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The mechanical and thermal behavior of ultra-high molecular weight polyethylene (UHMWPE)/metallic
quasicrystal powder (MQP) composites are evaluated at filler volume fractions (& ¢) of 0.01, 0.02,
0.06 and 0.15. MQP is based on an aluminum alloy, synthesized and characterized to act as a filler for
UHMWPE. The preparation of the composites was conducted by compression molding. Morphological
analysis reveals larger and smaller MPQ particles, being well distributed, and mechanically anchored
in the matrix. The melting temperature was maintained after adding filler, while the crystallinity values
decreased. When adding MQP, an improvement in thermal stability is observed by increases in both the
initial and maximum weight loss rate temperatures (Tmax). However, when the temperature is about
700°C all composites present oxidation due to the MQP presence. The Pukansky model shows that
the 0.06 MQP composites have better interfacial adhesion. This is confirmed by the Nicolais-Narkis
equation. This contributes to an increase in the modulus of elasticity of the 0.06 MQP composite in
respect to the others. The elongation at break was reduced for the 0.15 MQP composite. However,
the higher volume fraction of MQP increased the stiffness of the UHMWPE, reflecting its potential

for use as a reinforcement.
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1. Introduction

Ultra-High Molecular Mass Polyethylene (UHMWPE)
presents attractive properties, including biocompatibility,
chemical resistance, durability, low friction coefficients,
and excellent self-lubrication'?. In addition, UHMWPE
has been used in a variety of applications, from medical
implants to industrial and aerospace machines. Yet UHMWPE
presents certain drawbacks in respect to elastic modulus,
surface hardness, wear resistance and thermal deformation
temperatures, as well as poor processing characteristics*>.
Some researchers have investigated the addition of inorganic
particles to UHMWPE (and other polymeric matrices),
seeking to improve their mechanical properties, such as
mechanical rigidity, resistance to wear, and to reduce their
friction coefficients®°,

It should be noted that MQP is a metallic alloy presenting
a quasi-periodic crystalline structure. MQP was first
discovered by Shechtman et al.!!, and afterwards Levine
and Steinhardt'? classified it as an intermetallic compound
without translational periodicity; a new class of ordered
structures. MQP also absorbs light, has reduced friction,
adhesion and good insulating properties'>!*. In contrast, its
fragility limits mass applications, and therefore, it has been
further explored for surface coatings applications, especially
those based on aluminum, where it improves hardness and
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anti-adhesion’. Quasicrystalline particles have also been
reported as promising for application in aluminum based
metal matrix composites'®.

When considering structural applications for polymeric
composites, it is important to account for the load-bearing
capacity of the dispersed component, which depends on
both particle characteristics and interfacial adhesion. When
particulate filled composites fail, and if a coupling agent has
not been added between the components, the first step is very
frequently the interfacial debonding!'”*. Pukanszky'” has
proposed a model to determine a parameter “B” that expresses
the filler load-bearing capacity in particulate composites.
Studies on the mechanical properties of polymer composites
with quasicrystalline metallic fillers are still scarce. Some
authors®?? have focused on morphological aspects and
thermal behavior. The representation of interfacial interaction
of composites by mathematical models are well-documented
for many types of filler (CaCO,, SiO,, corn cob, calcined
mollusk shell waste)!”?°. However, for quasicrystalline
metallic polymer composites, there are no publications in the
current literature involving interfacial interaction studies with
compositions from mathematical models. In addition, a high
cost/benefit ratio is expected for UHMWPE/quasicrystalline
filler composites because in this work the metallic filler is
used without surface chemical modification. Other filler
types, for example calcined mollusk shell waste'® need to


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-8550-080X

2 Figueiredo et al.

be modified in order to improve the properties of recycled
Polypropylene composites.

The aim of this work was to evaluate changes in the
morphological, thermal, and mechanical behavior of UHMWPE
promoted by additions of different aluminum alloy contents
based on MQP. In addition, this work also intends to predict
interfacial interaction in the UHMWPE/MQP composites in
uniaxial tensile testing with the application of mathematical
approaches based on the Pukanszky Model'” and Nicolais-
Narkis equation®.

2. Experimental

2.1. Materials

The commercial UHMWPE powder (UTEC 3041) investigated
in this study was supplied by Braskem at M =6 x 10° g.mol",
which was used as received. The Al Cu,,Fe , icosahedral
metallic quasicrystal powder (MQP) was produced in our
laboratory. The UHMWPE/MQP composites were prepared
at4.51,9.02,22.55 and 45.10 - MQP wt%. Using Equation
1, the MQP volume fraction (& ) was calculated as follows:
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where I and p are the mass and density of the components,
and the UHMWPE and MQP densities were 0.951>*and 4.51
g.cm'®, respectively.

