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Abstract
The strategy of combining the traditional reinforcement of glass fibers (GF) with lighter hollow glass microspheres
(HGM) can afford to fulfill the need for potential light-weight and high-strength modern materials required in various
sectors, such as automotive and aerospace industry applications. This work fabricated composites of PA6/GF/HGM by
melting blending in a co-rotating twin-screw extruder, and subsequently, injection molded. The effects of HGM content
on the density, morphological and mechanical properties were investigated and the PA6/GF/HGM composites properties
were compared to the properties of the traditional PA6/GF (70/30) wt% composite, widely used today in automotive
industries. With the increase of HGM amount in the formulations, a reduction of between 3 and 12% in density was
achieved with a slight reduction in its mechanical properties, showing that this new strategy can be applied to replace
the PA6/GF (70/30) wt% composite, providing a considerable weight reduction for these materials.
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1. Introduction
The aerospace and automotive industries are constantly
searching for new technologies to improve their performance,
especially new materials, to fabricate components lighter,
optimize the consumption of fuel, and make the aircraft
and vehicles faster and efficient[1]. Throughout history,
several advances have been achieved, the replacement of
metal parts by plastic material can be highlighted as one
of the changes that directly impacted the performance of
vehicles and aircraft[2]. Despite the replacement of metal
parts by plastic results in a significant reduction in weight,
its mechanical properties are usually lower than required
by those applications. To enable the replacement of more
metal parts by lighter materials polymer composites
reinforced with anisotropic fillers, such as glass fiber (GF),
and carbon fiber, and or inorganic filler such as talc and
calcium carbonate have been produced to be used for those
sectors of the industry[3,4].
Considering the reinforcement characteristics, anisotropic
fillers are more efficient compared to isotropic fillers[5,6] due
to their high surface area ratio. Fiber-reinforced materials
have expanded the use of thermoplastics into structural
applications, and in this context, GF has long been the
reinforcement of choice, since they meet many structural
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and durability demands of the aerospace and automotive
industries[7] because of its high specific strength and high
specific modulus of elasticity. Glass fiber-reinforced
plastics (GFRP) have thus become a commodity material
in the automotive, aerospace, and construction industries[8].
Although, these fillers may result in the increased density
of the final composite. Thus, despite the advance in
the development already achieved by the GFRPs, the
development of new strategies to obtain the composites
materials based on polymer and GF are still needed. The
strategy of producing a composite combining the traditional
reinforcement of GF with a lighter filler can afford to fulfill
the need for potential light-weight and high-strength modern
materials required in various sectors, such as automotive
and aerospace industry applications[9]. This particulate
filler can be spheres, blocks, or needle kind. Hollow glass
microspheres (HGM), also known as glass bubbles, are
an example of sphere inorganic reinforcement applied to
obtain lighter composites materials[10,11].
Hollow microspheres, especially glass ones, are used to
reduce weight and to impart specific properties to polymeric
materials for various applications[12-15]. HGM are spherical
thin-walled glass (0.5-2.0 µm) made of outer stiff glass and
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inner inert gas, with average diameter between 10-200 µm,
which combine very low weight, high resistance to uniform
compression, good thermal properties, acoustic insulation
and good dielectric properties[16]. The incorporation of HGM
to replace the amount of glass fibers face a challenge in
the processing of traditional composites, due to the brittle
feature of the thin wall glass. Thus, a large amount of HGM
fracture during extrusion and injection process, the scientific
literature brings as one solution the two-stage processing
method, based on twin-screw extrusion[17-20]. The twin-screw
extrusion processing is commonly used to improve the
distribution and dispersion during the mixing process on
the extrusion, and the two stages prevent the breakage of
the glass fibers and HGM, what ensure a better efficiency
process compared with the traditional single screw method.
Nowadays, HGM composites are also an object of
study in additive manufacturing, such as 3D printing, to
improve flow melting and thermal insulation[21]. Özbay and
Serhatlı[22] studied processing and properties of different
combinations of HGM filled with polyamide 12 (PA12)
matrix, by Selective Laser Sintering (SLS) manufacturing
method. As a result, they obtained a 20% of density reduction
and a significant rise in the E-modulus with the composition
PA12/HGM (80/20).
In the automotive industry, the polyamide (PA6) and
polyamide 6.6 (PA66) are often used because of their typical
hydrogen bonds, due to their polar chemical structure[23], with
a short GF reinforcement, commonly 30 wt%. Composites
of PA6 or PA66 reinforced with glass fibers ensure great
mechanical and thermal properties and can be found in
air intake manifolds, rocker covers, radiator end tanks,
fuel rails, electrical connectors, engine encapsulation and
others[2,24]. In this sense, GF and HGM combination may
constitute an excellent solution to combine lower density,
dimensional stability, and good mechanical properties.
Berman et al.[25] have studied the effects of replacing
calcium carbonate (high density filler) with HGM (low
density filler) in an unsaturated polyester resin matrix
sheet molding compound (SMC) reinforced with short
GF (10~15 wt%). The composite was fabricated in SMC
manufacturing, lay-up and hot pressing. As a result, they
obtained a 12% of density reduction but compromised
the mechanical properties. Nevertheless, all values of
tensile, flexural and impact properties were higher than
the corresponding properties of low and ultra-low-density
composites reported in the literature.
Thus, the goal of this study was to fabricate a composite
based in PA6 reinforced with GF and HGM and to investigate
the effects of HGM content on the density, mechanical
properties of the composites comparing its properties
with the traditional PA6/GF (70/30) wt% composite,
widely used today in automotive industries. It’s expected
to find a formulation with at least 10% density reduction
and maintenance of mechanical properties. In this paper,
fundamental results for understanding the relationship
between structure and property of both the matrix and the
fillers will be discussed in terms of microscopic observations,
mechanical properties, and thermal stability.
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2. Materials and Methods
2.1 Materials
The injection molding grade polyamide 6 (B30S)
with density of 1.14 g/cm3 was provided by LANXESS.
Glass fiber was provided by LANXESS, with medium
range length of 3 to 4.5 mm, the density of 2.45 g/cm3 and
chemical compatibilization with an organosilane. Hollow
glass microspheres type S42XHS (3MTM) was provided by
3M with untreated surface, density of 0.42 g/cm3, nominal
crush strength = 8,000 psi and size distribution = 20-29 µm.

