DESCRI PTI ON OF THE | NVENTI ON RAPI D | NTEGRI TY TESTI NG
OF POROUS MATERIALS Field of the Invention [001] The
invention relates generally to the field of validation
testing. In specific enbodi nents the invention
relates to integrity testing of porous materials.
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requires that these filtration devices conply with _
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the case of nmenbranes, integrity testing ensures that

tram@%ﬁlﬁaétﬁréd §<9od%f arﬁ’@?éiﬁh%teﬁalg W&ﬂ@b@tﬂah&}etﬁh@s in which

exceedi ng a desired size limtation

theyoagg s'ggﬁﬁélﬁgé % gﬁ i coﬁt'g?npﬁlﬁﬂ 8@)@&?}9@4}}@@%&@@' {2%il and gas

B 4 eapéfé‘ﬁoﬁéc'ei‘s%m Bkl TR P o

of menbr anes, %4 filtrati on devi ces, have bee
pr e[ﬂO@ﬂJsm)BQYGQQhQ teese meustses such@s the pharmaceutlcal and

biotechnology industries and the food processing industry porous materials, e.g.
membranes, may be used as filtration devices to eliminate undesirable and potentially
harmful contaminants from marketable end products. Quality control and quality
assurance requires that these filtration devices comply with desired performance
criteria. Integrity testing provides a means for ensuring that a particular device meets
its desired performance criteria. Typically, in the case of membranes, integrity testing
ensures that the membrane is free of defects, e.g. breaches in the membrane
exceeding a desired size Iirﬁitation, which would impair the membrahe function and
thus allow the end product to become contaminated with harmful or undesirable

material.



the particle challenge test, the liquid-liquid
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procedures and analysis can be difficult and complex.

[006] Flow based tests provide one method of integrity testing porous
materials that does not require the destruction of the sémple. This allows for the
repeated testing of individual samples. Testing may be conducted prior to use or after
one or more uses. Flow based tests may, however, be limited in their sensitivity, e.g.

size detection limit of membrane defects. A further limitation of certain flow based

tests is their reliance on detection methods which may be unduly cumbersome.



[007] A need therefore exists for an integrity test
that is suitable for any porous material, including,
for exanple, both single |layered and nulti-Iayered
devices, e.g. devices conprised of nenbranes. The
test should be fast, sensitive, non-destructive,
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dependent on‘two gases, 3 however, nore than 2 gases

meet tRESe fefifiefdraé ed as are other detectabl e substances,
e.g., one or nore liquids. O her enbodi nents of the
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to determine i desired performance criteria of the
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| the integrity of a porous material that is fast, sensitive, reproducible, non-destructive,
inexpensive, flexible in terms of the orientatidn of the porous material, amenable to a
wide variety of signal detection means and easy to execute. The porous material may
comprise a single layered or multi-layered membrane device. Thus in some
embodiments the invention provides a method of integrity testing of porous materials
that is based on the concentration of one or more detectable substances, e.g. one or

" more gases, in thé permeate of a porous material, such as a membrane. In certain

embodiments the test may be a binary gas test, i.e. dependent on two gases,



of the defect or if the defect is inconsequential in
terms of performance criteria. Still other
enbodi nents provide an apparatus and system whi ch can
i mpl enent these integrity tests. [009] In one
enbodi nent the invention provides a nethod of
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enbodi nent the invention provides a nethod of
such thatsat deasigomeeof thetcagienandihedeiectable sibstangespermeate the
conprising a) wetting the porous material wth a

porous inaterihl; d) recivetiating the midtinessf b drdna aepermetate opthreoparous
material with conpressed air; and with a
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t he de bl bst h
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additional step f) comparing the assessed concentration in e) with the concentration of
the detectable substance in a permeate of an integral porous material, wherein an
assessed concentration in €) which is greater than the concentration of the detectable
substance in a permeate of the integral porous material indicates the porous material
is not integral. Integral, when referring herein to a porous material, means non-

defective.



material; d) recirculating the m xture of b) froma

perneate of the porous material in a fixed volunme on

the perneate side while continuing to apply the

pressure of c); e) assessing the concentration of the

fluoro-carbon in the perneate of the porous naterial
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the size of a defect in a sample porous material comprising a) wetting the porous

~ material with a liquid; b) contacting a first surface of porous material with a mixture

comprising a carrier and a detectable substance; c) applying pressure to the first

surface of the porous material such that at least some of the carrier and the detectable

substance permeates the porous material; d) recirculating the carrier and detectable

substance found in a permeate of the porous material in a fixed volume on the

permeate side while continuing to apply the pressure of (c); e) assessing the

concentration of the detectable substance in the permeate of the porous material over



material with a liquid; b) contacting a first surface

of porous material with a mxture conprising a

carrier. and a detectabl e substance; c) applying

pressure to the first surface of the porous materi al

such that at |east sonme of the carrier and the _
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[014] In yet another enbodi nent the invention provides
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perme&tetige Wile Tohtituihg {6 appythe peessies oﬁ(@y%t)@ssé@smg the
assessing the integrity of a sanp e porous materi al

concerﬁPeHBﬁ' oFthe d féc?éﬁ?é‘%%é‘t%néé i ate &f ﬁﬁasﬁbt‘&@strﬂé’tenal over
a a

tegrity of a porous nateri programmab
time; aﬂagi gor%BQFlﬁé) r{eeéssesélé'ed %%lngerqt%tlon if )-\<N|{ﬂ1ga cgl%ﬂ at&i Hedtetical

concentration of the detectable substance in the permeate of one or more known
standard porous materials comprising a defect of a predetermined size.

[013] The skilled artisan will understand that one or more of the steps recited
in each of the methods described above may be combined into a single step.

[014] In yet another embodiment the invention provides an apparatus for
assessing the integrity of a sample porous material comprising a) a housing suitable
for receiving a porous material to be integrity tested; b) a source of a detectable

substance in fluid communication with the housing; ¢) a source of a carrier for the



[016] Additional objects and advantages of the

invention will be set forth in part in the

description which follows, and in part will be obvious

fromthe description, or may be | earned by practice

of the invention. The objects and advantages of the
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a second cross section of an apparatus housing and a
assessirgfiiecintegrity aha poFougumaterial mad saprogcammiable ogia ¢antroller

housi ng and sanple nmenbrane. 7 [019] Figure 2 is a

smtablerf@nol*écéw npuefré@r@aséson of Fourier Transform
Infrared Spectroscopy (FTIR) signal in nenbrane
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menbrane sub assenblies. [022] Figure 4b . is a graph
inventishavill hg réalizad andyatidined byuseansref therelementscand combinations
popul ati on of nenbranes described in 4a after further
particuryossiicdgout (D B# appended daints.a graph showi ng t he
results of ten replicate tests of a known

[017] ltis to be understood that both the foregoing general description and the

' extern

following detailed description are exemplary and explanatory only and are not

restrictive of the in\/ention, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[018] Figure 1a is a schematic of an apparatus used to test the integrity of
membrane cartridges according to one embodiment of the invention; Figure 1b is a
first cross section of an apparatus housing and a sample membrane; Figure 1cis a
second cross section of an apparatus housing and a sample membrane, Figure 1d is

a side view of the housing and sample membrane.



good cartridge installed with a 1.31 mcron fixed
orifice defect versus results for the sane cartridge
before creation of the defect. [024] Figure 6 is a
graph showing the results of an integrity test on
several asymmetric PES nenbrane cartridges under
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0620, al though not having a created orlflce
[020)rFigured is grapheshoving . canupayjson katween thgorstlgalblmalculated
conparing results of an integrity test of sone

and expesimentally o bSERetepdrmasate cantenttaiies for orenibrgne eaétridges having
under optim zed (reverse) and non-optim zed (forward)

a defe@VIUhbivAnsze.@2 freon parti aI pressure of 11.25 psig and
a total contact side (i.e. non-perneate side)

PRt gyt i L SRR A4S g

t hods, of th Inv{erg)él on [026] Certain enbodi nents of
in procpﬁ%n}qmlérﬁlpp €S nethod, for asseSS| ng t he

integrity of a porous material. Typically

R stigeenfhiivia gmmﬁbowmgd%reﬁ@ﬂ@al vewawsém@{prrtbﬁ&ame

relatively invariant. Mreover if the downstream
populatioh wfrmensbrianesiesaribkd inedalafténfsirtbeaprddessinghr ough an

i ntegral nenbrane is known, or insignificant conpared

{or3]heigtirs 864 afdraph shbw:r@fthecrésws 6feteR ¢eplidate tedy ob& known
determ ned fromthe rate of rise of the concentration
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(] ehiiguze Bdmagraph shewinarthemepylisiel an mtway {estea syeral

an integral porous material such as a nenbrane and or
asymnettie P8 membyrahe cadrigges usdemner-optimizedi eanditions (forward) (1 5.5

psig partial pressure of freon and a total contact side (i.e. non-permeate side)
pressure of46 psig). Orifice refers to a fixed defect of known size. Cartridge 0620,
although not having a created orifice, was a known defective cartridge.

