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COVPOSI 71 ON AND PROCESS FOR MAKI NG POROUS ARTI CLES FROM ULT?ﬁ H CGH
MOLEGULAR WEI GHT POLYETHYLENE BACKGROUND :OF 'THE | NVENTI ON t @. ras?ﬁb _
invention relates to an ultra high nol ecul ar wei ght pol yethyl ene
conposition particularly suited for maki ng nol ded plastic ar?' clé? Qf 51i gh
strength and high porosity, to articles produced therefrom d to7 -
pnoéess for their production. Utra high nol ecul ar wei ght pol yet hyl ene
(UHMWW¥PE) is known in the*art to possess properties markedly superior to

simlar polyethyl'enes of |ower nolecul ar weight. Such properties include
t oughness, inpact strength, abrasion resistance, p 'TIFQnm. erties
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OMPOSTITIO D PROCESS FO

MAKING POROUS ARTICIES FROM ULTRA HIGH
OLECULAR I E

BACKGROUND OF THE INVENTION

The present invention relates to an ultra high
molecular weight polyethylene composition particularly
suited for making molded plastic articles of high
strength and high porosity, to articles produced
therefrom, and to a process for their production.

Ultra high molecular weight polyethylene (UHMW-PE) is
known in the art to possess properties markedly
superior to similar polyethylenes of lower molecular
weight. Such properties include toughness, impact
strength, abrasion resistance, anti-friction properties
and resistance to corrosion and chemical attack. But
because of its extremely high molecular weight (at

1east 10%) and the high viscosity of UHMW-PE melts, it

is extremely difficult to process the material by
conventional techniques such as injection molding, blow
molding or screw extrusion. Such processing also may
give rise to a degradation of the polymer chains with a
consequential diminution of physical properties..

Porous sheets and articles made from polyethylene are
known in the art. For example, US Patent 3,024,208
discloses a process for the production of porous
polyethylene articles made by sintering (heating) of
particles of polyethylene having a molecular weight of
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and resrstance to corrosion and chenmical attack. But because of it's
hi gh nol ecul ar weight (at |least 10[err]) and the high viscosity

extFerel y

of UHVW PE nrel ts,

conventi onal

ext r.usi on.

potynmer. chains with a consequential dimnution of physical- properti-es-—
Porous sheets and articles made from pol yethyl eng ar ei kit Al e sarts,

is extrenmely difficult to process the material by

t echni ques such as injection nolding, blow nolding or screw

Such processing also may give rise to a degradation of the

For exanpl e,

porous polyethylene articles nade by sintering (heati ng) of particles of
pol yet hyl ene haw ng a nol ecul ar wei ght of
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US Patent 3,024,208 di scl oses a process

or t RERMWAGEDCt | onl of

about 10,000 to 1,000,000 under heat and pressure
without melting of the particles. US Patent 3,954,927
discloses a method ‘for preparing porous articles
comprising first forming a heterogeneous mixture of
UHMW-PE particles with 50 to 95% by weight of a
hydrocarbon such as mineral oil or a paraffin wax,
heating the mixture to a temperature above the melting
point of the hydrocarbon, forming the mixture into a
shape, heating the shape to a second temperature above
the mnelting point of the polyethylene until the
polyethylene particles are completely fused, cooling
the shape and then extracting the hydrocarbon to form
the porous article. This extraction process leads to
the formation of voids in the fused mass which creates
porosity.

While these and similar processes offer the opportunity
to minimize degradation of the polyethylene caused b'y
conventional processing techniques as referred to
above, it has been found that such porous articles are
often brittle and easily fracturable, particularly when
manufactured to give articles of higher porosity.
Although low porosity articles may exhibit reasonably
good stiffness, such low porosity articles are not
suitable for many applications. Thus, there is a
compromise of one property vs. the other. Accordingly,
there is a continuing need to develop a process for
producing porous articles made from UHMW-PE which
offers better control of porosity while at the same
time maintaining or improving the strength and
flexibility of the article.
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2 aboﬁtllo,OOO to 1,000,000 under heat and pressure without nelting of the

particles.

US Patent 3,954,927 discloses a nethod for preparing porous

articles conprising first form ng a heterogeneous m xture of UHWY PE
particles with 50 to 95% by wei ght of a hydrocarbon such as mneral oil or

a ‘paraffin wax,

heating the mxture to a tenperature above the nelting

poi nt of.the hydrocarbon, fprmng the m xture into a shape, heating the

shape to a second tenperature above the nelting Boint of the polyethylen
t he pol yethyl ene particles are conpletely fused, |croabiSHEET HAS BEEN
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REPLACED

SUMMARY OF THE INVENTION

It has now been discovered that strong, flexible porous
articles can be produced by free-sintering a non
intensively mixed blend of UHMW-PE particles and
particles of a polyethylene wax. The procéss involves
mixing the UHMW-PE and wax both in powdered form until
a uniform heterogeneous mixture is formed, but under
conditions which do not lead to any substantial
fracturing of the UHMW-PE particles or melting of
either component. The uniform heterogeneous mix is
then transferred to a press mold to form a shape and
pressure is applied sufficient only to maintain the
enclosed volume of the shape. The mold is heated to a
temperature above the melting point of the UHMW-PE but
below its degradation temperature for a period of time
to allow the particles to soften, expand, and contact
one another at their surfaces. The mixture is then
guickly cooled.

Porous articles so produced may exhibit flexural
stiffness values in excess of about 2,000 psi while at
the same time showing excellent porosity values of less
than about 25 inches water pressure drop, as defined
hereinafter. '

DETATLED DESCRIPTION OF THE INVENTION

The present invention provides a composition and
process for producing molded porous articles of UHMW-PE
having high porosity and good flexural strength. Such
articles have utility as filter funnels, immersion
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t he shape and then extracting the hydrocarbon to formthe porous article.
This -extraction process |leads to the formation of voids in the fused nmass
whi ch creates porosity. Wile these and simlar processes offer the
opportunity to mnimze degradation of the pol yethyl ene caused by

conventi onal

processi ng techni ques as referred to above, it has been found
t hat: such porous articles ane often brittle and eaS|Iy f raet-trabt-e—————
pafticul arly when manufactured to give articles 3 1d

Al t hough | ow porosity articles may exhibit reasoffably gobd_sti RERIAGED sich
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filters, filter crucibles, porous sheets, pen tips,
marker nibs, aerators, diffusers and 1light weight
molded parts.

The UHMW-PE used in the present invention generally
exhibits a molecular weight of at least 1 x 106 . up to
about 6 x 10° as determined by the intrinsic viscosity
of a 0.05 weight percent solution in
decahydronaphthalene at 135°c in accordance with ASTM -
D-4020-81. Such polyethylenes may be produced by
solution polymerization of ethylene using the well
known coordination catalysts such as developed by Karl

Ziegler.

Polyethylene waxes preferred for the purposes of this
invention are commercially available materials
exhibiting a melting point of at least about 100°c,
preferably within the range of about 110 to 150°c, a
density within the range of about 0.92 to about 0.99
g/cm3 at 20°C', and a molecular weight in the range of
about 1,000 to about 20,000, more preferably from about
2,000 to about 10,000. Most preferred are non-polar,
non-oxidized waxes.

