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Diffusion and/or filtration device

Technical Field

The present disclosure relates to diffusion and/or filtra-
tion devices comprising hollow fiber membranes, e.g., ul-
trafilters for water purification, plasma filters, or ca-
pillary dialyzers for blood purification; housings and end
caps for the devices; and methods for the production of the

devices.

Background of the Invention

Diffusion and/or filtration devices comprising hollow fiber
membranes are widely used for separation or purification of
liquids. Examples are ultrafilters used for water purifica-
tion; plasma filters for the separation of plasma from
blood; capillary dialyzers for Dblood purification in pa-
tients suffering from renal insufficiency, i.e., for treat-
ment of the patients by hemodialysis, hemodiafiltration or
hemofiltration; etc. A multitude of different models of
diffusion and/or filtration devices comprising hollow fiber

membranes is commercially available.

The devices generally consist of a housing comprising a
tubular section with end caps capping the mouths of the
tubular section. A bundle of hollow fiber membranes is ar-
ranged in the housing in a way that a seal is provided be-
tween a first flow space formed by the fiber cavities and a
second flow space surrounding the membranes on the outside.
The seal generally is provided by end wall means within the

housing formed by a polymer mass in which the ends of the
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hollow fiber membranes are embedded. Examples of such de-
vices are disclosed in EP 0 844 (015 A2, EP 0 305 687 Al,
WO 01/60477 A2, and WO 2013/190022 Al.

It is important that the seal between the end caps and the
housing and the seal between the flow space formed by the
fiber cavities and the flow space surrounding the membranes
on the outside remain intact at all times, especially dur-
ing operation of the device. Often, additional parts like
sealing rings, gaskets, and support rings are provided in
the device as additional safeguards against leakage. Pro-
duction, handling, and subsequent assembly of the addition-
al elements add to the complexity of the production process
and the manufacturing cost. It would therefore be desirable

to dispense with these additional parts in the device.

To this end, it is imperative that a tight connection be-
tween the end walls and the inner surface of the dialyzer
housing is established and any delamination is prevented.
The end walls and the housing of the device generally are
comprised of different materials which also usually have
different thermal expansion coefficients. As a consequence,
temperature changes during manufacture or processing of the
device, e.g. thermal sterilization, or pressure changes
within the device during operation generate strain at the
interface between the inner wall of the housing and the end
wall means which may cause delamination of the end wall
means from the housing and generate leaks. This is particu-
larly the case for combinations of materials where the ad-
hesive force between the respective materials is low, for
instance, when a polypropylene housing is combined with
polyurethane end wall means. Likewise, the seal between the
housing and the end caps must remain intact at all times to

prevent fluid leaks.
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Summary of the Invention

The present application relates to a diffusion and/or fil-
tration device which does not comprise sealing rings, gas-
kets, or support rings. The device comprises a housing and
end caps of optimized construction. Processes for the pro-

duction of the device also are provided.

Short Description of the Drawings

Fig. 1 shows a longitudinal-sectional partial view and a
top view of an embodiment of the dialyzer housing
of the present disclosure;

Fig. 2 shows a longitudinal-sectional schematic view of
an embodiment of the dialyzer end cap of the pre-
sent disclosure;

Fig. 3 shows a longitudinal-sectional schematic view of
an embodiment of the diffusion and/or filtration

device of the present disclosure.

Detailed Description

A housing 10 for a diffusion and/or filtration device 30 is
provided. The housing 10 comprises a tubular midsection 11
and header sections 12 at both ends of the tubular midsec-
tion 11. The header sections 12 have a diameter which is
larger than the diameter of the tubular midsection 11. In
one embodiment, the inner diameter of the tubular midsec-
tion 11 is in the range of from 20 mm to 55 mm, for in-
stance 25 to 50 mm. The difference of the diameters of the
tubular midsection 11 and the header sections 12 generally

is in the range of from 5 mm to 15 mm, e.g., 5 to 10 mm.