[025] Figure 7 is a graph comparing results of an integrity test of some
asymmetric PES membrane cartridges from figure 6 run under optimized (reverse)
and non-optimized (forward) conditions( a freon partial pressure of 11.25 psig and a
total contact side (i.e. non-permeate side) pressure of 30 psig). Orifice refers to a

fixed defect of known size.



a defect of known size, e.g. dianeter. The detectable
substance may be recirculated to present a uniform
perneate sanple to the detector. Recircul ation may be
acconpl i shed using a punp in communi cation with the
perneate side of the porous material being tested for
integrity. In certain enbodi nents the benefits of
recirculation nay be both econom cal and
environnental in that it limts anmount of reagents

used. The PLI% ¢ ETR M"El‘ii ted such
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certain 9 enbodi nents the invention may avoid the use

volume magurehesis eslatiiidy énatiant. narsover éfghiée dongistreditr esitimlel is&nown
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tight surface where pore size is snmaller, or the open
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one or nore exhaust conduits in fluid conmunication

to presgint B wiformaiedmeate sarapleplortbasletester. i Becifglation may be

facilitating renoval of the detectabl e substance after
accompiistied asihg a pump in communication with the permeate side of the porous

material being tested for integrity. In certain embodiments the benefits of recirculation
may be both economical and environmental in that it limits amount of reagents used.
The recirculation rate may be adjusted such that the detectable substance is quickly
incorporated into the stream flowing to the detector. Recirculation eliminates the need
to achieve a steady state and thus may provide a more rapid result compared to

- previously described integrity tests. Moreover, the method may be easily adapted to

accommodate virtually any type of detector known in the art and thus in certain



t hereby reduci ng background of subsequent tests and
increasing sensitivity. [027] The steady state

di ffusion equation provides a flowrate that is the
maxi mum t hat woul d be seen if the integrity test

descri bed herein was allowed to equilibrate to steady

embod%@ﬁ% ethéhh 1 é&év%Xhé‘u‘éé%‘F%h%@ﬁcﬁﬁé deidBon b srs

qul my be we suit
nt egr

requme.«égto@r@&|ue@pfnaggym:pzméaonag BEHIBLE b iy s

overcome the convective fl ow ough the defect .

for detﬁﬁ!@"n@f el deipcts comparet iapiexquS ys%%cg@ﬁééechmques The
difficult if not inpossible. Steady State Gas

methodis highlyoepezdusible and i ektodinests wheve the porousomateriabls a
RTAfc MHL P L out where: Q= Gas flow (cnB/sec)

membeine ti eetifid @@vm&ttesﬁtﬁg theniatdgrity of a fhernbiangUindany orientation.
densi ty (g/cmB) M. = Liquid nol ecul ar weight (g/nol) D

Thus, Er@‘xé@ﬁﬁé ‘élnt? fi rg%ﬁgztrﬁéﬁbﬁéﬁé’ BJ‘SOrlltlaSﬂédQNl(r?ﬂ% $B&dre of

ant psSi = Absol ute upstream

the car{ﬁgﬁ%ﬁ? tﬁ?(ig?q\t;g%pd? gﬁggtgﬂc%ﬁﬂé%gmﬁﬁ%m %ﬁ&%) ﬁ/@?fg ?ore size

is smaﬁér?g?mgﬁs gngenrﬁg %WLPF‘%H‘P@I s_léqubg.zlca) ijeiyg)stlmqgﬁy ﬁ1e perngegte which
is fed to the deteétor may come from either side of the membrane, so long as it is
opposite the side initially contacted with the mixture. Thus a membrane may be
integrity tested from either orientation without the need to physically reorient the
membrane. Both sides of the porous material being tested may be evacuated by
means of one or more exhaust conduits in fluid communication with each side of the
porous material thus facilitating removal of the detectable substance after each test
thereby reducing background of subsequent tests and increasing sensitivity.

[027] The steady state diffusion equation provides a flow rate tﬁat is the
maximum that would be seen if the intégrity test described herein was allowed to
equilibrate to steady state. This suggests why a transient test time, which may be
performed quickly, may be well suited for determining the integrity of porous materials
being tested. If the system reaches steady state, diffusion may overcome the
convective flow through the defect making detection of the detectable substance
difficult if not impossible.

Steady State Gas Diffusion equation (Fick's First Law)

10



s = Menbrane porosity Choke flow, which is applicable
to a transient test tine is described infra at page
16: In certain enbodinents the integrity test
according to the invention nay be practiced wthout
the necessity of allowing the systemto reach steady
sr are, y;a_ nlﬁe pvides for a rapid determ nation
151 ity of a porous material such as a
rred%,f &he. [L028] Phe|conditions under which the nethods
of the rnvention are practiced may be chosen by the
Kid-l ed artisan. As an exanple, the methods of the
I nventi on may be practiced at a tenperature ranging
from ut 1 Cto. _about 60C 10C to
Qg bout Gcion e s BSRigkigiat A Rise ARHnHERS ¢ ne
Pi nveTitigHd dgngjf 3&(9’?@ d at a tenperature of about 20C.
Min andigiid moteedanwaight (@malnvent i on may be practiced
Dat a=tiffpsivityt of thegasdbaughate hpumchnﬁ‘mooest may be
Hr un shtery'dildw eoastant(pgdr essure that is one side of
Plhhe =gWbpluite ppsteamipressurel(psia) be tested may be at a
Pl I SE AYseRAY dBwrRfledmSsreastres(pdia)of 11 the sanple
: porogsMémb HethickR¥sPecAl @ second pressure. In
certai nb§ ggli SI de of the porous
R L 1585 Y
materl lllﬁ@ g ﬁ? ('Kr y be equal to or
near elh q%é r%g 3f t 62 orous material. Thus
At he pré’é JF'%m ﬁaq eaeﬁ f the sanple porous
mat erfal TraerpRranedRaresity han the pressure on the
per meat e si de of the -porous material. [030] The
met hods of the invention may be practiced at a
pressure, e.g., a feed pressure, ranging fromabout 1

ChokeRfow, iwhiéth izdpplie8bledb;a framsientaest tirhe iP8esdriberbinfra at page 16.
PSI; fromabout 5 PSI to about 60 PSI; from about 20

In certam! egﬁ@oé\@'%‘h&shﬁé iRrte nt;} fost QE&SrBﬁ{g t%"t’ﬁ@%d’&?ﬂbntrﬁSy be practiced

ods e I nv nt| on nmay practiced

wﬂhouﬁﬂfe?@%c?%sﬁy pﬁ gl?q(%ﬁbg il?e gﬁstﬁﬁt’t% SQBB raégee}ed?sgg{en%% th hf provides

for a rapid determination regarding the integrity of a porous material such as a

membrane.

[028] The conditions under which the methrodsA of the invention are practiced
may be chosen by the skilled artisan. As an example, the methods of the invention
may be practiced at a temperature ranging from about 0°C to about 100°C, 4°C to
. about 60°C, 10°C to about 50°C, 15°C to about 30°C. In one embodiment the
invention is practiced at a temperature of about 20°C. In another embodiment the
invention may be practiced at a temperature of about 4°C.

[029] The test may be run under differential pressure that is on‘e side of the

sample porous material to be tested may be at a first pressure and a second side of

11



at a pressure of about 50 PSI. In another enbodi nent
the nethods of the invention nmay be practiced at a
pressure of about 30 PSI. In yet another enbodi nent
the methods of the invention nay be practiced at a
pressure of about 15 PSI. Ina further enbodinent the

the sarhplastrb@8 nigR¥ridlenfy Betdt assbodhd dresfie Ule ceRaih érfibbdiffents at
bel ow t he bubble point of the porous material. In '

oast ol AERAROHIEIL  AEpRSOR AP TR o1 nr
e BB B e, HRB SR 548 e

slow y decreased by snall increments while neasuring
sample; peRRUE Anatesamay Meareataritean therprespriesan the peyneste side of the

ranped up or down in stepw se increnents. The stepw se
porousi mategiaknt s can be between 0.5 psi and 100 psi; or

between 1 psi and 25 psi; or preferably between 5 psi

D] 1Phemethdds sOiie isvéidnTRaY Hetpracticrl ateyrdssure) re.?., a
with at |east one side of the sanple porous nmateria

. . |
feed prze%gﬁr%lz&ﬁlgg fl‘gﬁgﬁﬁo&‘taﬂi&rfb t 180 PBI: 76 Ut 109°S] to about

ess than psia. 12 [031] In certain

7o P ETRAASE e P 7B B Mo ESL BRI 51

sensitjvity of the test may be as follows. The fl ux
anotheéfemho&@apnétag ragihods alithe (YEBHORHIAYE Pﬁ\g@c@‘lﬁgﬁ&éﬁsum of
(and equal zero at tine = 0) while the convective
about 30-8% RRly Inemei embodistenttheomethedseidbe inventignaaay he practiced
establ i shed and mai ntai ned. Upon pressurizing the

at a prégsire ofabsuids0 PSIt reanottebembedirhéret the wettiods bbthe invention
diffusion will be zero (but increasing) while the

may bf?@ﬁ‘ﬁ%& %€a ﬁrl?é%rw aB8uf 80 PSIe$h 98l 4rdBEr erhB8diment the

mtations ‘of sensitivity then become 1) the tine
metnolE B 78 B AabEREEIEE el PR 57530 a frver
embodyBRBLNEIYRIcHINK BRIZEHGRY 74 LESayTinel IS UR| bgudhe pubble
point o?;cgcaf ggrio%g r;gtgigf eIL sltill(é?ﬁgre;raliaggiments the pressure may be ramped
up, e.g., slowly increased by small increments while measuring flow rate and
concentration. In yet other embodiments the pressure may be ramped down, e.g.,
slowly decreased by sma" increments while measuring flow rate and concentration.
The pressure may be ramped up or down in stepwise increments. Th’e stepwise
increments can be between 0.5 psi and 100 psi; or between 1 psi and 25 psi; or
preferably between 5 psi and 10 psi. In some embodiments the test may be run with

at least one side of the sample porous material to be tested under vacuum, e.g. ata

pressure less than 14.7 psia, less than 5 psia.