A molding compgsition is formed by dry blending
particles of the UHMW-PE and particlés of polyethylene
wax in any suitable non-intensive mixing device for a
period of time sufficient to form a uniform
heterogeneous blend. This blending is conducted at a
temperature well below the melting point of either
component, preferably room temperature, and for a
period of time sufficient to form a uniform blend of
non-melted and non-softened particles. Suitable mixers
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there i.s a continuing need to devel op a-process for produci ng porous
articles nmade from UHMM PE which offers better control of porosity while at
the same time nmaintaining or inproving the strength and flexibility of the
article. SUMVARY OF THE I NVENTION It has now been di scovered that
strong, flexible porous articles can be produced by free- sintering a non

intensjvely m xed

pol'yet hyI ene wax. The process invol ves m xi ng tige UH[\/W

powdered formunti |
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blend :of UHWMW PE partlcles anOthEIIC ;—;b\s%&mh
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include x ribbon blenders, double cone mixers, drum
tumblers, cement mixers, twin shell (Vce) mixers or
similar devices. It is important that the mixing be
non-intensive and be limited to a time required to form
a uniform blend in order to avoid excessive heat
generation and to avoid excessive fracturing of the
particles.

Blend ratios of the components may range from about 40
to 95% by weight of the UHMW-PE and correspondingly
about 5 to about 60% by weight of the polyethylene wax.
Wax levels above about 60% by weight tend to give rise
to molded articles of poor or nonexistent porosity,
while at levels below about 5% by weight there is
little increase or even a diminution of the flexural
strength of the article produced from the blend.
Preferred levels are at least about 10% wax up to about
50% wax, more preferably from about 15 to about 45%
wax.

Molded articles may be formed by a free sintering
process which involves introducing the UHMW-PE/Wax
mixture into either a partially or totally confined
space and subjecting the mixture to heat sufficient to
melt the wax and cause the UHMW-PE particles to soften,
expand and con{:act one another. Suitable processes
include compression molding and casting. The mold is
heated with a heated hydraulic press or infrared
heaters to a temperature above the melting point of the
UHMW-PE, generally inthe range of about 175°C to about
205°c; more preferabl;’ in the range of about 185°¢C to
about 195°¢. Heating time depends upon the mass of the
meld, and lies generally within the range of about 5 to
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a Unffbfn1heterogeneous m xture is formed, but under conditions which do
not {ead to any substantial fracturing of the UHWMPE particles or nelting

of either conponent.

The uni form het erogeneous mx is then transferred to a

press nold to forma shape ‘and pressure is applied sufficient only to
matntain the encl osed volume of the shape. The nold is heated to a

tenperature above the nelting point of the UHMWM PEfbtt—betow-—+ts

degradation tenperature for a period of tine to &l Wﬁ?ﬁﬂ}?éﬁﬂsd¥@§ o)
soften, expand, and contact one another at their slicf aceREP

Dpni xtute is

t hen quickly cool ed. Porous articles so produced may exhi bit flexural
stiffness values in excess of about 2, 000 si while at
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about 15 ‘minutes. sequently, the mold is cooled and
the porous article.removed.

During the heating process, the wax component melts and
tends to form agglomerates with the UHMW-PE particles.
This permits the wax to f£fill particle interstitial
spaces and surface irregularities. The UHMW-PE, on the
other hand, softens and undergoes surface sintering and
bonding with neighboring particles. Upon cooling, and
as shrinkage occurs, larger void volumes are created in
the UHMW-PE/Wax composite by changes in the wax
morphology. The wax is further believed to act as a
particle bonding agent giving rise to articles having
greater flexibility and strength as compared with
articles produced from UHMW-PE alone. ‘Micro
photographs of the cooled composite show that @ is not
a homogeneous blend of the polymer and wax, but rather
comprises numerous agglomerates of UHMW-PE particles
which are both surface-fused together and surround
discrete particles or regions of the wax.

It has been found that the particle size distribution
of the UHMW-PE particles used in the mixture is
extremely influential upon the degree of porosity of
the finished article. An excess of fine particles
tends to fill the intricities or voids resulting in an
article of lower porosity. An excess of larger
particles tends to provide insufficient surface area
for particle-~to-particle contact during the sintering
process. Preferably the UHMW-PE particles have a loose
bulk density within the range of about 350 to 500 grams
per liter as measured by ASTM D-1895 and a particle

H.

size distribution of at least about 95% through a 0.5
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the same time showi ng excellent porosity values of |ess than about 25
I nches water pressur
THE I'NVENTI ON The present ‘i nvention provides a conposition and process for
produci ng nol ded porous articles of UHMMPE having high porosity and good
strengtsh. Such articles have utility as fi funnel s | nmersion

fl ekxur al
4 filters,
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e drop, as defined hereinafter. DETAILED DESCRI PTI ON OF

ruci bl es, porous sheets, pen7t| JHISBHKREY HARIBEEN
and i ght wei ght REPLACED

mm screen and not greater than about 15% through a
0.063 mm screen as measured by ASTM D-1S21. The
particle size distribution of the polyethylene wax is
not necessarily critical , but the formation of a
uniform heterogeneous mixture of the wax particles and
the UHMW-PE particles 1is facilitated if the particle
size distribution of each material approximate one
another. The loose bulk density of the wax particles
is preferably within the range of about 400 to 500
grams per liter. "

In the following examples, various compositions are
formulated and the porosity and stiffness values are
reported.

Test samples are prepared by forming a 2~1/2 inch
diameter disc, one quarter inch thick, in a suitable
mold. The mold is filled with the appropriate polymer
and the sides are tapped to settle the powder for
uniformity and to improve packing. The top of the mold
is leveled, the mold is covered and inserted into a
hydraulic press. The press is closed sufficiently to
contact the mold with just enough pressure to maintain
an enclosed volume. A temperature of about 190°%¢ is
maintained on the press for a period of 12 minutes.
The mold is then removed from the press and cooled
quickly. The sample is removed from the mold and
allowed to air cool for 24 hours.

The percent or degree of porosity is determined by
placing the disc prepared as described above in an air
chamber. The air chamber consists of a two section
aluminum chamber six inches long and three and one

_—
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nmol-déd parts. The UHWMPE used in the present invention generally exhibits

a mol ecul ar weight of at least 1 x 10[err] , up to about 6 x 10[err] as
determned by the intrinsic viscosity of a 0. 05 wei ght per cent
sol ution i n decahydronapht hal ene at 135 C in accordance with ASTM

D-4020-81. Such polyethylenes may be produced by solution

pokynerlzatlon of ethylene using the well known coordi nation catalysts such
as devel oped by Karl Ziegler. Polyethyl ene waxessprefe
of this invention are comercially avail abl e y

melting point of at |east about 100[err]C, preferably bw
about 110 to 150[err]C, a

quarter inches outside diameter. 1Internal dimensions

are approximately four inches in length and two inches

in diameter. The disc is inserted in a recessed area
- between the two chambers, and the chamber is then
'1 5 closed and sealed. Each section of the chamber is
- equipped with one quarter inch inlet and outlet taps
for differential pressure':;’ineasurement in inches of
water. '

al

10 An air flow of 25 SCFH is then established and the
differential pressure is determined with a manometer.
This measurement of differential pressure is indicative
of the degree of porosity of the specimen tested; the
lower the differential pressure, the higher the
15 porosity. From experience with ~ this method,
- differential pressures of less than 25 inches water
pressure drop are indicative of articles with excellent
- porosity.