2.2 Composites preparation
The PA6/glass fibers composites and PA6/glass fibers/
hollow glass microsphere composites were produced by
melting blending using a Thermo Scientific Haake Rheomex
PTW 24 OS co-rotating twin-screw extruder, with a side
feeder (L/D = 35). The twin-screw speed and temperature
at the die were 200 rpm and 250ºC, respectively. To mixture
preparation, the GF and HGM were added in the side feeder,
in order to prevent its break. First of all, PA6/GF composites
with 30 wt% of glass fibers were prepared and separated
as the reference sample. The processing of the PA6/GF/
HGM composites was performed in two stages to prevent
the HGM breakage due to abrasive contact with glass
fiber and shear stress during mixing [19,20]. In the first stage,
only the PA6 and glass fibers were mixed in the extruder
and in the second stage, the pellets of the first stage and
HGM were mixed. Both fillers were introduced in the side
feeder. The twin screw speed and barrel temperature at the
die were 200 rpm, 250ºC the same used to the reference
sample. The total amount of fillers was kept in 30 wt% for
all formulations, changing the HGM content relative to the
GF content. Table 1 shows the studied formulations with
respective amount of PA6, GF and HGM.
After extrusion, tensile specimens were obtained by
injection molding, according to ASTM D638, using a Thermo
Scientific equipment. The injection molding conditions
comprised: barrel temperature profile 260/270/282/280/280ºC,
mold temperature 80°C, injection pressure 700 bar and
injection speed 25mm/min.

2.3 Filler characterization
A calcination experiment was made, based on ISO
3451-1 (method A) to quantitative evaluation of inorganic
filler. For this analysis, 3 specimens each formulation were
burned using methane gas. After the extinguishment of the
flame, only a white residue and black ash were left. They
represent the organic load and inorganic filler, respectively.
Subsequently, the specimens were placed in a furnace at
Table 1. Samples formulation with PA6, GF and HGM content
relative.
Sample
A
B
C
D
E

PA6 (wt%)
70.0
70.0
70.0
70.0
70.0

GF (wt%)
30.0
27.0
25.0
22.5
20.0

HGM (wt%)
0.0
3.0
5.0
7.5
10.0
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750°C for 30 minutes, to full degradation of the organic load.
The amount of inorganic filler in samples was calculated
with the Equation 1.