The wall strength of the header sections 12 is greater than
the wall strength of the tubular midsection 11. In one em-
bodiment of the housing 10, the wall strength of the header

sections 12 is in the range of from 2 to 3 mm.
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A plurality of elongated noses 13 is arranged on the inside
surface of each header section 12. The noses 13 run paral-
lel to the longitudinal axis of the housing 10 and parallel
to each other. In one embodiment of the housing 10, the
noses 13 are evenly spaced over the circumference of the
inner surface of each header section 12. In one embodiment
of the housing 10, the number of noses 13 in each header
section 12 is in the range of from 15 to 25. In the embodi-
ment shown in Fig. 1, each header section 12 comprises 20
noses. In one embodiment of the housing 10, each nose 13
has a width in the range of from 3 to 4 mm, e.g., 3.3 to
3.7 mm. In one embodiment of the housing 10, each nose 13
has a length in the range of from 10 to 15 mm, for in-
stance, 12 to 14 mm. In one embodiment of the housing 10,
each nose 13 has a height in the range of from 0.5 to 1.0

mm, for instance, 0.6 to 0.8 mm.

In one embodiment of the housing 10, the header sections 12
each comprise a collar 14. The collar 14 has a diameter
which is larger than the diameter of the header section 12.
As shown in Fig. 1, the upper rim of the collar 14 defines
a gap to the outside surface of the header section 12; and
it is positioned below the upper rim of the header section
12. In one embodiment of the housing 10, the gap between
the outer surface of the header section 12 and the upper
rim of the collar 14 has a width in the range of from 0.5
to 1.0 mm, for instance 0.6 to 0.8 mm. In one embodiment of
the housing 10, the upper rim of the collar 14 is planar.
In one embodiment of the housing, the upper rim of the col-
lar 14 has a wall strength in the range of from 1.5 to 2.0

mm, for instance, 1.6 to 1.8 mm.
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The housing 10 comprises one or two fluid ports 15. The
fluid port(s) 15 serve(s) as an inlet or an outlet, respec-

tively, for a liquid.

The housing 10 is comprised of a transparent or opaque po-
lymeric material. Examples of suitable polymeric materials
include polymethyl (meth)acrylate (PMMA); polyesters like PET
or PBT; and polycarbonate. In one embodiment, the housing 10
is comprised of a polyolefin. Examples of suitable polyole-
fins are polyethylene, polypropylene, polybutylene, poly-
styrene (HIPS), and cycloolefin copolymers (COC). In one

embodiment, the housing 10 is comprised of polypropylene.

An end cap 20 for a diffusion and/or filtration device 30
also is provided. The end cap 20 has an inner surface which
is axially symmetrical with regard to the longitudinal axis
of the end cap 20 and has an inner surface having the form
of a funnel and comprises, in the direction of increasing
diameter, a first section I taking the form of a cylinder
or a truncated cone, a middle section II taking the form of
a torus segment, and a third section III taking the form of

a truncated cone.

The end cap 20 comprises a fluid port 25, which is an inlet
or outlet, respectively, for a liquid, arranged axially in
the center of the end cap 20. In one embodiment of the end
cap 20, a two-start thread which fits a standard blood-line
connector is provided round the fluid port 25. Starting from
the mouth of the end cap 20, the inner diameter of the fluid
port 25 is constant or increases linearly in a first section
I of the end cap, then widens gradually, with a constant cur-
vature R, in a second section II until the inner surface in-

cludes a predetermined angle a with the horizontal. The dia-
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meter then increases linearly in a third section III, until a

predetermined diameter D is reached.