20 Tinius-Olsen stiffness values of the various samples
are measured in accordance with ASTM-D 747-84a.

This test method determines the épparent bending
modulus of plastic materials by measuring force and
25 angle of bend of a centilever beam. A free sintered

specimen is clamped in a vise and a controlled 1load is '

\

applied to the free end. The vige is connected through
\ : gear trains to a motor and is capable of uniform
clockwise rotation. It is provided with a pointer for
30 indication of angular deflection. Rotation of the
weighing system about the same point as the vise
results due to movement of the blending plate. The
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density within the range of about 0.92 to -about 0.99 g/cnferr] at 20[err]C,
and .a ‘nol ecul ar weight in the range of about 1,000 to about 20,000, nore
preferably from about 2,000 to about 10,000. Mst preferred are non-pol ar,
non- oxi di zed waxes. A nol ding conposition is formed by dry bl ending
particles of the UH -E~aggfﬁﬁ&¢mmﬁe of pol yethyl ene wax in any suitable
non-intensive m xi nq tewi- iﬁﬂgﬁgﬁ perilod of tinme sufficient to form a
uni f orm het er ogeneoys b ' ending is copducted at a tenperature
wel | below the nelting point of either conponent, preferably room
tenperature, and for a period of time sufficient to forma uniform blend
of non-nelted and non-softened particles. Suitable m xers

magnitude of the movement is indicated with a pointer

moving over a load scale.

- The relationship of percent deflection vs load is
E 5 determined on three (3) specimens, which are prepared
! in a mold equipped for eight (8) 1.5" x 0.25" x 0.125"
3 specimens. Sintering procedure is identical to that
described for the 2.5" diameter disk. Load readings
: are taken at 3, 6, 9, 12, 15, 20, 25 and 30% .
10 deflection and the slope is calculated. siffness is 9
determined by use of the equation: ¥ &
A E = 5§3.X M_(load scale reading)
P wd 100 @
15
- where E = Stiffness or Apparent Bending Modulus
S = 0.25", the distance between specimen
- mounting plate and bending surface
. w = 0.25", specimen width
j 20 d = 0.125"%, specimen thickness
- - M = 1.0 1bf-in, the total bending momeﬁrvalue Y
on the pendulum system !
& = reading of angular deflection scale in
radians
25
The following examples are illustrative of the
“ invention.
' XAMPLES 1-9
- 30

Various blends were formed of UHMW-PE powder having a

. . 6 (

molecular weight of about X 10 and polyethylene wax
Hoda qgsunIqubscuz botte . polyethy q;

. powder (Hoe}chst Wax PE 190)Aava11ab1e from HoeXchst H
A .
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i ncl ude [err]
m xers,

twin shell

ri bbon bl enders, doubl e cone m xers, drum tunbl ers, cenent
(Vce) mxers or simlar devices. It is inportant that

the m xing be non-intensive and be linmted to a tine required to forma-
uniformblend in order to avoid excessive heat generation and to avoid
excesstve fracturing of the particles. Blend ratios of the conponents nmay

Fange f.rom about 40 to |
about 5 to about aﬁ%by et g
about 60% by wei gh
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gveﬂght of the UHMMPE and correspondi ngly
pol yet hyl ejgg wax. Wax | evel s above

't enoRER rise
Celanese Corporation) at various levels shown in Table
1. Both components had a particle size distribution of

greater than 95% by weight through a 0.5 mm screen and
less than 15% by weight through a 0.063 mm screen. The

components were mixed for about 30 minutes at room
temperature in a .:-%‘enmglender. Testy discs were
prepared from each composrtlon by the molding method W
described above. A control sample consisting of 100%
of the UHMW-PE "~ ﬁas also evaluated and designated as
control A.
Porosity and T/0O stiffness values were then obtained
for each sample by the methods described above.
Results are reported in Table 1.
IABLE 1

X _UNMW-PE X _WAX 1/0 Stiffness, psi Porosity, inches H 0 D.P, %
control A (100X) - 1886 18.1 %
EX. 1 90X A 10 1591 15.4
EX. 2 80X A 20 1842 9.3
EX. 3 705 A 30 2704 6.0
EX. 4 60X A 40 2978 5.4
EX. 5 50A 50 3078 10.9
EX. 6 40X A 60 . 3006 24.5
EX. 7 30XA 70 3259 ] No Air Flow
EX. 8 20X A 80 16,014 No Air Flow
EX. 9 10X A 90 24,065 No Air Flow

As can be seen from the data in Table 1, a distinctive
improvement in porosity was achieved at levels of
polyethylene wax ranging from about 10 to up to about
60%, with an, exhibition of a concomitant improvement of
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to nol ded articles of poor. or nonexistent porosity, while at |evels bel ow
about 5% by weight there is |ittle increase or even a dimnution of the
flexural strength of the article produced fromthe blend. Preferred |evels
are at |l-east about 10% wax up to about 50% wax, nore preferably from about
15,10 about 45% wax. Ml ded articles may be forned by a free sintering
pr.ocess which involves introduging the UHMMPE Wax m xture into either
a partially orr%m a_“;m CIORAS rﬁéaiahace and subjecging the m xture to heat

sufficient to I't "t hespwagERNd_calise the UHMW PE particles to soften,
expand and contaet—ome—anot her . Sui t abl e processes I ncl ude conpression
nol ding and casting. The nold is

stiffness values of this particular batch of UHMW-PE
beginning at wax levels between about 20 and 30% by

weight.

3 XAMPLES - 14

. .&--—-...l- ‘

in Examples 1 - 9 above using a different lot

Various blends were formed and processed as described

of

UHMW-PE designated as Control B. Particle . size

10 distribution of the components in the blend were
described above. Porosity and stiffness values are
reported in Table 2.

as
as

LT

) ' : ABLE 2
15 ' .
- T % UHMW-PE X _WAX T/0 Stiffness, psi Porosity, inches H_0D.P.

_ Control B (100%) - 1488 43.8
- EX. 10 95% B 5 1480 38.2
EX. 11 90X 8 10 1969 37.2
- . 20 EX. 12 85X B 15 2050 29.5
~ EX. 13 sox8 20 2145 25.9
. EX. 14 7528 25 2960 23.0

As demonstrated in Table 2, an improvement in stiffness

25 ‘ value for this particular 1lot of UHMW-PE was

demonstrated at a wax level somewhere between 5 and 10%

= with a consistent enhancement of porosity as the wax

¢ level was increased.

30 EXAMPLES 15 - 16

The UHMW-PE used in Examples 10 - 14 above (Control

B)

was blended with 25% by weight of Hoechst Wax PE-130

35 //
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heated with a heated hydraulic press or infrared heaters to a tenperature
above the nelting point of the UHMMPE, generally in the range of about
175[err]C to about 205[err]C, nore preferably in the range of about
185[err] C to about 195[err]C. Heating time depends upon the nass of the
rml d,. and lies generally within the.range of about 5 to 6 about 15

m, ‘nut es.