2.2. Preparation of the samples

Metallic quasicrystal powder: alloy was produced with ingots
of Aluminum (99.97% purity), electrolytic copper (99.98%
purity), and iron (99.98% purity). The Al ,Cu,.Fe , alloy (%
atomic) was studied by Passos et al.>* due to the low cost
of the elements. The elements were melted in an induction
furnace with argon atmosphere. After melting, the alloy ingot
was then thermally treated under a helium atmosphere at
720 °C for 24h. The quasicrystalline alloy obtained was in
spherical form and was ground in a planetary mill with a
10:1 sphere/powder ratio for 20 minutes. The particle size
of the MQP powder was classified using a 200 sieve mesh
(74 microns). The UHMWPE matrix and MQP powder
were mechanically mixed for 10 min at room temperature,
with several MQP volume fractions obtained by Equation
1 (0.01, 0.02, 0.06 and 0.15); producing homogeneous
compositions. The composites were molded by compression
molding at a temperature of 200 °C, pressure of 12 tons
using a Marconi hydraulic press. Initially, the sample were
pressed by applying 3 tons for 3 minutes. The pressure was
then reduced to zero to allow any air that might be trapped in
the mold to escape, then12 tons was applied for 20 minutes.
Later, in the final step of molding, the hydraulic press was
opened and 25 minutes later, room temperature was reached.
The sample was then demolded from the mold to a shape
specified by ASTM D 638.
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2.3. Characterizations of the samples

Metallic quasicrystal powder (MQP): a) Chemical
composition was analyzed by X-ray fluorescence using
XRF-1800 Shimadzu equipment at 31.9° 40kW; and at
95 milliamps using rhodium X-ray generation; b) Structural
composition was determined by X-ray diffraction (XRD)
using a Siemens D500 Diffractometer equipped with a
(1.54A) copper tube at a scan rate of 0.003°.s™! and an angle
range between 20 and 50°; and c) particle size distribution
was investigated by laser diffraction using a Cilas laser
diffraction analyzer in dry mode.

2.4. Scanning Electron Microscopy (SEM)

The pure polymer and composites morphologies were
investigated in a ZEISS LEO 1430 scanning electron
microscope. MQP dispersion and interfacial adhesion in
the UHMWPE matrix were investigated. The composites
molded by compression were immersed in liquid nitrogen
and after a few minutes were fractured cryogenically, and
then covered with a thin layer of gold for further fracture
surface analysis.

2.5. Differential Scanning Calorimetry (DSC)

Thermograms of the composites were obtained using
a Shimadzu DSC 60 calorimeter. Calibration used indium
and sapphire in the temperature range from 0 to 350 °C.
The sample weights were from 3.0 to 5.0 mg. For each test,
the sample was first heated to 200 °C at 10 °C.min! for 3 min,
and subsequently cooled down to 30 °C at a cooling rate of
10 °C.min"' for data collection. In the second heating scan,
the sample was heated from 25 to 200 °C at 10 °C.min"! in
a nitrogen atmosphere. The crystallization temperature (7))
was determined during cooling. The melting temperature (7,
was determined from a second heating scan and the peak area
was used to determine the melting enthalpy with constant
integration limits. The average temperature values are the
average of three measurements. The degree of crystallinity
(X,) was determined using the Equation 2:

AH,
(1- Wg).AHj g0,

where: AHm is the melting enthalpy per unit weight of
UHMWPE in the composition, W, is the weight fraction
of quasicrystal powder in the composite, and AH , is the

enthalpy per unit weight of 100% crystalline polyethylene,
which is assumed to be 291 J.g!2%.

X, (%)= 100 )

2.6. Thermogravimetric Analysis (TGA)

The TGA weight loss curves were obtained in a Shimadzu
DTG-60H Simultaneous DTA-TG apparatus. Samples of
10 to 11 mg were placed in the equipment oven and heated
in a temperature range from 25 to 1000 °C at 10 °C.min"" in
an Argon (99.99%) atmosphere at 50 mL.min"".

