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ABSTRACT: The mechanical properties and morphology
of UHMWPE/PP(80/20) blend molded by injection and
compression-molding were investigated comparatively.
The results showed that the injection-molded part had
obviously higher Young’s modulus and yield strength,
and much lower elongation at break and impact strength,
than compression-molded one. A skin-core structure was
formed during injection molding in which UHMWPE par-
ticles elongated highly in the skin and the orientation was
much weakened in the core. In the compression-molded
part, the phase morphology was isotropic from the skin to
the core section. The difference in consolidation degree

between two molded parts that the compression molded
part consolidated better than the injection one was also
clearly shown. In addition, compositional analysis revealed
that there was more PP in the skin than core for the in-
jection-molded part, whereas opposite case occurred to
the compression-molded one. All these factors together
accounted for the different behavior in mechanical
properties for two molded parts. © 2008 Wiley Periodicals,
Inc. ] Appl Polym Sci 111: 890-898, 2009
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INTRODUCTION

Ultrahigh molecular weight polyethylene
(UHMWPE) is applicable in various fields because
of a set of technically important properties including
high notched impact strength, low friction coeffi-
cient, and high wear resistance. However, at this
high molecular weight, UHMWPE has pronounced
viscoelastic characteristics in the melt, namely,
extremely high viscosity and very low critical shear
rate, which makes it unsuitable for conventional
processing operations except for compression mold-
ing and ram extrusion. Numerous efforts have been
made to reduce the melt viscosity."® Among them,
blending with proper mount of polypropylene (PP)
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(10 ~ 20 phr) was proved to be an effective way,
which not only improved the rheological properties
but also maintained the impact strength and abra-
sion resistance of UHMWPE.*”® UHMWPE/PP
blend can thus be molded by general single screw
extrusion. The addition of small amount of poly(eth-
ylene glycol) (PEG) additives (PEG and its hybrids
with inorganic fillers) could improve the processabil-
ity of UHMWPE/PP blend further, resulting in sig-
nificant reduction of the melt viscosity and obvious
increase of the flow rate at a given die pressure dur-
ing extrusion.”'’ Such modification also made possi-
ble that UHMWPE was molded by conventional

injection.
The final part prepared by different molding oper-
ation usually exhibits different morphological

characteristics, which in turn is influential to the me-
chanical properties. Ghiam and White'' have stud-
ied the development of phase morphology in
injection and compression molding of nylon-6(PA6)/
polyethylene(PE) blends. The phase morphology of
the compression-molded part was isotropic, while
that of both screw and ram injection-molded parts
was both heterogeneous and anisotropic through the
cross section. In the injection-molded parts, the mor-
phology exhibited its greatest level of isotropy in the
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core and became increasingly anisotropic approach-
ing the mold wall. Similar injection molding-induced
skin-core structure was also found in PP blends
modified with ethylene/propylene/diene terpolymer
and thermoplastic polyolefin rubber,'* poly(ethylene
terephthalate)(PET)/PE, and polycarbonate(PC)/PE
blends.” Fellahi et al.'* have compared the tensile
properties of PP/PC blends obtained by injection
molding and compression molding. Owing to flow
induced dispersed phase orientation in injection
molding, the tensile strength and modulus of injec-
tion-molded specimens were higher than those of
compression-molded specimens.