Duri ng the heating p
aggl onerates with th

y——
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Subsequent |
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,ka@SMTdm\EU.Co@Ipd and the porous ‘article renoved.
cess@bﬂﬁmx cofgponent malzds and tends to form

(Example 15) and 25% by weight of Hoechst Wax PE-520

(Example 16)y*, Blending and molding was carried out as
in Examples 1-9 and the particle size distribution of
the mnaterials was as specified in Examples 1-9.
Porosity and stiffness values are as reported in Table
3.
IABLE 3
X UKMW-PE X WA 1/0 Stiffness, psi Porosity, inches H O D.°. \X’ "\'ﬂ

control A (100X) - 1488 43.8

EX. 15 75X A 25% 3664 ' 16.5

EX. 16 75% A 25% 2308 - 1.5

Test results demonstrate a marked improvement in both
stiffness values and porosity at a preferred 25% level
of addition of the various waxes with this particular
batch of UHMW-PE polymer. |

EXAMPLE 17

This example illustrates the importance of the particle
size distribution of the UHMW-PE polymer used in the
manufacture of the porous articles of this invention.
An UHMW-PE polymer having a bulk density of 399 g/1 and
having a particle fines fraction of 35.1% passing
through a 0.063 mm screen was employed as Control C.
This material was blended with 25% by weight of Hoechst
PE 190 wax and processed as in Examples 1 - 9.
Stiffness and porosity results are shown in Table 4.

_—
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This permts the wax to fill particle interstitial spaces and surface
irregularities. The UHWVPE, on the other hand, softens and undergoes
surface sintering and bonding with neighboring particles. Upon cooling, and
as_shrinkage occurs, larger void volumes are created in the UHWVPE/ Wax
conp05|1e by changes in the wax norphology. The wax is further
believed.to act as a partichke bonding agent giving rise to articles having
greater flexibility and strength as conpared wi th3articles pr oduced

from UHMMPE alone. M cro phot ographs of the coo
that it is not a honobgeneous bl end of the polyner and
conprises nunerous aggl onerates of UHMMPE particles
surface-fused together and surround

TABLE 4
- W
- X UKNY-PE X UAX 370 Stiffness, psi Porosity, inches W O 0.0, /'g
i Control € (100%) - Co1e7 39.2 :
! S EX. 17 75% 25 2306 35.1

As demonstrated from the data of Table 4, there is an
increase in stiffness of the UHMW-PE polymer at the

10 75/25 blend ratio, but very little increase in porosity
which can be attributed to the high fines content of
the UHMW-PE used in this test.
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di'screte particles or regions of the wax. It has been found that the
particle size distribution of the UHVW PE particles used in the mxture is
extrenely influential upon the degree of porosity of the finished article.
An excess of fine particles tends to fill the intricities or voids
resultlng in an article of |ower porosity. An excess of [larger
particles tends to provide insufficient surface area for
particle-to-particle contact during the sinterirgsprocess. Preferably the
UHMW PE particles have a | oose bulk density within the range of about 350
to 500 grans per liter as neasured by ASTM D 1895 and a partlcle si ze
distribution of at |east about 95%through a 0.5

THIS SHEET HAS BEEN
REPLACED

What I claim is:

LJ. —eroa D ‘

about 1 x 106 to about 6 x 106

1. A molding powder composition comprising
a uniform mixture of particles of a polyethylene
polymer having a molecular weight within the range of
and particles of

polyethylene wax having a molecular weight within the
range of about 1,000 to about 20,000, the particle size
distribution of said particles of polyethylene polymer

being within the range of at least about 95% by weight

smaller than 0.5 millimeters and not greater than about

‘1 . 15% by weight smaller than 0.063 millimeters.

2. The composition of Claim 1 containing

from about 40 to about 95% by weight of said

of said polyethylene wax.

polyethylene polymer and from about 5 to 60% by weight

3. The composition of Claim 2 wherein said
polyethylene wax has a molecular weight within the
range of about 2,000 to about 10,000, and a melting

point within the range of about 100°c to about 150°c.

4. The composition of Claim 3 wherein said

polyethylene wax has a particle size distribution in

the range of at least about 95% by weight of particles

15% by weight smaller than 0.063 millimeters.

! smaller than 0.5 millimeters and not greater than about

5. The composition of Claim 2 containing
from about 55 to 85% by weight of said polyethylene

-
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7 frm screen and not greater than about 15%through a 0.063 nm screen as
ngasured by ASTM D-1921. The particle size distribution of the °

pol yet hyl ene wax is not necessarily critical, but the formation of a

uni f or m het er ogeneous mi xture of the wax particles and the UHWY PE
particles is facilitated if the particle size distribution of each mat eri al

preferably within the range of about 400 to 500 3§ ans |per

approxirmat e one another. Thé_| oose bul k density of th ’Hﬁ§sﬁf
fol |l owi ng exanpl es,

TS

vari ous conpositions are 1ACED

polymer and from about 15 to about 45% by weight of
said polyethylene wax.

6. The composition of Claim 5 containing
about 75% by weight of said polyethylene polymer and
about 25% by weight of said polyethylene wax.

7. A process for forming a porous article
comprising:

(A) providing a molding powder comprising
the mixture of polyethylene polymer
particles and polyethylene wax particles
as defined in Claim 1;

(B) forming said molding powder into a
desired shape:;

(C) heating said shape to a temperature
within the range of about 175°Cc to about
205°¢ while maintaining said shape under
pressure just sufficient to maintain the
volume of the shape and for a period of
time sufficient to melt said
polyethylene  wax and pernmit said
polyethylene polymer to expand and
soften; and

(D) thereafter cooling said shape.
8. The process of Claim 7 wherein said

mixture is prepared by subjecting said particles of
polyethylene polymer and polyethylene wax to

et Has Been Replaced
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fermul-ated and the porosity and stiffness values are reported. Test sanples
are prepared by formng a 2-1/2 inch dianmeter disc, one quarter inch thick
in a suitable nold. The nold is filled with the appropriate polyner and the
sides are tapped to settle the powder for uniformty and to inprove
packlng The top of the nold is leveled, the nold is covered and inserted
nto a .hydraulic press. The;press is closed suffici entg-y—+o YU.L #BEFS
mol d with j ust enough pressu*e to maintain an engd osed ib HTegA)
tenperature of about 190 C is mmintained on the press far aSRFEEP or 10
m nutes. The nold is then renoved fromthe press and cool ed qU|ckIy The -
sanple is renoved fromthe nold and

non-intensive mixing insufficient to cause substantial
fracturing of said polyethylene polymer particles and
at a temperature below the melting point of said
polyethylene wax.

9. A porous shaped article produced by the
process of Claim 7. '

: k l-/-'-t-.-n-ml

10. The article of Claim 9 having a porosity
of less than about 25 inches of water as measured by
differential pressure and a Tinius-Olsen stiffness
value of at least about 2000 psi.

LT
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alTowed to air cool for 24 hours. The percent or degree of porosity is

det er mi ned by pl acing the disc prepared as de'scri bed above in an air
chanber. The air chanber consists of a two section al um num chanber si X

i nches long and three and one 8 quarter inches outside_dianeter

tntker'nal dinensions are approximtely four inches in Iergthuaﬂﬁ*ﬂWmViﬁéWé%
In.dianeter. The disc is |nserted in a recessed area betiween REBLAGED

chanbers, and the chanber i s"then cl osed and sealé@d.. Each section of the
chanber is

ABS NTION

Porous shaped articles made from a molded composite of

ultra high molecular weight polyethylene and

! 5 polyethylene wax are disclosed. These articles are

produced by free-sintering a non intensively mixed

! blend of UHMW-PE particles and particles of a

polyethylene wax. The process involves mixing the

UHMW-PE and. wax both in powdered form until a

10 heterogeneous mixture is formed, but under conditions

which do not lead to any substantial fracturing of the

UHMW-PE particles or melting of either component. The

heterogeneous mix is then transferred to a press mold

_ to form a shape and pressure is applied sufficient only

15 to maintain the enclosed volume of the shape. The mold

—_ is heated to a temperature above the melting point of

the UHMW-PE for a period of time to allow the particles

- to soften, expand, and contact one another at  their
surfaces. The mixture is then quickly cooled.