12



dt NTatal Were: YTracer = Perneate side Tracer gas
nol e (or volune) fraction nTracer = nolar flux of
tracer (noles/second) NTota, = total anpunt of gas in
- the perneate side volunme (nmoles) [032] In sone

enbodi nents a detectabl e substance, e.g., a tracer gas

f0%a1 InfeeR@irsemibblingerts RGN carfiet Hed WS Hétegtdblelsilistance
may be used. For exanple, the porous material could

t
oy S AR e it v BN

| oxi d
folows; R RBER PR obE b e q@’ﬁ%bﬁeﬁﬁ‘?ﬁﬂtéﬂ”" equal
d| ffuses into the water_woul d react. However,
zero at{ime i §)|Wie ﬂﬂﬁw@@gﬁctyedfmmamm%nﬁensta@aence ?IrRI@S ll'f@
presence of CO2 on thedperrreate side woul d be
gradientrisliestabliskedand maintaited. TWeon kressadzingrtbe spatreaml side of the
understand that the byproducts of the reaction (which

membriafe! thiesfluxediee & diffusieh avill belzerd ¢utwetredsingy while tieeconvective
fl ushed from the porous material before it is used. 13

flux ma]y b&@?@sﬁ%ﬂl@ﬁe@eﬁﬁétlmﬁ&lﬁné @B 3&nH6vifl tﬁéH%’%%@rr@?)Vlﬁe time

ybe esirable in certain S|tuat|onsto be a

requwe?ﬁp&?%%?h“‘t {ggﬁ%seﬁ)é%g e&h'gé)l g%? g&féc:; 18 e @ger cgc%{éctor sensmwty,
and 3) e ey betie t@é&g&”s&%dﬁw Bs%e%fpséﬁ‘?m%ﬁ Saparé £ s

di stribution denS|ty, bot h of which may be useful in
convectivedlovi.ng a material's integrity, particularly as it
relates to retention. Gas flow through a defect is due

to primarilé tg convrpctjve rather than diffusive
tranghﬂm.: s have nodel ed gas fl ow

in defdtcts assum ny,};,he Hagen-Poiseuille equation

applesT—However,  one skifted in the art Wl

Where: | £¢0 p%%evgé%pﬁf@?e%g@ér' |JPBIe rl\/8|u%af?re?étlohne

|
|m%g ’rr 0'2 Foss the

1986 VTomh T ,tqta anpUpt @ fgqs |nt e permeéte S|ge volumew?mbles)

[032] In some embodiments a detectable substance, e.g., a tracer gas that
reacts with a component of the wetting liquid may be used. For éxample, the porous
material could be wet with an aqueous solution of sodium hydroxide. The porous
material could be contacted with a rhixture of carbonvdioxide (detectable substance)
and compressed air (carrier), such that any CO, which diffuses into the water would
react. However, any gas which flows through a defect would not react, thus the
presence of CO; on the permeate side would be indicative of a defect. The skilled
értisan would understand that the byproducts of the reaction (which in this case are

water soluble) would have to be flushed from the porous material before it is used.
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Research, 43:67, 1986.). At typical integrity test
conditions, the flow through a defect nore closely
foll ows choke flow, particularly if the defect
dianeter is large relative to the thickness of the
retentive zone within the nmenbrane. In general, the

tr-ansxltbgﬁnEylﬁgwd@ggpsﬁ%seui [le flow to turbul ent

flowto C nction of the ratio of the

BT RoridtuS5e8 oPave 1 BBy ot Sl A TIAB g ons to 8 able

cal cul ate the defect dianmeter assum ng a single defect
to charagterizecss defiect grefigptsiinagporpygymaterial beyom:l perely paling its

PORMv Pent - where: 14 Q= Gas flow (cnB/sec)
presere:eadrlaitsedcat Cebotairs embadinoemtd iof thenimveior-ptavidesa noéthod of

defects Dp = Defect dianmeter (mcrons) y = Ratio of

calcula&mgt‘défe@t digmkterMiadiSiBution aensiey, both ehivhice/ray e Useful in
Gas constant (1205.95 cnB psi/nmol/K or 8.314 E+7 ¢

st RS o ARELY R 6 gl

Gas flow\fWr%tuB 3 i due tg%srlmaarlly F PCoMective (rear\t'h%r than diffusive
transport. Several researchers have modeled gas flow in defects assuming the
Hagen-Poiseuille equation applies. However, one skilled in the art will recognize that
this equation is valid only at the limit of very low pressure differentials across the
membrane (R. Prudhomme, T. Chapman, and J. Bowen, 1986, Applied Scientific
Research, 43:67, 1986.). At typical integrity test conditions, the flow through a defect
more closely follows choke flow, particularly if the defect diameter is large relative to
. the thickness of the retentive zone within the membrane. In general, the transition .
from Hagen-Poisedille flow to turbulent flow to choke flow is a function of the ratio of
the permeate pressure to the feed pressure. The choke flow equation is provided

below and may be used to calculate the defect diameter assuming a single defect is

present:
yv+1
N,y d: JyMw[ 2 7
4 RT | y+1
0 =
pexit
P _Pou,Mw
exit RT
where:
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[034] The integrity of any porous material may be
assessed using the nethods, devices and systens of
the invention. As an exanple, but not as a
limtation, the porous material may take the formof a
cartridge, a cassette, a sheet, a columm, a chip, a
bead, a plate container, a bottle, a cap, a cylinder,
a tup 3 [ T us '
Q% & %qsafIJW fcg-n lgé??p@/iagﬂ;%g% fai BowhStiaam ¥ndRIne

mat er DEY ¢ an organi c or I norganic

i
N = e ! . . . .

Prol eC . 1Bi. nation of organi ¢ and i norganic
Dpro| e%ﬂzg_%?m[m@e SrBUORE erial  may be conpri sgd of a
Y hydr B itatici &f spesiiishedts a hydr ophobi ¢ conpound, an
Mal eop Kaasi motesutas wrightx(g/ropledphi | i ¢ conpound or any
Rconbs 1G4S constargr(¢205.95hm”° peiool& naB&ddE+frgycndmol/K/s?)
TconpsiAbediuté Tensperatun@(€) a pol yners or copol yners. The
PRol y%om.ubgtréémsﬁrééah@.C(psibE%] The porous materi al
PIRY baHeoIme 'd%gﬁhsﬁéaﬁf‘[yre%lhr‘ea(b gymaterial, including,

not 'rmted to polyether sulfone, polyande, e.g.,
nyl on, cellul ose, polytetrafl uoroethylene,

I fone, polyester, polyvinylidene fluoride,
Porous %%ﬁ%&pyl ene, a fluorocarbon, e.g. poly

&éﬁetrafl uor oet hyl ene- co- perfl uaro(al kyl viny] et h(ﬁ{g)’
X4] Thaineaayof 3py nRsews Matkrial gnay ke espessed using
pol ycarbonate, ceramc, and netals. The porous 15
methods,tdevicals arwlysysterna of ithe inventiol. Assinepample, but not as a
mul til ayered nmenbrane. The porous naterial nay be,

limitatibAr theXpurelise mate il imhaptdkelthe foran biiautartridger, ardassatté | atheet, a
plate, or spirally wound. [037] In certain

colum@fﬂg’&ﬁb?%&?ﬁ g‘lﬁléggrc?rlﬁiﬁ@rt 8Miottle, BRYad Y &YIINBERRBe, a hose, or

rat i on device conprising a
rane. The porous material nmay be capable of
a mong@&budi ng sol utes based on the size of the solutes. As
an_exanpl e the ores of the material may he too snall
[035]1 Theporeusmatalipl may e Samprisse obn STgalE of inorganic
size, e.g., dianmeter or a Jaarti cul ar nol ecul ar wei ght.
molecutiee omardanabinatiery oberganic and inorganic molecules. The porous material

may be comprised of a hydrophilic compound, a hydrophobic compound, an
oleophobic compound, an oleophilic compound or any combination thereof. The
porous material may be comprised of one or more a polymers or copolymers. The
polymers may be crosslinked.
[036] The porous material may be comprised of any suitable material,

including, but not limited to polyether sulfone, polyamide, e.g., nylon, cellulose,

_ polytetrafluc;roethylene, polysulfone, polyester, polyvinylidene fluoride, polypropylene,
a fluorocarbon, e.g. poly (tetrafluoroethylene-co-perfluoro(alkyl vinyl ether)), rpoly

carbonate, polyethylene, glass fiber, polycarbonate, ceramic, and metals. The porous
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contained in a housing e.g., a cartridge, a cylinder,
a cassette. The nenbrane nay be a flat sheet, a
multi-layered sheet, a pleated sheet or any

conbi nation thereof. The menbrane pore structure may
be symetric or asymmetric. The nmenbrane may be used

materia{l: Al )f be W tWé'fBHng% a@ﬁ@@#o?%m'égéieﬁl RehbFhndi *Fge porous

m nants su ctiou organi sns

. uses, a nvitonment al

matena}ﬁmw%rf?gexqrne’e SR TR H—
menbranes, mcrofiltration nenbranes, and reverse

wound.osnosi s rrenbr anes. Liquids and Wetting Agents [038] In
certain enbodi nents the porous material nmay be wetted
[037h Inmertain embodinerds ithks pprausrmateriabmiay i a Mambrane, e.g., a
met hods of the invention provide for the use of any

filter or ittt @dmewcbrﬁpﬁgnP% meatbrase.a RS porodis agatetial way toee
porous materi al ection of a wetting agent is

capabl%"o? E%é]ualhﬁ %‘ﬁ%&% g gﬁ tﬁétslz% tﬁé‘gofmé(s.b%sg@ ﬁﬁérﬂnB@the

si cal properties

q‘f:ﬁ@‘)“S%”aéliaéflo?;Eg&ﬁ%mg%ﬁﬁwf@gﬁaés@%gﬂag%ﬁLo“%sfasspemﬂc '

of the contact an le 0. The nethods of the i nven
size, e garfligjaete] ShacRArtieY ahm%ﬂﬁﬁff’%‘gh{enﬂ%ﬁ@n BHF MBR¥ I e
16 by sel ecting non-aqueous solvents or prewetting it
containgidtih a lnausing egcea camddgm o cylinder, 4 cassettas Taenngmhrangmay
30% i-sopropyl al cohol and 70% water) and exchangi ng

be a fidtRBebh W maltithpsredt shast, anplehtédishvédt orsmlyeontbination thereof. The
. alternatlvely wetting the menbrane with one or nore

membrggg?%'r& aﬁgé:/tﬂ;%‘eﬁ%gtﬁgrﬁﬁ@i bp&ﬁﬁﬁ%ﬁ’iﬂ eTkéhdPfbrane may be

uste the appropriate

e A Al ol I 5 s

perfluorinated solvents, A skjlled artisa { h
organisinsiand viHaes. ras well A5 &avwommsnbétog@v%e@%eo nts. The
consi dering the chem cal properties of the porous
membranes may inclodeelltrafitration menabrapganpicsofitiatiorememebraoes,and
material is conprised of a hydrophilic material a
reverse bsinobisanembvarses. ncl udes water or a sol ution conprised

