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INJECTION MOULDING OF EIGH MOLECULAR POLYETHYLENE USING

ELEVATED. MOULD TEMPERATURE

The present invention relates to a process for preparing
injection moulded articles of HD-volyethylene (polyethylene
of high density type) having a high molecular weight by
injection moulding with injection and holding pressures
exceeding 250 MPa with the use of an elevated mould cavity .
temperature betweer £{ and lESOC,‘suitably between 50 and
120°C. The articles vrepared by means oi the process are
characterized by extremely improved mechanical strength
properties such as very high values for tensile strength

' .. I
at rupture and modulus of elasticity.

From the Swedish Patent Specification 401,129 it is known
that an essential increase of the pressure in the mould
cavity in processing of thermoplastics by injection
moulding results in a number of property improvements

of the injection moulded part while simultaneously
certain technical process advantages can be obtained.

Said Swedish Patent Specification thus discloses

an injection moulding process wherein the pressure in con-
nection with the injection of the melt and the subsegquent
solidification exceeds 250 MPa. Said pressure range shall be
compared with the pressure range of 50 to 150 MPa which is
the normal pressure range in injection moulding.

Among the improvements of the proverties of the moulded part
which are provided with a processing pressure exceeding 250
MPa there is to be noted a general increase of the level as
regards the stiffness (modulus of elasticitv) and strenath
parameters such as have been obtained in experiments with
polyéthylene of varying éensity and polvpropyvlene.
Furthermore, in measurements on both crystalline and amorphous
polymers a marked decrease in the mould shrinkage has been
observed. In certain cases said change was so large that

the mould shrinkage assumed negative values.
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An additional property improvement which has been observed
in experimentsof this type has been a marked decrease of
the internal stress level. As is well known internal stres-
ses are a defect of normal injection moulded products ; they

5 i.a. can result in warpage, undesirable crazing and cracking,
etc. Their reduction, in some cases complete elimination,
can be traced back to an increase of the melting and softening
point respectively of the plastic with the pressure. Thus,
pressures within the above specified range have been shown

1o to increase these critical temperatures so that a practically
momenfary solidification of the melted plastic material in-
jected in the mould cavity is obtained. This prevents the
formation of an internal stress structure which, as is well
known, is due to a gradual solidification of the melt and

15 to the forces which the already solidified and the still
liquid parts of the detail exert on each other.

As regardé the improvement of the property profile of the
detail, especially as regards the mechanical parameters,
the effects obtained with an increase of the process pressure
20 are dependent on the structure of the plastic used. Thus,
the largest changes have been observed for crystalline
plastics, especially polyethylene, wherein they could be
related to changes in the structure of the crystalline phasg,
In the crystallization of a polyethylene melt under pressure
25 exceeding about 300 MPa .a crystal modification is obtained
wherein the folded lamellar structure present at normal pres-
sures to an extent increasing with the pressure is converted
to a structure consisting of straight chains. The presence
of this new structure explains the improved property profile.
30 Thus, the new modification with straight chains i.a. giveé

a more organized package of the molecules in the space.

Especially striking results are obtained with HD-polyethylene
having high molecular weight, which means polyethylene
having a molecular weight of from 200.000 up to

35 1.5 millions and higher (or corresponding to a melt index
of less than 1 g/10 minutes at lBOOC/Z kg load) hereinaf

REA G
OMPIL
7 WIPO

Yr Epna 'ﬂﬁ\\\1




WO 80/00812 PCT/SE79/00209

10

15 0

20

25

30

designated HMWHDPE. As comparéd to the improvement of
modulus and strength obtained with this and similar
qualities the corresponding values obtained with HDPE of
normal molecular weight were relatively small. As an
illustration of the extremely remarkable increase of the
property level with an increase of the pressure reference
is made to the values stated in the following table I.