Porous articles so produced may exhibit stiffness
values in excess of about 2000 psi while at the same
time showing excellent porosity values of less than
about 25 inches water pressure drop.

[ Y P

This Sheet Has Bee

o o IIIIIIIHIIIIHHHIHIII



q.

equ??ﬁknrﬂm th one quarter inch inlet and outlet taps for differential
‘pressure [err] neasurenent in inches of water. An air flow of 25 SCFH i s
then established and the differential pressure is determnne

manonet er. Thi § measurement of differential pressur€g ig

degree of por05|ty of the specinen tested; the | ower
pressure, the higher the porosity. From experienge
met hod, differential pressures of |less than 25 inche}
“are indicative of articles with excellent porosity.

747-84a.

X ous (0) HIG

CKGRO ON

The present invention relates to an ultra high
molecular weight polyethylene composition particularly
suited for making molded plastic articles of high
strength and high porosity, to articles produced
therefrom, and to a process for their production.

Ultra high molecular weight polyethylene (UHMW-PE) is
known in the art to possess properties markedly
superior to similar polyethylenes of lower molecular
weight. Such properties include toughness, impact
strength, abrasion resistance, anti-friction properties
and resistance to corrosion and chemical attack. But
because of its extremely ' high molecular weight (at
Jleast 106) and the high viscosity of UHMW-PE melts, it
is extremely difficult to process the material by
conventional'techqiques such as injection molding, blow
molding or screw extrusion. Such processing also may

give rise to a degradation of the polymer chains with a
consequential diminution of physical properties.

Porous sheets and articles made from polyethylene are
known in the art. For example, US Patent 3,024,208
discloses a process for the production of porous
polyethylene articles made by sintering (heating) of
particles of polyethylene having a molecular weight of

Fd o
S e



;I'h‘is test method determines the apparent bendi ng nodul us of plastic
materials by neasuring force and angle of bend of a centilever_ heam. .. A

free sintered specinen is clanped in a vise and a cqn ENTORKERTS
applied to the free end. The vice is connected thrOLgE‘IE?LAm ' o]

notor and i s capable of uniformclockw se rotation. t s provjdediwith a
poi nter for indication of angul ar defl ect®on. Rot gt i jon2&% e I ghiing

system about the sane point as the .vice results due {td novenent of  tihg
bl endi ng plate. The 9

about 10,000 to 1,000,000 under helm:"‘iﬁT pressure
without melting of the particles. US Patent 3,954,927
discloses a method -‘for preparing porous articles
comprising first forming a heéterogeneous mixture of
UHMW-PE particles with 50 to 95% by weight of a
hydrocarbon such as mineral oil or a paraffin wax,
heating the mixture to a temperature above the melting
point of the hydrocarbon, forming the mixture into a
shape, heating the shépe to a second temperature above
the melting point of the polyethylene until the
polyethylene particles are completely fused, cooling
the shape and then extracting the hydrocarbon to form
the porous article. This extraction process leads to

the formation of voids in the fused mass which creates
porosity. .

While these and similar processes offer the opportunity
to minimize degradation of the polyethylene caused by
conventional processing techniques as referred to
above, it has been found that such porous articles are
often brittle and easily fracturable, particularly when
manufactured to give articles of higher porosity.
Although low porosity articles may exhibit reasonably
good stiffness, such low porosity articles are not
suitable for many applications. Thus, there is a
compromise of one property vs. the other. Accordingly,
there is a continuing need to develop a process for
producing porous articles made from UHMW-PE which
offers better control of porosity while at the same

time maintaining or improving the strength and
flexibility of the article.



nagnltude of the noverent is indicated with a pointer noving over a |oad
'scale. The relationship of percent deflection vs |oad is.deternined on

three (3) specinens, which are prepared in a nold equi pggptmmﬂgnghsqfﬁo
1.5" x 0.25" x 0.125" specinens. Sintering procedure ijs denpte hagt

\,\.1\.,ou LUL
described for the 2.5" dianmeter disk. Load readings arg taken@%h éé 6,
9, 12, 15, 20, 25 and 30% deflection and the slope‘l al é

Stiffness is determ ned by use of the equation: E = 4S [efr] X M (load
scal e reading) wd 100 [err] where E = Stiffness or Apparent
Bendi ng Modulus S = 0.25", the di stance between speci nen

SUMMARY OF THE INVENTION

It has now been discovered that strong, flexible porous
articles can be produced by free-sintering a non
intensively mixed blend of UHMW-PE particles and
particles of a polyethylene wax. The process involves
mixing the UHMW-PE and wax both in powdered form until
a uniform heterogeneous mixture is formed, but under
conditions which do not 1lead to any substantial
fracturing of the UHMW-PE particles or melting of
either component. The uniform heterogeneous mix is
then transferred to a press mold to form a shape and
pressure is applied sufficient only to maintain the
enclosed volume of the shape. The mold is heated to a
temperature above the melting point of the UHMW-PE but
below its degradation temperature for a period of time
to allow the particles to soften, expand, and contact

one another at their surfaces. The mixture is then
quickly cooled.

Porous articles so produced may exhibit flexural
stiffness values in excess of about 2,000 psi while at
the same time showing excellent porosity values of less

than about 25 inches water pressure drop, as defined
hereinafter.

ATLED DES ON O o

The present invention provides a composition and
process for producing molded porous articles of UHMW-PE
having high porosity and good flexural strength. Such
articles have utility as filter funnels, immersion



mounting plate and bending surface w = 0.25", speci g

A—ip-eH-R—e—=—0—125"
speci men thickness M= 1.0 | bf-in, the total bending |mRERhACKRENTe SHEET h
pendul um system [err] = reading of -angul ar defl ection sgare Tnraarars
foll owing exanples are illustrative of the invention. Wg%Lﬁ%Tl gVari
bl ends were fornmed of UHMW PE powder having a nol ecul ar I'gnt of "abgut
10[ err] and pol yet hyl ene wax powder (Hoex#hst Wax PE 190—a¥ai-l—&bl—e—-f+-onh
Hoexchst :

filters, filter crucibles, porous sheets,. pen tips,

marker nibs, aerators, diffusers and 1light weight
molded parts.

The UHMW-PE used in the present invention generally
exhibits a molecular weight of at least 1 x 10°

¢« Up to
about 6 x 10°

as determined by the intrinsic viscosity
of a 0.05 weight percent solution in
decahydronaphthalene at 135°c in accordance with ASTM
D-4020-81. Such polyethylenes may be produced by
solution polymerization of ethylene using the well

known coordination catalysts such as developed by Karl
Ziegler.

Polyethylene waxes preferred for the purposes of this
invention are commercially available materials
exhibiting a melting point of at 1least about 100°c,
preferably within the range of about 110 to 150°c, a
density within the range of about 0.92 to about 0.99
g/c:m3 at 2o°c, and a molecular weight in the range of
about 1,000 to about 20,000, more preferably from about

2,000 to about 10,000. Most preferred are non-polar,
non-oxidized waxes.

