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.
Background of the InventionELOOZ Porous materials
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[003] In several of these industries such as the pharmaceutical énd
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.



of menbranes, e.g., filtration devices, have been
previously described. These include the particle
chal l enge test, the liquid-liquid poronetry test,

bubbl e point test, the air- water diffusion test and
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integrity of individual membranes within a production lot. Moreover, the test

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.



before integrity testing may begin. These tests are

relatively slow and inefficient in their consunption

of expensive and environnentally unfriendly reagents.
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[008] Certain embodiments of the invention provide a method, for evaluating

| 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 the 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,



e.g., one or nore liquids. O her enbodi nents of the
i nvention provide a nethod for characterizing a
defect in a porous material, e.g. by size or density,
to determine if a desired performance criteria of the
porous naterial has been conpromised as a result of
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assessing the integrity of a porous nenbrane
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the porous material in a fixed volume over time. The test may optionally comprise an
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.



b) contacting a first surface of the porous naterial
with conpressed air; and wwth a fluoro-carbon such
that a mxture is formed conprising the conpressed air
and the fluoro-carbon ; c¢) applying pressure to the
first surface of the porous nmaterial such that at
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comprising a carrier and a detecfable 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



materials, wherein each of said one or nore standard
porous materials conprises a defect of known size and
is submtted to the sane test conditions as the sanple
porous material, thereby determ ning the size of the
defect. [012] In a further enbodinent the invention
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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



detector and the housing for containing the porous
material; and f) a source of an external force. [015]
In still other enbodinents the invention provides a
system for assessing the integrity of a sanplevporous
material conprising an apparatus suitable fo

detectable subsiagce Hf@ﬂwdt@mmuplca? ior Withrtbe fionsing; d)aa d@tﬁptgr for
progranmabl e |l ogic controller suitable for receiving

detectingthe détectalide sabstant;lé)]a rebitctiationlpuaty Eccamuanudication with the
advant ages of the invention will be set forth in part

detectérrbﬁdW@leC#ﬂﬁ.%ihgofdr @B the pbAME matkfial; andicf b sukrde BFan
obvi ous fromthe description, or nay be | earned by

: r ice of the invention. The objects and advant ages

ex&nnﬁf@ﬁ% invention will be realized and attai ned by

IERR M R T N SR AT

under st ood that both the foregoi ng general description
the integrily oha samle eereus mataiial samaesng; it arparatus wilakls fory
and expl anatory only and are not restrictive of the
assessimy thet integritysf a lparomsdmatdsial BRd BE30RrarmmakiiedogitHEontroller
DRAW NGS [018] Figure la is a schematic of an

suitabldfoRfeRENnd PPt fromt£eset he integrity of nenbrane
cartridges according to one enbodi ment of the

LO;T@ {i&ﬁ‘io 5 &Bj‘é@cs]an éoﬁlaﬁlt_rgégrﬁgprgfrﬂ/%ﬁtléﬁ%ﬂ B8 s%:t:fclﬁ@ in part

OUSI ng a Ssa rane, I gure

. ond.cr.o sectl n of .a rat us housi X
i the descpPHORURITLTRIOWE; 3 I dart Fl BEOBYBLS Jroli iy Heﬁi%ﬁ or
housi n (g and sanpl e nenbrane. _7 [019] Fi gure 2.1s
may beyjegsned Ry ragfice Qfdhwwegaﬁnoﬂ hPcRPd‘P‘E? and syegtages of the
Infrared Spectroscopy (FTIR) signal in nenbrane
inventioamill be geslizeahvandyatthinéd bymeans ef thefalementy mg:ombglatlens
3 is graph showi ng a conpari son between theoreticall y
particutrlycpdiatedicout in the appended claims.
[017] ltis to be understood that both the foregoing general description and the
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.



and experinentally observed perneate concentration for
menbrane cartridges having a defect of known size.
[021] Figure 4a. is a graph show ng Freon signa

versus time for a sanpling of in process menbrane sub
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[024] Figure 6 is a graph showing the results of an integrity test on several
asymmetric PES membrane cartridges under non-optimized conditions (forward) (15.5
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.



volune may remain relatively invariant. Mreover if

t he downstream vol une is known and the diffusiona
flow through an integral nmenbrane is known, or
insignificant conpared to the defect flow, the
effective defect size may be determned fromthe rate
of rise of the concentration of the detectable
substance in the perneate. The test thus relies on
nmeasuri ng the concentration of at |east one detectable
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Mor eover, the method nmay be easily adapted to
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accomplished using a pump ih communicatioh 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



Thus, for exanple, an asymmetric nmenbrane may be
contacted wwth the mxture of the carrier and the
det ect abl e substance either fromthe tight surface
where pore size is snmaller, or the open surface where
pore size is larger. Simlarly the perneate which is
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of subsequent tests and increasing sensitivity. [027]

Thus, ﬁ%éé@‘ﬁﬁ%rﬁé%ﬂgtrfcwémaﬁ& H%B&‘c@ﬁtﬁ&ﬂe@%m?tﬁé Pi¥%ture of

maxi num t ha be seen if

e cal SRR (8350 o e A pre pre s

‘transient test tinme, which na ui

s sl Op e\apen SUFAGAIWNBIS BORct AR I IRET S IR T egneate which
porous materials being tested. If the system reaches

is fed totthadigtentorn may gonfafsomreitngy sisieceldbaenembransy sodeng as it is
flow through the defect nmaking detection of the

oppositeethecsids lisitiallyossraacted wifh theanixturef Timeks & meodwahé enay be
Steady State Gas Diffusion equation (Fick's First Law)

integri%ﬁgvﬁvbg[?rdrﬁ’ eithdr &TéﬁtﬁtloW‘ihbuﬁh'e fadd toiSisRiallRreoriatt the

cnB/sec) evaluated at downstream condilions
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



PL = Liquid density (g/cnB) M. = Liquid nol ecul ar
weight (g/mol) D= D ffusivity of the gas through the
l[iquid (cnR/sec) H = Henry's law constant (psi) Pin =
Absol ut e upstream pressure (psia) Pool = Absolute
downstream pressure (psia) L = Menbrane thickness

(T Nt (1205.95 cnB psi/mol /K) T =
%léx'ﬁnﬁwﬁwﬁé= (K)y Af = Total nenbrane frontal
arééi (tn2) L s = Rfenbrane porosity Choke flow, which is
applicable to a transient test tinme is described infra

whbrd’age 16.  In certain enbodiments the integrity test
accordl ng to the invention rray be practiced w thout

t he necessity of ||0WI mtore ch st eady
Qs a8 G 'io e /? c?é‘éaqe?'&?dgl ﬁ RN At o
Py egarél-l'cﬂﬁd RESIAG Pk y of a porous material such as a
Mwenbr&wdmgc}ulawetgb% 0/mabns under which the methods
Dof thdiffusivity olthegas thraughi thediquithiemiésashosen by t he
Hski | ¥ étermy's ilsacongamna(psexanpl e, the nmethods of the
Pjnnveﬁtplusmutmpsbeamrmeggmec(pab)a tenperature ranging
Onkmwuté)@omsﬁéﬁﬂ'ﬁprb@%}e Gia)o about 60C, 10C to
ou; h@&ﬁbr% hickne8empBOC. I n one enbodi nent the

| t f about 20C.
Ilﬂvgﬂ ﬁg g“%} %bﬁ%@ ﬁ‘slinrﬁée'ﬂ@r gnugr:yobeap?gctl ced
at a %éb ’(;55 t AC o[ 029] The test may be
Atun Trl@d ’H? BPae! giess m

that is one side of
the 8sanpFMembmne F?ﬁ{f-’é'ity al to be tested may be at a
first pressure and a second side of