Liquidzfand Wetting Agents

| [038] In certain embodiments the porous material may be wetted wit‘h one or
more liquids prior to testing. The methods of the invention provide for the use of any
suitable liquid to be used as a wetting agent for the porous material. Selection of a
wetting agent is within the skill of the éﬁisan and may be‘determined based on
chemical and physical properties of the porous material. Porous materials vary in

terms of their wettabkility, which is often expressed in tefms of the contact angle 6. The

methods of the invention, can be adapted for hydrophobic membranes, for example,
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wat er. The solution may be, for exanple, aqueous
sol utions containing salts and oxygenated
hydr ocar bons such as al dehydes or al cohols or neat
al cohol s such as isopropyl alcohol. Were the porous
material is a conprised of a hydrophobic nmaterial a
by selegingdisineaqyenuiscsategnts A€ Prrwettng itavigrlomeswircestensiondivids
as dodecane, perfluorinated conpounds, carbon
(such asamaiktureof 6% isepropy! alcohobare] 70%wetes) andexarangimg the low
the like. Carriers and Detectable Substances [039] The

surfacé ?éﬁél&{ fl@advith wafti toR Glite P Rive s HAG Sh&BerRirahBOFiEN oRY or
the skilled artisan, based on the solubility of the

more &ﬁ%ﬁlgts%}net‘ﬁéé u?ﬁé %g%gaging eﬁr@? \?f@ d&dtnﬁcg% a{ljﬁg%g"f?yec?l gling fluids |
with the iR ORTATe &vﬁa?g ST B aohARl 3aBe Hork absut Semerom

may be a mxture of gases and vapors. In other
for wammabmm&dymmlcmfm perfluanivatedesaleardst Abskdllecsantisanmdlethus
may both be 'gases. Virtually any gas conposition may

undersig@nd e al Iyuid gt bes selgctedebynednsidiaingf thelohemigaingroperties of the
provi ded that the solubilties in the liquid used 17 to

poroué’\ﬁfategrrég tcﬂ’Bé%’ﬁeﬁa%rér@éxé\hﬁlé Wheré fisd péﬂb@s%&t@ﬁ"a% doPnprised

not oded w t e carrier thereby blinding t

o s KRBt SR 5 A
d_fe akfl e substance wil| have a hi gher concentration
water. ofhe gpltfiap nayahe.der exanple. 2gHBQYs: Aelktiopy seytajyeg salls and

plurality of gases is used, i.e., where the carrier
oxygematediydroassbens sitheas alsiehydes or sicobalssaraiess alaphelsssuch as
gases, the percentage of each gas in the mxture may

isopropy atdsrsn Vihert e prdusetiatarial s covyprised eiarlwldeophdtm e
2 gases are used the first gas may be used at a

matenEPé §§ﬂ’ét§|€ ﬁgMi‘é‘ HER ifchits A8y BFgHﬁ@QéWéntos&ho/aé Sodetapiet
% and the Second gas rmay be present at a

perﬂuc&@{a&%&:&%o\d%é‘, Brb SN Rt uofit8 ALY aleBhe e Wiuene or
the like.
Carriers and Detectable Substances

| [039] The carrier and the detectable substance may be chosen by the skilled
artisan, based on the solubility of the detectable substance in the carrier. In some
embodiments, it is contemplated that the detectable substance may be one or more
vapors or liquids. In other embodiments the carrier and detectable substance may be
a mixture of gases and vapors. [n other embodiments the carrier and the detectable

substance may both be gases. Virtually any gas composition may be used in

practicing the methods of the invention, provided that the solubilties in the liquid used
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[041] The invention provides for flexibility with
regard to choices of liquid and gas conmponents and
conpositions. Carriers and detectabl e substances w ||
be chosen based upon their squbiIity in the quuid
used to wet the porous material ratio
to wet the! RASPHS matemaltafe suigh thatrthe &eamordlétr@é flagfed !M}B§h§r$@é"ef
may be readily determned by the skilled artisan and
therebyrhiinding e detestalio the paBebce ab the deteotable ablkstana®oTypically,
about 80:1; about 60:1 about 50:1; about 40:1; about

the mix@@reléorapi@dihg A& darriebarl tHd détectdtdsubstance will have atHigher
of sol ubi I|ty between the carrier and the detectable

concer@*%fi%h%f%‘érr‘ie?thléﬁ’ﬁeﬂ!’c?é’dle sﬁb&gn@éeater than 1000:1 the

n sone cases becone flooded wth

Efﬁi&it St PRra/f of Spes e Ly Bl A P8 ane e

npressed air, nitrogen, oxygen, Noble gases, e.g., .
detectahlp SURSIEAERPT subgtancer a7 @ 9aseEribs, pargeriAge of easkgas in the
e.g., nethane, ethane, propane and the |ike. Suitable
mmtureimaydueadh%mh;etr@mi@bdmysamcmcm éxanople, wherma gasesare
as Freon, e.g. C2F6, al cohol, sulfur hexafl uoride,

used tHeefiist gas Méy?&b@ase@ abla peﬂ(ﬁéd’t@g@ vollgheetamgyirey Prowpaaut 0.01% to
etc., olefins, et hyl ene, propyl ene, butyl enes

about @é ?9% GRuRA8 sgbgl’f(F ng @BFééé‘ﬁT‘Q{(é %rcé?ﬁggﬁégélﬂme ranglng

atil or gani vapors, e.g., net hanol

The skilled artisan w ||
fromalgé)tg @ é"ttga%%g)ifggggﬁ%f‘tlvity of the integrity test wll
| uence apability and.the rate
U o Tenias pepvisies ok kISt SR Tepeisttp toicah il 18U and
enbodi nents, e.g., where the carrier and detectable
gas copyieneatscand eeapbsitianga Sesrierstanddeteetable substannesavij be
pairs with noderate differences in perneability and

choserybasesdbopors 'the'ilostﬂubihwnn laey tiquid isedeto ivest the porausematerial. There
concentration (i.e. the detectable substance) and the

ratio opéd]@t!illm‘}rcﬁ 58 Eaﬁﬁer%‘ ﬂwé’&ét%cfa‘b?& 5@5sthhcEmayse Fe,%rd I determined

limt of using a dilute tracer gas, the

o e B S A Ry Py
about 86:1; abom?t%so:g a)noup50:q;n Ic}L(j"tr4(§:11,)about 30:1;Aabout 20:1; about 10:1
about 5:1. If tHe ratio of solubility between the carrier and the detectable substance is
too great, e.g. greater than 1000:1 the detector, may in some cases become flooded
with carrier making the detection of the detectable substance difficult.

[042] Suitable carriers include compressed air, nitrogen, oxygen, Noble gases,
e.g., helium, neon, argon, krypton, xenon, radon, alkanes, e.g., methane, ethane,
propane and the like. Suitable detectable substances may include fluoro carbons

such as Freon, e.g. C2Fs, alcohol, sulfur hexafluoride, helium, alkanes, e.g., methane,
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cis =D;S;, D SJ [044] For exanmple, C can vary from
approximately 0.001 to 1 for binary gas m xtures using
common speci es such as nitrogen, oxygen, carbon
di oxi de, helium hydrogen, and hexafl uoroethane, wth
water as the pore-filling liquid. For tests wher t he .
ethane,RiPPRAg eiq-qfalreﬁn%e-a- u'.egshe P&Pqnquua'ﬁemcaé"a?bon dioxide,
dodecane, gas pairs could include high perneabilit
carbongnisnexigaciydiegen heatatjle preania Houid VaPB(R, £@ mtlﬂamolme%anol,
| ow perneability gases such as helium hydrogen, and
acetonei étc 0Jan.skillkdHrtisan wilnapprebiats thanhtensitivityesfthe dmtegnify test will
the gases is a hexafl uoroethane. |In other enbodinents
be infidHc BB HEREtor SRRy Bntishe AEMRISE SiBici begips to ocaur
ur i t, | - '
L9 o SHRITRhS. o o Rle B BaRier drtFyBEERE Substance
ases are. proyided as a m xture, of re than one .gas,
are boffrgasase L PQISeIHLYO ShoRse B8 DA EFbrEoRgialR NG e ReR: o
with the porous material. Wde ranges of gas o
permeabififyand gamcampositians thatdave one spegigs i trasecaggentration (i.e.
m xtures of hexafl uoroethane in CO2 can vary from|l ess
the detelatabl® sGbstant®) arat thetdther PiesBit agthe sllkIspediear(i.é.sthe carrier).
will be able to choose appropriate gases and gas

In the Khito# [1§_§1tgt§:‘§iﬁﬂe WiRRBr gag,wﬁe ReABIBVy 66theUsds Measurement is a
solubilify or perneability in the wetting |iquid.

et 88146 A0FPYRLTTho 150 S50 e BpbRERe8

determining the integrity of a porous material. An
anothesfBinpl e of an apparatus suitable for use in the

nmet hods of the invention is shown in schematic formin

Figure 1 a. The apparabss nmay conprise a) a housing

sui tabl e for receivi @TSporous material to be

integrity tested; b) a sodrce of a detectable

substance in fluid communication with the

[044] For example, ® can vary from approximately 0.001 to 1 for binary gas

mixtures using common species such as nitrogen, oxygen, carbon dioxide, helium,
hydrogen, and hexafluoroethane, with water as the pore-filling liquid. For tests where
the wetting liquid is a hydrophobic liquid, such as dodecane, gas pairs could include
high permeability gases such as ethane, propane, and butane paired withr low-
‘permeability gases such as helium, hydrogen, and nitrogen.

