
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

60
3 

30
9

B
1

TEPZZ 6Z¥¥Z9B_T
(11) EP 2 603 309 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
26.03.2014 Bulletin 2014/13

(21) Application number: 11741239.5

(22) Date of filing: 10.08.2011

(51) Int Cl.:
B01D 65/10 (2006.01) G01N 15/08 (2006.01)

(86) International application number: 
PCT/EP2011/063756

(87) International publication number: 
WO 2012/020048 (16.02.2012 Gazette 2012/07)

(54) PROCESS FOR TESTING HOLLOW FIBRE MEMBRANE FILTERS

VERFAHREN ZUM TESTEN VON HOHLFASERMEMBRANFILTERN

PROCÉDÉ POUR SOUMETTRE À ESSAI DES FILTRES À MEMBRANE À FIBRES CREUSES

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 11.08.2010 EP 10172450

(43) Date of publication of application: 
19.06.2013 Bulletin 2013/25

(73) Proprietor: Gambro Lundia AB
220 10 Lund (SE)

(72) Inventors:  
• WAGNER, Steffen

72469 Meßstetten (DE)

• HERBST, Philipp
72116 Mössingen (DE)

• KRAUSE, Bernd
72414 Rangendingen (DE)

(74) Representative: Perchenek, Nils
Gambro Dialysatoren GmbH 
Legal and Intellectual Property 
Holger Crafoord-Strasse 26
72379 Hechingen (DE)

(56) References cited:  
EP-A1- 0 592 066 JP-A- 10 015 059
JP-A- 2004 167 384 US-A- 5 507 959
US-B1- 6 568 282  



EP 2 603 309 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present disclosure relates to a process for
testing filters. Specifically, though not exclusively, the in-
vention can be usefully applied for filters of an apparatus
for extracorporeal blood treatment, for instance, mem-
brane filters normally used in a device for on-line prepa-
ration of a dialysis liquid and/or a replacement liquid, in
the ambit of an apparatus for hemodialysis and/or
hemo(dia)filtration, or filters used for hemodialysis and/or
hemo(dia)filtration.

Description of the Related Art

[0002] Diffusion and/or filtration devices comprising
hollow fiber membranes are used in various medical
treatments which remove unwanted substances from
body fluids, e.g., blood. Examples of such treatments are
hemodialysis, hemodiafiltration and hemofiltration.
Membrane filters are also used in the production of sterile
liquids, by causing the liquid to pass through a semi-per-
meable membrane able to filter the germs. Various proc-
esses for checking the integrity of a filter have been de-
scribed.
[0003] One of the known processes is the bubble point
test (BPT), which can check on the absence of membrane
pores which have a greater size than a predetermined
limit. The BPT considers the membrane pores as capil-
lary tubes, and the maximum radius of the pores is de-
termined by pressure measurements. The test briefly
comprises the following stages: the membrane is wetted
so that the pores are full of liquid; a first side of the mem-
brane is connected to a gas source, while the opposite
side is connected to a liquid for easy detection of gas
bubbles; the first side of the membrane is gradually pres-
surized with the gas; while the gas pressure on the first
side remains relatively low, a modest amount of gas will
displace, by diffusion, through the liquid contained in the
membrane pores towards the second side of the mem-
brane; this amount of gas flow is proportional to the speed
of increase of gas pressure on the first side; when the
gas pressure reaches a certain level, the liquid contained
in the largest pores is forced to exit from the pores them-
selves, and a considerable amount of gas crosses the
largest pores, reaching the liquid connected to the sec-
ond side of the membrane, forming gas bubbles within
the liquid; in this situation a further pressuring action
leads to a further displacement of gas towards the second
side of the membrane, with no discernible increase in
pressure; the substantially stable pressure reached in
this situation (bubble point pressure, or BP pressure) is
a known function of the maximum radius of the mem-
brane pores and thus enables determination thereof;
stopping the pressurization action leads to a situation of
substantial equilibrium in the BP pressure.
[0004] US-A 5,064,529 describes an automatic BPT

