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Abstract

This work shows the fractographic study of fractured surfaces resulted from tensile tests of thermoplastic composites
based on poly(propylene-co-cethylene) (PP-PE) and modified PP-PE copolymers reinforced with continuous carbon fibers
(CF). The PP-PE matrix was modified with two agents called AM1 (based on maleic anhydride) and AM2 (containing
an elastomeric agent), respectively. Three different laminates - CF/PP-PE, CF/PP-PE(AM1) and CF/PP-PE(AM2) -
were manufactured. The best tensile strength and elastic modulus results were determined for the CF/PP-PE(AM1)
laminate (507.6 £ 11.8 MPa and 54.7 + 2.4 GPa, respectively). These results show that the AM1 agent contributed
to increase the physicochemical interaction between the CF and the PP-PE matrix. This condition provided a better
loading transfer from matrix to the reinforcement. Scanning electron microscopy analyses of the fracture surfaces show
the fractographic aspects of the samples and allow evaluating the fiber/matrix-interfacial adhesion. Poor adhesion is
observed for the CF/PP-PE and CF/PP-PE(AM2) laminates with the presence of fiber impressions on the polymer
rich regions and fiber surfaces totally unprotected of polymer matrix. On the other side, a more consistent adhesion is
observed for the CF/PP-PE(AM1) laminate. This result is in agreement with the tensile test data and show the presence
of'a good interaction between the laminate constituents. The correlation of the mechanical and fractographic results with
the curves of complex viscosity versus temperature of the studied polymer matrices shows that the matrix viscosity did

not affect the wettability of the reinforcement.
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1. Introduction

The technological advances and the tight requirements
demanded by aerospace, marine, automotive and sports
equipment industries have promoted the increase employment
of structural polymeric composite reinforced with carbon
fibers in these areas. This trend is attributable to the low
density (1.4-1.6 g/cm?) of this class of materials associated
with high values of both specific rigidity and mechanical
resistance, characteristics that meet strict requirements in
service. In addition, the processing of components with these
materials is very versatile, capable of producing parts with
large dimensions and complex shapes!-!.

In this context, thermosetting composites have been
established in a prominent place in the structural materials
areal®!%l. But more recently, the study and use of thermoplastic
composites reinforced with continuous fibers in academic and
industrial segments have increased, considering their high
structural performance and similar or superior mechanical
properties to those obtained with thermosetting composites.
Beside this, they present high resistance to impact, better
delamination resistance, and fracture toughness, greater
resistance to environmental aging, they are non-flammable
and can be stored for a long time at room temperature.
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These characteristics have motivated the manufacture of
components with applications in aerospace, automotive,
oil, gas and civil infrastructurel!-3.

In general, thermoplastic composites with continuous
fibers are produced with less processing cycles, and can
be hot pressed, thermoformed, pultruded, consolidated in
autoclave or by automated methods on multiple complex
shapes of large size!'*?%. Besides, they can be welded to
other structures by electrical resistance, ultrasonic and
induction technologies, for example!?!-%!,

Despite the advantages provided by polymeric composite
materials, defects and damages may be present in the laminated
structure, caused by different variables, which may occur
during the processing of the component or during its useful
life. Defects can happen due to design errors or originated
in various stages of manufacture (for example, during the
laminate stacking sequence). The damages can be resulted
of impacts from inadequate conditions of transport and
storage or due to difficulties in operation!?*-3!. Defects and
damages, even if not noticeable on a visual inspection, can
contribute significantly to the reduction of the composite’s
resistance. This situation can be aggravated when the
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composite is exposed to harsh environmental conditions such
as sudden changes in temperature, high relative humidity
and ultraviolet radiation, which can affect its mechanical
properties and consequently its integrity and durability3>3%,

Most of the structures manufactured in polymeric
composites reinforced with continuous fibers are subjected
to a diversity of loads. Accordingly, these structures are
exposed to the occurrence of damages that may lead to the
failure of material. Structural collapse may occur in different
complicated shapes due to the anisotropic construction
of the laminate, in which the possible failure modes to
be developed are influenced by the orientation of fibers,
number of layers, layer stacking sequence, load direction
applied and environmental interactions.