( Masscalcined −

% residue

(

Masscrucible )

Masssample

)

× 100

(1)

To evaluate the morphology of the filler after processing a
Scanning Electron Microscopy (SEM) Shimadzu SSX-550
Superscan model was used on samples A and C to fibers,
and on sample C to HGM. The average L/D of fibers and
diameter of HGM after the calcination experiment was
measured using the IMAGE Pro-plus 4.5 software. For
each sample, 50 examples of GF and HGM was measured.

2.4 Composites characterization
To study the PA6/GF and PA6/GF/HGM composites
morphology, density and mechanical behavior, the injected
specimens were previously placed in an oven for 24 hours
at 95ºC. This procedure aims to reduce the humidity of the
material, which could affect the results since PA6 is a highly
hygroscopic polymer[26]. Scanning electron microscopy (SEM)
observations, using a Shimadzu SSX-550 Superscan model,
were carried out over the cross-section of cryofractured surface
(made with liquid nitrogen). Specimens of all compositions
were evaluated and the distribution and adhesion of the
fillers were analyzed.
The samples densities measured were carried out with
a Sartorius analytical balance (2006), according to ISO
1183-1 method A, using Archimedes principle. First, an
empty beaker was placed above the plate of the balance,
and the balance was tarred. Then the weight of 3 specimens
of each composition was record. After that, the beaker was
filled with 500 ml of water at 23 ºC and the balance was
tarred again. Each specimen, suspended with a copper wire,
was submerged in water, and the weight was recorded. The
density was calculated following Equation 2. Density water
was considered 1.0 g/cm3.

Mass ( sample ) * Densitywater

air
Densitysample = 
 Mass ( sample ) − Mass ( sample )
air
submerged


(

)







(2)

For mechanical characterization, tensile and Izod impact
tests were performed. The tensile test was carried out using
an Instron universal testing machine, model 4467, according
to ISO 527 standard test method (specimen dimension =
80x5x2 mm). The strain rate was set to 50 mm/s, also,
an extensometer of 50 mm and a load cell of 30 kN were
used. The Izod impact was carried out in a Ceast equipment
6545/000 model, according to ISO 180 standard test method
(specimen dimension = 80x10x4 mm), with the pendulum
of 2.75 J and preloading of 0.011 J. All mechanical tests
were performed at room temperature, and at least, five test
specimens were used for testing each formulation.

2.5 Efficiency metric
To compare the performance of the formulations, the
percentage of density reduction was divided by the percentage
of change in mechanical properties. EDT and EDI refers to
Polímeros, 32(1), e2022001, 2022

efficiency density reduction by tensile strength test and by
impact test, respectively. Equation 3 and Equation 4 shows
how it was calculated.
EDT = ∆%density

∆ %Tensile strenght

EDI = ∆ %density

∆ % Absorbed energy

(3)
(4)

3. Results and Discussions
3.1 Fillers characterization
Table 2 shows the compositions of samples and the
amount of inorganic filler after the calcination test.
It is noticed a difference between the amount of
filler theoretical and after the calcination test. This can
be attributed to the low density and small dimensions of
HGM, an amount of this filler is lost in the air during the
feeding process. Also, some HGM can not pass through
the die, getting held back in extruder[20]. The same could
happen to the smallest glass fibers. However, there was a
homogenous loss of fillers in all samples, around 5% in
weight for each one. Thus, this enables a fair comparison
of mechanical properties between the samples, considering
the same amount of reinforcement for all.
Figure 1a shows the SEM images to sample A, PA6
load with 30% of GF, after the calcination of the composite,
and Figure 1b shows the aspect ratio distribution of the
glass fibers.
It was observed that glass fiber (GF) presents a smooth and
uniform surface and average aspect ratio of 5.14 ± 3.52 μm.
There was a difficulty in determining the beginning and end
of the fibers during the measurement, which justified the
low L/D value and high standard deviation. Nonetheless,
fiber size reduction is expected due to the breakage during
the extrusion at samples preparation. Lower aspect ratio
results in worse mechanical properties, especially tensile
strength and impact absorption[27,28]. Figure 2a shows the
SEM images to sample C, PA6 load with 25% of GF and
5% of HGM, after the calcination; through this analysis was
possible to evaluate hollow glass microspheres, it has also
a smooth surface and the average diameter was between 15
± 5 μm. It’s noticed a reduction in microspheres diameter
due to the breakage during extrusion, owing to your thin
brittle glass wall. The major reduction in diameter came to
breakage of bigger HGM, which explains a 25% reduction
on average diameter. Hu et al.[29] studied the effect of broken
HGM in silicon rubber and detected a enhance in mechanical
Table 2. Samples formulation with PA6, GF and HGM content
relative and inorganic filler after calcination experiment.
Sample
A
B
C
D
E