2.7. Mechanical properties

Tensile tests were carried out using a universal testing
machine, Shimadzu model AG-X 10KN according to ASTM
D 638 at an extension rate of 50 mm.min'. Five samples were
tested for each composite, and mean values were considered.
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2.8. Theoretical - calculation of adhesion
parameter

The interfacial interaction between filler and matrix is
an important factor affecting the mechanical properties of
composites. The theoretical tensile strengths of the composites
were modeled for adhesion (or not) using (respectively) the
Pukanszky and Nicolais-Narkis models'”.

Based on the Nicolais-Narkis model®, the applied load is
sustained only by the polymer, where the yield strength of the
composite should decrease with increasing filler concentration.
Yield stress data are obtained from the Equation 3:

2

e _|1-Ko. 3 3
- or ©)

where @, 6, and o are the respective filler volume fraction,
yield stress of the composites, and the matrix. The parameter
“K” indicates the extent of adhesion between the filler and
the polymer. So, two conditions are evaluable by*: one
considers that K = 0, indicating perfect adhesion, and the
other that K = 1.21, which means no adhesion.

The Pukanszky Model'” describes composition and
interfacial interaction effects on particulate composite
yield stress
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wheres ando, arerespectively the composite and matrix
tensile yield stresses, ¢, is the filler volume fraction, and
”B” is a parameter which defines the interfacial interaction
between the filler and polymer.

In Equation 4, according to B. Pukanszky!’, the first
term is related to decreases in the effective capacity of the
cross section to support loads; the second term characterizes
the interfacial interaction in the composite. The third term
associates the area of the interphase with the strength of the
interaction, as follows according to Equation 5:

B=(1+Afpfl)ln[ o ] )
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where A, p, and I are the specific surface area, the filler
density, and the thickness of the interface; o, is the strength
of interaction.

According to Pukanszky et al.”*?’, a new equation deduces
the reduced yield stress ( 0,4 ), as shown in Equation 6, and
eliminates the effect of the reduced load-bearing capacity in
the cross section; from Equation 5, A, p, are held constant:

ayc(1+2.5¢;f)
(1-9)

Equation 6 is plotted against the filler content in a linearized
version of Equation 4 to obtain the “B” parameter from the
straight line slope, whose value reflects the polymer-filler
adhesion strength.

Oyred = = lno—ym +Byp (6)

3. Results and Discussions

3.1. Structure of the metallic quasicrystal powder

MQP alloy preparation was performed using two
melting procedures, one for initial melt and the other upon
re-melting. Both processes were conducted using an induction
furnace. Figure 1a shows the XRD pattern of MQP that
was not thermally treated and the Figure 1b presents the
second sample after thermal treatment. The sample without
thermal treatment corresponds to the non-quasicrystalline
phase (B) and the second thermally treated sample refers to
the icosahedral phase (¥)*. The composition of the heat
treated MQP obtained by X-ray fluorescence is shown
in Table 1. The MQP component values are close to the
theoretical composition, namely 65% Al, 23% Cu, and 12%
Fe (Al ,Cu,,Fe )*. For the non-thermally treated MQP sample
(Figure 1a), both the icosahedral phase (V) and the non-
quasicrystalline phase (p) are observed in the diffractogram.
J. M. Dubois® observed a considerable increase in the
icosahedral phase (), which was produced using an AlICuFe
alloy under thermal treatments. This result was attributed
to peritectic transformations. A icosahedral phase - phase
(B) mixture was formed by mechanical alloying of ingots
of Al, Cu and Fe, even after vacuum annealing at around
600 °C*3!, In the present work, the MQP was treated for 24h
under vacuum at 720 °C, resulting in both the icosahedral
phase (V) and the (B)-phase, as shown in Figure 1b.

3.2. Particle size distribution of the metallic
quasicrystal powder

The particle size distribution of the thermally treated
sample is shown in Figure 2. A wider particle size distribution
was verified for the MQP powder, with average diameter of
13.03 um. The cumulative distribution indicates that 10%
of the particles present diameter below 1.81 um and that
50% have a diameter below 8.51 um. In addition, 90% of
the particles have a diameter less than 31.92 pum. The MQP
sample was thus composed of different size particles sizes.