Choke flow, which is applicable to a transient test time is described infra at page 16.
In certain embodiments the integrity test according to the invention may be practiced
without the necessity of allowing the system to reach steady state, and thus 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
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11 the sanple porous material may be at a second
pressure. In certain enbodinents at |east one side of
the porous material is at a pressure which may be
equal to or near the bubble point of the porous
material. Thus the pressure on the feed side of the

the sarfplEP ol heriaTahsy balat BBseddAd Presdre. IMasrtaiteembodiments at
pressure on the perrreate side of the porous naterial.

least OLQ %?He ditfe 'ﬁ%?wﬁma?éneﬂ %f é‘}ﬂ?égs'u%‘vx)ﬁ?c)h rﬂ%x gbre]?é‘c{)dﬁa]‘? g(ggﬁbear

ssure essure, rangi
out 100 _PSI .. bout 10 PSI

e B B e o, TS Bl A 5T

PSI to about 45 PSI. In another enbodi nent the .
sampleyperigygsnateriahmay hecgeatss thary thespiesseie %thea@eraneate side of the

pressure of about 30-50 PSI. In one enbodi nent the
porousmaateriés of the invention may be practiced at a

pressure of about 50 PSI. In another enbodi ment the

[O8010H8e Biethdds bhhenhvantionvady be graétidd I‘rgteseure, eg. a
pressure of about 30 PSI. In yet another enbodi nent

feed pk@?urﬁér@ﬁﬁ r%@nutéﬁ‘qtg' @’?%'éyﬂ)u ¥0 ‘BB IPfrésa @tP§I to about

pressure I'na further enbo
Y e e
anotheg gmkodInenLINGUI g ToRs a6 S AVEPIGHEIAY beiactend &t Arfrpasure of

nmeasuring flow rate and concentration. In yet other

about 30e50d? Slerin onerembodinwnt themetieds efithe dnvention reay be practiced
' slowy decreased by small increnents while neasuring

at a prédsue loflaboans0 PSNC manathepembodimentrthe snethodayf thee invention
ranped up or down in stepw se increnents. The stepw se

may b%EFécft’ CEA LT aip'%‘@sélge REEWBEN3E PSIPH }/éﬂ%&ﬂ& &pbodPent the

ween 1 p 25 psi; or preferably between 5 psi

mebolf % B B RO e kIS g e

e tested, under vacuum ssure

embodﬂrﬁgnt tj’_\g ipvendion magbe grﬁgt,lpegi ﬂs@ aressure fhat is just below the bubble

point of the porous material. In still other embodiments 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



12 [031] In certain enbodi nents both the carrier and
the detectabl e substance nay both be a gas. In these
enbodi nents the sensitivity of the test nay be as

- follows. The flux of tracer gas due to diffusion may
be tinme dependent (and equal zero at tine = 0) while

[034] darieeein smbblimere ottt carienshdtie @sieetable substance
pressure gradient is established and maintained. Upon

may bcﬂi 8)%%4 éé' fhgthbsﬁ e‘ﬁ%dnt%@ﬁ}é@@ese%ltw of RS PRRy

e tO di usion w e zero |ncreaS| ng

il e onv f
follows el Ty & R G55 Bt s FF iﬁﬂ%@e%%*ké%sﬁééﬁé’édtﬁgﬁ? equal
req U|red to %resent a representative sanple to the
zero atdé’@%ctQﬁrWh'@)t erronyastae: fBix @@Vs”etm@)PtC?nSta&‘HB“@S aiHessure
del ay before the diffusive fl ow becones significant
gradientdsrpatablished and majotainest | Upon pressutgmgrtee upsiieamsside of the
D ffusion +nTracer | Convecti on dt NTatal Were:

membriheaherflux dey toediffasion gl be aees (masndrebsingpwhile tharepnvective
fraction nTracer = nmolar flux of tracer

|
flux ma(B';E?E ngglye%%sﬁﬁglghc\e/%‘”— ghg Ilnnnt[)a‘nggjés‘ of QEHM?%tﬂhggﬁ)zacbﬁ'né Pethe time

requwe?ﬁgib%@ %e%m%eeip?ét %,?E'Bélgqﬁtt@?ﬁ?kec?org ’Ith%g&%t?g@? 38ﬁ§|tlwty,
and 3) B8 A RRTdre AhS SiTTHSDIRT Gk b WS SHOTIRAN, SO ed Kl

The porous naterial could be contacted with a m xture

conveative flawbon di oxi de (det ect abl e substance) and
conpressed air (carrier), such that any CO2 which

di ffuses intfo the erywould react. However, any gas
whi c%m%%%ﬂ woul d not react, thus the

presendte of CO2 onNjhe perneate side would be

i ndicative of a defect. The sKitted artisan woul d

Where: T Pl ald ol A Bl o Gl g hathioh ™ <"
in this E
: NTracer = Molar flux of tracer (moles/second)
Nrotas = total amount of gas in the permeate side volume (moles)

[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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wat er sol ubl e) would have to be flushed fromthe
porous material before it is used. 13 1. Quantifying
Defect Size [033] As discussed above, it nmay be
desirable in certain situations to be able to
characterize a defect or defects in a porous nateri al

beyonqi &%ﬁ*imngtﬂé}gdgﬁt presence or absence. Certain
|

enbodi nventi on provi de a nethod of

uIat defet d| r istribution densi
54418 dittenenabos ey He rrabiiliatin SRAREY tibeable
inte rlty, particularly as it relates to retention.
to char@@&rrznemdeﬁwbggﬁefgc@em@cworpgs dRtetial bavordrmerely oting its
convective rather than diffusive transport. Several
presenceswabseacs. Baviaimebbdinerts of treninventierd prividena suethod of
the Hagen-Poiseuille equation applies. However, one

calculdtifig! deﬁféct' diaﬂh@ﬁerairfd di‘sﬂrlbuﬂ@ﬁ densiage bbhﬁbf whithsmayl Batiseful in
isvalidonly at the linmt of very |ow pressure

e A R T

Gas f'%ﬁuﬁbﬁﬁﬁsde%‘?ﬁtwﬁsiptdﬁm% BB @ﬁvvve

foll ows choke flow, particularly jf the defect
transp@na@w@ral.r@swpg%rsﬁ@vgtmvéelﬁé gastlow i efpelsasspming the

retentive zone within the nenbrane. In general, the
HagentIPaisetille @qguafion ap pligge nHewevei oneeskilledvn the actr\mlhlrecmgnlze that
flowto choke flowis a function of the ratio of the

this equafioR & @aller &H$ at the mit be vésadwniresswealiffdieatialsciorodd the
equation is provided below and may be used to

membfHe’ girggb&%nﬂffmg@l rn?ﬂata%l ﬁmmg %GS'AHJ/M;@;({:@:%C
Research, 43:67, 1986.). At typical integrity test condltlons, 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
_Pou,Mw
pexit RT
where:
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PORMv Pent - where: 14 Q= Gas flow (cnB/sec)

eval uated at downstream conditions Np = Nunber of
defects Dp = Defect dianeter (mcrons) y = Ratio of
speci fic heats Mv = Gas nol ecul ar weight (g/nmole) R =
Gas constant (1205.95 cnB psi/nmol/K or 8.314 E+7 ¢
cnm2/ nol /K/s2) T = Absolute Tenperature (K) Pin =

QbsoL W h ﬂ’cRﬁ 6rﬁi7§?e<§ %l%illigzj{?d %Eab\%str mican lute

dovvns or ous terl Is 034] The
Pnt e_gﬁg ?% rous material may be assessed using
De he f am FUCIOBSH systems of the invention. As
Y an exﬁ?dlo@f%ﬂf'ﬁdleaéﬁs a linitation, the porous