[045] In some embodiments at least one of the gases is a hexafluoroethane.
In other embodiments at least one of the gases is a noble gas. In still other
embodiments at least one of the gases is CO,. In further embodiments at least one of
the gases is comprised of a mixture of gases, e.g. air. Where the gases are provided

as a mixture of more than one gas, the mixture may be premixed before being
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housing; c) a source of a carrier for the detectable
substance in fluid conmunication wth the housing; d)
a detector for detecting the detectable substance; e)
a recirculation punp in comunication with the
detector and the housing for containing the porous

contac?@&r @gh %%Raﬁ&#@a@?‘?ec 6‘?@ h%)g%%uc;@ﬁa% (%B;mn[ﬁ%félt%m?{e available; for
e 5 Sl 5 550189, e 1

detector need not be custom nmade as required by
to morgtean 899%. dbsskilld @riisan wilkksableite C@Qp§@1ap§rpprlate gases and
net hods. The detector nay be, for exanple, Fourier
gas miktuaes based upbn &nbed peremtiBscmcbm,salwtﬂlﬂquaermeabidityyin the
gas chromatography. [048] The external energy source
wettind/Byuidncl ude any conpressed gas, such as conpressed
ni t rogen, corrpr essed air. Alternatively the external
i ncl ude a vacuum punp or a
Apparsgl%?ﬁg%& one or nore sources of conpressed air
va nbi_nat i on
i@%@ P18 PP R BN to AR P Brrihalis syigabte for
or nore sources of conpressed gas are al so
detemualngéh@ irdeaty qf eurqroys aaigiialr AniexamplecefiAlt ARRar3HS Yitable
nore val ves, e.g. two valves, three way val ves and
for use imethbirkethods of thet inventidreisfshownoin schemsdicrfoem imhiguse 1a. The
the detectable substance, e.g. to the sanple

apparétgﬁhﬁawadnpmé BpaheusingGuitablel foe reteliing arporens nedtetial to be
recircul ation punp. One or nore valves nmay al so

mtegr@%h‘l%%gf) sodfdd %ﬂ ﬁéfé%%ﬂléseﬁ tah8e Pl 'c%nﬁrﬁgﬁleatlon with the

orce. e or nore va vesS my De use

the f1ow of r I
rousi] si? SouteRCeolch SRR foribS gERisesihaBs ai?%ﬁﬁﬁ@‘ Sorampgipation
|nte();r|tyfromrmrethagoeorlen {on Thus
with thﬁm%lnqaél eddtestor I aetRing tHR apteqiabissiRstanss) 648 may
control the flow of the carrier and detectable o
recircudatinst purop is gommuricatiarhwitip éherdatiestar anddbe dovsing fon eentaining
~the tight side of nenbrane or the open side of the
the por@uExhatetial;Sird f) ahkelorendretiomedssobéxtehral fargent i on

contenpl ate detecting the

[047] The detector may be any commercially available detector suitable for
detecting the detectable substance, e.g., a tracer gas or vapor. The detector need not
be custom made as required by previously described photo acoustic detection
methods. The detector may be, for example, Foﬁrier Transform Infra-Red
Spectroscopy, mass spectroscopy, gas chromatography.

[048] The external energy source may include any compressed gas, such as

compressed nitrogen, compressed air. Alternatively the external energy source may

include a vacuum pump or a combination of one or more sources of compressed air
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perneate on either the skinned surface of the nenbrane
or the skinless surface of the nenbrane. [050]
Referring to Figure la, the apparatus conprises a
housi ng (201) for receiving a sanple to be integrity
tested, e.g. a nenbrane cartridge. The housing may

and on8¥IRforeavazulARsunpY] POcamBinationof exteatdl enangy solirebs osvg. one
tube which contacts the housing head and extends into -

o mork g R LR S g HERA ol
e S shRAr RN Lo s B Sleth, £l e, three

with a gas source (TK-201 nd with a detector and a
way vajues; a%n%gtlaksn tg &ﬁﬁt(r%tbezf@)m ofa hgariienAng 8 e&ﬁg'e
gas source and the housing, and between the housing
substance) ehot to thesample cootainaddintthe housinigr tathetdesectonrgnd or to the
(PU-201) the apparatus may conprise one or nore val ves
recircufa@ibn puneRnOnel drimarel Vedvdd miaryclis@be usé&t ¢o appiroledxposomeey of the
conprise a series of three way valves (FV 220; FV

samplezolﬁ)tlarb gﬁteﬁrgéi)for‘@ai né 8PHIoPE vhiRs h&beTus8ato cBhRolARE flow of

housing such that the ‘sanpl e nmenbrane,
e ca P o gEBIAHEYp S ABch RS WA Phe M o
e 345 eI RO b BB RIS 805 b

, a cross section of a portion of the apparatus of
membranguvalves mayscasitiohthe fiew ofitheycarrinbasd dgtentakle sgbsiancg such
menbrane cartridge interior support sleeve (301)
that thepeandateds fowmd omeitheutbiertighhsitid af mdermbrarebdretheapen side of the
receiving a sanple nenbrane; a sanple nmenbrane for

membrafk® %ihﬁl&rl* BRIHIEMERR DS thé ifvehtienw coritnplafldetecting the
plastic filler which nmay reduce the open interior

| _ . facili . _ .
permef By 05 HE s BRI DSBS o o e
%33; a housing bow (305) suitable for receiving a
membi@lgn| ¢ nenbrane; a breaking cylinder (306) for

hol di ng_the nenbrane sanple in place. - )
[050] Referring to Figure 1a, the apparatus comprises a housing (201) for

receiving a sample to be integrity tested, e.g. a membrane cartridge. The housing
may comprise a head having one or more ports and a hollow tube which contacts the
housing head and extends into the body of the housing in a direction running parallel
to a housing wall. The hollow tube may be suitable for transporting gas into or out of
the housing. The housing may be in fluid communication with a gas source (TK-201)
and with a detector and a recirculation pump (PU-201). Positioned between the gas
source and the housing, and between the housing ahd both the detector and the

recirculation pump (PU-201) the apparatus may comprise one or more valves for
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[052] Figure 1c shows an alternate cross sectional

vi ew of the housing head, the nenbrane cartridge

interior support sleeve and the housing frame. In this

view four ports (307, 308, 309, and 310) are shown

all of which serve to communicate with the exterior
controlfiig tHeflow s igas. bivé apparatiemiaptoommised séties ofthibsanay valves

cartridge thus providing comunication with the gas

(FV 22@;3#(@1 Wez@@t\ﬁmt:ﬁ 'cofftdl thBSIowest éea”ﬁlig?é bAd 0BtBPthe housing

ure 1d proVides yet another vi housi ng

s e S0P AP B il e

breaki ng , cyli nder 6 one, e i ment,
surfacgpkthe Q%'@&ﬁ%‘ﬁ@qtﬁg G%@F%Bh}‘éﬁﬂg’dﬁ@”@éﬁ 3te thg8ample, e

sanpl e rra%/ have a first surface facing outward toward
membrane ancedt isqrositionelddn iiloeibouging22 and a second surface

facing inward toward the holl ow tube. Gas may fl ow

(08141 Refyrdag to Figuire db) alteogasectionrofa fotfian of theoagbaratus of
three way val ve (FV220) into the housing through port

Figure (1%qz)sh§%hnéltléfng' 3 h6l9§lh§“hb§d 360y, 4 rAsbrsfe Sdrtitge interior
nbrane having-a surface facing the exterior of the

suppo&gﬁ'\lgggolﬁ% gélngqyon‘? ﬁlg éiﬂ:erég%gdgl@taﬁﬁfo‘fgecelvmg a
sampIGTIEMHEeHB 3aMRE D13 8%%% arfi tesShensiiEn hon e
three way valve (FV221), which is in comrunication

(303); aipdastictfdleqwhicht may reeicg ike pRON dnteder Yalemedqittae heksiiba

a first detector port in comunication with three way
thereby #ailitaifg/ARike rapiddietection dfithe detentaltle substancecegnttacer gas; a
detector port which is in comunication with the

housm@%vﬂ(&d@%bﬂébl@LfHPrécBMn’d)é)sam'BT@ nie?abrane! étbr@éklg%ﬁglmder

be in comunication Wth 'three way val ve
t k to the h d
<3°6>f8“59'd®€ﬂ" e PR B M a0 309y in
T R AR T
menbrane. The recircul ated gas t hus be nmde o
the mesbrangisagrigge dntagar surrert ﬁeeu%a@dtt%e housing i@t Huys view

descri bed
four ports (307, 308, 309, and 310) are shown all of which serve to communicate with

the exterior of the housing bowl and the interior of the membrane cartridge thus
providing communication with the gas source, the detector and the recirculation pump. .
Figure 1d provides yet another view of the housing head (300) including ports (307,
308 and 310); the membrane sample (302); the housing bowl‘(305); and the breaking
cylinder (306).