In one embodiment, the radius R of the middle section II,
i.e., the curvature R, is in the range of from 4 mm to
10 mm, e.g., from 5 mm to 9 mm, in particular from 6 to 8
mm. In one embodiment, the aperture of the first section I
from the inlet to the middle section is in the range of
from 0° to 4°, e.g., from 1° to 3°, in particular from 1.5
to 2.5°. In one embodiment, the angle a is in the range of
from 7 to 12°, i.e. the aperture of the third section III 1is
in the range of from 156 to 166°. The diameter D generally is
in the range of from to 20 to 60 mm, e.g., 30 to 50 mm.

The end cap 20 comprises a circumferential planar sealing
face 21 sloping at an angle in the range of from 5° to 10°.
In one embodiment of the end cap 20, the sealing face 21

has a width in the range of from 1.5 to 2.5 mm.

In one embodiment, the end cap 20 comprises a plurality of
noses 22 evenly distributed over an annulus of the inner
surface of the end cap 20. The annulus has an inner diame-
ter which is larger than the outer diameter of the sealing
face 21. In one embodiment, the number of noses 22 is in
the range of from 30 to 50, for instance, 35 to 45. In one
embodiment of the end cap 20, the width of each nose 22 is
in the range of from 1.0 to 2.0 mm, for instance, 1.3 to
1.7 mm. In one embodiment of the end cap 20, the height of
each nose 22 is in the range of from 0.25 to 0.75 mm, e.qg.,
0.4 to 0.6 mm. In one embodiment of the end cap 20, the
distance between vicinal noses 22 is in the range of from

1.5 to 2.5 mm, for instance, 1.8 to 2.2 mm.

In one embodiment of the end cap 20, the wall strength of
the end cap 20 in the zone of the third section III in-
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creases towards the periphery of the end cap 20. In one em-
bodiment, the ratio of the wall strength at the outer diam-
eter of section IITI to the wall strength at the inner diam-
eter of section III is in the range of from 2:1 to 5:1, for

instance, 2:1 to 3:1.

In one embodiment of the end cap 20, the width of the outer
rim 23 of the end cap 20 is in the range of from 1.5 to 2.0
mm, for instance, 1.6 to 1.8 mm. In one embodiment, the
outer rim 23 of the end cap 20 is planar and the plane is

perpendicular to the longitudinal axis of the end cap 20.

In one embodiment, the end cap 20 comprises an annular
plane 24 running along the circumference of the end cap 20
on its upper side. The annular plane 24 is perpendicular to
the longitudinal axis of the end cap 20. In one embodiment
of the end cap 20, the width of the annular plane 24 is
equal to the width of the outer rim 23 of the end cap 20.

The end cap 20 is comprised of a transparent or opague po-
lymeric material. Examples of suitable polymeric materials
include polymethyl (meth)acrylate (PMMA); polyesters like PET
or PBT; and polycarbonate. In one embodiment, the end cap 20
is comprised of a polyolefin. Examples of suitable polyole-
fins are polyethylene, polypropylene, polybutylene, poly-
styrene (HIPS), and cycloolefin copolymers (COC). In one

embodiment, the end cap 20 is comprised of polypropylene.

A diffusion and/or filtration device 30 also is provided,
which comprises a housing 10 and end caps 20 as described
above. In one embodiment, the diffusion and/or filtration
device 30 comprises a housing 10 as described above, defin-
ing a longitudinally extending internal chamber 31 includ-
ing a first end and a second end. It further comprises a

bundle 32 of semi-permeable hollow fiber membranes disposed
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within the internal chamber 31 and extending longitudinally
from the first end of the internal chamber 31 to the second
end of the internal chamber 31, the hollow fiber membranes
each having an outer surface, and a first end and a second
end corresponding to the first end and the second end of
the internal chamber 31. The device features end wall means
33 supporting the first and second ends of the hollow fiber
membranes within the internal chamber 31 so as to sealingly
separate the first ends and second ends of the hollow fiber
membranes from the outer surfaces of the hollow fiber mem-
branes between the first ends and second ends thereof. End
caps 20 as described above seal the mouths of the housing
10. The device comprises one or two fluid ports 15 arranged
on the housing 10 at a position between the end wall means
33 supporting the first and second ends of the hollow fiber
membranes. The fluid port(s) 15 serve(s) as an inlet or an

outlet, respectively, for a liquid.