The complete fracture of these materials typically occurs
in three basic types, called: interlaminar, intralaminar and
translaminar fractures, which generate fracture surfaces
with different morphologies, consequently with different
characteristics. When the fracture surfaces are properly
interpreted, it is possible to identify the damage and failure
processes. The fiber has influence on the matrix fracture
process while the interfacial quality of fiber/matrix adhesion
has a significant influence on the local where the failure
starts. As consequence, the detailed fractographic analysis
of fractured surfaces has fundamental importance on the
qualitative evaluation of the processing-structure-property
relationship of polymer composites. In this process it includes
the analysis of resistance and loading conditions to which
the material is subjected.

The fractography reveals the origin and the direction
of crack propagation, the nature of loading that originated
the crack, defects in material, failure mechanisms, and also
determines the sequence of events of the failure and confirms
or removes any suspicious on the failure modes present.
Moreover, the fractography presents itself as a powerful
research tool that generates information that supports
the improvement of materials processing and encourages
communication between experimental and predictive
areas. This knowledge can be used in the development and
evaluation of theoretical models of behavior and growth of
cracks#, Usually, the fractography is carried out with the
aid of the scanning electron microscopy (SEM) technique.

The correct identification of fractographic aspects is not
simple and immediate. However, if the fracture surface is
accurately assessed, it is possible to identify and to analyze
design data and composite processing parameters with
potential to cause failures. This procedure is useful because
it can be used to optimize the composite processing and
also to prevent other damages that can occur in the future.
Thus, fractographic studies have been strongly disseminated
and used not only in the area of metallic materials, but also
in the polymeric composites reinforced with continuous
fibers!3-331,

Table 1. Thermoplastic matrices used.

Due to the steady increase of thermoplastic composite
materials in the manufacturing industry of structural components,
this work aims to contribute to the fractographic area of
impregnated carbon fiber laminates with polypropylene/
polyethylene (PP-PE) copolymer, fractured in tensile loading
atroom temperature. Correlation of the observed fractographic
aspects with both the used processing technique and the
individual characteristics of the laminate components is
made. A brief rheological study of the used thermoplastic
matrices is presented and correlated with the microscopic
observations.

2. Materials and Methods
2.1 Materials

In this study three different solid laminates were processed
based on carbon fiber fabric (CF) with orientation (0°, 90°),
style Plain Weave, with tows of 3000 filaments, from Hexcel
Composites Co. This reinforcement was impregnated with
thermoplastic matrices based on three PP-PE copolymer films,
containing 7% (wt/wt) of ethylene monomer. Table 1 shows
the specifications of the thermoplastic films used. Two of
these films were modified by the manufacturer, Polibrasil Co.,
aiming to improve the mechanical behavior of the laminates
reinforced with CF. For this, one of the PP-PE samples was
modified with about 1% (wt/wt) of maleic anhydride. This
sample was named PP-PE(AM1). The other sample was
modified with 1% (wt/wt) of an elastomeric agent based
on ethylene-octene copolymer, identified as AM2. Such
elastomeric agent is used to improve the polymer flow and
the impact resistance of PP-PE copolymers®*.

The processing of the thermoplastic laminates was
based on the hot compression molding technique. The CF
reinforcing layers and the polymeric films were stacked
on the mold surface, alternating one layer of CF and two
layers of the polymeric film, in respective order, totaling
15 layers of CF and films. This proportion corresponds in the
final laminate at approximately 60 + 1% by volume of CF.
This value was determined by acid digestion, in triplicate,
in accordance with ASTM D3171-11.

The hot compression molding was held in a hydraulic
press, fitted with a mold of 400 mm x 400 mm. The heating
rate was 2 °C/min up to the maximum temperature of
230 °C, holding at this temperature for 2 h. At this step, a
pressure of 4 MPa was applied. The cooling was natural
until to reach the room temperature after 8 h. This procedure
ensured the consolidation of the laminates with a thickness
of 3.0 £ 0.1 mm.

2.2 Characterization

From the processed laminates, specimens were prepared
for the tensile mechanical tests, in a longitudinal direction,
according to ASTM D3039/D3039M-00. For this, it was used

Copolymer Matrices Code Melting Points (°C)
PP-PE (with 7% (wt/wt) of ethylene) PP-PE 128/163 +0.5
PP-PE (with 7% (wt/wt) of ethylene) + agent AM1 PP-PE(AM1) 126/164 £ 0.5
PP-PE (with 7% (wt/wt) of ethylene) + agent AM2 PP-PE(AM2) 126/164 +0.5
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anuniversal testing machine MTS-810 model, at a constant
speed of 2 mm/min at room temperature. The specimens
presented dimensions of 250 mm x 25 mm % 3 mm thickness,
with tabs of CF/epoxy resin bonded with epoxy resin adhesive
film at their ends. This procedure was adopted to distribute
uniformly the clamping forces of the specimen in the grips
of the testing machine, to favor the smooth transfer of the
load to the specimen and to protect the laminate surface
from possible damages during the test.