Mwat eF iGas maleculaavaiglat (g&nniedf a cartridge, a cassette,
Ra she@as corstdntrin205.95iny’ psi/malétior 8. 3IUAE-E7 gam érrnnliK(s)
Ta bottA®olute Temperaitye (Kder, a tube, a hose, or a
PRONOkiAYoltO 3phtrdad resaue (pBiagri al may be conprised

POl a8 ANt HoWnstrBamIsessureBsRYUl es or a combination
of organi ¢ and i norganic nol ecul es. The porous

material rmay be conprised of a hydrophilic conpound,

[ pphobi ¢ conmpound, an ol eophobi ¢ conpound, an
Porous@l,a&%ﬁﬁﬁoi c compound or any conbi nati on thereof The

porous material may be conprised of one or
HHdlnthe |r3eg@t‘y55g|asnmo§ousrm’atenal may be assesse usmg 3 the

methods, devices and systems of the invention. As an example, but not as a
limitation, the porous material may take the form of a cartridge, a cassette, a sheet, a
column, a chip, a bead, a plate container, a bottle, a cap, a cylinder, a tube, a hose, or
‘a monolith.

[035] The pdrous material méy be comprised of an organic or inorganic
molecules or a combination of organic 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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pol ymers nmay be crosslinked. [036] The porous nateri al
may be conprised of any suitable material, including,
but not limted to polyether sulfone, polyamde, e.qg.,
nyl on, cellul ose, polytetrafluoroethylene,

pol ysul f one, pol yester, polyvinylidene fluoride,

materidf el P OE S & G ey sRrkiYans, Mepsisys,
e B o 98 St B M S 7o gt sl

material may be in the formof a single or
wound.nul ti | ayered menbrane. The porous nmterial may be,
for exanple, a hollow fiber, a tubular format, a fl at
[03&1 dn certagpembbtinents tivel pofodB Thateniatmaydiena membrane, e.g., a
enbodi nents the porous material may be a nenbrane,

filter or€ilteationadevidd EGpASinGid ineaibrane. d MHecgoroagMhateriabmay be
menbrane. The porous material may be capabl e of

capébl?1 )ré]JF é@%iﬁg%‘&'ldf&? $abas 8 1AL slZa%fthe %oﬁﬁeé. h @bssz% Ekﬁ%ﬁe

the pores of the material may be too s _
pores sty QUi FaP B3B8 B & B bisPlodpERHE of gpecinc

The nenbrane nay be contained in a housing e.qg., . a
size, e.gardiamgtes or a RafticWaemolecutaisvight. Thﬁ@%w%nsﬁgam?
be a flat sheet, a nulti-layered sheet, a pleated
containeddrta ousiny e gord cadtidgs a ¢pindef,.a qassettae enmbsare may
structure nay be synmmetric or asymetric. The nenbrane

be a flal@}iebE a makidajeredisheet,ad pleatef shevtantagg coattdnatidrsthereof. The
. i ncl udi ng contam nants such as infectious organisns

memrdf S 4 Seu i oFAREN ORITFRI Theefitone ey o
nbranes., M cr , .
osea (TRARE ol e s S BB o A o6 oy
_certain,enbodi menﬁs t he, porous materi al nﬁa/ bte \ﬁtted
organisgns ang yiruges, as well as environmental toxins and pollutants. The

-

membranes may include ultrafiltration membranes, microfiltration membranes, and
reverse osmosis membranes.
Liquids and 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,

16



nore liquids prior to testing. The nethods of the
i nvention 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 artisan and may be determn ned based on chenjcal |

by selegtingpropsaqugoysrepvants o5 prgwettiag govibulowhsuréageatensioprfilids
materials vary in terns of their wettability, which

(such as aohixkme eX B0&sisepropy! aleohel arid 70% watersand axciianding the low
The nmethods of the invention, can be adapted for

surfac8YEHSA Ak GvitFeWate e ltefritdtiveandtiag tAé nivmisineotitiene or

non- aqueous solvents or prewetting it with | ow surface

i id , i xt . i L
more (SRR PNAHE OToe CHHEN iR b hifRd PR s
_ tension fluid with water or alternatively wettin e
with th AR YIAtR.SUHaGH NSO f o dgasallaane o abpd™74 dynerom
operating pressure can be adjusted by selecting fluids
for water thaboet Hpgyng/cingfoe pediucsivetedesadventsy A sttillachartisan will thus
general ly range from about 74 dyne/cm for water to

undersibndithat @ liyuice ey Beoselpetetl! byosdnsiderthgstbe \obietsicaldroperties of the
skilled artisan will thus wunderstand that a |iquid

porou%'?ﬁéttﬁ'gal?@b@%@c@dpﬁscéﬁ‘lék%bi)e[‘Q/h‘é?@t@&@ﬂo%'m%ﬂﬁﬁi%tdo‘?ﬁprised

porous materia e tested. As an exanple,

. . . er . .
of a PGB B S el e Pt B Rl Bpeeompringe of
or, a sol.ution conprised of water. The sol utign
water. pEhe pefutian s B, TRy eXaRIe: BRLIEPER SoLURRS Pt IRG FrYS and
and oxygenated hydrocarbons such as al dehydes or
oxygenated hydsoaarbenrssuch asalslebydes ar alsohplsapmss) aleghetsneuch as
Where the porous nmaterial is a conprised of a
isopropyldiegiud bl ¢hergahe pordusamatériahiy @ compurised why Hydecdphibbic
any organi c sol vent such as dodecane, perfluorinated -

materiGCABAKALIE ,nqle@rrhay iﬁcfh!icge;]‘é *Jiar(gailm sHIPEANSUchAsLdGdbane,

benzene, toluene’ or liKe. Carriers and Det ectabl e
peﬁlu@ﬂ%ﬁ%@ﬁé@ﬁﬁgﬁg’ ]ecaclﬁcg'é geﬁfaglygfiﬂégﬂg?{a:ﬁﬁéggét%%,agéﬁzene, toluene 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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artisan, based on the solubility of the detectable
substance in the carrier. In sone enbodinents, it is
contenpl ated that the detectable substance may be one
or nore vapors or liquids. In other enbodinents t he
carrier and detectabl e substance may a mxture of
to wet hespayors matagpdare sugh élaﬂetheé#%ﬁrdpwém% ﬂpﬁée% withtae carier
the detectable substance may both be gases. Virtually
therebyablinding thedetestarito therpseseace of the deteptaide sebhstgnedre Typically,
nmet hods of the invention, provided that the

the mh@@lelddrhprigig the taeiel heditee derdtale sabsahcé hal havedsigher
material are such that the detector is not fl ooded

concert4tidnidt@a r{thgﬁ gefé&%mgxéueéfa ghng the detector to the

presence o etectabl e su st ance. Typically, the

] XL U conpri sin h carrier, and et
Bdon. S Pl ot BBargiulsa, [ whife iR fEbRP o e,

t han det ectabl e substance [040 Wiere a pl ur |It% of |
detectaple sybstange <o substancegiage alligases diheirarceiage pk each gas in the
det ect abl e substance, or substances are all gases, the
mixturepevayere: clgsent byctherskijles anisame Asranexareplanywhpee 21geses are

by the skilled artisan. As an exanple, where 2 gases

used td first gaethdyhise lised bt gpereantage volsate angihgrromeaad®.01% to
vol unme rangi ng from about 0.01%to about 99.99% and

sbout $8807% 5 o5 gBE P st o st ase oo

R rerX|b|||ty with regard to
from a%%ﬂél%gp 4&%‘ |§§%§f& gas conponents and
onposj tions, Carriers, a tectabl e substances
(5471 Pl i optioR araxides foh AEwBRY BIITPEg C 1 GTREas o] jcid and
used to wet the porous material. There ratio of
gas cogylonents and oemphsitions.r Carriers andedetectable-substanaestwillbe
may be readily determined by the skilled artisan and

choserbasediogen thedmsalbioility ib@ive liquidhset t@ %Wkt the pbrous rhéterinl. There
about 80:1; about 60:1 about 50:1; about 40:1; about

ratio o@éblﬂblllt?ttﬁ%e 28iribr t6 R ettBtable 34194thn&e may!He FRily Wetétmined
sol Ubility between the carrier and t he det ect abl e

by the §H||ﬂ§& %?t?s%n' and may range from about 500:1; about 250:1; about 100:1
about 80:1; about 60:1 about 50:1; about 40:1; 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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too great, e.g. greater than 1000:1 the detector, nay

in sone cases becone flooded wth carrier making the

detection of the detectable substance difficult. [042]