(without the need to observe the moment of gas bubble
formation) to check whether the effective BP pressure of
the membrane corresponds to the desired BP pressure
corresponding to the maximum diameter of the pores in-
dicated by the membrane manufacturer; in a first stage
the first side of the membrane is pressurized with the gas
at a predetermined constant pressurization speed, at the
end of which first stage the pressure measured on the
first side of the membrane should correspond to a pre-
determined theoretical pressure; the pressurization
speed and the pressurization time are chosen so that the
above-mentioned theoretical pressure is lower than the
desired BP pressure; if the pressure measured after the
predetermined time does not correspond to the theoret-
ical pressure, a fault is signaled due, probably, to the
breakage of the membrane or a faulty installation of the
filter; in a second stage, the pressurization is halted for
a certain time period in which the pressure should remain
substantially constant; if, on the contrary, there is a sig-
nificant drop in pressure, a fault is signaled due, probably,
to the faulty filling-up of the pores with the liquid; in a third
stage, the pressurization of the first side of the membrane
is re-established at a predetermined speed for a prede-
termined time, during which theoretically the desired BP
pressure is reached; if, at the end of the third stage, the
desired BP pressure is measured, within a predeter-
mined range of acceptability, it is considered that the
maximum diameter of the pores is the desired one.
[0005] US 5,594,161 describes a process for testing
the integrity of one or more filtering elements in which
the inlet side of the filter element is wetted and subjected
to a gas pressure which is kept constant, while the pres-
sure is measured on the outlet side which, previously,
has been made part of a closed system. If, after a pre-
determined time, the outlet pressure does not exceed a
predetermined threshold value, the filter element is con-
sidered intact.
[0006] US-A 4,614,109 describes a process for check-
ing the permeability of a wet membrane of a filter, based
both on a search for the BP pressure and on the deter-
mination of the gas diffusion before reaching BP pres-
sure. In this process, the filter membrane is first impreg-
nated with liquid; thereafter, the inlet side of the mem-
brane is gradually pressurized by introduction of a gas;
the gas that passes by diffusion through the membrane
is collected in a graduated container; the permeability of
the membrane is calculated on the basis of the trans-
membrane pressure measured on the two sides o the
membrane, and of the quantity of gas diffused through
the membrane per unit of time using the graduated con-
tainer. By continuing with the pressurization, at a certain
point (called the visual bubble point because it can be
visually detected) the production of gas bubbles on the
exit side of the membrane sharply increases: this, as
mentioned above, is due to the fact that, on reaching the
bubble point pressure, the passage of gas through the
membrane occurs both by diffusion (in a small part) and
(prevalently) by effect of the formation of gas conduits
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through the pores of the membrane.
[0007] US-A 6,228,271 describes a process for testing
the integrity of filter membranes in which the filter inlet
chamber is emptied of liquid and filled with air at atmos-
pheric pressure, while the outlet chamber remains full of
liquid. A depression is then created in the outlet chamber
in order to create a trans-membrane pressure; after the
depression has been stabilized, for example at a value
comprised between 0.2 and 0.9 bar (absolute pressure),
and before completely evacuating the liquid from the out-
let chamber, the constant flow of liquid is measured as
it exits the outlet chamber, which corresponds to the air
flow passing through the perforations of the membrane;
the integrity of the membrane is thus measured on the
basis of the value measured for the liquid flow.
[0008] Another known process for measuring the in-
tegrity of a filter membrane involves verification under
sealed pressure, where a trans-membrane pressure gra-
dient is created and monitored over time in at least one
chamber of the filter. A typical sealed pressure test in-
volves, for example, a side of the membrane being
brought up to a predetermined gas pressure, below BP
pressure, comprised in the diffusion range, i.e. a range
in which the pressure in the second membrane chamber
increases proportionally to the pressure in the first side;
when the pressure has been reached, the gas supply is
interrupted and the pressure on the first side monitored;
if the drop in pressure per time unit exceeds a predeter-
mined threshold value, the membrane is understood to
exhibit some defects.
[0009] US-A 4,702,829 describes a process, of the
pressurized sealed type, for verifying the integrity of the
filters of a hemodiafiltration apparatus, in which the sub-
stitution liquid is realized on-line by passing the dialyzer
liquid through two sterile filters arranged one after anoth-
er, each of which exhibits two chambers separated by a
water-wettable and semi-permeable membrane, which
can hold the germs. The verification process of the filter
seal begins after the dialysis circuit washing stage, with
the circuit full of the detergent liquid and the water-wet-
table filter membranes wet. The filter seal verification
process uses an ultrafiltration pump, predisposed in the
dialysis circuit downstream of the blood treatment device
and used in the dialysis treatment for obtaining a patient
weight drop measurement. During the filter test, the ul-
trafiltration pump is used to aspirate air internally of the
first chamber of the second filter, through a micro- porous
water-repelling filter arranged in a breather of the first
chamber. The aspirated air can also enter the second
chamber of the first filter in the absence of occlusions in
the circuit branch comprised between the two filters. The
liquid that leaves space for the aspirated air is removed
by the ultrafiltration pump through the membranes of the
two filters. Given that the water-wettable membranes of
the filters are wet, the membranes themselves are sub-
stantially impermeable to air. Therefore, once the second
chamber of the first filter and the first chamber of the
second filter are entirely occupied by air at atmospheric