PA6
(wt%)
70.0
70.0
70.0
70.0
70.0

GF
(wt%)
30.0
27.0
25.0
22.5
20.0

HGM
(wt%)
0.0
3.0
5.0
7.5
10.0

Calcination
(%wt)
24.8 ± 0.1
25.3 ± 0.1
25.9 ± 0.1
25.1 ± 0.2
25.9 ± 0.1
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Figure 1. (a) SEM images of sample A after calcination process;
(b) Aspect ratio distribution of sample A.

Figure 2. (a) SEM images of sample C after calcination process;
(b) Aspect ratio distribution of glass fibers.

properties due to a bigger contact area between matrix and
filler after the HGM break, this observation can explain
the enhancement of mechanical properties described in
this work in the next section. Fiber average aspect ratio
is 5.38 ± 2.19 on sample C. The difference in the glass
fiber length between samples A and C is explained by the
influence of HGM in attrition increase during extrusion[30].
Again, there was a difficulty in determining the beginning
and end of the fibers, which justified the low L/D value and
high standard deviation.
A reduction in L/D original value was expected due to
attrition between flow matrix and fillers during extrusion[19,20].
Also, is well known that lower values of L/D generate worst
mechanical properties[28,30]. The average diameter of HGM
was measured to analyze the breakage of microspheres during
extrusion. A reduction in average diameter was noticed.
Scientific papers describe an improvement in tensile and
impact strength in composites with broken HGM due to a
higher interfacial surface of the filler which leads to more
chemical interactions. This improves the efficiency of strain
mechanism of composites[29,31].

distribution through to the PA 6 matrix. However, some small
holes were observed, probably resulting from the extraction
of fibers during the cryogenic fracture (white circle). For
sample B, PA6 with 27% GF and 3% HGM, Figure 3b, it
was a similar behavior was observed, that is, a uniform fillers
distribution through to the PA6 matrix. Although the glass
fibers are more adhered to the matrix than the HGM. This
can be explained by the fact of GF was chemically treated
with an organosilane, improving the interaction fiber-matrix.
Due to the non-treated surfaces, HGM showed a weak
interfacial adhesion with the matrix. Carvalho et al.[32] studied
the influence of interfacial interactions in a polypropylene
(PP) /GF extruded composite reinforced with non-treated
and aminosilane treated HGM. These authors had describe a
difference in the interfacial interaction between matrix-HGM
treated and matrix-HGM non-treated. With the treatment, the
PP matrix wets almost all HGM, instead of the almost half
of non-treated HGM. Kumar et al.[33] concluded the same
idea about the surface treatment on HGM after studying
the morphology of PP reinforced with bamboo fiber and
HGM. Again, SEM images showed the matrix all around
the treated surface.

3.2 Composites characterization
The micrographs of the surface of composites samples A,
B, C, D and E, obtained by SEM, are showed in Figures 3-5.
By analyzing reference sample A, PA6 with 30% GF,
Figure 3a, it was observed that the glass fibers show uniform
4/9

It can be noted that samples C, D and E, Figures 4 and 5,
despite having a larger amount of HGM than samples A
and B, do not show agglomerates and maintain good fillers
distribution through to the PA6 matrix. These samples also
presented holes due to cryogenic fracture. There are more
Polímeros, 32(1), e2022001, 2022
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Figure 3. (a) SEM images of sample A after cryogenic fracture; (b)
SEM images of sample B after cryogenic fracture (scale = 50µm).