After the tensile tests, the specimens had the fracture
surfaces protected with a tape and cut with a diamond
disc. The fracture surfaces were cleaned blowing dry air to
remove any possible cutting debris. Then, the surfaces were
coated with a gold film by sputtering process, making them
conductive for the SEM analyses in a microscope model
FEI INSPECT S50.

In order to evaluate the influence of viscosity of the
matrices on the CF impregnation, rheological analyses of
PP-PE films were carried out using a rheometer HAAKE
model RS6000, adapted with parallel plate geometry and
a gap of 1 mm. All films were heated up to 230 °C at a
heating rate of 1 °C/min. Analyses were performed with
tension of 500 Pa. For this, previous analyses to identify
the linear viscoelastic regime were made. The maximum
temperature for these analyses was determined previously
from thermogravimetric analyses in air, where the degradation
temperatures varied between 240-245 °C.

3. Results and Discussion

When a laminate of polymeric matrix reinforced with
continuous fibers is subjected to mechanical loading, the
matrix begins to deform with the generation of strain on the
fiber surface. As the reinforcement is sufficiently long, the
load intensity necessary to lead them to fracture is higher,
contributing to increase the composite strength. However,
the conditions for an effective transfer of efforts from the
matrix to the fibers depend on the nature of the fiber/matrix
interface. Thus, the interface characteristics formed between
the reinforcement and the polymer matrix have a great
importance on the structural performance of the laminate,
affecting the mechanical properties and the failure process
of the composite.

Table 2 shows the results of strength and elasticity
modulus in tensile of the bidirectional laminates (0°, 90°)
tested in longitudinal direction. The analysis of this table
shows that the CF/PP-PE(AM1) laminate presents higher
tensile strength (507.6 + 11.8 MPa), followed by CF/PP-PE
and CF/PP-PE(AM2) laminates, with mean resistance
values of 440.1 = 35.9 MPa and 422.8 + 27.9 MPa,
respectively. The correlation of these data shows that the

Table 2. Results of strength and elastic modulus in tensile of the
laminates.

Composite Tensile Strength Elastic Modulus
(MPa) (GPa)
CF/PP-PE 440.1 +35.9 374+34
CF/PP-PE(AMI) 507.6 +11.8 547+2.4
CF/PP-PE(AM2) 422.8+27.9 48.6 £5.7
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AMI agent contributed to have a more resistant laminate,
about 15% higher than that determined for the CF/PP-PE.
This behavior is attributed to the AM1 agent that improved
the interaction between CF reinforcement and the polymer
matrix. In this case, the AM1 agent contributed to increase
the effort transference from the matrix to the fibers. On the
other hand, the CF/PP-PE(AM2) laminate provides a lower
mean value of tensile strength than that determined for the
CF/PP-PE laminate, around 4% lower. This indicates that
the AM2 agent did not favor the formation of a stronger
reinforcement/matrix interface. However, considering
the standard deviations of these measures it is possible to
conclude, in a general way, that the film with the AM2 agent
did not affect the tensile strength of the CF/PP-PE(AM2)
laminate in relation to the CF/PP-PE one.

Regarding the elastic modulus results it is observed a
descending order, where the best result was achieved for
the CF/PP-PE(AM1) laminate (54.7 + 2.4 GPa), followed
by CF/PP-PE(AM2) (48.6 + 5.7 GPa) and CF/PP-PE
(37.4 + 3.4 GPa) laminates. These results reinforce that
the CF/PP-PE(AM1) laminate shows the best mechanical
behavior in tensile, evidencing that the AM1 agent provided
greater chemical compatibility between the components, the
PP-PE matrix and CF reinforcement. Probably, the existence
of the largest chemical affinity conferred by maleic anhydride
in the PP-PE polymer matrix assured a better interfacial
adhesion fiber/polymeric matrix, which influenced positively
the laminate strength. The results indicate also that the use
of AM2 modifying agent, containing an elastomeric phase,
increased the deformation stress of the laminate, in relation
to the CF/PP-PE laminate.

