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(57) Claim
1, A substantially cylindrical bar of microporous

PTFE characterised in that the material is non- E
fihylllated and in that the pores within any cylindrical i
surface contained within the bar and centred about the (
central longitudinal axis thereof are of substantially F
uniform size and are substantially uniformly distributed
within that surface.

3. A pracess for producing a non-fibrillated,
microporous PTFE haviiig & Substantially cylindrical cuter
surface thereto, the process comprising the steps of:

providing thermally and compressively untreated PTFE \
powder; ‘

disagglomerating said powder;

heating the disagglomerated powder to a temperature
having a value close to its microcrystalline melting
point;

cooling the thermally treated material, and

breaking the ccoled material up into granules;
characterised in that the powder particles are of
irregular shape ang are of a diameter within a

predetermined range, and characterised by the steps of:
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forming the granulated material into a bar having a
- substantially cylindrical outer surface;
applying a substantially radial compressive force to
the bar over -the full length thereof;
| relieving the bar of said radial compressive force;
heating the compressed granulated material to
a temperature above its microcrystalline melting poiﬁt,'
and |
cooling the thermally treated material,
the extent of the radial compression being'suéh that, on
said subsequent heacing of the previously compressed
granulated material, the material expands predominantly
in a direction opposite to that of the'compréssive forcz
and the granules fuée together to produce a non-fibrillat-
ed material the pores of which, withiﬁ any cylindrical
surface contained within the bar and centred about the
central ldngitudinal axis thereof, are of substantially.
uniform size and are substantially uniformly distributed

within that surface.
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Complete Specification for the invention entitled:

"LOROUS PTFE"

The following statement is a full description of this invention,
including the best method of performing it known to uys B
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POROUS PTFE
This invention relates to porous PTFE and a process
of producing same.
The outstanding characteristics of PTFE, such as its
chemical inertness, its resistance to corrosion, its

5 dielectric properties and its low frictional properties

ot have resulted in this material being used in many diverse
° [}
o::£‘: applications.

R However certain of the inberent characteristics of

L PTFE produced by established methods - such as the void-
§.°... 10 free nature of the material and its inability to adhere !
to other materials without etching, abradirg or other- %
e L, wise treating the PTFE - mean that it is not suitable ;
3¢f:- for use in, for example, diffusion or filtration processes h
o e, where porous materials are required.
T 15 In particular, liquid and gaseous diffusion process-
es such as plagma phoresis, renal dialysis, desalination ;E
et of water and blood oxygenation, utilise thin porous é
.:%.5 membranes as the control element, the non-porous
) nature of established PTFE products preventing their use L
) 20 in such processes. Most such membranes are manufactured !

either from cellulose and its derivates, or from such
materials as ceramics, asbestos, glass, porcelain, and
metals. In the former case, the membéanes produced are ﬁ {
relatively mechanical weak, particularly when produced to

25 achieve high flow rates therethrough and often require
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the addition thereto of mechanical supports. In the

latter case, the membranes, although mechanically

- strohg,.are not as chemically inert as PTFE. Other

plastics materials have been used, but these are
invariably less chemically inert than PTFE and may also
require mechanical support.

It has been proposed to produce porous PTFE

membranes by means of various specialist processes such

as by plasma desposition, by conventional compression
moulding but at pressures lower than those normally
recommended for the production of a void-free material,
by paste-forming extrusion techniques and subsequent
expansion by stretching, or by incorporating within the
PTFE thermally or chemically degradable materials which
can be leached out during the process to iea?e the
desired voids. Howevér, such processes can require the
use of complex and therefore expénsive equipment and
often result in the production of rélatixaLy weak memb-
ranes, or mepbranes which, because they are thin, are
difficult to handle. |

It Qould be desirable to be able to produce a
porous yet strong PTFE which is easy to handle.

According-to-one aspect of the present invention,

there is provided a substantially cylindricél bar of
~non~-fibrillated, microporous PTFE the pores of which

- within any cylindrical surface contained within the bar

.
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and centred about the central longitudinal axis thereof
are of substantially uniform size and are substantially
uniformly distributed within that surface.

According to a further aspect of the present
invention there is provided a film of non-fibrillated,
microporous PTFE the pores of which within any plane
substantinlly perpendicular to the thickness of the film
are of substantially uniform size and are substantially
uniformly distributed within that plane and all such
parallel planes.