Sui tabl e carriers include corrpressed air, nitrogen,

gen, Nobl e_gases, ne ar,gon, .

ethanemrysaaﬁ et colBfis ’rea@o‘ﬂhy@%ﬁaﬂ'@é’y‘ butvﬁ)ﬁ‘e’l g, cappmmioxide,

propane and the |ike. Suitable det ect abl e subst ances
carbonmmpnoxide uladrogenryolatiie ipsganic Hadid vapors, ug, methanatostbanol,

al cohol, sul fur hexafluoride, helium alkanes, e.qg.,
aceton@EEItb.al’l'he skilledtartisem willogpprecietecthat sergitivity, ofethg .integrity test will

et hyl ene, propyl ene, butylenes etc., carbon dioxide,
be |anLfé=Hc€9rbm€%t§&or Bé(ﬁétﬁl‘ii? RindAé #4fel & vﬂﬂ&@ﬂifﬁ:sidrﬂb@@ns to oceur.

vapors, hanol et hanol, acetone etc.

fosdd) e@g“%gﬁ{bo‘%%ngpergg%ﬁé thgﬁct@g@éj@*ﬂé‘t’eg%‘ substance
are boﬁ‘b&ﬁe_s, 'E%ﬂse?%ttggﬁég%qe@%‘%pﬁ@'ﬁ%‘thdrgéé&%t%ﬂ g{ée i ns to

carrier and detectabl e substance are both gases it
permeakilitysarid.gas eormpesiensy that have Ongi snecirsde teace concentration (i.e.
differences in perneability and gas conpositions that
the defeatabl@sabstprcée)esnd ihetstheepresentas thet bulk species (i.¢.ltbe carrier).
det ect abl e substance) and the other present as the

In the RHitlof EQPIg'@éllL(té txcef §8s ARe rs'eﬁél)tlwty bfthehtad mebsu@iment is a
using a dilute tracer gas, t esen5|t|V|ty of the gas

functlo%ﬁlﬁ Eé@]%?rﬁﬁgﬁtl%ri?ﬁg%cfﬁ? ?%/tl(} X ng%%g@ﬂf[ﬂféhé ggg (5‘@8'

another (j). cis = DiS) [044] For exanple, O
anothegdi) vary from apprOX| mately 0.001 to 1 for binary gas

m Xt ures using common speci es such as nitrogen,

oxygen, carbon dioxide,DSelium hydrogen, and

hexaf | uor oet hane, wk Wer as the pore-filling

liquid. For tests wheré’/ the wetting liquid is a

hydr ophobi ¢ |iquid, such as dodecane, gas pairs coul d

[@v4]uBer 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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hi gh perneability gases such as ethane, propane, and
butane paired with ow perneability gases such as
hel i um hydrogen, and nitrogen. [045] In sone

enbodi ments at | east one of the gases is a

hexaf | uoroet hane. I n ot her enbodi nments at | east one '
contacgérgo\tlvgﬁ L{ssi'pgtaeglgpo\:}?:\lé&’%‘?aqdn As coﬁ\ﬁﬁ%on are available; for

exampflglj ther errb grlgge,ﬁ ;hegfpﬁuclgﬁ%% anenR Cg(sbcérg\e}? esrllgssst fhan 0.1%
gases are provided as a mxture of nore than one gas,
to moreiearmPRE% e Thawjilled gitisan wikbeablerte aheprsg apgrcmimt%s%@s and
with the porous material. Wde ranges of gas
gas migturp® based npan &nawaidrapértiesfsach assohghility foe permeability in the
m xtures of hexafl uoroethane in CO2 can vary from|l ess
wettlné [’@ﬂdO 1 % to nore than 99.9% The skilled artisan
be able to choose appropriate gases and gas

!gqé upon known properties such as
Appar qg ﬁy o'?gperrreabilityinthe wetting liquid.

tus and s certai,n_enbodi nents t.h
ﬁﬁ% 8 %pg\r;n mgﬂts[tgsd \éqrﬁlgnsquylgsg gnfelﬁpangtus suitable for
determining the integrity of a porous materia
determiniagphe ingeguly oémravw@arlalab%exarap efan apwatus suitable
met hods of the invention is shown in schematic formin
for useFinghe endthads Shthe inpenticr issshoswn in@ehemsadicdprna imbigsirada. The
suitable for receiving a porous naterial to be

apparat0$ @ty éompesd 8fla helsingsuitabR fof receiihgatmirbas material to be
substance I n fluid conmunication with the housing; c)

mtegn@I @Qfsﬁ QfsoBr&Pbf 4 ﬁétéc blé Eﬁbﬁﬁhgéﬁnrﬁﬁu@ c%%ﬁhﬁl%ﬁoh With the

n| cation the et ector

2 0 5 A AR Y p—
it T e S P o AR )

The detector may be any comercially avail able
recirculaticrcipump smicoatongnication with the detector and the housing for containing

the porous material; and f) one or more sources of external force.

[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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detecting the detectabl e substance, e.g., a tracer gas
or vapor. The detector need not be custom nmade as
required by previously described photo acoustic
detection nethods. The detector may be, for exanple,
Fourier TransformlInfra-Red Spectroscopy, nass

and on8RE¢hdreserRRYm B@spshrocahbipaton vf ekiedtdl eheeg\esterces) e.g. one
energy source may include any conpressed gas, such as

or moré Ep@fp%?r%goﬁlé bf R soﬁ&'é@ro?%%ﬁ%rééﬁed gad SFé‘ﬁEb‘é@ht@rﬁﬂSted

nergy source may e a vacuum punp or

R PRy ey Sootilse AR & R Al e SofREyAles, three

ext ernal epergy sources, one pu
way valye 10 grkes 30 .ceegobtheéwbgfew@é@r@%rsarﬂ) @r t&‘les‘ig%edag%
contenpl ated. [049] The apparatus nay coqﬁéise one or

substance,e.gdotbe sample coniained indbe honsiag, ol detectes andior to the
the like, to control the flow of the carrier and or

recircufgtienqRings.t @blecor molksiavEEemay.ddso be usbe te soptrel exposure of the
contained in the housing, to the detector, and or to

sampld {¥an égﬁé‘rr‘iaﬂ Yorek! ?hé’HFﬁrorQUSlv@é &y Be ‘(@é& €S cHﬁtr‘oIQhéQIow of

e used to contr exposur e of the sarrp e to an

e ca g 558 Beidk g 5y B3 B0 At By B o st o
vty Y AR50 ot KPS B3 B b A%
where the test is performed on-a nenbrane, valves may

membrapet valves maytdanirabthe fiew ohthe earrighand deteatalple substance such
substance such that the perneate is found on either

that thé perrhéafietis $outel o eitkabthartight sidehef nopmbrarieder the dpen side of the
menbrane. Simlarly enbodi nents of the invention

membr‘?eﬁ'\@t HIRNiIaHE eARIhERS dffise wﬁ/%hﬂBﬁ‘b@n@m;ﬁb{er@étebmg the

ski nned surface of the nenbrane or the skinless

permeqtgérfﬁﬂwé)rfthé i nnga 'ét&'iﬁeg of @%nﬁ%ﬁér '{'%%ﬂp@sg%uﬁace of the

APat s conprrses a
rece|V| ng a sanple to be integrity tested e.g. a
membrabgyr ane cartridge. The housi ng