[053] ‘In one embodiment, where the sample is a wetted membrane cartridge,

the sample may have a first surface facing outward toward the exterior of the housing
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above. [054] I n another enbodi ment the apparatus nay
be used to test a porous nmnaterial, e.g. a nenbrane
cartridge in the reverse orientation as described
above, such that the nmenbrane surface described above
as the perneate side, now becones the surface first
and a GRRAT R cBYaHE iMEaABARd BB b oSy flow ppder
erneate side. The e in,orientation, i . .
pressufs 5T e Res Spyrch BT RES b s AV (FV20) ntohe housing
plurality of three way valves. In this enbodi pent gas
throughPpIt (BPE SRR fjcesbiatea Ve Aurkeee g4 rBembeane frylgia shirface
- three valve (FV 220), but will be diverted to a port
facing {H&0&terior efdheinousingi orhengas mayeparmeate trgopoh theowetied
t he nenbrane sanple. The gas may perneate through the
membiEReanisie, isatPltite peirpeiteasidd ot thebabmdeand, i dfiows through the
and the sanple nmenbrane and will flow out of . the

hollow{ﬁﬁé@e gﬁ\;\%yﬁy%ghg\?‘b%%g(ﬁ&r %%)rti (@OSPWBHﬂﬁﬁlﬁhic%ﬂoWil*hhthree way

ee way valve 221, which 1s

i icat.io i.th. > r

vave (3 THIGE X bbgbh bbb §7h 6 Borecbe TIEAS P ne
gas may exit the detector via . a second detector

detect{yia B FRIGEI0B RO I ROMTRUNERIGLWTAATER WakyA ke PRE21). and
The gas may enter the recircul ation punp via a first

exit thepdetectorvia risecond detanterddgrbwhichhs dm commuynication with the
communi cation with three way valve (FV222) which is in

recircuf=RiBMBUBR{POR0M)! The reeirtulatiort patnpcmag de it leermmtnioatiatf with
the housing (Figure la) such that the recircul ated gas

three W;T%/ n%%g% gly\%l??%b R EOthe LA TRAES batk o He Iﬁc’ilih%ing and re-

. the nmenbrane side facing the housing

entrs Yk boySH s i R EB AR el Dol e v 222
‘and th%gﬂg\mp%é plgﬁrt@e) rehtgégtt@?sjéé B?tt‘%;gé)lﬁélgun%em traerllrei.ajl'ﬁe \pééirrg:ulated
gas may thus be made available once again to the detector via the pathway described
above. |

[054] In another embodiment the apparatus may be used to test a porous
material, e.g. a membrane cartridge in the reverse orientation as déscribed above,
such that the membrane surface described above as the permeate side, now
becomes the surface first contacted by the gas and the membrane surface described
above as the first surface now becomes the permeate side. The change in orientation
is accomplished by altering the flow of gas through a plurality of three way valves. In
this embodiment gas will flow under pressure from the gas source through a three

valve (FV 220), but will be diverted to a port (308) in communication with the inner
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[ 055] Porous nenbranes were integrity tested using an
apparatus simlar to the one shown in Figure 1,
except that the apparatus was not configured with a
plurality of three way val ves. The foll ow ng protocol
was used. A nenbrane cartridge was wetted using an

poﬂio%??ﬁéﬁb%ﬂg Sithplel Athd §i5s ﬁﬁ:'y:%e?lg{eéfe thB@gf‘Pfhe mlembrane

rane. cartridge” was led 1nThe filter
sampi 450G R b ARG 4 8 e 35 Bfan oy it fow

val ves. 56] .The pr ss of testi a.cartridge,
outo ) e ghan PGS e abe e g vaive Py 21
tranducers, and automate valves, was as follows: 24 1.
Three Way viadus 22LIvehichis ipurgmmenpicatien adthdhe seteator trapsperts the gas
was evacuated to below a set vacuumlevel ( pressure

through enfrst detedto? @drtéinfOuhelmidtestor. LTh&GaSmarsexitthe dietetior ivia a
vacuum generator (Vaccon, Mdfield; MA). 2.

soomdBEL 4 il el oSy IABE 201 g

may oy 6 i Bl B EH B SEHIRN g LLEARTB A i e
| .ear , | det er. th . poi.nt.

comm{Catn NEh Sirep bR ik Ke2PHiEGRAT i Sampsibshavl agor
was to b t at at h , St 4 ' | ted;

situateiinaantne aptipmyofdhe Bossias (Fissie 1p) suufnat fes acychisted gas is
under vacuum step 5 was inplenented. If the Tracer Gas

delivered\ssck t6 ithe petheéatetside of thelaembeane, ias trebmeentirbre side facing
threshold, step 3 was inplenented. 3. Both sides of

the hoG§ihl WD Su¥R Eifat IS 3FHNAIE dndk aall fo' thERIRtEdtoF ERAE patflvay
alr'to a set point pressure (I psig). PT-203 and

: re nonitored. When both were above the set
descn%’%cli %gé\ﬁ%eseconds were allowed to el apse, and then Step

1 was repeated. 4. Both sides of the filter were
brought up to 0 PSIG (14.696 PSIA) with nitrogen or
conpressed air. Both PEXs8plesd PT-204 were nonitored.
When both reached 0 psig (+/-) Step 5 was

Example"P! [i&§1if testing of porous materials with recirculation of detectable
gas .

[055] Porous ﬁembranes were‘ integrity tested using an apparatus similar to
the one shown in Figure 1, except that the apparatus was not configured with a
plurality of three way valves. The following protocol was used. A membrane cartridge
was wetted using an appropriate liquid for the particular type of membrane. The
cartridge was installed in the filter housing which was connected to an FTIR sensér, a
recirculation pump, a vacuum pump, and a plurality of valves.

[056] The process of testing a cartridge, using a Prqgrammable Logic

Controller, pressure tranducers, and automate valves, was as follows:
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5. Tracer Gas was dosed on the upstreamside to a
partial pressure set point of 15.5 PSTG Wen PT-203
i ndi cated that the pressure was at set point, step 6
was immediately inplenmented. The skilled artisan wil|
al so appreciate that while dosing was done instantly,
1. The rgei%mancﬁ{ ﬁmnﬁ%sdtmé/&oh%a tHERGsteh s veaitedbdelow a set
‘ I.e. psi/second). Ranping may provide several
t @Rt
vacuum fe%ﬁgh?%%ﬁre %ﬁéo?%rﬂoss%déﬁﬁé?b%gﬁoﬁg s slq & Yeptur
ul | t of r t coul d al so provi de for a
vacuum %P%r%?%fp&é&aemﬂsd@éﬁ MéWnt pressure. Anot her 25
advantage relates to detecting defects in pleate
2. Reaqirsuiationed thecpernagateside velymenwas sontinuead fqﬁéé)@magla dhe
sonme cases get pinched off under high differential
FTIR sjgnas saasechecked 0 emsurarthatibwas|befow atsstpdinsthipeshadd (dd ppmv
effect 6. The upstream was pressurized to the final

CoFe). SBie PPIRbaskdrbEn&Bighal afférassiersl dlddup BiEIEO9RR Wed to
conpressed alr. The differential pressure between

detemﬁ;rt? ﬁ\%r et Boir rﬁT'Ithq)lé Ie\(yj@wd?ﬁ'él \?/rtﬁg thr‘é@ﬁ?ldté}gi permeate side was

reach e se ol nt

nent Pregsuri zati on i nst an
to be sebBl &4 eﬁ%@ée%éave%memsn%’sﬁ Pl pETDBRe diggitst
rate (|. psilsecond). 7. The FTIR s nai versus tine
pressuj@ waggabeginser vecuuimstep Stwas W'P@\ﬁiﬂﬁﬁﬂg o the Teaces Gas lgvel
was i npl ement ed, otherw se signal versus tinme was
(i.e. detexstablersetbstzomce) waalabpverlhe threkkoldesteppgbwas implesnented.
el apsed: a. PT-204 was above reci pe overpressure set

3. BotR®idds W@ﬁld?@%&efpréﬁédr&ed viittoaitrogeatlor comprdsseddit B a set
signal was above the set point value also signifying a

point pgéé%?nc‘e &13 B#l%lc (I?;’T#’@J éh&?ﬁ@oé QRré fdiBrd s gfén”?%th were above

e tinmer range romo6

o soSgRLEB VeR GRSl e

4, Botl‘pgl?jlgrg%# Ithaet flllgenr vegrgpbronght up to IeDS éaﬁﬁ%tQ%dPélA) WIthh nlft'rogen or
compressed air. Both PT-203 and PT—204 were monitored. When both reached 0
psig (+/-) Step 5 was implemented. |

5. Tracer Gas was dosed on the upstream side to a partial pressure set point of 15.5
PSIG. When PT-203 indicated that the pressure was at set point, step 6 was
immediately implemented. The skilled artisan will _also appreciate that while dosing
was done instantly, dosing also could have been done using a rarhp rate (i.e.A
psi/second). Ramping may provide several advantages. ‘A slow ramp could

potentially allow recognition of a gross defect before putting in the full amount of

tracer. It could also provide for a more reproducible set point pressure. Another
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was nonitored and a 20 second tinmer was set when the
pressure is below recipe set  point (-10 PSIG. 9. The
upstream si de of the nenbrane cartridge was evacuat ed
to exhaust. PT-203 was nonitored and 20 second ti ner
was set when pressure was bel ow reci pe set point (-10

advantgﬁé Qelatdd tBCcf‘erQctg@ gﬁf@t&ﬁéﬁ &Y%@d thdFRbrafeR! 'sitaid Befddts on the