In one embodiment of the diffusion and/or filtration device
30, the upper rim of each header section 12 of the housing
10 slopes at the same angle as the circumferential planar
sealing face 21 of the end cap 20. The upper rim of the
header section 12 of the housing 10 and the circumferential
planar sealing face 21 of the end cap 20 contact each other
and form a first tight seal. The outer rim 23 of the end
cap 20 is fused to the housing 10 and provides a second
tight seal. In one embodiment of the diffusion and/or fil-
tration device 30 shown in Fig. 3, the outer rim 23 of the
end cap 20 is fused to the upper rim of the collar 14 of
the housing 10 to provide the second tight seal.

The present disclosure also provides a process for produc-
ing the diffusion and/or filtration device 30. The process

comprises the following steps:
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a) providing a housing 10 as described above, de-
fining a longitudinally extending internal chamber 31
including a first end and a second end;

b) introducing a bundle 32 of semi-permeable hollow
fiber membranes each having an outer surface, a first
end and a second end into the internal chamber 31 of
the housing 10 so that the bundle 32 extends longitu-
dinally from the first end of the internal chamber 31
to the second end of the internal chamber 31 and the
first ends and second ends of the hollow fiber mem-
branes correspond to the first end and the second end
of the internal chamber 31, respectively;

c) providing end wall means 33 supporting the first
and second ends of the hollow fiber membranes within
the internal chamber 31 so as to sealingly separate
the first ends and second ends of the hollow fiber
membranes from the outer surface of the hollow fiber
membranes between the first ends and second ends
thereof, by introducing a potting material into the
header sections 12 of the housing 10 and allowing the
potting material to cure;

d) opening the first and second ends of the hollow
fiber membranes by cutting through the end wall means
33 perpendicularly to the longitudinal axis of the
housing 10;

e) providing an end cap 20 as described above for
each header section 12;

f) circumferentially beveling the wall of the rim
of each header section 12 to produce a rim of the
header section 12 which slopes at an angle matching
the slope of the circumferential planar sealing face
21 of the end cap 20;

gl) closing each header section 12 with an end cap

20, thereby causing the rim of the header section 12
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of the housing 10 and the circumferential planar seal-
ing face 21 of the end cap 20 to contact each other
and form a first tight seal; and

g2) fusing each end cap 20 to the housing 10,
thereby providing a second tight seal.

A bundle 32 of semi-permeable hollow fiber membranes is in-
troduced into the internal chamber 31 of the housing 10.
Each hollow fiber membrane has an outer surface, a first
end and a second end. After the bundle 32 has been inserted
into the housing 10, the bundle 32 extends longitudinally
from the first end of the internal chamber 31 to the second
end of the internal chamber 31; and the first ends and sec-
ond ends of the hollow fiber membranes correspond to the
first end and the second end of the internal chamber 31,

respectively.

It is expedient to close the ends of the hollow fiber mem-
branes before the subsequent potting step in order to pre-
vent the potting material from permeating into the fibers.
The fiber ends can be closed by processes known in the art,
e.g., by melting or by means of an adhesive. In one embodi-
ment of the process, the ends of the hollow fiber membranes
are closed before the bundle 32 of hollow fiber membranes

is introduced into the housing 10.

The end wall means 33 supporting the first and second ends
of the hollow fiber membranes within the internal chamber
31 are generated by potting the ends of the hollow fiber
membranes with a polymer. A suitable potting material for
the hollow fiber membranes is polyurethane. In an exemplary
process, the ends of the housing 10 are closed and potting
material, for instance polyurethane, is introduced into the
housing 10 via at least one fluid port 15. The potting ma-
terial 1s distributed within the housing 10 of the diffu-
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sion and/or filtration device 30 by centrifugation, i.e.,
rotating the diffusion and/or filtration device 30 at high
speed perpendicular to its longitudinal axis. The potting
material is allowed to cure; thereby forming end wall means

33 on both ends of the bundle 32 of hollow fiber membranes.