As for UHMWPE, the structure developed in com-
pression molding or ram extrusion and its relation
with properties have been studied widely. It is
difficult to achieve complete consolidation and ho-
mogenization in UHMWPE material, even in the
relatively slow process of compression molding and
ram extrusion.”” " The processed material usually
exhibits fusion defects (particle boundaries) more or
less. Farrar and Brain'® reported that after ram-
extrusion of the resin, the polymer retained some
“memory” of the original powder particles at the
100 pm scale. In compression-molding of UHMWPE,
the varying time and temperature in the melt state
during processing had dominant effect on the
consolidation of the molded part.'®'” Wu et al.'®
showed that the severity of the fusion defects
reduced with increasing temperature and dwell time
leading dramatic rise in elongation to break. An
increase in pressure applied at melt was found to
increase the polymer crystallinity and consolidation
until a certain critical pressure was reached, while
an increase in pressure applied at the recrystalliza-
tion temperature caused a steady increase in the
crystallinity and stiffness.*” Compaction process on
solid state (at a temperature close to, but lower than,
the melting point of the reactor powder) is an effec-
tive way to achieve UHMWPE material with high
toughness. Gao et al.®! reported that recrystallization
and re-entanglement processes occurred at the parti-
cle boundaries during compaction, and an optimum
compaction pressure existed for the compacted
precursors to retain maximum chain mobility and
produce the maximum mechanical toughness.
UHMWPE processed by high velocity compaction
(HVC) reveals to be ductile and exhibits higher
Young’s modulus and yield stress than convention-
ally processed UHMWPE.?> HVC UHMWPE can be
seen as a bi-phased material of nascent and recrys-
tallized UHMWPE at the micrometric scale. Low
recrystallized phase fraction favors the stiffness at
the cost of ultimate properties, whereas high recrys-
tallized phase fraction favors the ultimate properties
at the cost of stiffness. Mechanical properties are
hence adjustable according to a given application.

However, the study on the injection-molded
UHMWPE was rare because the unmodified
UHMWPE can hardly be injection-molded unless at
very high pressure.” Blending with PP and PEG
additives provided a way for UHMWPE to be
molded by conventional injection molding and gave
injection-molded examples for comparative study. In
this article, an experimental investigation of phase
morphology formed in injection and compression
molding of UHMWPE/PP blends and its relation
with mechanical properties were presented.

EXPERIMENTAL
Materials

UHMWPE (M-II) and PP (F401) were two kinds of
raw material used in this study. UHMWPE (M-II)
was supplied by Beijing No.2 Auxiliary Agent Fac-
tory with an average molecular weight of 2.5 x 10°
and a mean particle diameter of about 300 pm. PP
(F401) was supplied by Lanzhou Chemical Industry
Factory with a MFR of 2.0 g/10 min (230°C, 2.16 kg
load). Poly(ethylene glycol) (PEG) additives included
PEG and PEG/diatomite hybrid. PEG was supplied
by Aoke Chemical limited company, Liaoyang,
China, with an average molecular weight of 6000.
Diatomite was supplied by Nahui desiccating agent
company, Shanghai, China. Its average particle size
was 5 um. To prepare the hybrid, PEG and diato-
mite with weight ratio of 1/2 were first blended in a
two-roll mill then pulverized. In addition, Irga-
nox1010 (Ciba,USA) was also used as antioxidant.

Blending

The UHMWPE/PP blends were prepared as follows.
UHMWPE and PP with weight ratio of 80/20 were
mixed with or without a small mount of PEG addi-
tives in a high speed mixer. Ten minutes later, the
mixture was compounded using a corotation Haake
Record 90 (Bersdorff, Germany) twin-screw extruder.
The barrel temperatures were 190, 210, and 215°C
for the back, middle, and front section, respectively,
and the die temperature was 210°C. The screw rota-
tion speed was 30 rpm. The extrudate was palletized
into granules.

Injection molding

UHMWPE/PP(80/20) blend bars (as seen in Fig. 1)
for mechanical test were molded on a Milacron K-
TEC40  reciprocating screw  injection-molding
machine. Samples were produced using a two-cavity
mold with a single gate in the end of each cavity.
The mold temperature was set at 60°C. The tempera-
ture for the back, middle, and front section of the
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Figure 1 Schematic diagram of the injection-molded bars
for mechanical test. (Left, bar for tensile test; Right, bar for
impact test).

screw cylinder was 200, 220, and 235°C, respectively,
and the nozzle temperature was 230°C. The injection
pressure of 10 MPa and injection speed of 60 mm/s
were used.

Compression molding

The extrudate granules of UHMWPE/PP(80/20)
blends were compression molded in a press to
achieve 1 and 4 mm thick plates. The blends were
first preheated for 10 min at atmosphere at 190
~ 200°C, then compressed for 10 min at 10 MPa at
190 ~ 200°C followed by another 10 min at the same
pressure at room temperature. The samples for the
mechanical tests were cut from the plates.