pressure, and since the air that has entered the chambers
cannot escape through the membrane, the ultrafiltration
pump can generate a depression in chambers occupied
by the liquid, i.e. the first chamber of the first filter and
the second chamber of the second filter. The ultrafiltration
pump is then activated until a determined depression has
been reached in a part of the dialysis circuit filled with
liquid. Thereafter, the depression is monitored using a
pressure gauge, for example by measuring the time nec-
essary for the pressure to rise by a predetermined quan-
tity, or by measuring the depression after a determined
period of time. The monitoring of the depression enables
an evaluation of the fluid seal of the system constituted
by the membranes and the part of the circuit under de-
pression.
[0010] US-A 5,808,181 describes a process for verify-
ing membrane filters arranged in the dialysis circuit of a
device for extracorporeal blood treatment, in which the
membrane of a filter to be checked is completely wetted
with a liquid, a branch of the dialysis circuit containing
one of the two filter chambers to be verified is separated
from the rest of the circuit, a gas is injected into the sep-
arated branch to cause an overpressure, while the liquid
contained in the chamber is removed by passing through
the membrane; the gas supply is interrupted after a pre-
determined overpressure level has been reached in
chamber; thereafter, the overpressure is controlled, for
example by comparing the pressure drop per time unit
with a limit value which is characteristic of an intact filter
membrane.
[0011] EP-A 0 407 737 describes a process for testing
the membrane of a dialyzer filter in two stages: in a first
stage the blood chamber of the dialyzer is subjected to
a pressure gradient from the blood chamber to the dia-
lyzer fluid chamber; in a second stage the membrane is
subjected to an opposite gradient. The test enables a
determination of the presence of leaks which might ap-
pear or be noted only by effect of one or other of the two
pressure gradients.
[0012] EP-A 1 898 973 discloses a process for testing
filters of treatment fluid of a hemodiafiltration apparatus,
wherein each filter has a wet semipermeable membrane
which separates a gas-filled first chamber from a liquid-
filled second chamber. The first chambers are pressu-
rized by a pump supplying air, while the second chambers
are placed in depression by a drainage pump of used
dialysis fluid. A first closed system is formed which in-
cludes the first chambers and a second closed system
is formed which includes the second chambers. Two
pressure gauges monitor the pressure in the two closed
systems for a predetermined time.
[0013] JP 2004/167384 and JP 10/015059 disclose a
method for testing a hollow fibre module including the
steps of wetting the membrane and applying a gas pres-
sure.
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Summary

[0014] A principal aim of the present invention is to
provide a reliable and fast process for the testing of filters
comprising two compartments separated by a porous
membrane. A further aim of the invention is to provide
an apparatus for actuating the process.
[0015] The process of the invention involves establish-
ing a pressure gradient between the compartments of
the dry filter, introducing a predefined volume of a testing
liquid, e.g. water, into the compartment having the higher
pressure, allowing the testing liquid to wet the porous
membrane, and subsequently monitoring the pressure
gradient between the compartments or measuring gas
flow through the membrane.
[0016] Further characteristics and advantages of the
present invention will better emerge from the detailed
description that follows of at least a preferred embodi-
ment of the invention, illustrated purely in the form of a
nonlimiting example in the accompanying figures of the
drawings.

Brief Description of the Drawings

[0017]

Figure 1 is a sectional view of an exemplary embod-
iment of the testing apparatus which can be
used in the method of the invention.

Detailed Description

[0018] The present invention provides a process for
testing a filter according to claim 1 comprising two com-
partments separated by a porous membrane, comprising

i) providing a filter having a dry porous membrane;
ii) establishing a pressure gradient between the com-
partments;
iii) introducing a volume of testing liquid which is suf-
ficient to substantially reduce gas permeability of the
porous membrane but is less than or equal to the
total pore volume of the porous membrane into the
compartment having the higher pressure and allow-
ing the testing liquid to wet the porous membrane;
iv) monitoring the pressure gradient between the
compartments or measuring gas flow through the
membrane.