€ upstream si rane cartridge was

ssurlzedvvlt nitrpgen e [ pe
pleat pBRES oy Sorte sdsf bePRRBRSH o IMRH ARAFABlubEplsRELR - o
second tiner was set wh he pressure was above the
slow rageg rBBYﬁ{'m'W%ﬁh'ﬁﬁzn@'PS@}Pe\ﬁgs done, step 11 was
i npl emented, unless the clean up cycle counter (recipe
6. Thesepstigainmvasqressiiredrtodire fnall sat pointaliffasantjal presawre with
conplete, then step 12 was perforned. 11. The upstream
nitrogesi stecopiprebsedrairb Taealifferehtialdgessare mtweenRId208 and PT-204
- exhaust. PT-203 was nonitored. A 10 second tinmer was

was mémor%e'Wﬁé‘ﬁ tHe @ﬁ@%rﬁla%chéh QMe SBEPSiRE, sk Phwad mi';ﬂemented

psi g) |ncrenent cl ean up counter was used to eep

o g PR o FAVAA 0 i o o

bove in this experinment one cycle was done
ramprqweé,etﬂg $6CRBM)-was done, step 10 was repeated. 12.
The filter drain valve was opened and vented
7. Thedohtssigpahveassus timerwas groniterad. « §any pf theo®llawingqcquyzed step 8
were nonitored. Wien PT-203 and PT-204 both reached O
was impRrentet| odhkdwisesigithl tversars tivas weast mokitenedtdomtinualhisuntil the set
. done the test was conpl ete. Exanple 2: Conparison of
point timd &lapsgaal in nenbrane with known defects [057]
I ndi vi dual good cartrldges were tested in conjunction

a. PT-I%M e a%g(/é ?ém %iSLﬂ'él n‘BSﬁIt Which g&ﬂiﬂ" s@rﬂ%‘ §ross leak;

e a S or conpari son,

o TR S5 t f' o < pet Valuecdled oot 0i8Es fpar,

: t he same cart_rldge_vvere performed with each cartridge
c. The tigtecon the fasipeatest timer expired. Typically the timer ranged from 60 to

120 seconds.

8. The downstream/permeate side of the filter was evacuated. This included the

" FTIR sensor and the recirculation pump, which were evacuated to exhaust. PT-204
was monitored and a 20 second timer was set when the pressure is below recipe set
point (-10 PSIG).

9. The upstream side of the membrane cartridge wos evacuated to exhaust. PT-203
was monitored and 20 second timer was set when pressure was below recipe set

point (-10 psig). Proceed to step 10 when timer expires.
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singl e defect of known dianeter. The cartridge used
was a 10 inch 0.22 mcron hydrophillic PVDF
Durapore(r) (Ml lipore Corporation, Billerica, M)
menbrane cartridge subassenbly. The results are shown
in Figure 2 and denonstrate distinct '+ curves for

i J¢f
10. Th%e‘gﬁ Fgéneglldgrgg)tﬁéczh{%n %@g:%d;:ﬁgﬁ‘pr esse le:i’x‘rliéoo\ﬂﬁh fiRFcgen or

comprifig “%c&%ﬁéﬁ@%znﬁ%ésgg@h?ﬁm s iy ihon

orr SRS S 0 RSB s ore,
Instruments, W | m ngt on, MA) with a | ower detection

step 11 waistimplementpeuriess the deah up ayelsosasrterirecipe set point for
concentration of C2F6 versus tinme was al so cal cul at ed

numbed®$ byitles —avakenly| 19 wesocorpiete; ithkera btepettbwas eerfoaviedg a
defect of known size. Figure 3 shows a conparison of

11. THé\‘ﬁps@@aﬁ%ﬂbe‘cﬁ the hRoand da*ﬂmdgéwéé ShitiRted ﬁ)‘»‘é&ﬁa\ijst PT-203

otalned usmgflxed orifice defects. Exanple 3

was m%)rggcg? 16 §8 tlr‘ﬁ{er Ra2%k} %vh%%%@?&%@réﬁ r!5él . ﬁ(? set point

egrl I Ng Was perfor pro
ocess assenbl cartridges a
(-10 psaggzz‘%nﬁr@r%nenﬁﬂ%wp|qque b ISRe TP h%&?a@v cycles
Corporation, Billerica, NMA rren‘orane The units wer
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Example s WConpaFison eEETIRssignahin mambrane with known defects
[057] Individual good cartridges were tested in conjunction with a series of
fixed orifices of a know diameter. To provide a standard for comparison, a plug was
inserted in the orifice holder to eliminate the effects of the known defect. A series of
tests with the same cartridge were performed with each cartridge tested having a
single defect of known diameter. The cartridge used was a 10 inch 0.22 micron
hydrophillic PVDF Durapore® (Millipore Corporation, Billerica, MA) membrane

cartridge subassembly. The results are shown in Figure 2 and demonstrate distinct

curves for defects of differing sizes. The test conditions were 25% (by volume) C2Fs
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(a known good cartridge with a 1.31 mcron defect) was
considered as the cutoff for a defective nmenbrane.
The integrity test described herein denonstrated good
sensitivity under the conditions tested. 28 Table 1
FTIR Results: Tinme to reach Sl ope Freon Retention

75% c&ﬁbFés's@S%w%ﬁ’th@ﬂhﬁ?ﬁ@nﬂ&ﬁﬁé Diréd3ire QAFrdraRte bF46 g@i The unit
(seconds) C2FWsecond PLATO sccm (counts) 1081

o e
o e T et 3D S SR ol

GOOD 0.19 3,4 1088 >120 0.38 GOOD 0.15 0 1103 >120

Wilmingtory Momitio alewer detegfion limit af 1epranGaFe. 23 0 1196
>120 0.28 GOOD 0.29 0 1181 >120 0.51 GOOD 0.3 0 1109
[O58) A .tBéorefich) ddnténBatidBdOCR2@rdusstimenas alséTaltulated

assuming choke flow for individual membranes having a defect of known size. Figure
3 shows a comparison of the calculated values and the experimental results obtained
using fixed orifice defects.

Example 3: Integrity testing of process sub-assembly cartridges

[059] Integrity testing was performed on 48 production units of 10 proceSs

sub assembly cartridges with a 0.22 micfon hydrophillic PVDF Durapore® (Millipore
Corpbration, Billerica, MA) membrane. The units were tested both prior to and post
gamma irradiation. The test condlitions were as reported above in Example 2. The
results are shown in Figures 4a (pre gamma irradiation) and 4b (post gamma
irradiaﬁon). After integrity testing. using FTIR detection, according to one embodiment
of the invention, the same units were subjected to testing with PLATO (photo acoustic
detection) (U.S. Patent No. 5,581,017), and an existing pfoduction mass flowrate test
(diffusion test) (Millipore Catalog 94-95, Millipore Corporation, Billerica MA). A
functional bacterial retention test was also performed. A comparison of these results
is shown in Table 1. ( “?” indicates an indeterminate result). The results from figure 4b
(a known good cartridge with a 1.31 micron defect) was considered as the cutoff for a
defective membrane. The integrity test described herein demonstrated good

sensitivity under the conditions tested.
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The cut off for a defective membrane using an existing production mass flowrate test

was 0.47 standard cubic centimeters per minute (sccm).

Example 4: Reproducibility of integrity test results

[060] In order to demonstrate that the integrity test described herein provides

reproducible results replicate tests were performed on a known good membrane

cartridge tested as is or with a fixed orifice defect of known size. The cartridge was

comprised of a PVDF Durapore® membrane (Millipore Corp., Billerica, MA) and test

conditions included using Freon (15.5 psi) as the detectable substance. The system

was operated at a pressure differential of 46 psid. Figure 5 shows the results of 10

replicate tests of a known good cartridge having a deliberately placed 1.31 micron
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resul ts obtai ned when devices containing a thin,
asymmetric nenbrane were tested wth various size
orifices (i.e. intentionally placed defects). Wen
these nenbranes were tested using the conditions
devel oped for the Gamma Durapore(r) (100 to 150
orifice g%e@'bf?”]'ﬁ@ hidastysaET %?Qﬁtgr 816pE0f the {dhruhkRals £ average of 2.90
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muItipI%fur@%wﬂggmgﬁ fﬁteg taﬁqu@t {r?pé%er%qg arg shown, rcomparllsrc])rr]1|. n9
differential pressure (30 psig vs 46 psig), the
Example 5t dotegmylteaﬁng\ﬂsasymmetrdc memberaRas 2 and 5
m crons. [062] Many nodi fications and vari.ations of
10613 Asymnictdinmearbranesradee ntedityttested @acordigg fo onei t s
spirit and scope, as will be apparent to those skilled

embodifeht§F tﬁé‘inveﬁﬁ@n. R8s His‘éo@?ﬁ@@%&ﬁﬂh@&egﬁﬁfsﬁthﬂ? i@y B $ome

are offered by way of exanple only and are not neant

cases b giEptel R hRbecRofling!usibh of o BAGR s RAgH B integral
only,_wth_a true scope and -spirit.of the.invention..

membigen s, i retdeRar ms ) ok SerE A A ES Siions

_ CLAIMS WHAT IS CLAIMED I'S; 1. A nethod of assessing

(includingegasdvangrinixtuses)ansbliniis ofdetectian. Riguies and Gvihey the
the nmethod to reach a steady state conprising a)

resultsvaittained when gevicasscorgaipingpd thing asymmitric menbyrane were tested
contacting a first surface of the porous material wth

with vatiolis Xi2¢ 6riffc@8.& ShfthtionaRy plagéd detbals). dRhef thédeemembranes
substance; c) applying pressure to the first surface

were t&¥ted !ﬂlginﬁ%g lét%ﬂgﬁ@g% id%k/elk?ﬁléﬁ ot hR{GEME Bapﬁaiﬁégbo %5450 |

carrier ~“an ect ablhe 'substance pernme
. r ous terial: d ecircul ati the carrier
microrfiBieE et Eudeimel thg i HRledbrnids S85RVFRiEBeeen 5
(ﬁﬂ%[ous material ina fixed volune on the perneate side
and 10 migrens o When theytasbwas meyfarmed ip the Eqyess dirgetion gich that the
assessing the concentration of the detectable
gas mixtuss cantastetthertight side of the membrane first, (to minimize water layer
thinning of the asymmetric structure) and at a lower differential pressure (30 psig vs
46 psig), the detection limit was lowered to between 2 and 5 microns.

