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ABSTRACT: Various blend ratios of high-density polyeth-
ylene (HDPE) and ultrahigh-molecular-weight polyethylene
(UHMWPE) were prepared with the objective of determin-
ing their suitability as biomaterials. Although the presence
of HDPE in the blends enabled melt processing, the presence
of UHMWPE helped to improve the toughness of the result-
ing blends. The processability of the blends was investigated
with the Brabender torque, which was used as an indication
of the optimum blend conditions. The blends were charac-
terized with differential scanning calorimetry. The mechan-
ical tests performed on the blends included tensile, flexural,
and impact tests. A 50:50 (w/w) blend yielded optimum

properties in terms of the processability and mechanical
properties. The tensile property of the 50:50 blend was in-
termediate between those of HDPE and UHMWPE, but the
strain at break increased 200% in comparison with that of
both neat resins. The energy at break of the 50:50 blend
revealed an improvement in the toughness. The fracture
mechanism was also investigated with scanning electron
microscopy. © 2005 Wiley Periodicals, Inc. J Appl Polym Sci 97:
413–425, 2005
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INTRODUCTION

Ultrahigh-molecular-weight polyethylene (UHM-
WPE) has been widely used as a biomaterial, espe-
cially as an acetabular cup prosthesis in hip-replace-
ment surgery.1–3 Also, UHMWPE offers autolubrica-
tion, which imparts good abrasion resistance,
nontoxicity, high impact resistance (even at cryogenic
temperatures), high toughness, excellent fatigue resis-
tance, and outstanding resistance to environmental
stress cracking. However, it has a major drawback in
terms of processing.4–6 Because of its high molecular
weight (4 � 106), UHMWPE does not flow even above

its melting temperature (Tm). Thus, it is virtually im-
possible to carry out injection molding, blow molding,
or conventional screw extrusion, except for ram extru-
sion. It is processed mainly by compression molding.7

In addition, the inability of UHMWPE to flow limits
the incorporation of fillers into the plastic matrix to
dry mixing only.

On the other hand, high-density polyethylene
(HDPE) has good flow properties. Altering the molec-
ular weight and number of branching changes not
only the mechanical properties but the flow properties
as well. Thus, the addition of various types of fillers to
HDPE is possible through melt mixing. The process-
ing and properties of hydroxyapatite (HA)-filled poly-
ethylene (PE) were reported by Wang and cowork-
ers.8–11 However, the incorporation of the HA filler
caused the composite to exhibit brittle behavior at
high filler loadings.

Other researchers12,13 have also worked on blends
made of PE with different molecular weights and
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polymers such as low-density PE, branched PE, low-
molecular-weight linear PE, linear low-density PE,
HDPE, and UHMWPE. Work on HDPE reinforced
with UHMWPE fibers has revealed an improvement
in the creep and wear properties of the composite.14

UHMWPE reinforced by UHMWPE fibers shows an
improvement in the tensile, compressive, and hard-
ness properties.15,16 Suwanprateeb17 investigated
HDPE/UHMWPE blends filled with calcium carbon-
ate (CaCO3), whereas Boscoletto et al.6 worked on
HDPE/UHMWPE blends but with only up to 20 wt %
UHMWPE. Up to the time of this report, no extensive
investigation has been reported on HDPE/UHMWPE
blends that contain up to 70 wt % UHMWPE.

Hence, it was the aim of this study to investigate the
processability, morphology, and thermal and mechan-
ical properties of HDPE/UHMWPE blends. We ex-
pected the presence of UHMWPE in the blend to
improve the overall properties, whereas HDPE was
expected to improve the processability of the blend.
Subsequent work will report the effects of adding HA
to the blend to form bioactive composites.

EXPERIMENTAL

Materials and sample preparation

HDPE (Titanex HI2081) was supplied by Titan Poly-
ethylene Malaysia with a density of 0.957 g/cm3 and a
melt-flow index (MFI) of 20 g/10 min. The UHMWPE
used was GUR 4120 (Ticona, Germany), which was
supplied in a powder form and with a density of 0.93
g/cm3 and no measurable MFI.