According to a still further aspect of the
invention, there is provided a process for producing a
non-fibrillated, microporous PTFE having a substantially
cylindrical outer surface thereto, the process comprising
the steps of:

providing thermally &~d compressively untreated PTFE
powder;

disagglomerating said powder;

heating the disagglomerated powder to a temperature
having a value close to its microcrystalline melting
point;

ccoling the thermally treated material, and

breaking the cooled material up into granules;
characterised in that the powder particles are of ~
irregular shape and are of a diameter within a
predetermined range, and characterised by the steps of:

forming the granulated material into a bar having a
substantially cylindrical outer surface;

applying a substantially radial compressive force to
the bar over the full length thereof;

relieving the bar of said radial compressive force;

heating the compressed granulated material to a
temperature above its microcrystalline melting point, and

cooliung the thermally treated material,
the extent of the radial compression being such that, on
said subsequent heating of the previously compressed

901121,csspe.003,porous.spe,3
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granulated material, the material expands predominantly
in a direction opposite to that of the compressive force
and the granules fuse together to produce a non-
fibrillated material the pores of which, within any
cylindrical surface contained within the bar and centred
about the central longitudinal axis thereof, are of
substantially uniform size and are substantially
uniformly distributed within that surface.

Preferably the particles are of irregular shape and
are of a diameter within a predirtermined range, for
example between 0.20 and 60 microns.

901121,csspe,003,porous.spe,
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to the bar over the full length thereof;
relieving the bar of said radial compressive force;
heating the compressed granulated material to a

temperature above its microcrystalline melting poi

and

cooling the thermally treated materj
the extent of the radial compressio eing such that, on
said subsequent heating of the pfeviously compressed
granulated material, the terial expands predominantly
in a direction opposite/ggmthat of the compressive force

and the granules ffise together to produce a non-fibrill-

ated material~the pores of which, within any cylindrical
surface _contained within the bar and centred about the

ce e{gi<longitudinal axis thereof, are of substantially
uniform size and are substantially uniformly distributed

within that surface.

20

25

%Héibr;é;;;mméy'faég&é; édﬁ;kiéé ﬁﬁé steé of forming
a film from the cooled bar the plane of which film is
perpendicular to tﬁe direction of the radiallcompressive
force whereby the pores within any plane substantially
perpendicular to the thickness of the film are of
substantially uniform size and are substantially uniformly
distributed within that plane and all such parallel planes

The cooled material may be broken wup into granules

of irregular shape the maximum diameter of which is of

i
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the order of 400 microns, preferably 250 microns -and
more preferably 100 microns.

Conveniently the granules, prior to compression,
have a bulk density of between 300 and 700 grams/litre.

In one process according to the invention the
compressive force is applied radially inwardly of the bar
on the substantially cylindrical outer surface thereof.

In a further process according to the invention, the
bar is of substantially annular .shape in transverse section
and the compressive force is applied radially outwardly
of the bar on the substantially cylindrical inner surface
thereof.

In a still further pfocess according to the invention,
the bar is of substantially annular shape in transverse
section and compressive forces are applied both radially
inwardly and radially outwardly of the bar on the substant-
ially cylindrical outer and inner surfaces thereof
respectively.

The compressive force applied to tﬁe granulated
material may be within the range 40 to 900 kgm/cm2
depending upon the nature of the material and the desired
porosity and strength of the resultant product.

The microcrystalline melting point of untreated PTFE
powder is about‘340°C, and the temperature of the initially
heated powder is preferably within a few degrees of this
value, either above or below this value, typically within

the range of 300°C to 360°C.
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After the first heat treatment , the microcryst'alline_'
melting point of the material will have fallen, and the
second heat treatment following compression of the
granulated material is carried out to a temperature above
this value, typically to about 380°C when expansion'of the
material occures predominantly in a directioﬁ opposite
to that of the previdusly applied préSsure.

Cooling of the material after both the initial and
second heating treatments may be carried out slowly or by
quenching depending upon the desired properties of the
end product.

A film of material may be produced from the cylindri-

cal bar by subjecting the bar to a knifing or skiving

‘treatment with a blade extending parallel with the central

‘longitudinal axis of the bar, while the film of material

so formed may be laminated to a sheet of hydrophilic

. material.