Charaterization

Stress-strain curves and the tensile strength were
measured on an Instron 4302 Tensile Tester (Instron
Corp., Canton, MA) according to GB 1040-79 with a
crosshead speed of 100 mm/min. Izod impact
strength was measured on an XJ-40A impact tester
(Chengde Precision Testing Machine Co., Chengde,
China) according to GB 1843-80.

The microstructure was characterized with a JSM
5900 LV scanning electron microscope (SEM). Speci-
mens came from the impact test bars. Both the brittle
fractured surface and the impact fractured surface
from the injection-molded bar and compression-
molded bar were observed. Generally, the brittle
fractured surface was in the 1-2 Plane and the
impact fractured surface the 2-3 Plane if 1 is the
direction of flow, 2 the thickness direction, and 3
the transverse-wide direction for the injection-
molded bar (as seen in Fig. 2). Those of compres-
sion-molded bar were prepared in the similar loca-
tions. The microstructure was also observed by
polarized light microscope (PLM) in a Leitz Diaplan
microscope with transmitted light. The sections in
the 2-3 Plane with average thickness of 40 um were
cut with the microtomer adjacent to the notch.

The composition of the skin and core region of the
test bar molded both by injection and compression
molding was characterized with Fourier transform-
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Figure 2 Schematic diagram of the fractured surfaces.

(1 is the direction of flow, 2 the thickness direction, and
3 the transverse-wide direction).

infrared spectroscopy (FTIR), wide angle X-ray dif-
fraction(WAXD), and differential scanning calorime-
ter (DSC) analyses. The skin layer specimen and the
core layer specimen were separated carefully with a
fresh razor, of which a part was used for DSC analy-
sis directly and the other was heat-pressed into thin
films for FTIR and WAXD analyses. FTIR, WAXD,
and DSC experiments were conducted on a NICO-
LET-560 FTIR Instrument in transmission mode, a
Philips X'pert pad diffractometer with Cu-Ko radia-
tion and a NETZSCH 204 calorimeter separately.

RESULTS AND DISCUSSION
Mechanical properties

The typical stress-strain curves of the injection and
compression-molded UHMWPE/PP(80/20) blends
were shown in Figure 3. For the injection-molded
part, the stress decreased with the increase of the
strain from the yield point to the break. Its strength
at break was lower than the yield strength. Different
tensile behavior for the compression-molded part
can be seen from Figure 3. Strain-hardening ap-
peared early after yield without apparent yield

a—=— UPE/PP({80/20)-injection
b—e«— 1phr PEG-injection

409 o—+— 3phr PPA1-injection
35 d—+— UPE/PP(80/20)-compression
| e—+— 1phr-compression
304 f—<—3phr PPA1-compression
] a
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= ]
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Figure 3 Typical stress-strain curves of injection-molded

and compression-molded UPE/PP(80/20)blends. (UHMWPE

was abbreviated to UPE in all the figures and tables of
this article).
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TABLE I
Mechanical Properties of UPE/PP Blends Molded by Injection Molding and Compression Molding

Young's Yield Elongation Strength Impact

Molding modulus strength at break at break strength

Samples condition (MPa) (MPa) (%) (MPa) (kJ/m?)
UPE/PP (80/20) Injection 1044.0 + 783 270+ 05 674 £ 34 236 £0.5 38.6
Compression 811.2 £ 75.3 229 £ 0.7 344.2 £ 18.0 30.8 £ 0.9 99.2
UPE/PP/PEG (80/20/1) Injection 1166.0 £ 73.4 254 + 04 653 + 4.1 235+ 04 22.6
Compression 709.9 £ 71.8 232+£03 322.0 £ 6.8 27.7 £ 0.7 83.1
UPE/PP/PPA1 (80/20/3) Injection 1017.0 = 74.7 253 +0.3 742 £ 4.6 227+ 04 26.4
Compression 884.8 + 74.6 234 + 0.2 306.2 £ 7.2 27.6 £ 0.8 72.7

drop, with a higher strength at break than the yield
strength. The tensile properties and the impact
strength were summarized in Table I. For every
sample, more than five specimens were tested and
the average value was reported. The Young’s modu-
lus and the yield strength of the injection-molded
part were obviously higher than those of compres-
sion-molded part while the elongation at break of
the injection-molded part was much lower than that
of compression-molded part. In the case of impact
strength, the value of the injection-molded part was
less than half of the compression-molded part.