All the blends were prepared via melt mixing in a
Brabender PLE 331 plasticorder coupled with a mix-
er/measuring head (W50H) at 190°C and a rotor
speed of 30 rpm. In the blending of HDPE and UHM-
WPE, HDPE was first charged into the Brabender
plasticorder chamber and preheated for 3 min, after
which the mixer rotor was started to crush the HDPE
for 1 min. UHMWPE was subsequently charged into
the chamber. Blending was stopped at the 20th
minute, and additional blending was performed on a
two-roll mill maintained at 190°C for about 5 min. The
blends were subsequently compression-molded into
samples with a Gao Tech hot press at 190°C and 14
MPa for 25 min. The UHMWPE concentration ranged
from 10 to 70 wt %, and Table I shows the labels for the
different blend compositions.

Characterization

Differential scanning calorimetry (DSC)

Thermal analyses were performed on selected HDPE/
UHMWPE blends with a PerkinElmer DSC 7. Samples
of about 5–10 mg were heated to 200°C at a rate of
10°C/min and held at 200°C for 1 min before cooling

to 30°C at 10°C/min. The same steps were repeated
for the second scan. Tm was the peak in the thermo-
gram, and the enthalpy was the area under the endo-
therm. The enthalpy of 100% crystalline PE (�Hf

o) was
assumed to be 293 J/g.18 The degree of crystallinity (�)
was calculated as follows: � � (�Hf/�Hf

o) � 100%. �Hf

is the enthalpy of the samples.

Scanning electron microscopy (SEM)

The morphology of the blend fracture surface was
studied via SEM with a Leica Cambridge S-360 micro-
scope. All the surfaces were gold-coated to enhance
image resolution and to avoid electrostatic charging.

Mechanical properties

Tensile test

A dumbbell-shaped tensile test specimen was ob-
tained from compression-molded samples with the
dimensions specified in ASTM D 638 Type I. The
tensile test was carried out in accordance with ASTM
D 638 at test speeds of 5.0, 50.0, and 500.0 mm/min
with a Testometric M500.

Flexural test

The flexural test was conducted according to ASTM D
790. The test was carried out with a Testometric M500
at a test speed of 5.00 mm/min. The span length was
fixed at 50.0 mm. The dimensions of the specimen
were 12.7 mm � 3.0 mm � 150.0 mm (width � thick-
ness � length).

Impact test

The Izod impact test was conducted as specified in
ASTM D 256 with a Zwick 5101 impact tester.

The tensile, flexural, and impact tests were all con-
ducted at room temperature (28°C).

TABLE I
Composition of the HDPE/UHMWPE Blends

and Material Coding

Label HDPE (wt %) UHMWPE (wt %)

HDUH 0 100 0
HDUH 10 90 10
HDUH 20 80 20
HDUH 30 70 30
HDUH 40 60 40
HDUH 50 50 50
HDUH 60 40 60
HDUH 70 30 70
HDUH 100 0 100
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RESULTS AND DISCUSSION

Brabender torque

The processing behavior, including the rheological
properties, can be related to the Brabender torque
development,19–21 which reflects changes in the vis-
cosity of the material being processed. Also, the vis-
cosity of a material is an indication of its processabil-
ity.22 Figure 1 presents a typical torque–time curve
obtained from the HDUH 50 blend. The initial torque
peak, labeled A, is due to the melting of HDPE. The
second torque peak occurred at B when cold UHM-
WPE powder was charged into the mixing chamber
containing the HDPE melt. The depression of torque is
attributed to the heating of the mixture to reach the
mixing chamber temperature; it is also attributed to
the dispersion of UHMWPE powder into HDPE melts,
as seen from B to C. This second torque peak (B) and
its depression (B to C) are associated with the transi-
tion from the solid to the melt through different steps:
fluid with a suspended solid UHMWPE powder

phase, semifluid, and pasty material. The same phe-
nomena were reported by Boscoletto et al.6 for an
HDPE/UHMWPE blend. The third torque peak at D is
relatively small and is probably due to the beginning
of fusion. Finally, a rather stable plateau torque devel-
opment at E is identified as the fusion and stabiliza-
tion process.23