[050] Referring to Figure 1a, the apparatus compriées 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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may conprise a head having one or nore ports and a

hol | ow tube which contacts the housing head and

extends into the body of the housing in a direction

running parallel to a housing wall. The holl ow tube

may be suitable for transporting gas into or out of
controlliRg tHwfiew 8 gadheT hwappaatigmalcomprideld deldesroLihresivagvalves

with a gas source (TK-201) and with a detector and a

(FV 2zbe erﬂ"l' 222\RHeN (CBhtr8thE-floRPsf %é@ﬁ‘\%j ah8 o8 tHeousing

source and the housing, and Detween the housing

e o S AFAE s e P S S e

for 21 controlling the flow of : rat us
surface g GETROSHINGN he Drape & HRysICalbipan pUELE T saimple

221, FV 222) which control the flow of gas into and
membrame asfcetitis pasitiineg indhe housing. t he sanpl e menbr ane,

e.g. a cartridge, nmay be integrity tested fromeither

$06 1] aReferfing e Fizauré Mbdgerods dentiontdia purtidn obthe apparatus of
physi cal ly mani pul ate the sanple nenbrane once it is

Figure H%Slbtsheﬁ@lqnblﬂdfnbea HQ&@h@ Beali 0340), F?frﬁéﬂhb%é @ar’t_r'lcﬂjé’ ifitekior

b, a cross section of a pOI‘tIOﬂ of the appar at us of

suoro SR oA T 08 85 e

samplg BEneRg: & Sa8 “ﬁae'&‘ié‘r%b? @In?%or&fﬁa?lﬁgk&ﬁ%fgﬁiéluomtube
|nter|tl)étest|n g (302); a hollow tube 30?%)

(303); pipkasticdiller whigh miay cledvias the epee intadoLyiwTER éhe &pusing
vol une of the housing thereby facilitating nore rapid

thereby €éaclitatinog nufre rbpid dietectiondfehs detdctalrie substancer egetracer gas; a
gas; a housing bow (305) suitable for receiving a

housinﬁ%l@@@hftéﬂé foPreReRAg Q%aﬁ'}ﬁlé ﬁﬂ#ﬁbrahg()ﬁ)oréékmg cylinder

di ng the nenbrane sanple in place. [052] Figure 1c

(306) fﬁpﬂﬁﬁ‘ r@wgl ﬁg&r{@%ﬁe gé'ﬂﬁﬁ (efgééé)nal Vi eW of the housi ng

rane ca e’i'nterior support sleeve
Bo60" RS 1R P Rub) i Ftertils fod Begiond i BBk G nead

the me%)%glc(:a?ttriggyirtltgrior 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 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

22



the exterior of the housing bow and the interior of
the nenbrane cartridge thus providing conmunication
wth the gas source, the detector and the

recircul ation punp. Figure 1d provides yet another

vi ew of the housing head (300) including ports (307,

Sl e e
essu L A DBE B 1o S GRS PN BT R g

outward toward the exteriqr of the housin 22 and a
througk ped{d08Lsueicibat i coptactnadiry susiRae @f aHeempranghayipg a surface

~ Gas may flow under pressure, fromthe gas source
facing {he0axtetitr afithe holsing. WEhe gas may(pevaeafe thipogh the wetteting
t hrough port (307) such that it contacts a first

membsinefs2peplef i.é. tord penredta\didg obtheunbambeand, aridfow Hﬂou%h the
exterior of the housing. The gas nmay perneate throug

hollowgﬁﬁ'@et @%%‘#\d SBTRE g@gns?@rmé ?)orti (sgﬁ) h%&n'ihh%. gﬁ[%‘é%ﬁ%ﬁthsthf’é‘e way

: nbr ane, ow through’ t he w t ube
and_exit t I ' r 08},
vaive (SRR S B MDA OG0B Rlek 05i Bas s e e
detectamia SqEBLATI6Fior Paftih SoSRURIGHERN OIth ke oy vale (FU221), and
communi cation with three way valve (FV221), and exit
exit the tetegtareta arsegpad detasterppriwhishtisin pommugication with the

communi cation with the recirculation punp (PU 201).

recirculdtdnrgahp ¢RU2010N Tiemecireylatien pompanay bedaicommaumitation with
three way val ve (FV222) such that the gas circul ates

e Aol (22 UEH Va0 g4 cAAEE LEER ARG 5.
otes 5 oS PO BB BR By8 fByiev 22
‘and tng Boflod b 06 te BarmaBe Aide pbiia Saribis TaeHEraarp 5t Fesiiculated
gas mé;ll1 ’?hu%pbpearrngtdgsavgﬁzbIgeon%séeadgatir? tc} t%sétdea}cegtg; Silésthe 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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material, e.g. a nmenbrane cartridge in the reverse
orientation as described above, such that the

nmenbr ane surface descri bed above as the perneate side,
now becones the surface first contacted by the gas
and the nmenbrane surface described above as the first

portiors&¥ the reMBIARESATER. t‘l'}fé Q%é gﬁg );ferﬁfe‘é?e thFO& Wﬂ@&%nﬁﬂ‘rane

orientation 1s acconp terlngt ef ow of

s S 0 8008 e e o

source through a thr val ve (FV 2
out of {ye\hqusing thgo fbeﬂoﬂ(@gg ) in gprg eatvvltsﬂ\m Wab’ﬁ’é‘?ve FV221.

i nner 23 portion of the nenbrane sanple. The gas may
Three payvadwec22 hrwhigh ist inecomeminisation vathghe detralor, hr@nspatt% the gas
bet ween the housing and the sanpl e nenbrane and w ||
through laofivst @etiectolr pohtsinteothel degedtbr. oTilgd gas posiyt exiBtHe) détector via a
communi cation with three way valve FV 221. Three way

second’ abfé%to?r%rt iddnimuBicaflos WiMLAE Ge&irulati¥nt ;BUthEPU 201. The gas
detector, transports the gas through a |rst det ect or

may B P lof U 0 o JHEod SclBA b BBt PG
commygeatgindh 't@r%e%u&vm%?@zﬂﬁﬁhﬁﬁﬁs RmEncayiod with a por
second port which is in comunication with three way

situatedaneas the-Hotiom aftthe housing{Figsien]a) sueh that the recircpated gas is
situated near the bottom of the housing (Figure 1a)

deliveredddackitathé permeaterside of the rgembrane, del. theemedhlirank side facing
the perneate side of the nenbrane, i.e. the nenbrane

the ho§$|ﬁ§ wWaC506n tHd1s i5availdifle WAkE agalictd thBdetédtof via the pathway
avai | abl e once again to the detector via the pathway

d above. Exanples Exanple 1. Integrity
descrﬂ?&??ﬁg\ééeof porous materials with recircul ation of

detectable gas . [055] Porous nenbranes were
integrity tested using an apparatus simlar to
Examples

Example 1: Integrity 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:

24



the one shown in Figure 1, except that the apparatus
was not configured with a plurality of three way

val ves. The follow ng protocol was used. A nenbrane
cartridge 'was wetted using an appropriate liquid for
the particular type of nmenbrane. The cartridge was