A molding composition is formed by dry blending
particles of the UHMW-PE and particles of polyethylene
wax in any suitable non-intensive mixing device for a
per:i.éd of time sufficient to form a uniform
heterogeneous blend. This blending is conducted at a
temperature well below the melti;xg point of either
component, preferably room temperature, and for a
period of time sufficient to form a uniform blend of
non-melted and non-softened particles. Suitable mixers

e
The
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10 Cel anese Corporation) at various |evels shown i ’ﬁé%\u"e%&“?“‘én?‘??g
‘conponents had a particle size distribution of gredatgr than 95% by {wei ght
through a 0.5 nm screen and | ess than 15% by wei ght| tihr 2ég8CE 199663 rm
screen. The conponents were m xed for about 30 minutegs at room tengeriat ure
in a non-intensive blender. Test discs were preparjged-fromeach conpgsition
by the nol di ng nethod descri bed above. A Bontrol sapple consisting 100% -

of the UHWV¥ PE was al so eval uated and designated as control A. Porosity and
T/ O stiffness values were then obtai ned

include X ribbon blenders, double cone mixers, drum
tumblers, cement mixers, twin shell (Vge) mixers or
similar devices. It is important that the mixing be
non-intensive and be limited to a time required to form
a uniform blend in order to avoid excessive heat

generation and to avoid excessive fracturing of the
particles.

Blend ratios of the components may range from about 40
to 95% by weight of the UHMW-PE and correspondingly
about 5 to about 60% by weight of the polyethylene wax.
Wax levels above about 60% by weight tend to give rise
to molded articles of poor or nonexistent poroéity,
while at levels below about 5% by weight there is
little increase or even a diminution of the flexural
strength of the article produced from <the blend.
Preferred levels are at least about 10% wax up to about

50% wax, more preferably from about 15 to about 45%
wax. o

Molded articles may be formed by a free sintering
process which involves introducing the UHMW-PE/Wax
mixture into either a partially or totally confined
space and subjecting the mixture to heat sufficient to

melt the wax and cause the UHMW-PE particles to soften,

expand and con{:act_ one another. Suitable processes:

include compression molding and casting. The mold is
heated with a heated hydraulic press or infrared
heaters to a temperature above the melting point of the
UHMW-PE, generally inthe range of about 175°C to about
2os°c: more preferablf in the range of about 185°%¢ to
about 195°c. Heating time depends upon the mass of the
mold, and lies generally within the range of about 5 to



for. each sanple by the nethods descri bed above. Results—are-teported in

Table 1. TABLE 1 % UHW¥PE % WAX T/ O Stiffness. psi  PoRBBLAQGEMENTCSKEETH
D P. Control A (100% - 1886 18.1 EX. 1 909rA +6 15
15.4 EX. 2 80% A 20 1842 9.3 EX. 3 10% 63[8 T 199 270
6.0 EX. 4 60%A 40 2978 5.4 EX. ‘5 5Q%A * W&
10.9 EX. 6 40% A 60 3006 624.5 EX. 7 30%__70 325
No Air Flow EX. 8 20% A 80 16,014 No Air Flgw EX. 9 10% A

90 24, 065 No Air Flow :

about 15 ‘minutes. Subsequently, the mold is cooled and
the porous article removed.

During the heating process, the wax component melts and
tends to form agglomerates with the UHMW-PE particles.
This permits the wax to £ill particle interstitial
spaces and surface irregqularities. The UHMW-PE, on the
other hand, softens and undergoes surface sintering and
bonding with neighboring particles. Upon cooling, and
as shrinkage occurs, larger void volumes are created in
the UHMW-PE/Wax composite by changes in the . wax
morphology. The wax is further believed to act as a
particle bonding agent giving rise to articles having
greater flexibility and strength as compared with
articles produced from  UHMW-PE alone. Micro
photographs of the cooled composite show that it is not
2 homogeneous blend of the polymer and wax, but rather
comprises numerous agglomeratés of UHMW-PE particles
which are both surface-fused together and surround
discrete particles or .regions of the wax.

It has been found that the particle size distribution
of the UHMW-PE particles used in the mixture is
extremely influential upon the degree of porosity of
the finished article. An excess of fine particles
tends to £ill the intricities or voids resulting in an
article of 1lower porosity. An excess of larger
particles tends to provide insufficient surface area
for particle-to-particle contact during the sintering
process. Preferably the UHMW-PE particles have a loose
bulk density within the range of about 350 to 500 grams
per liter as measured by ASTM D-1895 and ‘a particle
size distribution of at least about 95% through a 0.5




s

As can be seen fromthe data in Table 1, a distinctive irrproverrent in
porosity was achi eved at |evels of pol yet hyl ene

yaumm ato 4 N IV RN “l{)out 10
to up to about 60% with an, exhibition of a conc %ﬁh&%M@ﬂoSé@%ﬁt of

11 stiffness values of this particular batch of PE Deqgi nn| n dt wax

| evel s between about 20 and 30% by wei ght ¢ LE g ot 1996 qus bl ends
were formed and processed as described in Exarrpl eF 9 above u5| ng a
different |ot of

mm screen and not greater than a‘Bout 15% through a
0.063 mm screen as measured by ASTM D-1921. The
particle size distribution of the polyethylene wax is
not necessarily critical, but the formation of a
uniform heterogeneous mixture of the wax particles and
the UHMW-PE particles is facilitated if the particle
size distribution of each material approximate one
another. The loose bulk density of the wax particles

is preferably within the range of about 400 to 500
grams per liter.

In the following éxamples, various compositions are

formulated and the porosity and stiffness values are
reported.

Test samples are prepared by forming a 2-1/2 inch
diameter disc, one quarter inch thick, in a suitable
mold. The mold is filled with the appropriate polymer
and the sides are .tapped to settle the powder for
uniformity and to improve packing. The top of the mold
is leveled, the mold is covered and inserted into a
hydraulic press. The press is closed sufficiently to
contact the mold with just enough pressure to maintain
an enclosed volume. A temperature of about 190°%c is
maintained on the press for a period of 12 minutes.
The mold is then removed from the press and cooled

quickly. The sample is removed from the mold and
allowed to air cool for 24 hours.

The percent or degree of porosity is determined by
placing the disc prepared as described above in an air
chamber. The air chamber consists of a two section
aluminum chamber six inches long and three and one



f

| _ _ _ REPLACERENT SHEET
UHMVM PE designated as Control B. Particle size (dipgt+but+on—of_t
conponents in the blend were as descri bed above. Porogitly §r)d stiffnegs

values are as reported in Table 2. TABLE 2 % UHMM¥ PE {% O QLO BPbr fndss,
psi Porosity, inches HO D P Control B (100% - 14 '

he

43. § EX
10 95% B 5 1480 38.2 EX. _11 90%B 10 1969
37.2 EX. 12 85%8B 15 2050 89.5 EX. 13 86%B20 2145
25.9 EX. 14 75%8B 25 2960

23.0 As denonstrated in Table 2,
an inprovenent in stiffness value for this particular ot of UHWVPE

nas quarter inches outside diameter. Internal dimensions
are approximately four inches in length and two inches
in diameter. The disc is inserted in a recessed area
between the two chambers, and the chamber is then
closed and sealed. Each section of the chamber is
equipped with one quarter i ch inlet and outlet taps

for differential pressure peasurement in inches of
water.