[0019] The process of the invention is suitable for test-
ing the integrity of filters comprising two compartments
separated by a porous membrane. Examples of such fil-
ters are membrane filters used in extracorporeal blood
treatment, e.g. dialyzers; filters used in the preparation
of medical fluids, e.g., pyrogen-free and germ-free fluids
like dialysis fluid or substitution fluid; virus filters; blood
oxygenators; and reverse osmosis filters.
[0020] Each one of the two compartments of the filter

generally has at least one fluid inlet or outlet, respectively.
In one embodiment, each of the two compartments has
one fluid inlet and one fluid outlet. In another embodi-
ment, only one of the compartments has both a fluid inlet
and a fluid outlet, while the other compartment only has
a fluid inlet. In still another embodiment, only one of the
compartments has both a fluid inlet and a fluid outlet,
while the other compartment only has a fluid outlet. In
still another embodiment, only one of the compartments
only has a fluid inlet, while the other compartment only
has a fluid outlet.
[0021] The dry porous membrane of the filter may take
different forms. In one embodiment, the membrane is a
flat sheet membrane or a stack of flat sheet membranes.
In another embodiment, the porous membrane is a hol-
low fiber membrane or a bundle of hollow fiber mem-
branes.
[0022] The porous membrane may be hydrophilic or
hydrophobic, and is comprised of inorganic materials like
carbon, glass, ceramics or metals, or organic materials
like synthetic polymers. Examples of suitable synthetic
polymers comprise hydrophobic polymers like polysul-
fones, polyethersulfones, polytetrafluoroethylene, poly-
vinylidene fluoride, polypropylene and hydrophilic poly-
mers like polyvinyl pyrrolidone (PVP), polyethylene gly-
col (PEG), or EVA.
[0023] The testing liquid is a liquid which is able to wet
the membrane surface and fill the pores of the mem-
brane. Suitable testing liquids are chosen according to
the properties of the membrane. For hydrophilic mem-
branes, water, methanol, ethanol or mixtures thereof can
be used as testing liquid. In one embodiment of the in-
vention, water is used as testing liquid. For hydrophobic
membranes, isopropanol is a suitable testing liquid. Oth-
er suitable testing liquids for hydrophobic membranes
include liquid hydrocarbons or silicone oils.
[0024] At the beginning of the process of the invention,
the porous membrane in the filter is dry. A pressure gra-
dient is established between the compartments and a
predefined volume of testing liquid is introduced into the
compartment of the filter having the higher pressure, so
that the testing liquid is forced into the membrane. It is a
characteristic feature of the process of the invention that
instead of flooding the filter with testing liquid, only a lim-
ited volume of testing liquid is introduced into the filter,
the volume being sufficient to wet the membrane surface
and to substantially reduce gas permeability of the po-
rous membrane, but being less than or equal to the total
pore volume of the porous membrane.
[0025] The total pore volume of the membrane is the
portion of the membrane volume which is not occupied
by solid material. It can be calculated by subtracting
membrane mass divided by the density of the membrane
material from the volume of the membrane (wall): 
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with VP being the total pore volume of the membrane,
VM being the volume of the membrane (wall), mM being
the mass of the membrane, and ρS being the density of
the material forming the solid portion of the membrane
(wall). Total pore volume divided by the membrane (wall)
volume is the porosity P of the membrane: P = VP/VM.
[0026] According to the invention in the process using
a filter comprising a bundle of hollow fiber membranes,
the volume of testing liquid introduced into the filter is in
the range of from P·n·L·π·(di ·20mm + 400mm2) to P·n·L·π·
(di ·w + w2), with n being the number of fibers in the filter,
L being the fiber length, P being the porosity of the fiber
membrane, di being the inner diameter of each fiber, and
w being the wall thickness of each fiber.
[0027] In one embodiment of the invention, n is in the
range of from 1,000 to 20,000. In one embodiment of the
invention, L is in the range of from 100 to 350 mm. In one
embodiment of the invention, P is in the range of from
0.75 to 0.85, i.e. from 75 to 85%. In one embodiment of
the invention, di is in the range of from 150 to 350 mm.
In one embodiment of the invention, w is in the range of
from 20 to 50 mm.
[0028] Usually, the volume of testing liquid will be in
the range of from 5 to 70 ml.
[0029] In one embodiment of the invention, the filter
comprises 1,224 fibers having a length L of 122 mm, an
inner diameter di of 320 mm, a wall thickness w of 50 mm,
and a porosity P of 0.78. In one embodiment of the proc-
ess, the filter is tested using 5 ml of water as testing liquid.
[0030] In another embodiment of the invention, the fil-
ter comprises 16,800 fibers having a length L of 250 mm,
an inner diameter di of 190 mm, a wall thickness w of 40
mm, and a porosity P of 0.82. In one embodiment of the
process, the filter is tested using 60 ml of water as testing
liquid.
[0031] In still another embodiment of the invention, the
filter comprises 9,612 fibers having a length L of 236 mm,
an inner diameter di of 190 mm, a wall thickness w of 35
mm, and a porosity P of 0.80. In one embodiment of the
process, the filter is tested using 30 ml of water as testing
liquid.
[0032] In one embodiment of the process, steps ii) and
iii) are performed by reducing pressure in the filter by
connecting one compartment of the filter to a vacuum
line or a vacuum pump, and, subsequently or simultane-
ously, connecting the other compartment to a testing liq-
uid reservoir containing a predefined volume of testing
liquid, so that the testing liquid is sucked into the filter. In
another embodiment of the process, the entire filter is
evacuated, all inlets/outlets of the filter are closed and
one of the inlets is subsequently connected to a testing
liquid reservoir containing a predefined volume of testing
liquid. In still another embodiment of the process, one
compartment of the filter is connected to a pressurized
testing liquid reservoir containing a predefined volume
of testing liquid, so that the pressure forces the testing
liquid into the filter.
[0033] The pressure gradient between the compart-