1. The ré@.%mé#&ﬂpurﬂptwb% furhd®bn '&%&he@ ¥eht Wavas ac0aRaabetidw a set

I R sensor, recircul ati on punp, a vacuum punp,

vacuum fenv% fﬂgés%péé r¥so‘?£ PYER 2 Oééﬂ)wﬂi‘@ I ?%31&0% Venturi

a car rldge using a Frogranma

vacuum Qcégéégorf&@g&geﬁl a‘{@d I{{@Sducers and automate val ves,

recircul ati on punp was
turned on and the system was evacuated to bel ow a set
2. Redjrgolationafike permpeateside veldmsowas pentimesedkfordf sasopds- 1he
PSIG using a Venturi vacuum generator (Vaccon,
FTIR sigrdil wasdthebked tendReeithatlit wias delaw atdetpgiet tineeshold (44 ppmv
vol une was continued for 10 seconds. The FTIR signal

CoFe). e FIBELEEkdrousdsightl affer sdvieraiaedtel9 bydles Ha0ig¥d to
threshold (44 ppmv ™ C2F6). The FTI R background si gnal

I t
seer i FANEH, P RARBISOL I ﬁ@@@i&f? o vas
oo L8 RETEAR 6 10 el Erund PR Rasstan ¢

pressure was to be under vacuum step
pressurgpas e bedinder vacuemsteR érwa&\wl@mntect lféhe deaces Gas level
substance) was above the threshold, step 3 was

(i.e. detegtblelesubsthnce) wastaboyedbks thresbalds sﬁepg?ewaerimplemented.
pressurized with nitrogen or conpressed air to a set

3. BotR®idds ¢ &ﬁrﬁv\ﬁ@ vidrelpies8uriz8d vﬁﬂﬁnm el br 28fpressed air to a set
noni t or ed en both wer e above e set p0|nt 10 -

port GBI Bl NEAPTIOR R B St e
e sl EZ??%CC&‘]FA%% o b i e Y e

4, Both S|des %?"l thoe fIIPeI‘ wer(e+/r0l)Jgr§ctueppt050 PSIG (14 696 PélA% with nitrogen 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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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 inmediately inplenented. The skilled artisan wll
al so appreciate that while dosing was done instantly,

advantggé gt t%%é%@é’t‘n% &’@Yé@tstiﬁ é’i@@ Ehefbides. r(?éﬁ%alﬁ @kfects on the

psi/seco arrpl may provi de sever al

st sBSHEIH P e 2288 SR ERAA B RSP RE gore o

full anount of r could al so provide for a
3|°qumén?ﬁ§'@mﬁﬁh'§b3@§'”ﬂcﬁfé% pressure. Another 25

advantage rel ates to detecting defects in pleated
6. Thenupdiresane wasQuessirizeddo dhe §nalsat point glifferenti@aessure with
some cases get pinched off under high differenti al

nitrogeprarsconigresseéd aisl Tiherdiffgrentisl messuredsetweon PTHR208ANAPT-204
- effect 6. The upstream was pressurized to the final

was mafitoreg! 'Wh@'rh fﬁéaﬂlﬁ‘@Férﬂial RIRPeH t8e Wbt Poinf)istd P8 SWasdimplemented.
conpressed air. tferential pressure between

Pressd3 %ﬁﬁcgr? g\%g qp L lag@]\ @%ﬁ%g&rﬂe { (l)gpogﬁa\{evﬁgé\'é Hgﬁe usmg a recipe set

ed.  Pressurization was done inst antly but
ramp fet%d I.§- B?'E?CHQ% been done using a recipe set ranp

rate (i.e. psilsecond). 7. The ETIR signal versus tine
7. ThenaEIRreignabresaus timeangs gronitaeed. off BBWIOA e taliawingioegusredsstep 8
was i npl ement ed, otherw se signal versus tinme was
was impilmhénbeeldottmn\t/ise@gmm verdus! tirhé evasanonitariedtcantineally until the set
. el apsed: a. PT-204 was above reci pe overpressure set
point titfd &ap¥bd.ch could signify a gross |eak; b. The FTIR
Si gnaP was above the set point value also signifying a

a. PT- @(549\77/53 g%%#e rgcgg %@e{*g%&@ ok ?ofn‘f ér'?cfsnr é gfd[rﬁ'i‘?r a gioss leak;

expire I'mer Fange

b. Theﬁﬂ&ﬁ@%@a Y do@glst isgﬁégg@ﬁﬂso 3|gn $|n8fa érrc])%sfléalllz er

c.' The time on the recipe test 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 wés 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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FTIR sensor and the recircul ation punp, which were
evacuated to exhaust. PT-204 was nonitored and a 20
second tinmer was set when the pressure is bel ow recipe
set point (-10 PSIG. 9. The upstream side of the
menbrane cartridge was evacuated to exhaust. PT-203

10. TheaspsHeaht S f"ﬂ:i@' n%?nﬁr%ﬁe%rﬁihasfwdﬁﬁr?%%%ri%égw%th nitrogen or

pressure was bel ow recipe set ~point (- g
comprGREEEE BB o B AT 2% MR e P 5 seconc

_ pressurized with nitrogen or, conpress air to recipe
timer e S oNTIon (190 SR WABTSBRE (heSarBA Lo Fiactaing B ek Gone,

second tiner was set when the pressure was above the
step 1t waspoplementadnunipes thengeanap aysleeGourier(sedipe\sgs point for
i npl enment ed, unless the clean up cycle counter (recipe

numbes f cypdlest- vias onlgUlyiness edmplhets, ¢lsen stepsi Dwhyg pErfovasd.
conpl ete, then step 12 was performed. 11. The upstream

11. Thel @sstdant BReBYTRE ARk dfGRIgRavasaRfdiRt&std &xhaust. PT-203
exhaust. PT-203 was npnitored. A 10 second tinmer was

was mé@ili%rga.e Eh]i (.f)1 PSR HMEr WAR SR BHW uthF Z)rré%éj Sr@ S\Ldégp?léWitgg F§et point

ncrement cl ean up CcoO

track of how many cycles, of pressurizatjo i t h

(10 PSigl AR NCERBENtHIPENIN QSIS HATYSH QLR EPROP LR MRy cycles
stated above, in this experinment one cycle was done.

of prespldzatianewith gerriefges dotawed by gvacuatipn was pedpened.1 As stated
The filter drain val ve was opened and vented

above,dn\inis texparimeit bhe cicletveas ddmai Vhen tAé-tR0& wasl dBfie 2€tép 10 was
were nonitored. Wien PT-203 and PT-204 both reached O

repeaté®! G (+1-)10 second timer was set. \Wen tiner was
done the test was conplete. Exanple 2: Conparison of

12. Tt@l@@&?&%gﬂa&é‘;\ggg gp{eﬁé‘&* a%%n@%gﬁ%%%f thdBifer, Monitor

rrdges were conj unction
- PT-204'3h] A, 24 WBte RaonitorF e R T Zhand P AN SbfiTEEhed 0 PSIG
(+/-)10 second timer was set. When timer was done the test was complete.
Example 2: Comparison of FTIR signal in membrane with known defects
[057] Indivildu-al 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 résults 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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inserted in the orifice holder to elimnate the
effects of the known defect. A series of tests with
the sane cartridge were perforned with each cartridge
tested having a single defect of known dianeter. The
cartridge used was a 10 inch 0.22 mcron hydrophillic