The processing windows of polymers and their
composites can be determined from the behavior of the
complex viscosity curve (n*) versus temperature or time.
Figure 1 shows the complex viscosity graphic versus
temperature of PP-PE, PP-PE(AM1) and PP-PE(AM2) films.
As expected, Figure 1 shows that the viscosities of all films
decrease with the temperature increasing. This behavior is
due to the gradual destruction of existing interaction forces
(van der Waals forces) with the temperature increasing.

Rheologycal analyses of the films

3500 -
3000 -

25004

N
=

15004

1000 4

Complex viscosity (Pa.s)

500

T T T T T
180 190 200 210 220 230
Temperature (°C)

Figure 1. Complex viscosity curves versus temperature of PP-PE
films.
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This structure can also be destroyed with the shear rate
increasing. The PP-PE(AM1) film presents higher viscosity
values ranging from 1600 to 3100 Pa.s, in the temperature
range used in the analysis (180 to 230°C). These higher
viscosity values can be attributed to the presence of maleic
anhydride, which favored coupling reactions with the
polyolefin, resulting in the viscosity increase and, possibly,
the molar mass increase of the copolymer>, For this sample,
it can also be observed the presence of a curve between
180 and 200 °C. This behavior evidences the action of
maleic anhydride on the rheological behavior of the PP-PE
in function of temperature.

The matrices of PP-PE and PP-PE(AM2) present the
complex viscosity curves very close, with viscosity values
ranging from 550 to 1100 Pa.s, in the temperature range
between 180 and 230 °C. However, the PP-PE viscosity
behavior presents a continuous drop in all temperature range,
while the viscosity of the PP-PE(AM?2), in the range of 180
to 200 °C, shows a sharp curve during the fall of viscosity,
highlighting the AM2 agent behavior in this sample. The
decrease of the viscosity of PE-PP(AM?2) sample due to the
elastomeric compatibilizer addition resulted in improved
fluidity, in accordance with literaturet®*.

Figures 2-5 show representative images of the fracture
surfaces resulted from the tensile tests of the studied

laminates. In this case, SEM analyses contributed to the
observations and the capture of images of the fracture
surfaces. The observed aspects were identified and correlated
with the medium values of tensile strength, determined for
each laminate studied.

The failure in tensile is one of the easiest failure modes to
be found and understood in composite materials and has long
been studied by many authors*“#4. Generally, the fracture
follows the development and propagation of cracks through
the matrix and the fiber/polymeric matrix interface, because
of the stress concentration in the material produced. Figure 2
shows detailed images of CF, obtained on the fracture surface
of CF/PP-PE specimens tested in tensile. Figure 2a shows
the longitudinal section of a CF, with typical superficial
grooves of this type of reinforcement. This observed aspects
is inherited from the polymeric precursor, polyacrylonitrile
(PAN) fiber, as cited in the literature>®>"),

In this particular case, the CF image shows that this region
presents a poor interfacial adhesion between fiber/matrix.
This observation can be attributed to the poor interaction of
the components or due to the incomplete percolation of the
polymeric matrix into the reinforcement. The considerable
plastic deformation observed on the fracture surface allows
characterizing the polymeric matrix as thermoplastic type,
independent of previous information about the polymeric

PolyllZcric Matrix
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Plastic deformation

&\

Supetficial grooves with
weak interfacial adhesion

Crack Propagation

Mirror region

Figure 2. Fractographic aspects of longitudinal section of CF (a) and fractured surface (CF top) representative of the CF/PP-PE(AM2)

and CF/PP-PE laminates (b), respectively, tested in tensile.
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Figure 3. Details of the fracture topography of CF/PP-PE (a), CF/PP-PE(AM1) (b) and CF/PP-PE(AM2) (c) laminates.
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Figure 5. Details of impregnation of CF/PP-PE (a), CF/PP-PE(AM1) (b) and CF/PP-PE(AM2) (c).

matrix used in composite processing. It is also observed
the presence of small voids dispersed within the matrix.
Generally, in thermoplastic composites, voids are nucleated
at lower stress levels, and they are often developed in the
fiber/matrix interface. With the continuing loading, the voids
grow with the plastic deformation and viscoelastic behavior
of the matrix, clumping together to form the fracture surface
of the tested laminatel*¥.