The effect of the Brabender rotor speed on the
torque development of HDUH 50 is presented in Fig-
ure 2. The results indicate the drawback of using a
slower speed: the stabilization manifests after pro-
longed mixing. Also, exposure to heat for a long time
may increase the possibility of blend degradation.
Thus, 10 rpm is too slow to achieve the required fusion
between the blend, whereas 50 rpm gives a shorter
time to reach fusion stabilization. A rotor speed of 30
rpm seems to give a good balance between the time
taken for fusion and the time before the onset of
degradation. Further work on blends of HDPE and
UHMWPE will involve the incorporation of up to 50
wt % HA. Our study indicates that compounding at 30

Figure 1 Torque development curve for a typical blend (HDUH 50).

Figure 2 Effect of different Brabender rotor speeds (rpm) on the torque development of HDUH 50.
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rpm provides enough time for HA to disperse uni-
formly in the blends. The results will be reported in a
future publication.

Figure 3 shows the torque development of blends
with different compositions. As the UHMWPE content
in the blends increases, the torque at the stabilization
zone (labeled E in Fig. 1) also increases, except for
HDUH 60 and HDUH 70, for which the torque is
unable to stabilize. The torque at the stabilization zone
is the region in which there is no further torque fluc-
tuation for a period of time. In this region, it is be-
lieved that UHMWPE is incorporated into HDPE to
form a single melt phase of HDPE/UHMWPE. Higher
torque can be related to higher viscosity.24 As for
HDUH 60 and HDUH70, the fluctuation in the torque
may be due to the inability of the major component,
that is, UHMWPE, to melt, flow, fuse, and consolidate
with HDPE. The inability of UHMWPE (HDUH 100)
to fuse without high pressure has been reported by
others.25

DSC

Figure 4 shows typical DSC thermograms of blends
from the second scan, whereas Table II shows the
effects of the blend ratios on Tm and �. The melting
peaks of the various blends are slightly higher than Tm

for either neat HDPE or neat UHMWPE. This can be
attributed to the recrystallization of imperfect lamellae
in the blends to larger crystals as the samples are being
heated; this leads to a slight increase in Tm. Recrystal-
lization is defined as partial or complete melting of the
initial lamellae before melting occurs (at a low-tem-
perature endothermic region) and the subsequent for-

mation of new, larger lamellae. This recrystallization
brings about melting at a higher temperature.26 In all
the blend compositions, a shoulder or tail can also be
observed at a lower temperature region, and this is
believed to be associated with the formation of smaller
crystals in the blends.27 This suggests that it is still
possible for smaller imperfect crystals to recrystallize.
Other possibilities include the structural reorganiza-
tion suggested by Tanem and Stori;13 in this case, the
thickening of lamellae occurs in the solid state before
melting instead of recrystallization as justification for
the formation of larger crystal lamellae. Because the
increase in the Tm values is less than 3°C, recrystalli-
zation or reorganization is not expected to be signifi-
cant enough to affect the overall blend properties.

The single sharp peak observed for all the blends
can be associated with the occurrence of cocrystalliza-
tion.13 Cocrystallization takes place when part of the
component chain segment diffuses and crystallizes
into the lamellae of the other component. Cocrystalli-
zation is also possible because the Tm values of the two
components are nearly the same, and this allows crys-
tal formation to occur at the same time. Puig12 re-
ported that cocrystallization is maximum when sam-
ples are quenched rapidly; this also means that the
occurrence of crystallization is simultaneous in the
blend composition. Puig quenched the samples that he
studied to obtain simultaneous crystallization because
the Tm’s of the blends differed. Tanem and Stori13 also
reported that the molecular weight of PE is of second-
ary importance for cocrystallization. Thus, this also
supports the possibility of cocrystallization. However,
as pointed out by some authors,28,29 these reasons
alone are not sufficient as arguments for cocrystalliza-

Figure 3 Torque development of blends with different compositions.
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tion because overlapping is always possible in DSC,
especially if the separation between the Tm’s of the two
original components is small. Therefore, it is necessary
to carry out further investigations to confirm the pos-
sibility of cocrystallization.