The difference in the tensile properties and impact
strength could result from several factors such as the
blend morphology, composition distribution, and
crystallinity developed during molding operation. In
the following part, UHMWPE/PP(80/20) blend was
chosen as the representative of this series of blends
for the morphology and composition study.

Morphology

SEM images of the fracture surfaces of UHMWPE/
PP(80/20) blend were presented in Figure 4 to Fig-
ure 7. For the injection-molded blend, the whole brit-
tle fractured surface was not smooth, and it was
composed of sets of smaller surfaces in the size of
hundred microns, as shown in Figure 4. This meant
that UHMWPE particles did not fuse into homoge-

UOIRJIP MO

Figure 4 SEM image of brittle fractured surface of injec-
tion molded UPE/PP(80/20) blend.

neous melt during injection molding, and the frac-
ture was initiated and developed along the particle
interfaces. Another feature in Figure 4 was that
apparent skin-core structure was formed in the injec-
tion-molded UHMWPE/PP blend. In the skin
region, the particles orientated in the direction of
melt flow. It maybe resulted from both the flow-
induced and the thermal residual stresses. Similar
features also appeared in the impact fractured sur-
face (Fig. 5). In addition, there were many cracks
(shown by arrows in the figure) from the notch tip
to the end of the impact fractured surface, with the
big continuous crack correspondent to the boundary
between the skin and the core region. In contrast,
the compression molding did not form the skin-core
and orientation structure in the brittle fractured sur-
face of the UHMWPE/PP blend (Fig. 6), neither was
apparent crack observed from the notch tip to the
end of the impact fractured surface for the compres-
sion-molded samples (Fig. 7), though the phenom-
enon that fracture passed between the particles still
can be seen in Figure 6 and 7.

Figure 8 showed the phase morphology of
UHMWPE/PP(80/20) blend viewed by the optical
microscopy using polarized light in bright field. It
was more evident that UHMWPE matrix did not
forme homogeneous melt no matter by injection
molding or compression molding. A granular struc-
ture in which UHMWPE powder particle in the size

UOI}IAIIP MO

(a) (b)

Figure 5 SEM images of impact fractured surface of
injection-molded UPE/PP(80/20) blend (arrowed inside
the pictures are cracks). (a) Near the notch tip (b) near the
end of the fracture surface.
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Figure 6 SEM image of brittle fractured surface of com-
pression-molded UPE/PP(80/20) blend.

~ 100 pm was retained. PP (with darker color in
these images) seemed to distribute between
UHMWPE particles in the size of micron to deca-
micron. Some distinguishable features also existed in
the injection-molded part. A skin-core structure was
apparent in the injection-molded sample, which
UHMWPE particles accompanied with fused PP
elongated highly in the skin and the orientation was
much weakened in the core, whereas the phase mor-
phology of the compression molded part was iso-
tropic from the skin to the core section. Another
difference between the two samples lay in the
degree of consolidation. The compression molded

XIE, CHEN, AND LI
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Figure 7 SEM images of impact-fractured surface of com-
pression-molded UPE/PP(80/20) blend. (a) Near the notch
tip (b) near the end of the fracture surface.

part consolidated better than the injection one. In the
injection-molded part the grain boundaries were
sharp and well defined, whereas in compression

Figure 8 Polarized light micrographs of UPE/PP(80/20) sample. (a) core section of injection sample, (b) skin section of
injection sample, (c) core section of compression sample, and (d) skin section of compression sample.