An air flow of 25 SCFH is then established and the
differential pressure is determined with a manometer.
This measurement of differential pressure is indicative
of the degree of porosity of the specimen tested; the
lower the differential pressure, the higher the
porosity.. From experience with this method,
differential pressures of less than 25 inches water

pressure drop are indicative of articles with excellent
porosity.

Tinius-Olsen stiffness. values of the various samples
are measured in accordance with ASTM-D 747-84a.

This test method determines the apparent bending
modulus of plastic materials by measuring force and
angle of bend of a centilever bean. A free sintered
specimen is clamped in a vise and a controlled 1load is
applied to the free end. The vice is connected through
gear trains to a motor and is capable of uniform
. clockwise rotation. It is provided with a pointer for
indication of angular deflection. Rotation of the
weighing system about the same point as the vice
results due to movement of the blending plate. The



demonstrated at a wax | evel somewhere between 5 and |1RBPUWAGHMENTCgRSETStent
enhancenment of porosity as the wax | evel was increaged '

T~ EXANMPEES— 16
The UHMW PE used in Exanples 10 - 14 above (Control iB) ab éj i fh 25%
by wei ght of Hoechst Wax PE- 130 (Exampl e 15) and 25%@% fgﬂﬁ off
Hoechst Wax PE-520 (Exanple 16). Bl ending and nol di g s.carrjied oyt jas in
Exanples 1-9 and the particle size distri"bution of fthe materials was @s

specified in Exanples 1-9. Porosity and stiffness v ed in
Tabl e

magnitude of the movement is indicated with a pointer
moving over a load scale.

The relationship of percent deflection vs load is
determined on three (3) specimens, which are prepared
in a mold equipped for eight (8) 1.5" x 0.25" x 0.125"
specimens. Sintering procedure is identical to that
described for the 2.5" diameter disk. Load readings
are taken at 3, 6, 9, 12, 15, 20, 25 and 30%
deflection and the slope is calculated. Sliffness is
determined by use of the equation: K

E = _4_8_3 X M_(load scale reading)
wd 100 .0 |

where  E = Stiffness or Apparent Bending Modulus
'S = 0.25%, the distance between specimen
mounting plate and bending surface
v = 0.25"%, specimen width
d = 0.125%, specimen thickness
M = 1.0 lbf-in, the total bending momen'rvalue
on the pendulum system '

& = reading of angular deflection scale in
radians

The following examples are illustrative of the
invention.

EXAMPLES 1-9

Various blends were formed of UHMW-PE powder having a

6
molecular, weight of about ¥ 10° and polyethylene wax .
Uosfa g@wn. mmwre'-a.z botl polyethy

powder (HoeKchst Wax PE 190, havailable from Hoejchst
A



3. TABLE 3 % UHMMPE % WAX T/ O Stiffness, psi

ODP
Control A (100% 1488 43.8 EX. 15 75’€E>PAACE‘$%T S E§B64
16.5 EX. 16 75% A 25% 2308 11.5 Teist rate a
mar ked i nmprovenent in both stiffness vaI ues and po o red 25%

| evel of addition of the various waxes h this pgar
UHMWM PE pol yner. EXAMPLE 17 This exanpl e | lustratges of the

particle size distribution of the UHWVY PE pol yner psed in thg rranf cture
of the porous articles of this invention. -

Celanese Corporation) at various levels shown in Table
1. Both components had a particle size distribution of
greater than 95% by weight through a 0.5 mm screen and
less than 15% by weight through a 0.063 mm screen. The
conmponents were mixed for about 30 minutes at room
temperature in a -:-&bea blender. Test)( discs were
prepared from each composition by the molding method
described above. A control sample consisting of 100%

of the UHMW-PE was also evaluated - and designated as
control A.

Porosity and T/0 stiffness values were then obtained

for. each sample by the methods described above.
Results are reported in Table 1.

TABLE 1
£ _UHKW-PE X_UAX Y1z0 Stiffness, psi Poros inches 4 0 ©.O, :

Control A (100%) - 1886 18.1

EX. 1 90X A 10 1591 15.4
EX. 2 s0xA 20 1842 9.3
EX. 3 7205 A 30 2704 6.0
EX. & 60X A 40 2978 - 5.4
EX. 5 S0XA 50 3078 10.9
EX. 6 WXA 60 " 3006 2.5

EX. 7 3054 70 ' 3259 ) No Air Flow
EX. 8 20% A 80 16,014 ’ o Afr Flow
EX. 9 XA 90 24,065 No Afr Flow

As can be seen from the data in Table 1, a distinctive
improvement in porosity was achieved at levels of
polyethylene wax ranging from about 10 to up to about
60%, with an, exhibition of a concomitant improvement of



An UHMNM PE pol yner

having a bul k density of 399 g/l
fines fraction of 35.1% passing through a 0.063 mm dcr

aREPHALEMES TaSHERTt if cl e

een was enplme as.

Control C. This material was blended with 25% by weijgh PE] 190 -
wax and processed as in Exanples 1 - 9. Stiffness and porosdJJ?y resulft$ are
shown in Table 4. TABLE 4 % UHWM PE O&V\AX. T/ O $t ifness—psd

Porosity, inches HO D P Control C (100"/? 1197 ' 39 2 17
75% 25 2306 35.1 As denonstrated from the data of~—Fabl e

4, there is an

stiffness values of this particular batch of UHMW-PE

beginning at wax levels between about 20 and 30% by
weight. y

EXAMPLES 10 = J4

various blends were formed and processed as described
in Examples 1 - 9 above using a. different lot of
UHMW-PE designated as Control B. Particle size
distribution of the components in the blend were as

described above. Porosity and stiffness values are as
reported in Table 2.

ABLE 2
X _UHMW-PE X_MAX 1/0_Stiffness, psi Porosity, inches ¥ 0 D.P,
control B (100%X) - 1488 43.8
EX. 10 95% B 5 1480 38.2
EX. 11 90%X8 10 1969 37.2
Ex. 12  85%B 15 2050 29.5
EX. 13° 80Xx8 20 2145 25.9
EX. 14 75%8B 25 2960 23.0

As demonstrated in Table 2, an improvement in stiffness
value for this particular lot of UHMW-PE was
demonstrated at a wax level somewhere between 5 and 10%
vith a consistent enhancement of porosity as the wax
level was increased.

S 15 - 16

The UHMW-PE used in Examples 10 - 14 above (Control B)
was blended with 25% by weight of Hoechst Wax PE-130



|ncrease in stiffness of the UHMWMPE pol yner at the 75/25 blend ratio, but
very little increase in porosity which can be attu,bgj__e.d.@—-%h-e‘h‘;@ fines
content of the UHMWMPE used in this test. | ARE AVENENT SHEE m

Is: 1.
A mol di ng powder conposition conprising a uni form m partijclies of a
pol yet hyl ene pol yner havi ng a nol ecul ar ght wt

tihiin f,he off gbout 1
X 10[err] to about 6 x 10[err] and particCles of _ 5% oan@%

| l
(Example 15) and 25% by weight of Heechst WaX PE-520

(Example 16)y%, Blending and molding was carried out as
in Examples 1-9 and the particle size distribution of
the materials was as specified in Examples 1-9.
Porosity and stiffness values are as reported in Table

3.
. TABLE 3
£ UHMU-PE . - X _UAX 370 Stiftness, psi Porosity, inches H 0 .0
Control A (100X) . 1488 43.8
EX. 15 TSX A 25% 3664 16,5
EX. 16 SX A 25% . 2308 1.5

Test results demonstrate a marked improvement in both
stiffness values and porosity at a preferred 25% level

of addition of the various waxes with this particular
batch of UHMW-PE polymer.