The potting material shrinks during the curing process. The
shrinkage of the cross-section of the end wall means 33
generates a centripetal tensile force on the header section
12 of the housing 10. The noses 13 provide an additional
lock between the end wall means 33 and the housing 10. It
prevents detachment of the end wall means 33 from the inner

wall of the housing 10 and thus the formation of leaks.

The ends of the hollow fiber membranes are subsegquently
opened by cutting through the end wall means 33 perpendicu-
larly to the longitudinal axis of the housing 10. Part of
the end wall means 33 and the header sections 12 of the
housing 10 are thus removed, producing a planar cut face

perpendicular to the longitudinal axis of the housing 10.

The wall of the rim of each header section 12 is subse-
quently beveled circumferentially to produce a rim of the
header section 12 which slopes at an angle matching the
slope of the circumferential planar sealing face 21 of the
end cap 20. The beveled rim is smooth and even and also
represents a circumferential planar sealing face. In one
embodiment, a rotating blade is used to bevel the rim of
each header section 12. The blade rotates around the longi-
tudinal axis of the housing 10 and includes an angle with
the longitudinal axis of the housing 10 that matches the
desired slope of the rim, i.e. the blade includes an angle
of 80 to 85° with the longitudinal axis. The rotating blade

is moved towards the housing 10 along the longitudinal axis
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12

of the housing 10 until the rim of the header section 12
has been beveled. The housing 10 then is turned around and
the rim of the header section 12 on the other end of the
housing 10 is beveled similarly. An advantage of the design
of the diffusion and/or filtration device 30 of the present
disclosure which includes a beveled rim of the header sec-
tions 12 is that a smooth and even sealing face can be pro-
duced on the rim of the header sections 12 without compro-
mising the planar cut face of the end wall means 33 gener-
ated in the previous process step, and without generating
discontinuities, i.e. steps, between the end wall means 33

and the housing 10.

After the beveling step, the header sections 12 are closed
with end caps 20, thereby causing the rim of the respective
header section 12 of the housing 10 and the circumferential
planar sealing face 21 of the corresponding end cap 20 to
contact each other and form a first tight seal. The partic-
ular design of the diffusion and/or filtration device 30 of
the present disclosure which includes a circumferential
planar sealing face 21 in the end cap 20 and a matching rim
of the header section 12 of the housing 10 which also rep-
resents a circumferential planar sealing face, both sealing
faces sloping at the same angle, makes it possible to pro-
vide a fluid-tight seal between the end cap 20 and the
housing 10 without having to resort to additional elements
like sealing rings, gaskets, or support rings. In addition
to the benefit of having fewer components, the space other-
wise required by the additional elements now can be uti-
lized, i.e., a larger proportion of the face of the end
wall means 33 is accessible to a fluid. This also allows
for an increased diameter of the bundle 32 of hollow fiber

membranes in the header section 12.
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The end caps 20 then are fused to the housing 10, thereby
providing a second tight seal. In one embodiment of the
process, the second tight seal is provided by fusing the
outer rim 23 of the end cap 20 to the upper rim of the cor-

responding collar 14 of the housing 10.

In one embodiment of the process, first one header section
12 of the housing 10 is sealed with an end cap 20, and then
the other. In another embodiment of the process, both head-

er sections are simultaneously sealed with end caps 20.