3.3. Scanning Electron Microscopy (SEM)

Figure 3 presents morphological features of the composites
with several MQP volume fractions, (0.01, 0.02, 0.06 and
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Figure 1. MQP X-ray diffraction patterns (\=KaCu=0.154184nm):
a) no thermally treated; b) thermally treated.
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0.15). Figures 3 (a-d) reveals that for all of the composites,
the MQP powder was well dispersed within the polymeric
matrix. However, notable particle mix (both small and large
particles), reveals the wide size distribution noted above. Due to
the higher concentration of filler in the 0.15 MQP composite,
the smaller particles (Figure 3f) tended to agglomerate more
than in the 0.02 MQP composite (Figure 3¢). The thermal
behavior of polymer matrix leads to two events: a) expansion
during compression molding during heating and b) contraction
during cooling. Then, when the UHMWPE matrix contracts,

Table 1. Alloy elements of the AICuFe and its respective compositions.

Elements Composition (%)
Al 65.11
Cu 22.831
Fe 11.7773
Si (impurity) 0.2818
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Figure 2. Particle size distribution of the MQP sample after being
thermally treated for 24h.
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it involves the MQP particles and consequently the filler is
mechanical anchored by the matrix when the composites
are subjected to fracture (Figure 3f). Contracted polymer
surfaces around MPQ particles prevent them from being
pulled out during fracture (Figure 3e). In the present work,
neither surface treatment of the MQP nor modification of the
matrix by coupling agent was used. The low MQP friction
coefficient® allows processing of UHMWPE composites
with higher MQP concentrations without surface treatment.

3.4. Differential Scanning Calorimetry (DSC)

Thermal characterization of the pure UHMWPE and
its composites using DSC was performed establishing
the melting and crystallization behavior of the samples.
Table 2 provides the data obtained from the curves shown
in Figure 4. Crystallization curves were obtained after
the first heating and cooling from melting, as shown in
Figure 4a; the width at half height of the exotherm peak
(AW) was calculated and showed in Table 2. It can be seen
that the samples have similar crystallization temperatures
(7c), confirming the weak interaction between composites
constituents as shown in the morphological study. The lower
value of (AW) of the 0.06 MQP composite indicates that
its crystallite size distribution is narrower than that of the
matrix, while the (AW) values of the other composites
have no alteration. The composite melting temperatures
were not altered with respect to the pure polymer, as seen
in Figure 4b. The supercooling temperature (7, -T,.)
and AW were decreased, and based on other authors®>* a
more perfect crystallization and a narrower crystallite size
distribution are thus suggested. Only the 0.06 MQP composite
presented lower (7, -T.) and AW values when compared
to UHMWPE, suggesting a trend towards a more perfect
crystallization for this MQP concentration. However, the
MQP additions decreased the crystallinity of the pure
polymer, which presented a higher melting enthalpy than

Figure 3. SEM micrographs of the composites samples: a) 0.01 MQP; b) 0.02 MQP; ¢) 0.06 MQP; d) 0.15 MQP; and e), ) details of the

0.02 and 0.15 MQP composites.
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Table 2. DSC results for UHMWPE and its composites upon second heating.

Dy T(°C) T, (°C) X (%) T,-T, AW
UHMWPE 115.0+1.9 134.1+5.2 56.6+2.0 19.1 9.33
0.01 1153+ 1.8 1343 +3.9 46.6+2.7 19.0 8.97
0.02 115.0£2.8 134.1+4.0 53.0+3.1 19.1 8.01
0.06 116.1+2.5 1333 +3.8 50.8 + 3.4 17.2 6.8
0.15 1141+ 1.6 133.7+ 4.0 488+43 19.6 9.05
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Figure 4. DSC curves for pure UHMWPE and its composites: a)
Crystallization Temperature from melting; b) Melting Temperature
upon second heating.

the composites. The crystallinity of the composite with
0.15 MQP was reduced by about 16.0% compared to the
pure polymer. Therefore, our results reveal that it is difficult
to increase the crystallinity of UHMWPE by adding MQP,
as well as when carbon nanoparticle was added, as noted
by Visco et al.**. Kothalkar et al.! who performed thermal
analysis of high density polyethylene/quasicrystalline alloy
composites also observed the negative effect of Al-Ni-Co
decagonal quasicrystal on polymer crystallinity. From these
results, it is likely that to increase the thermal properties
of UHMWPE, 0.6MQP is the more favorable composition
when compared to the other composites.