Journal of Applied Polymer Science DOI 10.1002/app
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molded part they were much less distinct. In fact,
weak bond was so obvious in the injection-molded
part that the microtome sections disintegrated in the
skin region, especially in the interface between the
core and the skin.

SEM and optical microscopy revealed that
UHMWPE/PP blend molded by both injection and
compression molding did show, to a greater or less
degree, a memory of the original powder particles in
the microstructure. It was reported that this memor
usually formed the fuse defect in UHMWPE melt'”
and its severity would decrease with the increase of
time, temperature and pressure during mold-
ing.'"®?°2! Gao and Mackley' studied the retention
of powder memory in UMWPE melt. They pointed
out that to form a continuum in the melt, two condi-
tions must be met. Firstly, adjacent faces of powder
particles must be in intimate contact, and secondly,
polymer chains must interfuse across this boundary.
The first process was controlled largely by the
applied pressure and the melt viscosity. The chain
diffusion process was controlled by reptation which
time varied with weight-averaged molecular mass to
the power of 3.4. It was estimated that polyethylene
with molecular mass of 2 x 10° kg mol ' needed
only 107 ~ 1s to ensure contact in a pressure of 40
bar and a temperature of 180°C, but the reptaption
time would be as long as proximately 10°."°So it
was inevitable that the degree of interface erasure
would be incomplete even if UHMWPE was com-
pression molded in 100 bar and 200°C for 10 min.
Compared with compression molding, the annealing
time in the mold was much shorter and the mold
temperature was much lower for the injection mold-
ing. The diffusion of polymer chains therefore was
less complete and much distinctive boundaries were
retained in the injection molded UHMWPE/PP
blend. Fracture most probably initiated and propa-
gated from these defects when the samples were
impacted. The more serious was the fuse defects, the
lower impact strength might be led to. Besides the
inevitable fuse defects, there were also other weak
points in the injection-molded specimen, such as the
skin -core interface and micro-weldlines resulted
from the jetting flow during mold filling (in our
investigation, we found the mold filling of tensile
samples was in a laminar flow pattern and that of
impact samples was in a jetting flow pattern). These
stress concentration points together with the more
serious fuse defects would account for the inferior
resistance to impact for the injection-molded blend.
In addition, the existence of the orientation structure
may result in the decreased impact strength in the
nonorientation direction for the injection-molded
specimen.

The improvement in the small-strain tensile prop-
erties for the injection-molded blend, such as

Figure 9 Picture of broken specimen of UPE/PP(80/20)
blends: (a) the left three: injection molding, the right three:
compression molding (b) injection molding.

Young’s modulus and yield strength, would be
attributed to the skin-core structure in which the
elongated particles in the skin would act as reinforc-
ing fibers. However, the tensile behavior at large de-
formation, namely ultimate elongation and break
strength, was influenced mainly by the increased
stress concentration points and the worse consolida-
tion state.

Figure 9 presented the appearance of the broken
samples after tensile test. For the compression-
molded one, the whole test zone were elongated and
deformed evenly without necking behavior. The
stretched zone looked smooth and whitened while
the gripped section was transparent. It showed that
chain orientation and stretch-induced crystallization
occurred in the test zone during elongation. For the
injection -molded one, necking first took place at one
or two points in the test zone, and subsequently the
specimen was stretched to break after the necking
close to the nongate end spread a bit out. The sur-
face in the test zone of the broken sample was
coarse, covered with a lot of crazes perpendicular to
the draw direction. This indicated that the injection-
induced orientated particles enhanced yield strength,
and the poor interfacial bonding was influential to
the ultimate break.