ments carries the testing liquid into the pores of the mem-
brane, filling the pores at least partially. As a result, gas
permeability of the membrane is substantially reduced
and the membrane becomes largely impermeable to gas,
if the membrane is intact. The process is very fast; trans-
fer of testing liquid into the filter and wetting of the mem-
brane is complete within a few seconds.
[0034] The magnitude of the pressure gradient is not
critical for the process. It will be chosen to be large
enough to be within the measuring range of the equip-
ment used for monitoring the pressure gradient between
the compartments of the filter or for measuring gas flow
through the membrane, respectively. On the other hand,
it will be chosen small enough not to compromise me-
chanical stability of the membrane or the filter.
[0035] The pressure gradient between the compart-
ments can then be monitored or the gas flow through the
membrane can be measured using methods known in
the art, for instance with commercially available leak de-
tectors, to verify the integrity of the filter membrane. In
comparison to filters having intact membranes, filters
having defective membranes show a faster decrease of
the pressure gradient over time between the compart-
ments of the filter, or an increased leak rate.
[0036] In one embodiment of the process, a further
pressure gradient is established between the compart-
ments of the filter after the membrane has been wetted,
i.e. after step iii). For instance, increasing the pressure
gradient after the membrane has been wetted may en-
hance sensitivity or accuracy of the measurement per-
formed in step iv) of the process. It may also be desirable
to reverse the pressure gradient between the compart-
ments before the measurement, e.g., to facilitate con-
nection of the measuring equipment to the filter.
[0037] In one embodiment of the process, an overpres-
sure is applied to one compartment of the filter after the
membrane has been wetted, and the increase of pres-
sure in the other compartment over time is monitored.
As an alternative, gas flow through the membrane may
be measured. In another embodiment of the process, an
overpressure is applied to one compartment of the filter
through an inlet of the respective compartment after the
membrane has been wetted, the inlet is closed and the
decrease of pressure in the compartment over time is
monitored.
[0038] The process of the invention thus allows for fast
and reliable identification of defective filters. It can ad-
vantageously be used for quality management in the con-
text of filter production processes. As the process of the
invention requires less time than processes known in the
art, throughput of the production process can be sub-
stantially increased.
[0039] In one embodiment of the process, the orienta-
tion of the filter during the test is such that the membrane
is in a horizontal position. In another embodiment of the
process, the orientation of the filter during the test is such
that the membrane is in a vertical position. Although the
filter can be tested regardless of its orientation, for filters
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comprising a bundle of hollow fiber membranes, it is pre-
ferred that the bundle of hollow fiber membranes is in
vertical position during the test.
[0040] The predefined amount of testing liquid may be
introduced into either compartment of the filter. Of
course, pressure conditions within the filter have to be
set according to the selection, so that testing liquid is
always introduced into the compartment having higher
pressure. For filters comprising membranes having a ho-
mogeneous structure, e.g., a sponge structure, choice
of the compartment is not expected to have substantial
impact on the test. If the filter comprises an asymmetric
membrane, it is generally preferred to introduce the pre-
defined amount of testing liquid into the compartment
bordering the selective side of the membrane, i.e. the
membrane surface having the smallest pores. For exam-
ple, for filters comprising a bundle of asymmetric hollow
fiber membranes which have the smallest pores on the
inside of the fiber, it is preferred that the predefined
amount of testing liquid is introduced into the compart-
ment encompassing the lumen of the hollow fiber mem-
branes.
[0041] A device for testing a filter comprises two com-
partments separated by a porous membrane. The device
comprises

i) means for establishing a pressure gradient be-
tween the compartments;
ii) means for introducing a predefined quantity of test-
ing liquid into the filter;
iii) means for monitoring pressure in the filter or
measuring gas flow through the membrane.