3.5. Thermogravimetric Analysis (TGA)

TGA measurements indicated that with MQP addition,
changes occurred in the pure UHMWPE mass loss percentage.
The sample data and curves are shown in Table 3 and Figure 5,
respectively. The composites presented degradation curves

similar to that of the pure matrix with only one stage of
degradation as shown in Figure. Adding MQP promoted
improvement in the thermal stability of the polymer. In the
case of the 0.15 MQP composite, its initial degradation
temperature was 387.17 °C, and its temperature (7, ) at
the maximum degradation rate was 490.52°C, while for
UHMWPE these were respectively 260.86 and 487.38 °C.
This represents improvement in these temperatures of
126.31 °C and 3.14 °C, respectively. All of the composites
presented lower mass loss values than the pure matrix When
the temperatures at various mass losses (90, 80, and 50) are
increased, the composites present higher temperature values
than those of pure polymer, being therefore more stable,
especially when the MQP addition is higher. However,
when the temperatures were higher, ~ 700 °C, the MQP and
all composites presented gain of mass. From the tetragonal
phase o (AL Cu,Fe ) contained of an Al-Cu-Fe alloy,
Huang et al.’® using an oxidative process, obtained the
W-phase (quasicrystalline i-phase). This result was observed
from TGA-DTA curves whose mass gain started at around
620 °C in ambient air. According to E. Huttunen-Saarivirta’,
the (B) phase (and other crystalline phases 1, ® and A) may
coexist with quasicrystalline phase () due to the equilibrium
conditions of peritectic reaction. These crystalline phases
are more susceptible to corrosion. Thus, the presence of the
crystalline phase () in the thermally treated sample (Figure 1b)
in atmosphere without completely pure Argon may have
contributed to the MQP oxidation reaction, represented by
the mass gain starting at around 700 °C.

3.6. Mechanical properties

The results concerning the mechanical properties of
UHMWPE and its composites are shown in Figure 6. Adding
lower concentrations of MQP positively modified the Elastic
Modulus (EM) of the matrix with a slight improvement.
While for higher concentrations, the increase was above
20%, suggesting a matrix reinforcing effect. The composites
with 0.01 and 0.02 MQP presented the same EM results as
UHMWPE. For higher MQP addition, the EM values increased,
mainly for the 0.06 MQP composite. According to Fu, et.al*’,
hard particles have higher stiffness values, collaborating
with improvements in the modulus of composites based in a
ductile matrix, and micro and nanoparticles. The EM results
of the UHMWPE/MQP composites were slightly affected by
particle agglomeration; in agreement with the authors®-.
The yield strength (YS) of UHMWPE decreased about
17.6% with 0.15 MQP addition due to both agglomeration
of small particle and large particles with small aspect ratios.
For the other composites with volume fractions of 0.01 and
0.02 MQP, the YS values decreased by about 10%, while
0.06 MQP decreased around 5.0%. The Y'S of a composite
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Table 3. TGA data of the pure UHMWPE and its composites.
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o . . o . o o . Mass Loss  Residue
S w0 T (O T (0 T,C0 TNCO  THCC)  Tsoco) e RO
UHMWPE 260.86 528.53 443.62 487.38 410.70 434.93 463.90 98.48 5.28
0.01 351.40 506.80 444.71 482.80 407.97 423.70 454.39 91.22 10.15
0.02 379.43 518.43 461.48 489.96 453.80 464.15 476.60 91.23 10.90
0.06 383.76 509.76 459.76 488.01 456.67 465.32 478.20 79.50 22.16
0.15 387.17 524.88 460.41 490.52 458.06 465.32 478.80 80.68 27.78
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Figure 5. TGA curves for the samples: a) Mass Loss and b) Mass Loss Rate.

a)
400 600
L 550
350 T
A T T |s00
i P
5 300 i ) 450 ©
T 1 - 400 x
€ o[ F \§/” * i\ S
9 - 350 &
3 200 L300 ®
s \ 5
L 250 .S
L 150 i
g L 200 g
i 100 L 150 i
L 100
50 -
L 50
0 T T T T T 0
UHMWPE  0.01 0.02 0.06 0.15
Sample
b)

N
S

2 o ®
IR
T
N
=)

[N}
L

Yield Strength (MPa)
5
:
N
Tensile Strength (MPa)

UHMWPE 0.01 0.02
Sample

Figure 6. Mechanical Properties for the samples: a) Elastic Modulus
and Elongation at Break; b) Yield Strength and Tensile Strength.