Composition of skin-core structure

Generally, injection-molded immiscible polymer
blends with a deformable minor phase would form
skin-core morphology and orientation of the dis-
persed phase through out the thickness of a molded
part. In the meanwhile, a distribution of the dis-
persed phase concentration from the core to the skin

Journal of Applied Polymer Science DOI 10.1002/app
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2500 2000 1500 1000 500

3000
Figure 10 FTIR spectra of the skin layer and core section
of UPE/PP(80/20). (a) skin layer of injection sample, (b)

core section of injection sample, (c) skin layer of compres-
sion sample, and (d) core section of compression sample.

is usually found in the injection molded blends.'*'*

This effect was attributed to the existence of a con-
centration gradient due to crystallization of the front
in contact with the mold surface. However, it was
also reported®* that the apparent absence of dis-
persed phase as observed by SEM was attributed to
the very fine size of the dispersed phase in the skin
relative to the core and in fact both matrix and dis-
persed phase presented in the surface region
approximately as in the original blend when
revealed by detailed compositional analysis such as
DSC and XPS. Whether the composition variation
exists in the skin-core structure of the injection-
molded UHMWPE/PP blend was another subject of
our investigation in this article. In detail, the skin-
core structure composition of the injection-molded
part was characterized by FT-IR, DSC and WAXD,
comparing with the compression-molded one.

Figure 10 showed the FTIR spectra of the skin and
core section of UHMWPE/PP(80/20) blend molded
by injection and compression, respectively. The ab-
sorbance bands around 970 cm ™' are associated with
[CH,CH(CH3)],, of PP, and the bands around 720
cm ' are associated with [CH,]l, (n > 4) of
UHMWPE. The ratios of the absorbance bands area
of PP (Agyg) to that of UHMWPE (A;,;) are used to
denote the relative content of PP and UHMWPE, as

TABLE II
Relative Absorbance of the Skin and Core Section of
UPE/PP(80/20) Specimens Obtained from Injection
Molding and Compression Molding

A970 / A720

Skin-section

Molding condition Core-section

0.1874
0.1935

0.1832
0.2080

Injection
Compression
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Figure 11 DSC curves of the skin and core sections of
UPE/PP(80/20) specimen from injection molding and
compression molding.

shown in Table II. For injection-molded sample,
there was a little more PP in the skin than in the
core. And the case was opposite for the compres-
sion-molded sample. In fact, the difference of PP
content analyzed by FTIR between the skin and core
section was very small for both molded parts.

In the DSC thermograms (Fig. 11), the melting
peak, appearing at 137°C, corresponds to the melting
of crystallized UHMWPE, and the peak at 164°C is
attributed to the melting of crystallized PP in the
UHMWPE/PP blend. Assuming that the crystalliza-
tion of UHMWPE and PP did not interfere with
each other, the relative content of PP in the speci-
mens could be denoted by the ratio of PP crystal
melting enthalpy (AHpp) to that of UHMW-
PE(AHypmwer), which were summarized in Table II1.
The results indicated that the skin section contained
more PP than the core section for the injection-
molded specimen and the case was opposite for the
compression-molded specimen, which is consistent
with the results of FTIR analysis.

The WAXD pattern of the specimen was shown in
Figure 12. It can be seen that four peaks at 13.9, 16.7,
21.4, and 23.9°, corresponding to the reflections of
[110] and [040] Planes of a-PP and [110] and [200]
Planes of UHMWPE appeared in all the skin and
core specimens. The relative intensities of [110] and

TABLE III
DSC Data of the Different UPE/PP(80/20) Specimens
AHypg AHpp AHpp/
Samples J/g) J/g AHuypg (%)

Injection-skin 112.1 115 0.1029
Injection-core 123.5 10.6 0.0859
Compression-skin 129.0 11.9 0.0925
Compression-core 111 18.5 0.1670

Journal of Applied Polymer Science DOI 10.1002/app
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[040] diffraction peaks of o-PP to that of the [110]
Plane of UHMWPE were listed in Table IV. For the
injection molded sample, the relative intensity of
[110] and [040] diffraction peaks of o-PP to that of
the [110] Plane of UHMWPE in the skin section was
higher than that in the core section, indicating that
more PP was distributed in the skin. Opposite case
occurred to the compression-molded sample, with
less PP contained in the skin and more PP in the
core.