[0042] The means for establishing a pressure gradient
between the compartments may be a vacuum pump or
a vacuum line which is connectable to at least one inlet
or outlet of the filter, or a compressor or a pressure line
or gas cylinder which is connectable to at least one inlet
or outlet of the filter, or a combination thereof.
[0043] The means for introducing a predefined quantity
of testing liquid into the filter may be any kind of dispens-
ing device capable of dispensing a predefined quantity
of testing liquid. Examples include syringes, injection
pumps, and metering pumps, e.g., piston-driven meter-
ing pumps.
[0044] The means for introducing a predefined quantity
of testing liquid into the filter may comprise a dosage
compartment (1) having an interruptible fluid connection
(2) to a testing liquid reservoir (3), an interruptible fluid
connection (4) to one of the two compartments of the
filter, and a vent pipe (5) comprising a valve.
[0045] In the device shown in Fig. 1, the means for
introducing a predefined quantity of testing liquid into the
filter comprise a dosage compartment (1), a moveable
lid (2) between the dosage compartment (1) and a testing
liquid reservoir (3), a tube (4) forming the connection to
the filter, a vent pipe (5) for venting the dosage compart-
ment (1), a vent pipe (6) for venting the testing liquid

reservoir (3), and an inlet (7) for supplying testing liquid
to the testing liquid reservoir (3). Valves in the tube (4)
and the vent pipes (5,6) allow for opening and closing
the connections. During operation, the reservoir (3) is
filled with testing liquid through inlet (7) while the valve
of vent pipe (6) is open. Lid (2) is moved upward while
the valves of tube (4) and vent pipe (5) are closed and
the testing liquid fills the dosage compartment (1). Lid (2)
is lowered to its initial position, sealing the dosage com-
partment (1). The valves of tube (4) and vent pipe (5) are
opened and the testing liquid in dosage compartment (1)
is transferred into the filter through tube (4). The dosage
compartment (1) is interchangeable with dosage com-
partments holding differing volumes of testing liquid, so
that filters having different sizes of membrane surface
area may be tested with the device.
[0046] The means for monitoring pressure in the filter
or measuring gas flow through the membrane may be
any kind of pressure sensors and flow meters that are
accurate enough for the device that has to be tested.
Examples of such instruments are leak test panels being
suitable to detect absolute pressure, difference pressure
or mass flow of gas. Such devices are commercially avail-
able, for instance, from JW Froehlich GmbH (Leinfelden,
Germany) or Zeltwanger Automation GmbH (Dusslin-
gen, Germany). Suitable examples are devices of the
MPS series by JW Froehlich, or the DPS-NG series by
Zeltwanger Automation GmbH.
[0047] It will be understood that the features mentioned
above and those described hereinafter can be used not
only in the combination specified but also in other com-
binations or on their own, without departing from the
scope of the present invention.
[0048] The present invention will now be described in
more detail in the examples below. It is to be understood
that the examples are not intended to limit the scope of
the present invention and are merely an illustration of a
preferred embodiment of the invention.