In one embodiment of the process, a contact force is ap-
plied to the upper side of the end cap 20 in the direction
of the longitudinal axis of the housing 10, after the head-
er section 12 has been closed with the end cap 20, thereby
pressing the circumferential planar sealing face 21 of the
end cap 20 onto the upper rim of the corresponding header
section 12 of the housing 10. The contact force is main-
tained until the end cap 20 has been fused to the housing
10. In one embodiment, the contact force is applied to an
annular plane 24 which runs along the circumference of the
end cap 20 on its upper side. The annular plane 24 is per-
pendicular to the longitudinal axis of the end cap 20. In
one embodiment, the width of the annular plane 24 equals
the width of the outer rim 23 of the end cap 20; and the
outer rim 23 of the end cap 20 and the annular plane 24 are
congruent. In one embodiment, the contact force is in the
range of from 3,000 to 5,000 N, for instance, 3,500 to
4,500 N.

The noses 13 and the increased wall strength of the header
sections 12 increase the rigidity of the header sections
12, making them less prone to deformation. Likewise, the

profile of section III of the end cap 20, with its wall
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strength increasing in radial direction towards the outer
diameter of the end cap 20, and the noses 22 in the end cap
20, which are positioned adjacent to the outer diameter of
the sealing face 21, increase the rigidity of the end cap
20 and make it less prone to deformation. As a result, when
the end cap 20 is placed on the header section 12 of the
housing 10, an accurate fit is achieved between the sealing
face 21 of the end cap 20 and the rim of the header section
12, thus providing a fluid-tight seal. Additionally, when a
contact force is applied to the end cap 20, and in particu-
lar to the annular plane 24, the contact force does not
cause a deformation of the end cap 20 or the header section
12 which would weaken the seal formed by the sealing face
21 of the end cap 20 and the rim of the header section 12.
Instead, the contact force applied presses together the
sealing face 21 of the end cap 20 and the rim of the header
section 12 of the housing 10, and enhances the adhesive

strength of the seal.

A variety of technigques known in the art can be used to
fuse the end caps 20 to the housing 10. Suitable examples
include laser welding, ultrasonic welding, friction weld-
ing, electron beam welding, and solvent welding. The end
caps can also be glued to the housing with an adhesive for
instance, a polyurethane adhesive. In one embodiment of the
process, the end cap 20 is fused to the housing 10 using
hot plate welding. A hot plate is brought into close vicin-
ity of the parts to be fused together. After a time suffi-
cient to melt the corresponding parts of the end cap 20 and
the housing 10, respectively, to be fused, the hot plate is
removed and the end cap 20 and the housing 10 are pressed
together until the melt has solidified, thereby forming a
tight seal between the end cap 20 and the housing 10. The

temperature of the hot plate generally is in the range of
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from 200 to 400°C. Exemplary processes use temperatures 1in
the range of from 220 to 240°C; or from 330 to 380°C, re-
spectively. The time required to partially melt the compo-
nents to be joined depends on the temperature used and the
distance of the hot plate from the fusion line. The higher
the temperature of the hot plate and the closer it is to
the fusion line, the shorter the time required to produce
the melt. In one embodiment of the process, a surface of
the hot plate touches the parts to be melted. In this em-
bodiment, lower temperatures of the hot plate are suffi-
cient to produce a melt. However, there is a risk that the
molten material sticks to the hot plate and leaves residues
on 1its surface. Therefore, in another embodiment of the
process, the surface of the hot plate does not touch the
parts to be melted, but keeps a distance from their sur-
face. The distance generally is at least 0.1 mm; and it can
be as large as 10 mm, or even more. In order to keep the
time required for the melting process short, the distance
generally is in the range of from 0.1 to 1.0 mm. Depending
on the temperature of the hot plate and its distance from
the fusion line, the residence time of the hot plate gener-
ally is in the range of from 1 to 60 seconds; e.g., 1 to 30
seconds; or even 1 to 15 seconds. The time required for the
solidification of the melt after the parts have been joined
generally is in the range of 10 to 60 seconds, for in-

stance, 15 to 45 seconds.