From the results of FI-IR, DSC, and X-ray diffrac-
tion another difference between the injection-molded
UHMWPE/PP blend and compression one was
revealed that there was more PP in the skin than
core for the injection-molded part, while less PP was
found in the skin than core for the compression-
molded part. It may also be one of the reasons that
two types of molded part behaved differently in
mechanical properties. Although the elongated
UHMWPE particles in the skin improved the tensile
properties of injection-molded UHMWPE/PP blend
in small strain, namely Young’s modulus and yield
strength, weakened bonding resulted from more PP
which is immiscible with UHMWPE would lead to
slip and crack more easily between UHMWPE par-
ticles after yielding, especially in the direction per-
pendicular to the orientation direction (also the
draw direction during tensile testing). This was why
many crazes perpendicular to the draw direction can
be seen in the appearance of injection-molded sam-
ple. The breaking of the skin section would increase
the stress sharply for the whole sample and failure
occurred quickly. In compression-molded part, there
was no reinforcing particles of oriented UHMWPE
and less PP in the skin section, the external stress
was distributed and transferred evenly in the sample

1000 <
900 ] (a) injection-skin
1 ( b) injection-core
800+ { ¢ ) compression-skin
700 ( d ) compression-core
» 600 4
[7] T 1
k= 500 4 ‘
3 ]
S 4004 \
] d
300 )
] c
200 )
100 {b)
0] (a)
T v T T T T T T T T T
10 15 20 25 30 35

0 2theta

Figure 12 WAXD patterns of the skin and core section of
UPE/PP(80/20) specimen from injection molding and
compression molding.

TABLE IV
Relative Intensity (%) of [110]-[040] of a-PP with [110] of
UHMWEPE in Different UHMWPE/PP(80/20) Specimens

[110] [040] [110]
of o-PP of o-PP of UPE
20 = 13.9° 20 = 16.7° 20 = 21.4°
Injection-skin 9.72 11.14 100
Injection-core 6.77 8.41 100
Compression-skin 11.06 12.72 100
Compression-core 16.00 13.94 100

during stretching, so the specimen deformed evenly
in the entire tested zone, causing orientation and
recrystallization.

The difference in crystallinity of the blend
between two molding operations could be estimated
roughly from the melting enthalpies of UHMWPE
and PP presented in Table III. The compression-
molded part has slightly higher crystallinity than the
injection molded one. Generally speaking, higher
crystallinity would lead to higher Young’s modulus
and yield strength, and lower impact strength. The
fact that the compression-molded part with higher
crystallinity had relatively lower Young’s modulus
and yield strength, and much higher impact strength
than the injection one might mean that the difference
in crystallinity resulted from the two molding opera-
tions was much less influential to the mechanical
properties, compared with that of morphology and
composition distribution.

CONCLUSIONS

By blending with polypropylene(PP), ultrahigh mo-
lecular weight polyethylene(UHMWPE) can be
processed by conventional injection as well as com-
pression molding. Two molded parts of UHMWPE/
PP(80/20) blend behaved differently in mechanical
properties. The young’s modulus and yield strength
of the injection molded blend were obviously higher
than those of compression-molded one while the
elongation at break and impact strength of the injec-
tion-molded part were much lower than those of
compression-molded one. No strain hardening effect
occurred to injection-molded bar during tensile test,
with lower strength at break than the yield strength.
And opposite case occurred to the compression-
molded one.

The mechanical behavior was thought to relate
with the phase morphology formed in molding
operation. Both SEM and optical microscopy were
used in the morphological study. For the injection-
molded blend, an apparent skin-core structure was
observed in all brittle fractured surfaces, impact frac-
tured surface and microtome section, in which the
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UHMWPE particles elongated highly in the skin and
the orientation was much weakened in the core. In
the compression-molded part, the phase morphology
was isotropic from the skin to the core section. The
difference of consolidation degree between two
molded parts, that the compression molded part
consolidated better than the injection one, was also
clearly shown in the SEM and Polarized light
micrographs.

In addition, composition variation was found to
exist in the skin-core structure of the injection-
molded UHMWPE/PP blend. Results of FTIR, DSC,
and WAXD analyses all indicated that there was
more PP in the skin than core for the injection-
molded part, whereas less PP was found in the skin
than core for the compression-molded part. It may
also be one of the reasons that two molded parts
behaved differently in mechanical properties.
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