Figure 5 compares � values from experimentation
and from the simple rule of mixture. � obtained ex-
perimentally is slightly higher than � derived by the

rule of mixture. These results agree with the observa-
tion by Boscoletto et al.,6 who suggested that the im-
provement of crystallinity development in a blend
may be due to the nucleating action of UHMWPE.
Also, Lacroix et al.30 reported the nucleating effect of
UHMWPE in HDPE-reinforced UHMWPE fiber.

Flexural properties

Figure 6 indicates the effect of the blend composition
on the flexural modulus. The flexural modulus of the
blends is intermediate between the modulus values of
the neat HDPE and neat UHMWPE polymers. A syn-
ergistic effect can be observed for HDUH 40, HDUH
50, HDUH 60, and HDUH 70. This could be due to
good interaction between HDPE and UHMWPE. Mo-
hanty and Nando31 reported that a good interaction
between the blend components is one factor that leads
to a synergistic effect. Also, the results from DSC
(Table II and Fig. 5) show a synergistic effect for some
of the blends in terms of �.

Figure 4 Typical DSC endotherm curves for HDPE, UHMWPE, and blends with different UHMWPE concentrations.

TABLE II
Thermal Properties of the HDPE/UHMWPE Blends

Sample
Tm
(°C)

�Hf
(J/g)

�
(%)

HDUH 0 132.8 193 65.9
HDUH 10 133.3 202 68.9
HDUH 20 134.1 189 64.5
HDUH 30 134.3 181 61.7
HDUH 40 134.4 185 63.1
HDUH 50 135.8 175 59.7
HDUH 100 132.3 127 43.3
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The flexural strength of the blends with different UH-
MWPE concentrations is depicted in Figure 7. Synergism
in the flexural strength is indicated at all blend compo-
sitions. The flexural strength increases moderately as the
UHMWPE concentration increases up to 50%. At a
higher UHMWPE concentration, that is, in HDUH 60
and HDUH 70, a drop in the flexural strength with
respect to that of HDUH 50 can be observed. This may

be due to the inhomogeneous distribution of the UHM-
WPE powder in the HDPE blend, and, as UHMWPE
forms the major phase, the flexural strength of the blends
reverts to that of UHMWPE, which has a lower flexural
strength than HDPE. This agrees with an earlier obser-
vation in torque development: torque development was
unable to reach a plateau in a UHMWPE-dominant
blend (Fig. 3).

Figure 5 � values for blends with different UHMWPE concentrations versus the � values predicted by the simple rule of
mixture.

Figure 6 Effect of the UHMWPE content on the flexural modulus.
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Tensile properties

Plots of the tensile strength and Young’s modulus of
the HDUH 50 blend are shown in Figure 8; they do not
seem to indicate synergism, as observed for the flex-
ural strength. However, the results do not deviate far
from the prediction by the simple rule of mixtures.
Suwanprateeb17 reported that blends of HDPE/UH-
MWPE containing up to 12% UHMWPE did not in-
duce significant changes in the tensile strength or

Young’s modulus of the resulting blend. It is reason-
able to propose that UHMWPE, at 12%, is the minor
component in the HDPE matrix, and so the effect on
the overall blend could be insignificant in terms of
Young’s modulus. In this work, Young’s modulus of
HDUH 50, obtained from experimentation, approxi-
mately agrees with the result predicted by the simple
rule of mixtures. This observation can be attributed to
the amount of UHMWPE present. Various work-

Figure 7 Effect of the UHMWPE content on the flexural strength.

Figure 8 Effect of the UHMWPE content on the tensile strength and Young’s modulus.
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ers25,32,33 have pointed out the correlation between
Young’s modulus and the crystallinity; that is, a
higher value of � leads to a higher value of Young’s
modulus. This explains the lower modulus of UHM-
WPE in comparison with that of HDUH 50, and the
DSC results in Table II further support this observa-
tion.