In one embodiment of the process, the outer rim 23 of the
end cap 20 and the upper rim of the collar 14 of the hous-
ing 10 are joined using a hot plate. In one embodiment, the
outer rim 23 of the end cap 20 and the upper rim of the
collar 14 of the housing 10 have the same width and the
same outer diameter, i.e., they are congruent; and the up-
per rim of the collar 14 of the housing 10 is planar and

the plane is perpendicular to the longitudinal axis of the
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housing 10. This greatly facilitates the joining process,
as the surfaces of both parts will melt evenly, and a uni-
form, defect-free joint is formed when the two parts are
pressed onto each other. A further advantage is that the
collar 14 has a diameter which is larger than the diameter
of the header section 12; and there is a gap between the
upper rim of the collar 14 and the outside surface of the
header section 12. This allows for heating and melting the
upper rim of the collar 14 without also partially melting
the outside surface of the header section 12. In a particu-
lar embodiment of the process, the outer rim 23 of the end
cap 20 and the upper rim of the collar 14 of the housing 10
are heated by a hot plate having a temperature in the range
of from 340 to 365°C; and having a distance from the outer
rim 23 of the end cap 20 and the upper rim of the collar
14, in axial direction, in the range of from 0.1 to 0.3 mm;
for a time in the range of from 5 to 10 sec. The hot plate
is removed and the outer rim 23 of the end cap 20 and the
upper rim of the collar 14 of the housing 10 subsequently
are pressed onto each other for a time in the range of from

20 to 30 sec.
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Claims

A housing (10) for a diffusion and/or filtration de-
vice comprising a tubular midsection (11); and header
sections (12) at both ends of the tubular midsection
(11) having a diameter larger than the diameter of the
tubular midsection (11); characterized in that the
wall strength of the header sections (12) 1is greater
than the wall strength of the tubular midsection (11);
and a plurality of elongated noses (13) is arranged on
the inside surface of each the header sections (12),
the noses (13) running parallel to the longitudinal

axis of the housing (10) and parallel to each other.

The housing of claim 1, wherein the header sections
(12) each comprise a collar (14) having a diameter
which is larger than the diameter of the header sec-
tion (12), the upper rim of the collar (14) defining a
gap to the outside surface of the header section (12),
and being positioned below the upper rim of the header

section (12).

An end cap (20) for a diffusion and/or filtration de-
vice having an inner surface which is axially symmet-
rical with regard to the longitudinal axis of the end
cap and has an inner surface having the form of a fun-
nel and comprising, in the direction of increasing di-
ameter, a first section (I) taking the form of a cyl-
inder or a truncated cone, a middle section (II) tak-
ing the form of a torus segment, and a third section
(III) taking the form of a truncated cone, character-

ized in that the end cap comprises a circumferential
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planar sealing face (21) sloping at an angle in the

range of from 5° to 10°.

4. The end cap (20) of claim 3, comprising a plurality of
noses (22) evenly distributed over an annulus of the
inner surface of the end cap (20) having an inner di-
ameter which is larger than the outer diameter of the

sealing face (21).

5. The end cap (20) of claims 3 or 4, wherein the wall
strength of the end cap (20) in the zone of the third
section (III) increases towards the periphery of the

end cap (20).

6. The end cap (20) of any one of claims 3 to 5, compris-
ing an annular plane (24) running along the circumfer-
ence of the end cap (20) on its upper side, the annu-
lar plane (24) being perpendicular to the longitudinal
axis of the end cap (10).

7. A diffusion and/or filtration device (30) comprising a
housing (10) according to claims 1 or 2; and end caps

(20) according to any one of claims 3 to 6.

8. The diffusion and/or filtration device (30) of claim
7, comprising:

a) a housing (10) according to claims 1 or 2, defin-
ing a longitudinally extending internal chamber (31)
including a first end and a second end;

b) a bundle (32) of semi-permeable hollow fiber mem-
branes disposed within the internal chamber (31) and
extending longitudinally from the first end of the in-
ternal chamber (31) to the second end of the internal
chamber (31), the hollow fiber membranes each having an
outer surface, and a first end and a second end corre-
sponding to the first end and the second end of the in-

ternal chamber (31):;



WO 2018/041858 PCT/EP2017/071700

10.