By way of example only, the aspects of the inyention
will now be described in greater‘defaili o _

PTFE powders are supplied in a range of particle
sizes and shapes ranging from small, 1rregu1ar1y shaped
particles of up to perhaps 60 microns in didmeter, to
larger substantially apherical particles of several
hundred microns in diameter. The preferred partic;es for
treatment in accordance with the proéesé of the invention
are the smaller particlées of previougly untreated PTFE of
between 0.20 and 60 microns in diémeter and of irregular

shape.

R
!
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A'quantity of such material is carefully disaglo-

merated by means of a vibrating seive technique and is

“thien pbured onto a suitable tray. The powder is then
heated to a temperature close to its microcrystalline

melting point of about 340°C, typically to a temperature

within a few degrees above or below this vaiue, for example
between 320°C and 360°C, resulting in the individual
particles of the material not fusing completely together
but remaining compressible. This can be conﬁrasted with
normal sintering of PTFE which is carried out well above
said melting point, typicallyata temperéture of abodt
380°C, with the result that the particlés of cﬁe material
coalesce into a substantially trénslucent gel.

The heated material is cooled in a.controlled manner,
either slowly or by quenching, the rate of cooling
influencing the propeﬁties of the final product.

The resultant relatively soft mass is then broken
up into granules by any one of various maceration
techniques and, before further processing, may be seived
into fractions of different granule sizes, The granule

size at this stage has a great bearing on the pore size

of the finished material. Processing a fraction of material

containing granules within a narrow range of sizes will

result, in a material baving a narrow range of pore sizes

“thereln.

i preferred working range of granular sizes is

EA.

2

w
¥
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between 100 and 250 microns, although the granules may
have a maximum diameter of up to of tﬁe order of 400
microns. The granules are of spiky, irregular shape and
may have a bulk dénsity of between 300 and 700 grams/litre,
preferably between 500 and 600 grams/litre.

This granular material is then placed into a
compression device comprising a hollow metal cylinder
housing a cylindridal:fléxible rubbef sleeve surrounding
a central, axially—extending mandrel.

More particularly, the-granulated.material is placed
into the rubber sléeve to surround the mandrel, and fluid
under pressure is forced into the annular space between
the'inher wall_of_the metal housing and the rubber sleeve.
The cylinder of granulated material so formed within the

sleeve is thus compressed by a uniform radial force

applied thereto by way of the rubber sleeve over the

whole of the surface area of the sleeve, the pressures
involved typically being up to 900-kgm/¢m2; This dan.be-
compared with pressures applied in normal treatments of
PTFE which are typically of the order of 150 to 300

2 v L \ .
, as pressures greater than this can cause cracking

kgm/cm
of the hard PTFE - in such known treatments, if a porous
product is required, the material would normally have to
be under-compressed, as préssureé of even 150 to 300
kgm/cmz are sufficient virtually to eliminaﬁe voids.

The cylinder'of'compressed granular material is
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removed from the compression cdevice and, after this
compression stage, retains a 'plastic memory' of its
structure prior to compression, the microcfyétalline melt-
ing point of the material having fallen to, typically,

5 aboutl327°c as a result of the initial heat treatment.

The cylinder of granular material is then placed in

an oven and is again heated; this time to a temperature
well above its current microcrystalline melting point,

Y om typically to about 380°C. During this heating stage,

aaae 10 the granules fuse together and a large expansion of tne

snee material occurs predominantly in a direction opposite to

. that of the pplied pressure during compression -~ i.e.
radially outwardly - with some expansion in the axial

direction also.

15 Canling of the material is then effected in a
et controlled manner either slowly or by quenching dependent ﬁ
R upon the desired properties of the resultant product,

quenching resulting in a more porous material then slow

cooling. @
20 Thus there is produced a cylinder of non-fibrillated

microporous PTFE, in which the nodes of material merge or

fuse into one another to define a matrix of pores which,

in any cylindrical surface within the material and centred

about the central longitudinal axis of the cylinder, are
25 of uniform size and are uniformly distributed in that

surface and in any concentric surface.