Examples

Example 1

[0049] The integrity of a dry hollow fiber membrane
made of polyethersulfone and polyvinylpyrrolidone and
mounted in a dialyzer having an inlet and an outlet on
both the blood and the dialysate compartment was test-
ed.
[0050] The membrane of the dialyzer consisted of 9612
hollow fibers having an inner diameter of 190 mm and a
wall thickness of 35 mm, respectively. The fiber length
was 260 mm, and the dialyzer provided an effective sur-
face area of 1.35 m2 on the blood-contacting side. The
porosity of the membrane was 80%.
[0051] Water was used as testing liquid, the volume of
water used was 30 ml.
[0052] The dialyzer was mounted in a vertical position
with the inlet of the blood compartment being directed
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downwards. The inlet of the blood compartment was con-
nected to the metering device shown in figure 1. The
outlet of the blood compartment on the opposite side of
the dialyzer was closed. The inlet of the dialysate com-
partment was connected to a vacuum source, the dialyz-
er being separated from the vacuum source by a valve.
The outlet of the dialysate compartment was closed.
[0053] The dosage compartment (1) of the metering
device is designed to provide a total volume of 30 ml.
The reservoir (3) was filled with water through the inlet
(7) while the valve of the vent pipe (6) was open. The lid
(2) was moved upwards while the valves of the tube (4),
which had a diameter of 4 mm and a length of 274 mm,
and the vent pipe (5) were closed, and the water filled
the dosage compartment (1). The lid (2) was lowered to
its initial position sealing the dosage compartment (1).
[0054] Simultaneously with the dosage of water into
the metering device, vacuum was applied to the dialyzer
by opening the valve between the vacuum pump and the
dialyzer. As soon as the absolute pressure inside the
dialyzer housing reached 100 mbar, the vacuum source
was separated from the dialyzer by closing the valve be-
tween the vacuum pump and the dialyzer.
[0055] After having evacuated the dialyzer, the valves
of tube (4) and the vent pipe (5) at the metering device
were opened and the water inside the dosage compart-
ment (1) was transferred into the filter through tube (4)
by the air stream entering the dosage compartment (1)
through the vent pipe (5). Within a few seconds, the water
was distributed homogeneously inside the blood com-
partment, wetting the inner surface of all hollow fiber
membranes and thus reducing gas permeability of the
porous structure.
[0056] In a second step, a leak test panel (Type:
MPS200, JW Froehlich GmbH) was connected to the out-
let of the blood compartment of the dialyzer. The inlet of
the blood compartment remained closed and both ports
of the dialysate compartment were opened to atmospher-
ic pressure.
[0057] A pressure of 1.6 bar was applied to the blood
compartment of the dialyzer for 2.5 seconds, and the
ports of the blood compartment were closed. After a lev-
eling phase of one second, pressure decrease inside the
blood compartment was measured for another second
before the system was vented for 1.5 seconds. The ab-
solute pressure decrease within the measuring phase of
one second is an indicator of membrane integrity. Includ-
ing filling and venting, the total time required for this test
was six seconds.
[0058] 35 pieces of dry dialyzers were processed as
described above, 25 pieces having intact membranes
and 10 pieces having defective membranes. A mean
pressure decrease of 20.1 mbar on the blood contacting
side was observed within the measuring phase of one
second in case of the 25 dialyzers having intact mem-
branes. The standard deviation of the 25 values meas-
ured on these dialyzers was determined to be 0.7 mbar,
with the lowest value being 18.7 mbar and the highest

value being 21.4 mbar.
[0059] In contrast thereto, the 10 pieces of dialyzers
having defective membranes showed a significantly in-
creased pressure drop in the range of from 30.0 mbar up
to 62.4 mbar.

Example 2

[0060] It is important that the amount of water used to
wet the pores of the hollow fiber membrane is sufficient
to substantially reduce the gas permeability of the mem-
brane. The minimum amount of water required to reliably
wet the membrane can be calculated using the equation
P·n·L·π·(di ·20mm + 400mm2) with n being the number of
fibers in the filter, L being the fiber length, P being the
porosity of the fiber membrane, di being the inner diam-
eter of each fiber, and w being the wall thickness of each
fiber. For the dialyzer of Example 1, the minimum amount
is calculated to be 26.4 ml.
[0061] Eight dialyzers of the type used in Example 1
and having intact membranes were each wetted with 30
ml of water. A leak test panel (Type: MPS200, JW Froeh-
lich GmbH) was connected to the outlet of the blood com-
partment of the dialyzer. The inlet of the blood compart-
ment remained closed and both ports of the dialysate
compartment were opened to atmospheric pressure.
[0062] A pressure of 1.6 bar was applied to the blood
compartment of the dialyzer for 2.5 seconds and the ports
of the blood compartment were closed. After a leveling
phase of one second, pressure decrease inside the blood
compartment was measured for another 10 seconds. Fi-
nally, the system was vented for 1.5 seconds. The eight
filters showed a mean pressure decrease during the
measuring phase of 195 mbar with the minimum value
being 187 mbar and the maximum value being 202 mbar.
[0063] All eight dialyzers were dried afterwards by ap-
plying an airstream of 4 m3 h-1 through the blood com-
partment for one hour. After drying of the filters, the ex-
periment was repeated using 27 ml of water instead of
30 ml. In the leak test, the eight filters this time showed
a mean pressure decrease during the measuring phase
of 230 mbar with the minimum value being 223 mbar and
the maximum value being 239 mbar. The reduced
amount of water used to wet the membrane resulted in
an increased gas permeability of the membrane.
[0064] All eight dialyzers were dried afterwards by ap-
plying an airstream of 4 m3 h-1 through the blood com-
partment for one hour. After drying of the filters, the ex-
periment was repeated using 25 ml of water instead of
30 ml. For three out of eight dialyzers, it was not possible
to establish a pressure of 1.6 bar inside the blood com-
partment, because air was still able to permeate through
the membrane without significant resistance. Thus, 25
ml of water were not sufficient to reliably reduce the gas
permeability of this specific membrane.
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Claims