TABLE I

E GPa S Mpa

HMWEDPE 3.4 130
HDPE 0,6 25

Process conditions: Injection pressure 500 MPa

Mould temperature 30°C

|
n

modulus of elasticity

]

tensile strength at rupture

According to the present invention it has been found that
an additional surprising improvement of the properties of
details of HMWHDPE injection moulded at pressures exceeding
250 MPa, preferably from 300 MPa and upwa}ds can be obtained
by means of a suitable selection of the mould temperature.
Thus, according to the present invention it has been found
that very maniféét improvements of the properties of the
detail are obtained if the mould temperature is increased
to e.q. lOOOC, which increase especially gives rise to an
increase of the modulus and the tensile strength. Thus,

it has been found that the increased pressure per se is not
sufficient for proéucing details with optimum mechanical
properties; an optimum property profile in this respect
rather is obtained by a simultaneous increase of both the

pressure in the mould cavity and the moulcd temperature.
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Without wishing to restrict the invention to a certain
theory a probable explanation to the results obtained seems
to reside in a more complete transformation of the crystal-
line phase to the extended chain modification. This
transformation takes place via a crystalline transition
(hexagonal - orthorhombic)which is facilitated when the

temperature increases.
In the drawings enclosed

Figure 1 shows tensile strength at rupture and modulus of
elasticity of injected moulded articles of HMWHDPE plotted

against the mould temperature.

Figure 2 shows elongation at rupture of injection moulded
articles of HMWHDPE plotted against the injection pressure
for two different mould temperatures;

Figure 3 shows tensile strength at rupture and modulus of
elasticity of injection moulded articles of HMWHDPE plotted
against the injection pressure for two different mould

temperatures.

It has also been found, as is described more closely in our
copending Swedish Patent Application No. 7810977-4 with the
title "Injection moulding process with the use of polymer
blends containing high molecular HED-polyethylene" that in
injection moulding at high injection moulding pressures
exceeding 250 MPa, preferably from 300 MPa and upwards, of °
blends of HMWHDPE with polymeric materials with which
HMWHDPE has a limited compatibility (solubility) HMWHDPE
forms a fibrous '~ phase in a matrix of the other polymeric
material. In this manner a reinforced composite material is
obtained as a final product. By increasing the mould tempe-
rature beyond the mould temperature normally used as in

accordance with a process according to the present
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invention it also has been found that composite materials
with 5till more. improved mechanical properties can be
obtained as compared to the same composite materials
injection moulded at the usual low mould temperature of 30°c.
Suitable matrix materials together with which HMWHDPE can
be injection moulded in the process according to the present
invention ére such polymeric materials with which HMWHDPE
has limited compatibility. Such polymeric materials include
polyethylene of HD-, MD- and LD-types of normal molecular
weight which means such material which normally is used in
injection moulding or extrusion. Other suitable materials
are e.g. polyolefines, such as polypropylene ; polystyrene,
polyvinylchloride, polyacetal, polyamides, copolymers of
these and others.

The invention is illustrated by means of the following
specific examples which describe embodiments of the
invention but which are not intended to limit the invention
in any respect.

Example 1 .
Test bars of high molecular polyethylene having high density

were injection moulded with an injection pressure of 500 MPa
and with the use of varying mould temperatures from 30°C up
to 100°C. The polyethylene material used was DMDS2215
obtained from Unifos Kemi AB and which had a density of
0.953 g/cm and a melt index of 0.1 g/10 minutes.

In figure 1 the values obtained for tensile strength at
rupture, oA , and modulus of elasticity, E, of the test bars
produced have been plotted against the mould temperature. From
the figure it can be seen that improved values for said '
properties are obtained when the mould cavity temperature
is increased. From the results obtained it can be seen that
the absolute values for modulus of elasticity and tensile
strength at rupture are very high and vastly exceed those
normally obtained for HDPE and furthermore also exceed the

corresponding values of e.g. glass fiber reinforced
engineering plastics.
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Example 2
A set of test bars of the same material as used in example 1

were injection moulded at injection pressures varying
between 100 and 500 MPa and with the ‘use of two different
5 mould cavity temperatures, 30°¢c and 70°C respectively.

Figureé 2 and 3 show the results of measurements concerning
the mechanical properties of the products obtained. From
figure 2 it can be seen that the elongation at rupture is
lower when using the higher mould cavity temperature while

10 figure 3 shows that both the modulus of elasticity and the
tensile strength at rupture increase when the higher mould
cavity temperature is used.
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CLAIMS
1. A process for producing injection moulded

10

articles having highly improved mechanical properties of
polyethylene of very high molecular weight and high density
with the use of elevated . pressure exceeding 250 MPa
characterized in that the injection moulding is carried out

with a simultaneous use of an .eleva+ed mould temperature
between 40°C and 125°c. .
2. . A process according to claim 1 characterized in
that the mould temperature is between 50 and 120°cC.

3. A process according to claim 2 characterized in

that the polyethylene having very high moleculdr weight
and high density is blended with a polymeric material with
which said polyethylene has a limited compatibility.
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