11.

20

c) end wall means (33) supporting the first and sec-
ond ends of the hollow fiber membranes within the in-
ternal chamber (31) so as to sealingly separate the
first ends and second ends of the hollow fiber mem-
branes from the outer surfaces of the hollow fiber mem-
branes between the first ends and second ends thereof;

d) end caps (20) according to any one of claims 3 to

6 sealing the mouths of the housing (10).

The diffusion and/or filtration device (30) of claim
8, wherein the upper rim of the header section (12) of
the housing (10) slopes at the same angle as the cir-
cumferential planar sealing face (21) of the end cap
(20), the upper rim of the header section (12) of the
housing (10) and the circumferential planar sealing
face (21) of the end cap (20) contacting each other
and forming a first tight seal; and the outer rim (23)
of the end cap (20) being fused to the housing (10)

and providing a second tight seal.

The diffusion and/or filtration device (30) of claim
9, wherein the outer rim (23) of the end cap (20) 1is
fused to the upper rim of the collar (14) of the hous-
ing (10) to provide the second tight seal.

A process for producing a diffusion and/or filtration
device (30), comprising:

a) providing a housing (10) according to claims 1
or 2, the housing (10) defining a longitudinally ex-
tending internal chamber (31) including a first end
and a second end;;

b) introducing a bundle (32) of semi-permeable hol-
low fiber membranes each having an outer surface, a
first end and a second end into internal chamber (31)
of the housing (10) so that the bundle (32) extends
longitudinally from the first end of the internal
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chamber (31) to the second end of the internal chamber
(31); and the first ends and second ends of the hollow
fiber membranes correspond to the first end and the
second end of the internal chamber (31), respectively;

c) providing end wall means (33) supporting the
first and second ends of the hollow fiber membranes
within the internal chamber (31) so as to sealingly
separate the first ends and second ends of the hollow
fiber membranes from the outer surface of the hollow
fiber membranes between the first ends and second ends
thereof, by introducing a potting material into the
header sections (12) of the housing (10) and allowing
the potting material to cure;

d) opening the first and second ends of the hollow
fiber membranes by cutting through the end wall means
(33) perpendicularly to the longitudinal axis of the
housing (10);

e) providing an end cap (20) according to any one
of claims 3 to 6 for each header section (12);

f) circumferentially beveling the wall of the rim
of each header section (12) to produce a rim of the
header section (12) sloping at an angle matching the
slope of the circumferential planar sealing face (21)
of the end cap (20);

gl) closing each header section (12) with an end
cap (20), thereby causing the upper rim of the header
section (12) of the housing (10) and the circumferen-
tial planar sealing face (21) of the end cap (20) to
contact each other and form a first tight seal;

g2) fusing each end cap (20) to the housing (10),
thereby providing a second tight seal.

The process of claim 11, wherein the second tight seal
is provided by fusing the outer rim (23) of the end
cap (20) to the upper rim of the collar (14) of the
housing (10).
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The process of claims 11 or 12, wherein a contact
force is applied to the upper side of the end cap (20)
in the direction of the longitudinal axis of the hous-
ing (10), after the header section (12) has been
closed with the end cap (20), thereby pressing the
circumferential planar sealing face (21) of the end
cap (20) onto the upper rim of the header section (12)
of the housing (10); and the contact force is main-
tained until the end cap (20) has been fused to the
housing (10).

The process of claim 13, wherein the contact force is
applied to an annular plane (24) running along the
circumference of the end cap (20) on its upper side,
the annular plane (24) being perpendicular to the lon-

gitudinal axis of the end cap (20).

The process of claims 13 or 14, wherein the contact

force is in the range of from 3,000 to 5,000 N.
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