HDUH 50 has lower Young’s modulus than HDPE,
although the former has a � value close to that of
HDPE (Table II). This may be explained by the fact
that UHMWPE, in HDUH 50, forms half of the overall
blend. Thus, it is possible that half of the stress is
shared by the UHMWPE phase, which has lower
Young’s modulus and crystallinity. Subsequently,
Young’s modulus of the HDUH 50 blend decreases. It
is also proposed that the crystalline regions of HDUH
50 are mainly due to the HDPE chain, which has a
better ability to form a highly crystalline structure. At
the same time, the long UHMWPE chains form the
amorphous regions without interfering with HDPE
crystal formation, in addition to the cocrystallization
and development of substantial tie molecules with
HDPE crystals. When tensile stress is applied to
HDUH 50, the more flexible and longer chain in the
amorphous phase deforms more easily without strain-
ing the lower flexibility region of the HDPE crystals.
As stress is further introduced, these tie molecules that
are connected to the crystalline region allow even
stress distribution, and this leads to the unfolding of
properly arranged crystal chains without chain rup-
ture. This also manifests in the unusually high tensile
strain, which is discussed later.

When tensile stress is applied to neat HDPE, the
amorphous region deforms first. In contrast, earlier
straining on the crystalline region, which has shorter
chains, produces higher resistance toward deforma-
tion and subsequently leads to higher Young’s mod-
ulus of HDPE. The tensile strength value obtained for
the HDUH 50 blend (Fig. 8) lies between the values for
the neat resins.

Synergistic results can be observed for the tensile
strain at break and energy needed for fracture in Fig-
ure 9. The HDUH 50 blend displays extremely high
elongation and does not break during tensile testing,
unlike the neat HDPE and UHMWPE polymers. Thus,
the results shown in Figure 9 for HDUH 50 are the
maximum values obtained before the tensile test ma-
chine reached its limit of elongation. Because UHM-
WPE has long molecular chains, there are entangle-
ments between UHMWPE chains, and they may act as
physical crosslinks.34,35 These entanglements allow
stress to be distributed evenly along the molecular
chains. At a higher strain, some of these entangle-
ments can slip, and more energy will be needed to
stretch the sample; at the same time, a brittle failure
mode is avoided. This explains why UHMWPE has
higher tensile strain than HDPE. For the HDUH 50
blend, it is postulated that some of the UHMWPE long
chains form entanglements with HDPE chains or crys-
tal lamellae. This results in an excellent capability to
distribute stress and absorb energy because of friction
between the chain movement and slippage between
the chain entanglements. The lower tensile strain and
energy at break of neat HDPE can be related to lower

Figure 9 Effect of the UHMWPE content on the energy at break and tensile strain.
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chain mobility because most of the chains have been
arranged into crystallites. When stress is introduced,
low chain mobility restricts the transfer of stress and
causes the concentration of stress and rupture of
chains. When a chain breaks, the remaining chains
bear more stress, and this results in faster chain rup-
ture and, finally, brittle fracture.

As for UHMWPE, chain entanglement is the phys-
ical crosslink that offers better stress distribution, and
higher failure energy is due to the energy needed to
overcome chain slippage.34 This explains why UHM-
WPE has higher tensile strain and energy at break.
However, too much entanglement could also restrict
chain movement, and chain breakage could happen at
the point of entanglement before chain slippage oc-
curs. The 50:50 blend of HDPE and UHMWPE seems
to bring about a balance of chain entanglement within
UHMWPE chains (tie molecules) and between UHM-
WPE and HDPE chains. When stress is applied, these
entanglements allow stress to be transferred among
the UHMWPE and HDPE phases, allowing both
phases to contribute toward stress absorption. In
short, it is proposed that the organization of HDPE
chains into lamellae restricts chain mobility, and this
results in failure at a lower strain. UHMWPE has chain
entanglements that allow more energy to be absorbed
because of chain reorientation and slippage. Unfortu-
nately, excessive entanglement in UHMWPE can also
cause stress concentration, especially at the point of
entanglement, and this may lead to failure before full
chain orientation takes place. The HDUH 50 blend has
a balance of chain entanglement, which results in en-
hanced stress distribution between both phases. There

is the possibility of HDPE crystallites reverting to a
fibrous state because of UHMWPE chains penetrating
into HDPE lamellae, and this results in the drawing of
the HDPE chain.