holes coming from the HGM pullout than from fibers. Also,
can be noted that those holes have diameters similar to
small HGM, about 6 µm. It was expected since a low ratio
surface comes with a low adhesion surface between matrix
and non-treated HGM[34,35]. Figure 6a show the adhesion
failure in sample D (70%PA6/ 22,5%GF/ 7,5%HGM) with
a zoom. It’s possible to see an empty space around the filler.
On the other hand, as shown in Figure 6b, it can be
seen that the PA6 matrix “wets” the glass fibers. Therefore,
the fibers have a rough surface, unlike the smooth surface
observed after the calcination test; the microspheres remain
with the smooth surface. Such behavior can be justified
by the presence of an organosilane compatibilizer on the
glass fibers surface, which promotes improved chemical
interaction between polymer and fiber. The microspheres,
however, were not compatibilized. When matrix “wets” the
fillers, chemical interactions improve mechanical properties.
Although a poor adhesion between the phases leads to
premature failure under mechanical stress. The empty space
acts as a crack and propagates under loads[36,37].
Samples density obtained according to the Archimedes
principle, and the density reduction with the increase of the
amount of HGM, in comparison to the PA6/GF with 30 wt%
of filler are showed in Table 3.
The density test shows a great reduction in the in the density
of the composites, in comparison to the reference sample,
with the increasing fraction of hollow glass microspheres
in the material. In Jang’s study[10], was used polycarbonate
Polímeros, 32(1), e2022001, 2022

Figure 4. (a) SEM images of sample C after cryogenic fracture
(scale = 50µm); (b) SEM images of sample D after cryogenic
fracture (scale = 50µm).

Figure 5. SEM images of sample E after cryogenic fracture (scale
= 50 µm).

with density of 1.19 g/cm3 and hollow glass microsphere
(density = 0.46 g/cm3). 15 wt% of filler granted a density
reduction of 15.2% of the composite.
The mechanical properties, i.e. Young’s modulus, tensile
strength values, elongation at break, obtained by tensile
strength test, and absorbed impact energy, obtained by Izod
impact resistance test are shown in Figure 7.
The mechanical properties of hybrid composites were
reduced with increase of amount of HGM in its composition,
in comparison to the reference sample. All samples present the
5/9
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Figure 6. (a) SEM images of HGM after cryogenic fracture (scale
= 10µm); (b) SEM images of GF after cryogenic fracture (scale
= 10µm).

Figure 7. Mechanical properties of samples: (a) Young’s modulus
and tensile strength; (b) Elongation at break and impact absorption.

Table 3. Density test results and analyses of density reduction.

Table 4. Rate reduction of mechanical properties.

Sample

Density (g/cm3)

A
B
C
D
E

1.32 ± 0.004
1.28 ± 0.003
1.22 ± 0.009
1.20 ± 0.001
1.12 ± 0.024

Density Reduction
(%)
3.0
7.6
9.1
15.1

same range of filler after the calcination experiment, so the
mechanical properties could be evaluated using the selected
mixing method. According to Figure 7, considering the high
standard deviations, Young’s modulus was the same to all
samples, so it was supposed that hollow glass microspheres
do not significantly affect this property. Tensile strength,
elongation at break and impact resistance rate reduction
of each formulation are summarized in Table 4. Negative
values correspond to improvement on the property.
According to Table 4, there was a low reduction in the
tensile strength, considering the lowest amount of glass fibers
in sample E (70%PA/ 20%GF/ 10%HGM), remembering
that glass fibers conferees better mechanical properties
for these composites[6]. Also, a lower fiber aspect ratio is
expected due to the increase of attrition during extrusion
with high values of HGM in ternary composites[30]. Can be
observed the same range of fiber aspect ratio between binary
and ternary composites, so that should not be the reason for
6/9

Sample

Tensile
Strength (%)

Elongation at
break (%)