75% coPlesRBH OWRATA trahd hldnRstape Grenradifitend bf #6 i8R, The unit
VA nbrane cartridge subassenbly. The results are

ot PR A5, ST S g3 v
(pPm)(BY KRR TecRes1<0t U i MKS TRRGS T TIRGNKs théluRants,

. of time in Figure 2 is seconds, while the unit for
Wilmingtrrs MAith arlaweodetestiontimi gfdrppmVIGba  (ppm) ( by
volunme). The sensor used is a MKS InDuct FTIR (MKS
[068] r Arteedretical\Woneenigation oMBYFswiersusatimeweas alsb eatdutated
[imt of 1 ppnv C2F6. [058] A theoretical

assumRyCHRIKEI vl £t iRdiviGEPmERTbTASed haWnyRsdeTb6ofdons €iked Figure
assum ng choke flow for individual menbranes having a

3 show&ﬁée Sérg'llpgfifgr%i‘%esﬁ@ula@d IGes And HYExgerfriomal }qcstﬁgs @btained

ulat ed val ues and e experinmental resu
. Oobtai ned si,ng fixed orifice defects. Exanple 3:
using fl)‘ﬁpéﬁﬁcﬁﬁ#@gﬂ ng of process sub-assenbly cartridges
[059] Integrity testing was perforped on 48 production
Exampleg 3; i Integritytesting Qf Jarocegs sabsassabhueantridges with a
0.22 mcron hydrophillic PVDF Durapore(r) (Mllipore -
{aolrdegrisy testing) was parfompgd ap Srrrpductiaieunits efs1Uepeocess
tested both prior to and post gamma irradiation. The
sub astesblyccarttidgesneitiwe 02 2micrepdydeap hllic WP/ D DiExapqre® Millipore
- The results are shown in Figures 4a (pre ganma

CorporiatibAIBREHSRN)MAN thehiboraRes ThaaiRTR were' tadiedit b&th prioftd 8hd post
integrity testing using FTIR detection, according to

oamm iz 3! F58}entonlRent QKEE B Bpolt o6E0E i CkApIF2  The
resultsgypSPONG i daiEs e pragan T i 45 ool 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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Table 1

(diffusion test) (M.Ilipore Catalog 94-95, MIIlipore
Corporation, Billerica MA). A functional bacterial
retention test was al so perfornmed. A conparison of
these results is shown in Table 1. ("?" indicates an
indeterm nate result). The results fromfigure 4b (a
known good cartridge with a 1.31 micron defect) was
considered as the cutoff for a defective nmenbrane.
The int egrl ty test descri bed herein denonstrated good

Dcllbl lI Vi l #H U lIIU bUIIbI lI Ul1S l blUU 8 IclUI [S]
FTI R Resul té ?s rr% to reagh Sl ope Hreon Regtention
Car tTirmélgeeatAS> ppm S3fH (pgm Di f f usi|orFrédds Ul Reteniidn
Cartridgé Se @afh e CeRAFVWS eco(ppmPLATO sccm ( cqubiffisjon | 10Rdsulls 8. 7
ID BAD DEecbMBL 110%HFJsetow) BAD BKATINTC (ste@P |15cdudis) BAD
1081 0./58 TNBC 1395 20863. 8 BAD 0BAJ TNTCDKL097 ZRTL7.1
1108 BAD 0. 97TNTC (1336 13t 14. 3 BABAD. 47 TIBKC |[129NTR7 9.8
1092 BAD 0. 395 TNTC| 1078885 8.7 ? BAB3 TNTEs8 1094 TNGB 2.2
1395 0.49 3,4 | 108833120 (. 38gAHOD (0. d570 | 11®3c>130
1097 0-[14 G 0.16 0 3447 >140 Ogrd G 23 O tnTC
1336 31 14.3 BAD 0.47 TNTC
1291 27 9.8 BAD 0.39 TNTC
1078 35 8.7 ) ? 0.33 TNTC
1094 108 2.2 GOOD 0.19 3,4
1088 >120 . 0.38 GOOD 0.15 0
1103 >120 - 014 GOOD 0.16 0
1407 >120 0.24 GOOD 0.23 0
1196 >120 0.28 GOOD 0.29 0
1181 >120 0.51 GOOD 0.3 0
1109 >120 0.35 GOOD 0.17 0
1349 >120 0.31 : GOQOD 0.29 0
1293 >120 0.17 GOOD 0.17
1398 >120 0.34 GOOD 0.21 NOT
1360 >120 0.25 GOOD - 0.24 TESTED
1373 >120 0.35 GOQOD 0.33
1191 >120 0.38 GOOD 0.23

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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1196 >120 0.28 GOOD 0.29 0 1181 >120 0.51 GOOD 0.3 O
1109 >120 0.35 GOOD 0.17 0 1349 >120 0.31 GOOD 0.29 O
1293 >120 0. 17 GOOD 0.17 1398 >120 0. 34 GOOD 0. 21 NOT
1360 >120 0.25 GOOD 0.24 TESTED 1373 >120 0.35 GOOD
0.33 1191 >120 0.38 GOOD 0.23 The cut off for a

orifice g BELTHE meeam?@&ﬁnﬁg@aaﬂaosé Iof teEnPiUAG Y| AiNavBage of 2.90
owate test was 0.47 standard cubic centineters per ,

f
ey GEatefy Wi iR eafun FE B0 R e e ffigarson,
bed h [
multiplp G4 vih e ShEst et e (OSTR Pl R B o E IR0 d
menbr ane cartrld e tested as is or with a fixed
Example B; fintagrityitestingfofiasymmetrie membrangs ri dge was -
conprised of a PVDF Durapore(r) nenbrane (MI1lipore

@819. Asyniretic membvAhesinere ategrity destet iaccerdimg taideel
using Freon (15.5 psi) as the detectabl e substance.

embodqn_ﬁéntsd‘fsché Pveridn O ek as G%c@ﬁer@dﬁhﬁﬁﬁméﬁés@éﬁsﬁhﬁt?%@ incdome
6 psid. Figure 5 shows the results of 10 replicate

f
s SR, U P HAA S0 50 o b e
membingo THyang Hesa TS DpraeTaY LeuR dtrenEuR iR e Cronsitggs
ppmv C2F6/ sec. For conparison, nmultiple runs with the
(includngrgasiyanasmixiusee) aneblimis @Eﬂytesh@n sﬁéﬁMﬁe$ §rand 7, show the

conpari son. Exanple 5: Integrity testing of
resultsazbfamet whemdedicemneantaining a thin, asymmetric membrane were tested

with various size orifices (i.e. intentionally placed defects). When these membranes
were tested using the conditions developed for the Gamma Durapore® (100 to 1507
micron thick symmetric structure), the limit of detection was somewhere between 5
and 10 microns. When the tesf was performed in the reverse direction such that the
gas mixture contacted the tight 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 fhe art. The
specific embodiments described herein are oﬁefed by way of example only and are
not meant to be Iimiting 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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[061] Asynmetric nmenbranes were integrity tested
according to one enbodi nent of the invention. It was
di scovered that the test sensitivity nmay in sone
cases be affected by the background diffusion of the
tracer gas through the integral nenbrane. Thus,
di fferent nenbranes may have different optiml test
conditions (including gas/vapor mxtures) and limts
CLAIM@D detection. Figures 6 and 7, showthe results
Obt ai ned when devices containing a thin, asymetric
r e tested wth various size orifices (i.e.
WHATHE@@W% pl aced defects). Wen these nenbranes
were tested using the conditions devel oped for, the _
1. Amagthed Df papessing &e(lmtﬁgﬂltkbofl% @orgHscmateriah cerpsigingea)rwetting
structure), the limt of detection was sonewhere
the porobe materalwithea diqdid; i) coataxctinglaefirst serfacesof thepaueus oraterial with
in the reverse direction such that the gas mixture

a mixtur€ eBnpERY 4 Barrier 8AY asdeétectabid Sisbstaity: anapplyirf prekbdre to the