Figure 10 shows the effect of the speed of testing on
Young’s modulus of HDPE, UHMWPE, and the
HDUH 50 blend. The results show that Young’s mod-
ulus increases with the speed of testing for HDPE,
UHMWPE, and HDUH 50. In Figure 11, the tensile
strength of the neat resins and the HDUH 50 blend is
presented. The tensile strength shows a trend similar
to that of Young’s modulus for HDPE, UHMWPE, and
the HDUH 50 blend; an increase in the deformation
rate brings about an increase in the tensile strength.

Table III shows both the tensile strain and energy at
break for HDPE, HDUH 50, and UHMWPE at differ-
ent speeds of testing. With the exception of UHM-
WPE, the tensile strain and energy at break of the
HDPE and HDUH 50 blend exhibit significant drops
in value as the test speed increases. This phenomenon
is associated with the ability of UHMWPE to maintain
excellent toughness at a high deformation rate. It has
been pointed out elsewhere that UHMWPE is capable
of maintaining toughness properties even at subambi-
ent temperatures.36 Because the increase in the speed
of testing has the same effect as reducing the test
temperature, the ability of UHMWPE to maintain the
tensile strain and energy at break at subambient tem-
peratures is further confirmed.37 Also, Table III shows
that the tensile strain and energy at break for HDUH
50 is higher than that of neat HDPE and neat UHM-
WPE up to a deformation rate of 50 mm/min. Al-
though the tensile strain and energy at break of

Figure 10 Effect of the different speeds of testing on Young’s modulus of HDPE, UHMWPE, and HDUH 50.
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HDUH 50 is higher than that of HDPE at a deforma-
tion speed of 500 mm/min, it is much lower than that
of UHMWPE. For this reason, it is believed that the
rate of deformation is too fast for the HDUH 50 sam-
ple to deform plastically and to allow molecular chain
rearrangement. Hence, failure occurs before stress can
be distributed among the molecular chains in the
HDUH 50 blend. The HDUH 50 blend still exhibits
values of the tensile strain and energy at break that are
four times greater than those of HDPE at a strain rate
of 500 mm/min. The toughening effect of UHMWPE
yields encouraging results.

Impact properties

Table IV shows the improvement of the Izod impact
strength with an increasing concentration of UHM-
WPE. The impact properties of HDUH 70 and UHM-
WPE are unavailable, as the specimens did not break
during impact. Less than half of the HDUH 60 speci-
mens broke during testing. As for HDUH 40 and

HDUH 50, half of the samples broke, and the other
half did not achieve significant breakage. An enhance-
ment of the impact property with the addition of
UHMWPE was discussed by Suwanprateeb,17 who
suggested that UHMWPE’s high toughness and
strength could counter applied force and retard crack
propagation. Boscoletto et al.,6 after studying the frac-
ture surface, suggested that UHMWPE particles dis-
persed in HDPE have good interfacial affinity toward
HDPE and that perfectly embedded UHMWPE parti-
cles in HDPE act as crack bridging. Furthermore, crack
bridging occurs because dispersed UHMWPE parti-
cles develop plastic deformation, which helps to re-
tard crack propagation. This implies that the increase
in the impact energy with an increase in the UHM-
WPE content is partly due to the more efficient ab-
sorption of impact energy by UHMWPE and also to
the enhanced properties of the HDPE matrix as a
result of interdiffusion phenomena. A further proof of
the success in toughness enhancement in impact spec-
imens is shown in Figure 12. A shorter crack propa-

Figure 11 Effect of the different speeds of testing on the tensile strength of HDPE, UHMWPE, and HDUH 50.