In a preferred application of the invention, the
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cylinder of material is skived into a continuous thin
film by means of a knife-blade extending axially of the
cylinder and coc-acting substantially'tangentially with the
external surface of the cylinder as it is rotated on a
cmmrai mandrel,

The formation of such a film the plane of which is
substantially perpendicular to the direction of the comp-
ression forces ensures that the pores within any plane
substantially perpendicular to the thickness of the film
are of substantially uniform siée and are substantially
uniformly distributed within that plane and all such
parallel planes,

The preferrred thickness of the films of material

according to the invention falls within the range of

-, 3

50 microns to 200 microns, while the preferred sizes of

the pores may range from less than one micron to up to

e

about 10 microns,
As well as being interconnected in said aforementici«

ed planes, the nodes of PTFE are also intert onrected

5‘.g
.

throughout the thickness of the film to define a complex.
three~dimensional matrix with much larger pore diameters
and relatively non-uniform distribution of pores in
planes parallel with the thickness of the film - i.e.
perpendicular to the main plane of the film.

Thus it will be apprecilated that the material

invention, not being fibrillated in any dimensg

Mt e ST vy - A 8 i s o
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significantly from axially fibrillated material which is
necessarily relatively weak in one plqne and is therefore
prone to easy and undesirable deformation.

Indeed material according to the invention combines
porosity with astrength, and shows excellent uniformity of
pore size, with water vapour transmission values up to
about 20,000 grams / 24 hours / square metre.

The material of the invention therefore has ideal
application in, for example, liquid and gaseous diffusion
and filtration processes, as well as in the textile
industry.

In this latter respect, mercury intrusion studies
of the surface of the material so formed, as well as
electron microscopy, reveal that the pores are substant-
ially funnel-shaped, being wider at the surface of the

material and tapering inwardly thereof. If the size of

the entrances to the pores at the surface of the material,

as opposed to the size of the internal pore structure, is
about 10 microns or less, the surface is non-composite
and can be penetrated by water. If the size of the
entrances to the pores at the surface of the material is
greater than about 10 microns, & composite surface results
in which water can only contact the high points of the
surface, thus trappiﬁg air ir the surface and whereby a
surface with increased hydrophobicity results.

A further indicatiovn of the strength of the porous
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material according to the invention is achieved by

 forcing mercury into the pores of the material under

'~ gradually increasing pressure, it being observed that the

mercury occupies a cumulative volume within the material,
ahd that, on slow release of the pressure, the mefcury
exudes therefrom with a lag or hysterisis. The test.
illustrates that the material retains its ihtefnal
structure despite the presence of the mercury ﬁndér
pressure, and this can be compared with the réaction

of axially-fibrillated PIFE to the same test, such
material giving up all the mercury immediatelj on release
of the pressure even if said pressure is relatively'low
and illustrating that the internal poré structuré is |
easily destfoyed. _ _

The surface morphology of the non—fibrillated,
microporous PTFE of the invention is such as to allow
adhesion to a wide range of other surfaces without the
usual surface_breparation'fof normal, non-porous PTFE.
The matérial can be vulcanised to substrates without the
use of adhesives, while, in the textile field, the
material in this film form can be laminated to one or more
sheets of textile material such as polyester.

Unlike in the production or non-porous PTFE, solids

may be deposited.witnin the porous material by absorbtion

of solutions, said solid material subsequently being

_ precipitated within the body of the matrix to provide

o —
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electrically-conducting characteristics to the material.

The process for production of non—fibfiliated,
microporous PTFE according to the invention m2y be varied
somewhat from that detailed above. ‘For exaumple,
of—or in addition to applying a radially-inwardly directed
compressive force to the outer surface‘of the cylinder of
granular material within the Compreésion device, a
radially—oﬁtwardly directed compressive force could be
applied within the hollow cylindrical interior of the
mass‘of granular materia1; In such a case, the solid
central‘mandrel of the above-detailed comg.. .>sion device
is replaced by a further flexible‘rubber sleeve centrally

within the granular material, the outer surface of the

sleeve eﬁgaging the granular material and to the hollow

interior of which is supplied fluid under pressure

whereby the required, radially-outwardly directed

compressive force is applied to the granular material by

way of the flexible sleeve.

A combination of radially-inwardly directed and
radially-outwardly directed compressive forces is partic«
ularly useful when substantial quantities of granular
material are being treated and the thickness of the
annulus of material w;thin the‘compression device is
such that radial forces in one direction only may be
dissipated through said thickness.