Figure 2b shows another typical detail of CF laminates
tested in tensile, which presents the end sections of three isolated
carbon fiber filaments fractured, without the impregnation
of polymer matrix. The identified fractographic aspects are
highlighted by arrows on the fracture surface of each fiber.
Apparently, the failure beginning on the fiber is caused by
the presence of a small defect in the fiber itself or in the
fiber/matrix interface. Immediately next to the failure start
point area, there is a fracture surface relatively flat, termed
as mirror region, which indicates a slow fracture, in which
there is only enough energy to propagate the crack. However,
from the time that the fracture starts to propagate, the fracture
velocity increases and the fracture topography becomes more
rugged and rough with the fog aspect, forming radial line
marks on the fiber surface. Radial lines present the aspect
of an open range from an origin point. This aspect is often
found on CF fracture surfaces. This aspect is considered
relevant in the failure analysis of continuous fibers reinforced
polymer composites, subjected to tensile stress and helps
in the crack growth direction mapping. Similar aspects are
reported in the literaturet**!.

Figure 3 shows representative images of the three
thermoplastic laminates failed by delamination. Unlike of
the fractographic aspects observed in thermoset composites,

112

where the fractographic aspects are more easily identified and
explained®¢*##1 the fractographic evaluation of thermoplastic
composites is much more complex. The more difficulty
is due to the fact of thermoplastic matrices present few
fractographic aspects due to their viscoelastic nature that
generates deformations continuously during the application
of mechanical loading. Thus, the investigator must know very
well the characteristics of the individual components and the
used processing technique in order to extract information
from a complex and little elucidative scenario.

Despite this, Figure 3 shows that the three PP-PE
laminates present different fracture morphologies, attributed
to the modifying agents used in PP-PE films (Table 1). The
CF/PP-PE laminate (Figure 3a), when compared to the
other laminates, presents the worst impregnation, revealing
regions of fiber oriented at 0° fully exposed, i.e., without
impregnation of the polymer matrix. It is also observed
extensive regions of polymer matrix positioned between CF
fabric layers. These polymer rich regions show significant
plastic deformation, as indicated by the fiber impressions
at 90°, which are formed from the interlaminar failure
propagation during the mechanical loading. The presence
of'these fractographic aspects on the fracture surface shows
the weak interfacial adhesion fiber/matrix. It is also observed
that the fracture plane of laminate presents broken fibers at
0°, occurred at various levels due to insufficient percolation
of the polymer matrix into the reinforcement and poor fiber/
matrix adhesion.

Figure 3b shows a fractured region of CF/PP-PE(AM1)
laminate. This figure shows a region with good consolidation,
where the thermoplastic matrix is more cohesive and
with aspects partially smooth and rough simultaneously.
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In this case, it is observed that the reinforcement is better
incorporated into the matrix, i.e., the CF is more impregnated
by the polymeric matrix. These features indicate that the
laminate presents an interface fiber/matrix stronger than
that observed in Figure 3a. Figure 3¢ shows fractographic
aspects identified in the region failed by delamination
of the CF/PP-PE(AM2) laminate. Fiber impressions on
the matrix and some loose fibers suggest the existence
of a weak adhesion in the fiber/matrix interface, as noted
in the CF/PP-PE laminate (Figure 3a). However, in this
case, the polymer matrix presents extensive regions with
smoother texture, different from that observed in the other
two laminates. Probably, the manifestation of this feature
was influenced by the elastomeric agent AM2 used the
PP-PE(AM2) composition (Table 1).

Figure 4 shows images taken with smaller magnifications
of regions with partial views of the CF reinforcement.
This figure shows clearly the presence of loose and broken
CF, Figure 4a and Figure 4c, relative to CF/PP-PE and
CF/PP-PE(AM2) laminates, respectively. In Figure 4a are
observed matrix rich regions, presenting loose matrix layers
with fibers impression, adjacent to the fracture plane. These
observations confirm the weak interfacial adhesion between
the components of CF/PP-PE laminate. In Figure 4c, the
fibers are unprotected of matrix, misaligned and with many
fragments of matrix on the surface. These evidences show
weak interfacial adhesion and also the probably occurrence
of problems in the composite processing stages.