TABLE III
Effect of the Strain Rate on the Tensile Properties of HDPE, HDUH 50, and UHMWPE

Tensile property

Test speed (mm/min)

HDUH 0 HDUH 50 HDUH 100

5 50 500 5 50 500 5 50 500

Elongation at break (%) 241 28 7.5 �600 493 41 282 280 262
Energy at break (J/m) 68.2 13 5.6 428 387 32.4 248 234 222
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gation is revealed as the UHMWPE concentration in-
creases, and this indicates the occurrence of crack
blunting or crack bridging. This is further explained in
the discussion of SEM micrographs.

SEM micrographs

Figures 13 and 14 show the impact fracture surface of
HDPE and HDUH 50 at different magnifications.
HDUH 50 [Fig. 14(a,b)] reveals a considerable number
of fibrils and crazing formation. Another researcher
made a similar observation about the formation of
crazes by PE.38 In contrast, HDPE [Fig. 13(a,b)] does
not reveal the formation of fibrils but instead has

flakelike structures with little plastic deformation. Im-
pact testing brings about a high rate of deformation,
and so the fractured surface structure found in HDPE
indicates brittle failure. This is manifested in a sort of
random roughness, which is associated with a brittle
fractured surface.37 On the other hand, HDUH 50
exhibits the development of plastic deformation (Fig.
14), which helps to absorb applied impact energy; this
results in a higher impact value, as reported earlier.
The existence of a ringlike structure in Figure 14 can
be attributed to plastic deformation.37 Figure 15 shows
the tensile fractured surface of HDUH 50 at a low
deformation rate. A large unfolding structure and
fibril formation can be observed, and they suggest
extensive plastic deformation. At the same magnifica-
tion for both impact [Fig. 14(a,b)] and tensile (Fig. 15)
fractured surfaces, HDUH 50 shows the occurrence of
plastic deformation, and its ability to absorb the ap-
plied stress is indicated, regardless of the deformation
speed. Thus, from the observation of the SEM impact
and tensile fractured surfaces, along with the tensile
and impact results, it is reasonable to conclude that the
inclusion of UHMWPE in the blend has led to im-
proved toughness of the final blend.

CONCLUSIONS

The following conclusions can be made from this
study:

TABLE IV
Effect of the UHMWPE Content on the

Izod Impact Properties

Sample Impact strength (J/m) Increment (%)

HDUH 0 16
HDUH 10 22.6 41.3
HDUH 20 37 63.7
HDUH 30 79 113.5
HDUH 40 346 338.0
HDUH 50 389 12.5
HDUH 60 451 15.9
HDUH 70 NAa NAa

HDUH 100 NAa

a Data not available as sample did not break upon impact.

Figure 12 Impact test specimens of HDPE, UHMWPE, and blends with different compositions.
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1. The use of a Brabender plasticorder to blend
HDPE and UHMWPE at 190°C and an optimum
rotor speed of 30 rpm was carried out success-
fully.

2. A 50:50 (w/w) HDPE/UHMWPE blend had a
good balance of processing and mechanical
properties. In particular, the tensile strength and
Young’s modulus of the blend were between the
values for neat HDPE and neat UHMWPE

3. The synergy observed for blend properties such
as the energy to break and tensile strain showed
that the presence of UHMWPE improved the
toughness properties of the blends.

4. The effect of the speed of testing on the tensile
and impact properties of the blends showed that
the inclusion of UHMWPE was responsible for
the increase in the toughness of the blends. SEM
fractography showed a similar trend, with ex-
tensive plastic deformation detected for the
blends in comparison with neat HDPE.
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Figure 13 SEM micrographs of an HDPE impact fracture
surface (a) at 10� magnification and (b) at 1500� magnifi-
cation.

Figure 14 SEM micrographs of an HDUH 50 impact frac-
ture surface (a) at 10� magnification and (b) at 1500� mag-
nification.

Figure 15 SEM micrograph of an HDUH 50 tensile fracture
surface at 1500� magnification.
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