EXAMPLE 17

This example illustrates the importance of the particle
size distribution of the UHMW-PE polymer used in the
‘manufacture of the porous articles of this invention.
An UHMW-PE polymer having a bulk density of 399 g/1 and
having a particle fines fraction of 35.1% passing
through a 0.063 mm screen was employed as Control C.
This material was blended with 25% by weight of Hoechst
PE 190 wax and processed as in Examples 1 -~ 9.
Stiffness and porosity results are shown in Table 4.



pol yet hyl ene wax having a nol ecul ar weight wthin the range of about 1,000
to about 20,000, the particle size distribution of said particles of

pol yet hyl ene pol ynmer being within the range of at | gast—abeut—95%-by-\wei ght
smal ler than 0.5 mllimeters and not greater than alhoBEPASEVENT EHEMt _
smal ler than 0.063 mllineters. 2. The_conpositionfn ¢f CTaim I TO ni ng

a

fromabout 40 to about 95% by wei ght of 13 ¢ pol yet iyl erz %VWé aphdjfrom
about 5 .to 60% by wei ght of said polyethyl ene wax. 3. ﬁe conposi ti pn of
Claim 2 wherein said polyethyl ene wax has a nol ecul §r ~weight—w-t-hind t he

VWCTgTTIT

range of about 2,000 to about 10,000, and a neltingjpoint within the fange
of about 100 C to about 150 C.
' IABLE 4

X _UHMW-PE _UAx 170 stiffness, psi Porosity, inches W 0 0.0,
controt € (100X) . 1197 . 39.2

£x. 17 5% 25 . 2306 35.1

As demonstrated from the data of Table 4, there is an
increase in stiffness of the UHMW-PE polymer at the
75/25 blend ratio, but very little increase in porosity
which can be attributed to the high fines content of
the UHMW-PE used in this test.



4. The conposition of Caim3 wherein said polyethylene wax has a
particle size distribution in the range of at |east about 95% by wei ght of

particles smaller than 0.5 mllinmeters and not greater than about 15% by
wei ght smaller than 0.063 mllineters. The conposifti

containing fromabout 55 to 85% by wei gh§ of said pol ydt
pol ymer and from about 15 to about 45%b

6. The conposition of Caimb5 containing

' MENTlSHEET
4)ei ght of saijd|pol yet

CLAIMS

What I clainm is:

1. A molding powder composition comprising
a uniform mixture of particles of a polyethylene
polymer having a molecular weight within the range of
about 1 x 10° to about 6 x 10° ana particles of
polyethylene wax having a molecular weight within the
range of about 1,000 to about 20,000, the particle size
distribution of said particles of polyethylene polymer
being within the range of at least about 95% by weight
smaller than 0.5 millimeters and not greater than about
15% by weight smaller than 0.063 millimeters.

2. The composition of Claim 1 containing
from about 40 to about 95% by weight of said

polyethylene polymer and from about 5 to 60% by weight
of said polyethylene wax.

3. ' The composition of Claim 2 wherein said
polyethylene wax has a molecular weight within the
range of about 2,000 to about 10,000, and a melting
point within the range of about 100°C to about 150°c.

4. The composition of Claim 3 wherein said
polyethyléne wax has a particle size distribution in
the range of at least about 95% by weight of particles
smaller than 0.5 millimeters and not greater than about
15% by weight smaller than 0.063 millimeters.

5. The composition of Claim 2 containing
from about 55 to 85% by weight of said polyethylene

ook C L M -8 % |



about 75% by wei ght of said pol yethyl ene pol.yrrer- an

G—about—25% by —wel.
sai d pol yet hyl ene wax. 7. A process for formng a|pBERUASEMENT SHEET

conprising: (A providing a nolding powder conprisipgfthe nrxture

pol yet hyl ene pol ymer particles and pol yet hyl ene waxipart

| £1 e
Claim1; (B) form ng said nolding pomderlisnto a desired %ﬁa@ ﬁ?tgéi

said shape to a tenperature within the range of about

205[ err] C whil e mai ntai ni ng said shape under pressu
mai ntai n the :

i
ne

e just sufficient
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polymer and from about 15 to about 45% by weight of
said polyethylene wax.

6. The composition of Claim 5 containing
about 75% by weight of said polyethylene polymer and
about 25% by weight of said polyethylene wax.

7. A process for forming a porous article

conprising:

(A) providing a molding powder comprising
the mixture of polyethylene polymer
pa.rticles"and polyethylene wax particles
as defined in Claim 1; |

(B) forming said molding powder into a
desired shape:

(C) heating said shape to a temperature
within the range of about 175°C to about
205°C while maintaining said shape under
pressure just sufficient to maintain the
volume of the shape and for a period of
time sufficient to melt said

polyethylene wax and permit said’

polyethylene polymer to expand and
soften; and '

(D) thereafter cooling said shape.

8. The process of Claim 7 wherein said
mixture is prepared by subjecting said particles of
polyethylene polymer and polyethylene wax to

I



vol une of the shape and for a period of tine sufficient to mel t

sai d pol yet hyl ene wax and pernmt said polyethylene polyner to expand
and soften; and (D) thereafter cooling said shape. 8. The process of Caim
7 wherein said mxture is prepared by subjecting said particles of

pol yet hyl ene pol ynmer and pol yet hyl ene  wax to 16 non-intensive
- mxing insufficient to cause substanti al

non-inﬁensive mixing insufficient to cause shhstantial
fracturing of said polyethylene polymer particles and

at a- temperature below the melting point of said
polyethylene wax.

9. A porous shaped article produced by the
process of Claim 7. '

10. The article of Claim 9 having a porosity
of less than about 25 inches of water as measured by
differential pressure and a Tinius-Olsen stiffness
value of at least about 2000 psi.
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,fraﬁ"t‘“fﬁi'ﬁg of said pol yethyl ene polyner particles and at a tenperature
"bel ow the nelting point of said polyethylene wax. 9. A porous shaped
article produced by the process of Claim7. 10. The article of daim9
having a porosity of |ess than about 25 inches of water as neasured by
differential pressure and a Tinius-O sen stiffness value of at |east about

2000 psi.
17
COMPOSITION AND PROCESS FOR

MAKING POROUS ARTICLES FROM ULTRA HIGH
MOLECULAR WEIGHT POLYETHYLENE

BS ' II0

Porous shaped articles made from a molded composite of
ultra high molecular weight polyethylene and
polyethylene wax are disclosed. These articles are
produced by free-sintering a non intensively mixed
blend of UHMW-PE particles and particles of - a
polyethylene wax. The process involves mixing the
UHMW-PE and wax both. in powdered form until a
heterogeneous mixture is formed, but under conditions
which do not lead to any substantial fracturing of the
UHMW-PE particles or mélti.ng of either component. The
heterogeneous mix is then transferred to a press mold
to form a shape and pressure is applied sufficient only
to maintain the enclosed volume of the shape. The mold
is heated to a temperature above the melting point of
the UHMW-PE for .a period of time to allow the particles

to soften, expand, and contact one another at their

surfaces. The mixture is then quickly cooled.

Porous articles so produced may exhibit stiffness
values in excess of about 2000 psi while at the same
‘time showing excellent pordsity values of 1less than
about 25 inches water pressure drop.
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