[062]Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments described herein are offered by way of example only and are
not meant to be limiting in any way. It is intended that the specification and examples

be considered as exemplary only, with a true scope and spirit of the invention being

indicated indicated by the following claims
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perneate of the porous material over time; and f)
conparing the assessed concentration in (e) with the
concentration of the detectable substance in a
perneate of an integral porous material exposed to
the sane conditions over tinme, wherein an assessed.
concentration in (e) which is greater than the
concentration of the detectable substance in a
cLAmgeate of the integral porous material indicates the
porous material is not integral. 2. The nethod of
claim1l, wherein the at | east one of the carrier and

WHtAheléje}%M@H% substance is a gas. 3. The nethod of
clarmT,

wherei’'n both the carrier and the detectable
substance are a gas. 4. The nethod of claim 1,

1. 5. ArfieiEeh BSheSF nGI FICET D e RReEa e U Eplgwing the
B3 s PHEHPERAED vl BB Rt o
con@cﬂ%%%@é%w@%&% | n%éraﬁ%%oﬁ fvélﬂﬁt mgr:?égﬁ}pgiﬁg\g a carrler ‘and a

t h .
det°°“@é%§tasiancﬁycf P FErIce © o f SuTahe St gt Btea
f t fl
suchdhef g e é*S%% Efr(lgrawcﬁrﬁ?ﬁsﬁesé#tm%@%@ne%%r'mea‘te the porous
matﬁgélygfr%r?? géheag@'}/ ?r cieet%%qtip% Car 8unna |graaqﬁrr@eate of the
porih BRHALE 81%ad VP IBGIHIAS REEIAR ag% §hiF PyEUhas 2o e
ot R e R Ml P bl
detector. 11. The tho of CJe im10, erein
perRgISCA! 1S DTN BRIEHOT P i TG LD CAPERIIG P eSFFRepd Sppgpniration

in (gs)ﬁglm ! ggép%ﬁtlon of tﬁg %gttegtagleospu%stance mga permeate of an integral
porous material exposed to the same conditions over time, wherein an assessed
concentration in (e) which is greater than the concentration of the detectable substance
in a permeate of the integral porous material indicates the porous material is not

integral.

2. The method of claim 1, Wherein the at least one of the carrier and the detectable

substance is a gas.

3. The method of claim 1, wherein both the carrier and the detectable substance
are a gas.
4, The method of claim 1, wherein the source of pressure is compressed air.
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12. The nmethod of claim 10, wherein the detector is a
Fourier TransformInfra-Red Spectroscopy. 13. The
nmet hod of claim1l1l, wherein the liquid is conprised of
water. 14. The nethod of claim 7, wherein the nenbrane
is an asynmmetric nmenbrane. 32 15. The nethod of claim
7, wherein the nenbrane is chosen froma single |ayer

5. mefibe Bedhos clginnt| wheneisy e dgtestabis sibstepge isp iarasarogn-
assessing the integrity of a porous nenbrane w thout
allowing the naterial to reach a steady state
conRr|S|ng a) wetting the porous naterlal menbr ane

6. wi The gathagaf §laiy 5C\Uh‘?r§& iihﬁé'uarorw kanig fiePRce of the
porous material nenbrane with conpressed air; and
with a fluoro-carbon such that a mxture is formed
co rising the ressed air and the fl uoro-carbon

7. oy Thopafiite! Goim duNBeToR PR@OTIUSJNEiHI foE BT e
porous menbrane such that at |east sonme of the
conpressed air and the fluoro-carbon perneate the
porous nenbrane; d) recirculating the m xture, of

8. fouhe mathad fslairads Whegin theeneyBPNe CRBAKISSAMATeNEl Fosery
vol une on the perneate side while continuin f’%

fromt privehes syilione. eply@m*deewyla@sC@MP?@ pPW&et@BH%feﬁf?W'ﬁf‘?d%? §itone,
the fluoro-carbon in the perneate of .the [ OUS

polyggtah Palysingidepe fligride., P?'YEW'&F‘P et @%faégef%@w“e -co-
concentration in e) with the concentration of the

perfluptadalisyl viwlrshen) npaly ﬁ@fh%a% Pelyethrens s diben ppygarbonate,
menbr ane exposed to the sanme conditions over tine,

ceraptierasidrimetflsassessed concentration in e) which is
greater than the concentration of the fluoro-carbon in
a perneate of the integral porous nenbrane indicates
the porous nenbrane is not integral, and g)conparin

9. t hd@hggesibekef daimcle Wheeain K19 F?%O‘{Se')‘a\ﬁf‘?|ﬁs P‘Pf@a'”ed in a cartridge.
concentration over time of the fluoro-carbon in a
perneate of one or nore standard porous nenbranes,
wherein each of said one or nopre standard. porous

10. nenfifedneiBod ofrghtinsle yherele peassiHp the AN et ing of g gelectable

submtted to the sane test conditions as the sanple
subﬁgn@m@ performed with a detector.

11. The method of claim 10, wherein the detector is chosen from Fourier Transform

Infra-Red Spectroscopy, mass spectroscopy, and gas chromatography.

12. The method of claim 10, wherein the detector is a Fourier Transform Infra-Red

Spectroscopy.
13. The method of claim 1, wherein the liquid is comprised of water.

14, The method of claim 7, wherein the membrane is an asymmetric membrane.

32



menbr anes thereby determ ning the size of the defect.
17. The method of claim 14, wherein the fluoro-carbon
is C2F6. 18. An apparatus for assessing the integrity
of a sanpl e porous nenbrane without allow ng the

nmet hod of assessing the int egrity of a san‘pl e porous

nmenbrane to reach a state co % q%
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integrity tested; b) source of a detectable

menmigRg and 8 muli-leyered Rfcation with the housing; c)

a source of a carrier for the detectable substance in
fluid conmunication wth the housing; d) a detector
for detecting the detectabl e substance ,
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poross N MbIgna sk that Adpast spe oh thesomyeersed Gt )th‘f ﬁ“qrﬂéarbon
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nﬁrane E
erments N BaFEIS MentREARSS ) e oA o HE TS Y RLfoung b ParReste
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continuing to apply the pressure of né %; V?s .
perrgaale ok fieParpies BBMEENEYEN BRSO SPmReAingdieasasped concentration
~ substance in the ger nmeate of the porous mbrane over
in e} Wit thesGomgentration gethediugro- %ﬁrb?fa)n fwee@rng hig9tahRorous
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concentration in (v) which is greater than t
perpepiedn theiniegral §ProUs deretraps ME%teédB%P%{ﬁH%”\eﬁ“béa“e is not

perneate of the integral porous
integral, and g)comparing the assessed concentration in (e) with the concentration over

con

time of the fluoro-carbon in a permeate of one or more standard porous membranes,
wherein each of said one or more standard porous membranes comprises a defect of
known size and is submitted to the same test conditions as the sample porous

membranes thereby determining the size of the defect.

17. The method of claim 14, wherein the fluoro-carbon is C,Fs.

18. An apparatus for assessing the integrity of a sample porous membrane without

allowing the method of assessing the integrity of a sample porous membrane to reach a
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nmenbr ane i ndi cates the porous nenbrane i s not
integral. 34

steady state comprising a) a housing suitable for receiving a porous membrane to be
integrity tested; b) a source of a detectable substance in fluid communication with the
housing; c) a source of a carrier for the detectable substance in fluid communication
with the housing; d) a detector for detecting the detectable substance; e) a recirculation
pump in communication with the detector and the housing for containing the porous
material membrane; and f) a source of an external force; wherein the method of
assessing the integrity of the porous material received in the housing of (a) in the
apparatus comprising i) wetting a porous material with a liquid; ii) contacting a first
surface of the porous membrane with a mixture comprising a source of a detectable
substance of (b) and a source of the carrier of (c) for the detectable substance; iii)
applying an external force of pressure of (f) to the first surface of the porous membrane
such that at least some of the carrier and the detectable substance permeate the porous
membrane; iv) recirculating the carrier and detectable substance found in a permeate of
the porous membrane in a fixed volume on the permeate side by the recirculation pump
of (e) while continuing to apply the pressure of (iii); v) assessing the concentration of the
detectable substance in the permeate of the porous membrane over time using the
detector of (d); vi) comparing the assessed concentration in (iii) with the concentration of
the detectable substance in a permeate of an integral porous membrane exposed to the
same conditions over time, wherein an assessed concentration in (v) which is greater
than the concentration of the detectable substance in a permeate of the integral porous

membrane indicates the porous membrane is not integral.
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