1. A process for testing a filter comprising two compart-
ments separated by a porous membrane which is a
bundle of hollow fiber membranes, comprising

i) providing a filter having a dry porous mem-
brane which is a bundle of hollow fiber mem-
branes;
ii) establishing a pressure gradient between the
compartments;
iii) introducing a volume of testing liquid into the
compartment having the higher pressure,
and allowing the testing liquid to wet the porous
membrane;
iv) monitoring the pressure gradient between the
compartment or measuring gas flow compart-
ments or measuring gas flow through the mem-
brane characterized in that the volume of test-
ing liquid being in the range of from the P·n·L·π·
(di·20mm+400mm2) to P·n·L·π·(di·w+w2),
with
n being the number of fibers in the filter,
L being the fiber length,
P being the porosity of the fiber,
di being the inner diameter of each fiber, and
w being the wall thickness of each fiber .

2. The process of claim 1, wherein the testing liquid is
water, methanol, ethanol or a mixture thereof.

3. The process of claim 2, wherein the testing liquid is
water.

4. The process of claim 1, wherein the testing liquid is
isopropanol.

5. The process of claim 1, wherein the testing liquid is
a liquid hydrocarbon or a silicone oil.

Patentansprüche

1. Verfahren zur Prüfung eines Filters mit zwei durch
eine poröse Membran, welche ein Hohlfaserbündel
ist, getrennten Kammern, umfassend

i) Bereitstellen eines Filters mit einer trockenen
porösen Membran, die ein Hohlfaserbündel ist;
ii) Erzeugen eines Druckgradienten zwischen
den Kammern;
iii) Einbringen eines Testflüssigkeitsvolumens in
die Kammer mit dem höheren Druck und Benet-
zenlasssen der porösen Membran durch die
Testflüssigkeit;
iv) Beobachten des Druckgradienten zwischen
den Kammern oder Messen von Gasfluss durch
die Membran;

dadurch gekennzeichnet, dass das Testflüssig-
keitsvolumen im Bereich von P·n·L·π·
(di·20mm+400mm2) bis P·n·L·π·(di·w+w2) beträgt,
wobei
n die Faseranzahl in dem Filter ist,
L die Faserlänge ist,
P die Porosität der Faser ist,
di der Innendurchmesser jeder Faser ist, und
w die Wandstärke jeder Faser ist.

2. Verfahren gemäß Anspruch 1, worin die Testflüssig-
keit Wasser, Methanol, Ethanol oder eine Mischung
davon ist.

3. Verfahren gemäß Anspruch 2, worin die Testflüssig-
keit Wasser ist.

4. Verfahren gemäß Anspruch 1, worin die Testflüssig-
keit Isopropanol ist.

5. Verfahren gemäß Anspruch 1, worin die Testflüssig-
keit ein flüssiger Kohlenwasserstoff oder ein Silikon-
öl ist.

Revendications

1. Procédé pour tester un filtre comprenant deux com-
partiments séparés par une membrane poreuse qui
est une liasse de membranes à fibres creuses, com-
prenant les étapes consistant à

i) fournir un filtre ayant une membrane poreuse
sèche qui est une liasse de membranes à fibres
creuses ;
ii) établir un gradient de pression entre les
compartiments ;
iii) introduire un volume de liquide de test dans
le compartiment ayant la pression plus élevée
et permettre au liquide de test de mouiller la
membrane poreuse ;
iv) surveiller le gradient de pression entre les
compartiments ou mesurer le débit de gaz à tra-
vers la membrane,

caractérisé en ce que
le volume de liquide de test est dans la plage de
P·n·L·n·(di·20 mm+400 mm2) à P·n·L·π·(d·w+w2), où
n est le nombre de fibres dans le filtre,
L est la longueur de fibre,
P est la porosité de la fibre,
di est le diamètre intérieur de chaque fibre, et
w est l’épaisseur de paroi de chaque fibre.

2. Procédé selon la revendication 1, dans lequel le li-
quide de test est de l’eau, du méthanol, de l’éthanol
ou un mélange de ceux-ci.
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3. Procédé selon la revendication 2, dans lequel le li-
quide de test est de l’eau.

4. Procédé selon la revendication 1, dans lequel le li-
quide de test est de l’isopropanol.

5. Procédé selon la revendication 1, dans lequel le li-
quide de test est un hydrocarbure liquide ou une huile
aux silicones.
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