mnimze water layer thinning of the asymetric
oL r . i, fi | .
first surded OB RIa s hefridh B Bhatdl lodt Spireyr Medepiitrandihe
et n 2 and 5 m.crons. [06 \ny nodi fications and
detectablipyERtans PEmeaP4e Rotins BRERET daCREAGR 3 arEr and
departing fromits spirit and scope, as wll| be :
detectablg,pabstance tpundds @ rermeate) of the prroks dn afixed veltne pndhe
enbodi ments descri bed herein are offered by way of
permeate sidepivbilendntiruing to applydhe pressure of (@ E) assessing theany
way. It is intended that the specification and
concentratiaief ffe détecepRssulsstancam exeppindsatedilthe poidus raatsriabover
scope and spirit of the invention being indicated
time indicated by the followng clains 30 CLAIMS WHAT IS
" CLAIMED IS: 1. A nmethod of assessing the integrity of
a porous material conprising a) wetting the porous
material with a liquid; b) contacting a first surface

of the porous material with, .
2. The method of claim 1, further comprising the step of f) comparing the assessed

concentration in ) with the concentration of the detectable substancé in a permeate of

an integral porous material.

3. The method of claim 1, wherein the at least one of the carrier and the detectable

substance is a gas.

4. The method of claim 1, wherein both the carrier and the detectable substance

are a gas.
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a mxture conprising a carrier and a detectable
substance; c) applying pressure to the first surface
of the porous material such that at |east sonme of the
carrier and the detectabl e substance perneate the
porous material; d) recirculating the carrier and
5. THetmaethat) lof chairbst, avlereindbe dourceaofEressareds cbnpnesgent aits
in a fixed volune on the perneate side while
continuing to apply the pressure of (c); e) assessing
the concentration of the detectable substance in the
1
6. TRETHER0R of i, BeRuin, (T8 dRfoctabiB KithstarlcEtis afiucldBarbon.
conparing the assessed concentration in e) with the
concentration of the detectable substance in a
ermeate of  an integral porous naterial. 3. The
Theveiogol slaimb. yvh 9 tBe HlupFR-CatboNda dieoBne of the
carrier and the detectable substance is a gas. 4. The
nmet hod of claim 1, wherein both the carrier and the
det ect abl e substance are a gas. 31 5. The nethod of
8. Theahathdd ofekiigi 1) WwHgeimate porodis pratsridlia inserdbrameessed
air. 6. The method of claim1l, wherein the detectable
substance is a fluoro-carbon. 7. The method of claim
6, wherein the fluoro-carbon is freon. 8. The nethod

0. THe ol sl %%Eﬁgg‘?ﬁ%éﬁrﬁe‘ FroBisssop ByelBH HSen from
vt A i oo FORISE oS RIS leds Ry paEzne
pol ysul f one, pol yester, poI yvi ngltl dene fluoride,

polyestepopqmnamdeméluopldeyp@Wthpaﬁenmpo (tstrafluereethylene-co-

perfluoro(al kyl vinyl ether)), poly carbonate,

pérfluorcp(a!jlgyEVihyll ether)), pohs safbiobate, pohiefindehs rgiass fibergpalycarbonate,
anda net al s.

ceramic, and metals.
10. The method of claim 1, wherein the porous material is contained in a cartridge.

11.  The method of claim 1, wherein asséssing the concentration of the detectable

substance is performed with a detector.

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

Infra-Red Spectroscopy, mass spectroscopy, and gas chromatography.
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- 10. The nmethod of claim 1, wherein the porous materi al
is contained in a cartridge. 11. The nethod of claim
1, wherein assessing the concentration of the
detectable substance is perfornmed with a detector.
12. The nmethod of claim1l, wherein the detector is

13. Théossthod odolaimurti, ethelgianisé detectdrmis maF dtaier Jpansfoandoipa-Red
mass spectroscopy, and gas chromat ography. 32 13. The

Spectroéﬁé‘pgpd of claim 11, wherein the detector is a Fourier

ansformlInfra-Red Spectroscopy. 14. The net hod of
cl ai mone wherein the liquid is conprised of water.
15. The nmethod of claim@8, wherein the rrenbrane IS an
s tri nbrane. 16 The t hod of i-m 8,

4. ThRBSAG o B beaerelt ool R s of ety o
menbrane and a nmulti-layered nenbrane 17. A nethod of
assessing the integrity of a porous nenbrane
conprising a) wetting the porous material with a

15. The mettod pf clam &; iwhegeia the nsembrarfesis anadsyhiraericrmembrane.
material with conpressed air; and with a
fluoro-carbon such that a m xture is forned corrprisi ng
the conpressed air and the fluoro-carbon ;

16. Tﬁ@%é‘thB? ogg%h?rﬁt&;ﬁg\{ﬁeg?MﬁeanérﬁBraﬂér%%f\ﬁsé’ﬁ fﬂbPr?a sﬂ-%é’}éfyer

materi a |'east some o e carrier

the fluoro-carbo erneate the porous material; d)
membfaPsa”P&F‘é'?‘f'%aeﬁFE "BP® of b) from a 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

17.  Atrhethpdrofessessing thesinpegriy of arpmreus menub,renetqonmrlsmgja)‘ wetting
conparing the assessed concentration in e) with the

the porofi8meaFiaakitio B liglid Becdritadting & Ardd@0rfade af Y paraus nedteAal with
i ntegral porous material exposed to the sane

compres%%ﬂgdéra'taﬁgﬁl}ng'}r’] § 'i‘lubf arb\ﬁﬂesru%lsw rihé;lf% grﬁftﬁ?esﬁ%rrpﬁd comprising the
comprest3ﬁg ent ) h}jﬂo Lﬁ%{) cﬁt?é on,; coégplﬁ% t;’)%]ssiure o Fr%?surface of the
porous material such that at least some of the carrier and the fluoro-carbon permeate
the porous material; d). recirculating the mixture of b) from a permeate of the porous
material in a fixed volume on the permeate side while continuing to apply the pressure
of ¢); e) assessing the concentration of the fluoro-carbon in the permeate of the porous
material over time; and f) comparing the assessed concentration in e) with the
concentration of the fluoro-carbon in a 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 fluoro-carbon in a permeate of the integral porous

material indicates the porous material is not integral.
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mat eri al indicates the porous material is not
integral. 33 18. The nethod of claim 15, wherein the
fluoro-carbon is C2F6. 19. The nethod of claim1l,
further conprising f) conparing the assessed
concentration in e€) with the concentration over tine
of the detectable substance in a perneate of one or
' nore standard porous materials, wherein each of said
tq@n rlses a
18 TREFdhod Bt Rl 18 SRR Ihe HaatREbbR 18 P e “came
test conditions as the sanple porous naterlal, t hereby
determ ning the size of the defect. 20. An apparatus
for assessing the integrity of a s or ous
19, Tharusthas o IR s fiEher-Sprap RIS D g naAaHNg aRspssed
receiving a porous material to be integrity tested; b)
concentrationn e with the cdncenttatisncoveutimenttbeidetestable substance in a
comuni cation with the housing; c¢) a source of a
permeateafioneror here sthadatetmsrbad heateridis wherin sath of daid one or more
conmuni cation with the housing; d) a detector for

standardjﬁér%%'rﬁﬂtehaf% RS Beftebst RS sRb dhd lg‘é'ubﬁ#iﬂt@d tPthe

np 1n comunication wth the detector and

same teg W%&%oé%t%%r%awﬁﬁgﬁ%ré% g@?ér%jsth%b?/dégrmﬁﬂ% {h)e dlze of the

defect.

20. 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 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; and f) a source of an

external force.
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