Other modifications and variations from the described

arrangements will be apparent to those skilled in the art.

R
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A substantially cylindrical bar of microporous
PTFE characterised in that the material is non-
fibrillated and in that the pores within any cylindrical
surface contained within the bar and centred about the
central longitudinal axis thereof are of substantially
uniform size and are substantially uniformly distributed
within that surface.

2. A film of microporous PTFE characterised in
that the material is non-fibrillated and in that the
pores within any plane substantially perpendicular to the
thickness of the film are of substantially uniform size
and are substantially uniformly distributed within that
plane and all such parallitl planes.

3. A process for prcducing a non-fibrillated,
microporous PTFE having a substantially cylindrical outer
surface thereto, the process comprising the steps of:

providing thermally and compressively untreated PTFE
powder;

disagglomerating said powder;

heating the disagglomerated powder to a temperature
having a value close to its microcrystalline melting
point;

cooling the thermally treated material, and

breaking the cooled material up into granules:
characterised in that the powder particles are of
irregular shape and are of a diameter within a
predetermined range, and characterised by the steps of:

901121,¢sspe.003,porous.spe, 14
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forming the granulated material into a bar having a
substantially cylindrical outer surface;

applying a substantially radial compressive force to
the bar over -the full length thereof;

relieving the bar of said radial compressive force;

heating the compressed granulated material to
a temperature above its microcrystalline melting point,
and

cooling the thermally treated material,
the extent of the radial compression being such that, on
said subsequent heating of the previously compressed
granulated material, the material expands predominantly
in a direction opposite to that of the compressive force
and the granules fuse together to produce a non-fibrillat-
ed material the pores of which, within any cylindrical
surface containec in the bar and centred about the
central longitudinal axis thereof, are of substantially
uniform size and are substantially uniformly distributed
within that surface.

4. A process as claimed in claim 3 and further
comprising the step of forming a film from the cooled bar
the plane of which film is perpendicular to the direction
of the radial compressive force whereby the pores within
any plane substantially perpendicular to the thickness of
the film are of substantially uniform size and are

substantially uniformly distributed within that plane and

i ot o an
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all such parallel planes.

5. A process as claimed in claim 3 or claim 4 in

which the diameters of the powder particles are between

0.20 and 60 microns.

6. . A process as claimed in any one of claims 3 to
5 in which the granules are of irregular shape and have a
maximum diameter of 400 microns.

7. A process as claimed in any one of claims 3 to
5 in which the granules are of irregular shape and have a
maximum diameter of 250 microns.

8. A process as claimed in any one of claims 3 to

5 in which the granules are of irregular shape and have a

maximum diameter of 100 microns. _ .

9. A process as claimed in any'one of claims 6 to
8 in which the granules, prior to compression, have a
bulk density of between 300 and 700 grams/litre. _

10. A process as claimed in any one of claims 3 to
9 in which the compressive force is applied radially
inwardly of the bar on the substantially cylindrical
outer surface thereof. -

11. A procéss'as claimed in claim 10 in which the
bar is of substantially annular shape in transverse
section, a compresSivé force also being applied radially
outwardly of the bar on the'substantially cylindrical
inner surface thereof.

. 12. A process as claimed in any one of claims 3 to
11 in which the'granulated_material is compressed at a
pressure within the range 40 to 900 kgm/cm?.

+13. A process as claimed in any one of claims 3 to
12 in which the powder is initially heated to a

‘temperature within the range 320°C to 360°C and in which

the second heating is carried out to a temperature of the
order of 380°C.

14._ A process as claimed in claim 4 and claims
dependent therefrom in which the film is formed by
knifing or skiving the bar of material with a blade
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extending parallel with the central longitudinal axis of
the cylinder.

15. A process as claimed in claim 4 and claims
dependent therefrom and further comprising the step of
laminating the film of material so formed to a sheet of
hydrophilic material.

16. A substantially cylindrical bar of microporous
PTFE substantially as described herein.

17. A film of microporous PTFE substantially as
described herein.

18. A process for producing microporous PTFE
substantially as described herein.

DATED this 21st day of November, 1990.
NATIONAL RESEARCH DEVELOPMENT ' CORPORATION
By its Patent Attorneys:

DAVIES & COLLISON
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