depends on interfacial adhesion (for matrix tension to be
transferred efficiently to the filler)®®. The yield stress and
elastic modulus are also influenced by the contact area of the
filler surface®**!. From the EM and Y'S results, it is plausible
to suppose that interactions between the matrix and the MQP
in the 0.6 MQP composite due to the mechanical anchoring
were more effective, which led to the matrix supporting
greater force during the tensile testing. In respect to tensile
strength (TS), it is important to consider that large particles
detach from the matrix, forming large cavities in it, which
result in cracks*. Moreover, composite strength is sensitive to
changes in structure, particles size, and aggregate formation*!.
In fact, the reduction in TS values for all UHMWPE/MQP
composites suggests the formation of cracks due to the presence
of agglomerated particles. The composite with 0.15 MQP
presented the worst tensile strength, which decreased about
50% compared to the pure polymer. Elongation at break
(EB) of the matrix was influenced by the MQP content.
All composites presented lower elongation values compared
to the UHMWPE, suggesting that higher concentrations of
MQP stiffen the matrix.

The expectation of interfacial interaction between MQP
and UHMWPE composites motivated us to investigate it
based on mathematical models. The morphological aspect
of the composites evidenced the mechanical anchorage
mechanism. From the ”B” parameter of the Pukanszky Model,
the degree of interfacial adhesion between filler and matrix
can be characterized; dependent on all factors influencing
the effective capacity of the cross section to support loads!”.
The morphological aspects of UHMWPE/MQP composites
revealed smaller MQP particles, agglomeration, and interfacial
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adhesion between components by mechanical anchoring,
as shown in the micrographs (Figure 5e, f). Using the “B”
parameter, it can be inferred which composites were less
affected by the morphology, such as smaller agglomerated
particles and cavities formed by the displacement of large
MQP particles. Negative ”B” values imply poor interfacial
adhesion for the particulate composite. The ”B” values for
the UHMWPE/MQP composites were determined using
experimental yield stress data (Table 4) and Equation 4.
As shown in Table 4, negative ”B” values were obtained for
composites of 0.01 and 0.02 MQP. For these composites, the
results indicate poor interfacial adhesion between UHMWPE
and MQP as seen in the morphological aspects. Other
authors**** are in accordance with the results obtained in the
present work. The 0.06 and 0.15 MQP composites presented
positive ”B” value, higher than those observed for the other
composites, and suggesting better interfacial adhesion for
them. Remembering that the value of YS decreased less
for 0.06 MQP composite, and suggest interaction between
MQP and UHMWPE.

Using the Nicolais-Narkis Model, the lack of adhesion
between UHMWPE and MQP was assessed: Equation 3 and
k = 1.21. The theoretical prediction established for the
UHMWPE/MQP composites is seen in Figure 7. It can be seen
that the tensile yield stress values of the 0.06 and 0.15 MQP
composites were above the modeling curve obtained by the
Nicolais-Narkis Model?. This suggests that there is certain
interaction between components in these composites, while
for the remaining composites there are lack of adhesion,
because their tensile yield stress values were below the
modeling curve. Yet this result was corroborated by the
Pukanszky Model, which predicts quasicrystal particles in
composites 0.06 and 0.15, debonding during deformation, and
partial load carry applied to UHMWPE due to the positive
values of B (Table 4).

Table 4. Pukanszky model “B” values for the UHMWPE/MQP
composites.

1z f Parameter B
0.01 -5.26
0.02 -2.10
0.06 2.46
0.15 1.92
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Figure 7. Tensile yield stress of the composites with Nicolais-Narkis
Model theoretical prediction.

4. Conclusion

The UHMWPE crystallinity was diminished, principally
for the 0.1° ‘omposite which decreased by approximately
16.0%. Morphological aspects revealed large and small MQP
particles and some mechanical anchoring between particle and
matrix, especially when the MQP concentration was higher.
Thermal analysis revealed that addition of MQP improved
thermal stability for UHMWPE in the first degradation event.
However, MQP composites display an oxidative process at
~ 700 °C, and the composites with higher concentrations
of MQP presented more pronounced mass gains due to the
MQP oxidation process. Stiffness (Elastic Modulus) increased
for the 0.06 and 0.15 composites, while elongation at break
decreased due to the reinforcing effect of the higher MQP
concentrations. However, both yield and tensile strength
decreased for all composites, being the 0.06 MQP composite
was the least affected. The Pukanszky and Nicolais-Narkis
models revealed that 0.06 and 0.15 MQP composites results,
were more prone to withstand loads under tensile yield than
the other composites with lower concentrations. Considering
the measured stiffness and temperature resistance of the
studied composites at temperatures below 500 °C, higher
concentrations of MQP revealed potential as a filler for
UHMWPE composites.
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