers.

Environmental issues are, additionally gaining attention owing to worldwide problems
related to climate changes and pollution. This is nowadays a major advantage for the
natural fibers that are renewable, biodegradable and recyclable. By contrast to glass
fiber composites that cannot be recovered, natural fiber composites can be
completely burnt to produce energy. Moreover, lignocellulosic fibers are neutral with
respect to CO2 emission, the main responsible for global warming.

In these works, lzod impact tests with notched and fixed specimens resulted in
absorbed energy values lower than 60 J/m for all fibers investigated as polypropylene
composite reinforcement. Recent works on the impact resistance of thermoset
polymer composites reinforced with long and aligned lignocellulosic fibers [10-15],
revealed a much higher value for the impact energy. In particular, a polyester
composite reinforced with 40% of curaua fiber reached 170 J/m [11], which is more
than three times the maximum obtained by any short-cut and randomly oriented
lignocellulosic fiber composites [9]. This remarkable result served as motivation for a
work to confirm it with a different impact method, the Charpy test.

2 MATERIALS AND METHODS
2.1 Curaua Fibers

The curaua fiber is obtained from a plant with same name, a bromeliad (Ananas
Erectifolius), the same pineapple family and was purchased from "Amazon Paper", a
company that sells natural lignocellulosic fibers grown in the Northern Region of
Brazil, specifically in the Amazon. The typical aspect of curaua plant and curaua fiber
are shown in Figure 1.

Figure 1: (a) Curaua Plant and (b) Curaua fiber processed and ready to be used as reinforcement in
composite

These fibers were used without any surface treatment, only a fast cleaning and air
drying.
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Hundred fibers were chosen to measure the length and diameter through a ruler and
a profile projector respectively, and with the results obtained were calculated the
average length (L) and the average diameter (d). Figure 2 is a histogram
measurementswhere it was possible to obtain L = 442 mm and d = approximately
0.17 mm [7]. The fibers were individually weighed and through calculating a
geometric cylinder, afforded the density of the fiberglass, which was approximately
0.92g/cm?.
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Figure 2: Histogram for measures distribution of length and diameter of fiber curaua
2.2 Fiberglass

The fiberglasses were purchased from Glass Company. This company provides
repairs on vehicles and surfboards using as raw material the fiberglass. According to
the manufacturer, the fiberglass is E-type with a density of approximately 2.6 g / cm?
and a mean diameter in the range from 8 to 14 mm. Figure 3 shows the glass fiber
used in this work, the same is in the form of wire, known as roving.
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Figure 3: Fiberglass shape.d in wire (roving) used for tﬁe production of composite

2.3 Specimens

According to the ASTM D 256 norm, there are significant differences between both
tests, Charpy and Izod [15] that could lead to distinct results. These differences are
shown in Fig.4.
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Figure 4. The Charpy (a) and the Izod (b) impact test methods.

Natural fibers, especially those lignocellulosic obtained from plants, offer economical
This figure reveals that the Charpy specimen, with a minimum length of 124 mm, is
free-standing on the support during the impact, Fig. 4 (a), with a hammer, which
strikes exactly at the opposite side of the notch. By contrast, the 1zod specimen has a
maximum length of 63 mm and is fixed to the support during the impact, Fig. 4 (b),
which strikes at a point 22 mm away from the notch. In practice, the Izod test
simulates better the actual situation of a component fixed into a system, which is hit
at a point away from a stress raiser like a grove or a flange.

3 RESULTS E DISCUSSION

The variation of the lzod impact energy with the amount of curaua fiber in the
polyester composite is shown in Fig. 5.
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Figure 5. I1zod impact energy as a function of the amount of curaua fibers.



In this figure it should be noticed that the curaua fiber incorporation into the polyester
matrix significantly improves the impact toughness of the composite. Within the
standard deviation, this improvement can be considered as an exponential function
with respect to the amount of curaua fiber up to 30%. The relatively high dispersion
of values, given by the error bars associated with the higher fiber percentage points
in Fig. 5 is a well known non-uniform characteristic of the lignocellulosic fibers [2].
The values shown in this figure are consistent with results reported in the literature.
The reinforcement of a polymeric matrix with both synthetic [18] and natural [8,19]
fibers increases the impact toughness of the composite. Table | compares values of
impact toughness of polymeric composites with different natural fibers.

In this work, using long and aligned curaua fibers, the impact toughness is
significantly higher than the values reported for polypropylene composites reinforced
with 50% of short cut and randomly oriented lignocellulosic fibers. The greater impact
resistance of the polyester in comparison with the polypropylene matrix could be one
reason for the superior performance of the present result. However, there are other
important factors related to the impact fracture characteristic of polymeric reinforced
with long and aligned natural fibers.

Table I. Impact toughness of polymeric composites reinforced with natural fibers.

Composite Amount of Fiber Condition Izod Impact Reference
Fiber (%) in the Toughness (J/m)
Composite

Jute/Polypropylene 50 Short-cut 39 [8]
randomly oriented

Sisal/ Polypropylene 50 Short-cut 51 [8]
randomly oriented

Flax/ Polypropylene 50 Short-cut 38 [8]
randomly oriented

Wood/ Polypropylene 50 Short-cut 28 [8]
randomly oriented

Curaua/ Polypropylene 50 Short-cut 54 [8]
randomly oriented

Coir/ Polypropylene 50 Short-cut 46 [8]
randomly oriented

Coir/polyester 40 Long and aligned 121 [20]

Curaua/polyester 30 Long and aligned 190 this work

The relatively low interface strength between a hydrophilic natural fiber and a
hydrophobic polymeric matrix contributes to an ineffective load transfer from the
matrix to a longer fiber. This results in relatively greater fracture surface and higher
impact energy needed for the rupture [21]. Another factor is the flexural compliance
of a long fiber during the impact test, which will be further discussed.

The incorporation of long and aligned curaua fibers results in a marked change with
respect to pure polyester (0% fiber) in which a totally transversal rupture occurs.
Even with 10% of fiber, the rupture is no longer completely transversal. This indicates
that the cracks nucleated at the notch will initially propagate transversally through the
polyester matrix, as expected in a monolithic polymer. However, when the crack front
reaches a fiber, the rupture will proceed through the interface. As a consequence,
after the Izod hammer hit the specimen, some long fibers will be pulled out from the



matrix but, owing to their compliance, will not break but simply bend. In fact, for
amounts of fiber above 10%, the specimens are not separated at all. For these
amounts of long curaua fibers, part of the specimen was bent enough to allow the
hammer to continue its trajectory without carrying away the top part of the specimen,
as expected in a lzod test. The value of the impact toughness in this case cannot be
compared with others in which the specimen is totally split apart. Anyway, the fact
that a specimen is not completely separated in two parts underestimates the impact
toughness. In other words, had all the fibers been broken, the adsorbed impact
energy would be higher.

4 CONCLUSIONS

e Composites of aligned curaua fibers reinforcing a polyester matrix display a
significant increase in the toughness, measures by the Izod impact test, as a
function of the amount of the fiber.

e Most of this increase in toughness is apparently due to the low fiber/polyester
matrix interfacial shear stress. This results in a higher absorbed energy as a
consequence of a longitudinal propagation of the cracks throughout the interface,
which generates larger rupture areas, as compared to a transversal fracture.

e Amounts of curaua fibers above 10% are associated with incomplete rupture of
the specimen owing to the bend flexibility, i.e., flexural compliance, of the curaua
fibers.
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