Figure 4b shows the CF bonded to the polymeric
matrix, indicating the wetting of the reinforcement by
the matrix and therefore a better consolidation, with
more consistent interface between the components of the
composite. The presence of broken fibers in different sizes
impregnated by the matrix consists of a fractographic aspect
that indicates that the laminate failed at different stress levels
with the applied load increasing. This behavior is further
evidence that the use of AM1 coupling agent improved the
reinforcement/matrix interaction, in relation to the other
two laminates. This suggests a better interfacial adhesion,
which provided a greater tensile strength as compared with
PP-PE and PP-PE(AM2) laminates (Table 2).

In the hot compression molding of composites is essential
the complete percolation of the polymer matrix among the
reinforcing layers. This condition provides bonding of the
fibers and a good consolidation of the laminate structure with
orderly and consistent interfacial adherence of fiber/matrix.
Figure 5 shows a comparison of the impregnating features
observed in the laminates studied. It is evident that the
laminate CF/PP-PE(AM1) presents a much more efficient
impregnation of the reinforcement (Figure Sb), than the other
two laminates (Figure 5a and Figure 5¢). In Figure Sa,c are
observed misaligned fibers without impregnation, emphasizing
the weak interfacial adhesion. These observations can be
attributed to variations in the composite molding process,
including difficulty in the matrix flow, which may prejudice
the wetting and interactions between polymer and reinforcing
under the actions of temperature and pressure. The matrix
texture appearance, shown in Figure 5b, suggests that
the fibers wetting quality promoted by the PP-PE(AM1)
matrix increased the physicochemical contact between the
composite components.
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The correlation of SEM observations with the
tensile strength results presented in Table 2 is consistent.
This correlation shows that the CF/PP-PE(AM1) laminate
has better impregnation of the reinforcement and the
highest value of both tensile strength (507.6 + 11.8 MPa)
and elastic modulus (54.7 = 2.4 GPa), when compared
to the other two laminates. The main influence of weak
interfacial adhesion is the reduction of the mechanical
properties, which compromises the final application of
the composite.

The comparison of SEM observations with the rheological
curves of the polymer matrices (Figure 1) shows that the
greatest viscosity values of the PP-PE(AM1) matrix did
not affect the wetting of the reinforcement. In this case, the
processed laminate presents the best impregnation and the
best mechanical performance. This result shows that the
AM1 agent (maleic anhydride) acts as a good coupling agent,
increasing the polarity of the PP-PE matrix and improving
the reinforcement/matrix interaction. The efficiency of using
the maleic anhydride as compatibilizing of copolymers and
blends, aiming to improve adhesion and hydrophobicity
of polyolefins, has been widely reported in literature>>8l.
Therefore, the interface feature has significant influence
on both mechanical behavior and failure process of tensile
tested-specimens.

4. Conclusions

In the present work, the morphological aspects and
tensile mechanical properties of CF/PP-PE laminates,
with three different compositions of the PP-PE, were
investigated. Two PP-PE matrices were modified with
the agents designated AM1 (maleic anhydride) and AM2
(elastomeric agent). The CF/PP-PE(AM1) laminate showed
the best tensile strength result (507.6 + 11.8 MPa). While
the CF/PP-PE(AM2) presented a reduction in strength at
around 4% (422.8 + 27.9 MPa) compared to CF/PP-PE
(440.1 + 35.9 MPa). Similarly, the highest elastic
modulus values were determined for the CF/PP-PE(AM1)
(54.7 £ 2.4 GPa), followed by the CF/PP-PE(AM?2)
(48.6 +£5.7 GPa) and CF/PP-PE (37.4 + 3.4 GPa) laminates.
These results show that the incorporation of AM1 agent in
the PP-PE film contributed to increase the physicochemical
interaction fiber/matrix and provided better conditions for
the charge transference between matrix and reinforcement.
Fractographic analyses of the CF/PP-PE laminate shows poor
adhesion between fiber and polymer matrix. This aspect was
indicated by the presence of fiber impressions in polymer
rich regions and CF surfaces totally non-impregnated by
polymer matrix. The most consistent adhesion was observed
for the CF/PP-PE(AM1) laminate, in accordance with the
best mechanical performance in tensile. Plastic deformations
are identified in the fracture morphology of the polymer
rich regions attributed to the viscoelastic behavior of
thermoplastic matrix. Other fractographic aspects, such
as radial line marks, are observed in the fracture surface
of the fibers oriented at 0°. Areas with significant volume
of fiber non-impregnated suggest possible problems in the
composite molding process. Complex viscosity results
showed that this parameter did not influence the wetting
of the carbon fiber reinforcement.
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