A
B
C
D
E

-12
-3
2
9

-19
23
16
35

Impact
Absorption
(%)
12
23
30
42

the improvement on mechanical properties. Nevertheless,
sample B (70%PA/ 27%GF/ 3%HGM) presented an
improvement in properties compared to sample A. This result
could be attributed to better distribution and/or dispersion
of fillers in the thermoplastic matrix during processing[32].
Other reason that could explain the improvement is better
physically interaction that small amount of HGM in ternary
composites, like Hu detected in your study. Hu had reported
the influence of broken HGM on silicon rubber, with and
without intact spheres. Even the broken HGM can be a
reinforcement on the composites if there is physical and/ or
chemical interaction with the matrix, improved by the higher
surface area, although it doesn’t decrease the density. This
can explain by broken HGM presenting a higher surface area
than an intact microsphere. Doumbia’s[31] study corroborates
with Hu’s experiment. Doumbia studies the influence of
the various types of hollow microspheres in high-impact
Polímeros, 32(1), e2022001, 2022
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PP matrix. As broken HGM presents a higher aspect ratio
than an intact microsphere, and the only interaction between
matrix and HGM is an H bond of hydroxyl group present
on the surface of the filler, more surface ensures a higher
probability of chemical interaction. Experimentally, it
was observed a high elongation at break and high tensile
strength compared with the theoretical value. Filler with
good physical or chemical interaction with matrix and/
or another reinforcement increases the efficiency of strain
mechanism. A small interparticle distance (GF and HGM)
decreases substantially mechanical properties due to stress
field superimpose[32]. The impact absorption had a relative
reduction due to the non-adherence of some hollow glass
microspheres with the matrix[38]. However, it could be improved
if the hollow glass microsphere were compatibilized with
an organosilane, avoiding those failures around the HGM.
In your study, Çelebi[39] had compared mechanical
properties of pure polypropylene, and the modification after
add hollow glass microspheres and HGM silane-modified.
The values of tensile strength were reduced, but when the
filler is compatibilized, this reduction is smaller. Compared
to pure PP, which presented 38MPa of tensile strength,
samples with 10% and 20% untreated HGM presented 26
MPa (reduction of 32%) and 21MPa (reduction of 45%),
respectively. Although, samples with 10% and 20% of silane
modified HGM presented 28 MPa (reduction of 26%) and
23 MPa (reduction of 39%), a difference of 6% compared
with value of pure PP. Elastic modulus was increased, at
least 20%, for compositions that had modified filler. The
rate reduction of tensile strength from PA6/GF/HGM studied
in this paper was smaller than the Çelebi’s composites, due
to affinity between the materials and fiber reinforcement.
However, a treatment on the HGM surface can decrease
this rate reduction on tensile strength.
To be sure which composition studied is most efficient,
Table 5 presents a comparison with rate reduction between
density and tensile strength (EDT), also density and energy
absorption (EDI). Negative values indicate an increase in
mechanical behavior.
In terms of absorbed energy, all samples present a
near number of reduced density per reduced absorbed
energy capacity. Now dealing with tensile strength, the
most efficient sample is composition D, once the aim of
the study is mass reduction, but if it’s a desire to improve
mechanical proprieties and reduce mass, composition C is
more efficient.
Analyzing the weight reduction of samples, Table 3
shows that a maximum reduction of 15% was achieved
(sample E). In all composites studied, a good combination
of weight reduction and mechanical properties maintenance
was successfully obtained. For example, by replacing five
percent of fibers glass with HGM in the composition, it
was possible to reduce the composite density in almost 8%,
while the mechanical properties were practically the same
observed in the reference sample.
However, after analyzing the results obtained, it’s possible
to have a composition of PA6, glass fiber and HGM that
presents the same tensile resistance of PA/GF (70/30), but
with a lower density. This composition should be between
5% and 7.5% of hollow glass microspheres.
Polímeros, 32(1), e2022001, 2022

Table 5. Comparative of ratio reduction of samples.
Sample
A
B
C
D
E

EDT
-0.25
-2.19
3.76
1.75

EDI
0.26
0.33
0.30
0.36

4. Conclusions
In this work, a composite of PA6 reinforced with
glass fiber (GF) and Hollow glass microspheres (HGM)
with light-weight and high-strength was successfully
produced. Compared to the traditional PA6/GF (70/30) wt%
composite, widely used today in automotive industries, the
PA6/GF/HGM (70/22.5/7.5), and PA6/GF/HGM (70/25/5)
formulations showed, respectively, a reduction of 9.1 and
7.6% in its density with a slight reduction in its mechanical
properties. On the other hand, the PA6/GF/HGM (70/27/03)
showed a reduction of 3% in the density and improvement
properties compared to the reference sample, which was
attributed to better distribution and/or dispersion of fillers
in the thermoplastic matrix during processing, besides of the
improvement made by broken HGM. The impact absorption
reduction observed in the samples, with the increase of the
amount of HGM in the composition was attributed to the
non-adherence of some hollow glass microspheres in the
PA matrix, evidenced in the SEM analysis. However, it
could be improved if the hollow glass microsphere were
compatibilized with an organosilane, avoiding those failures
around the HGM. Thus, was concluded that composites can
be used to replace some automotive components, which
are currently made by the composite PA6/GF (70/30) wt%
composite, providing a considerable weight reduction for
these materials.
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