MEVMBRANE CARD AND METHOD FOR THE PRCDUCTI ON AND USE
THEREOF Field of the Invention The present |nvent|on
relates to the field of the separation of partic
various sizes froma liquid (gaseous) nediu " l w \mm
particularly, it relates to processes for ma )
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microfiltration systems remove particles in the 500 Angstroms to 20,000 (0.05 to 2 pm)

Angstroms (see, for example, U.S. Patent No. 6.540,915).
These membrane separation systems typically use spiral wound ty pe membrane packages
or modules, which have low pressure loss and can be manufactured at a relatively low cost. In

general. the spiral wound type membrane package is formed from spiral wound type separation
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menbranes that include nanofiltration nenbranes,
ultrafiltration nenbranes or mcrofiltration
menbranes (see, for exanple, U S. Patent No.
6, 565, 747). The specific type of desalination system
used depends on the nature and anmount of inpurities
in the water. For exanple, inpurities in particul ate
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chem cal conpounds of various sizes and nol ecul ar
wei ghts. This is achieved by mani pul ating the pore
sizes of these nenbranes to the desired size range
depending on the required type of separation. An
ultrafiltration systemis known where increased
filtration efficiency is achieved due to.
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separation of a wide variety of particles from liquid (gaseous) media other than water and for
processes for producing improved porous membranes, membrane packages, and separation

elements for such separation systems.
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particul ar description of various enbodi nents of the
invention, as illustrated in the acconpanying
drawings in which: FIG 1 is a sinplified block flow
di agram of one enbodi rent of the process of the
present invention for producing a separation el enment
useful in a separation unit; FIG 2Ais a left

Brief RS SHEGHH YEME 5 vRfied tYPI cal cassette and bath used
of cut strips of polymeric film
ofFurther firanres sing hwanthgesFivil bdcond @szﬁaﬁl foR fed®llowing and more
{3} -sect i onal view of the internals of the cassette
particdlap fescHPYYIG, ofy xariopy mbpdiments sphplhief iimgnbbmckesf llbistrated in  the
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acco“giaeglgg %{nl\?gﬁﬁxgﬁlc or t he manuf acture of a nenbrane
eIFéGerltISLHsslﬁmpllﬂed Hosle[fbn\atiiagfhnulmlftonelrdn%odélmblﬁ & 1Rf process of the
wgect |fve view of a typical spiral wound separation
HoR 195 Rrodugng 3 separatipp elsmenpsafihia askpatatidn enit;
quICeQAI oR 14 £ | ! -
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I edt a_porous substrate .of t e separation
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PEISPBGE h\é %hﬁ%\@ lﬂBcl@ﬂ@Wx%r@fn &mﬁoﬁﬁ%?ﬁ%ﬂﬁﬂen?lo?qﬁ@bl%cess of the
shown in FI and 5D 1s
preseny dirveptien fqréhwm@wf@ctuec ofifr hainbree eleinenhesefdpanatpamtion unit;

Slgtr?dgggcﬁ @E%VI ecrh ?w pﬁgtbﬁﬁ"?agggg%l éwugfi%gw‘légno% ellgr];utent
elfbGds Aent |eft péﬂﬁﬁe&ﬂ@@?&ﬁ opﬁlcoﬂétﬁtoﬁrtlﬁ)ceev\ﬁﬁqﬁ thé @é’p?a?&tlo‘ﬁrklements shown
r_producing a separation elenment in which four
in Fl%ﬁ‘ﬁggﬁg 'cards are installed on a coll ect| on tube of
tlpeGt 3991535‘9%’[‘ g%:t e \‘L—?ﬁg JF Eme rtc'e Rar) ti)gt . ipcludes a porous track

per Spect ive V| er t secon ep 0
membeangdatningted tofa plohals spbomessf thé sdﬂamtmheiid:hﬁﬁnt Blﬁb&ﬁ’ﬂtﬂ MG, 6D;

whi.ch f
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and 6Ienbrane cards to form four tongue-shaped nmenbrane

packa es; FIG 6Cis a left perspective view after the

t K¢ d t‘%ﬁ left psEipgctivebuidivnafig tusbulizee optheceparatiof dldmgents shown in
FIGS.B'§8%®. invention for producing a separation el enent

in which four sheets of a turbulizer are joined

bEt@wﬁemlseaaleﬁ pefspeftévet i uesthapiest srEpiTcaR Qn%&iﬁ%?%f th® process of
th Dlszleft per spective view of the final

¢ pr%%B‘aF‘aYFP%?P PTePRAECIRE GasRPaErtion edereeit danwhichfoun membrane cards are

mstall&f"&@éjb&%ho@fu%%?tlw ?@Eﬁox MeRE 8], FIG 7 is a

schematic representatfon of a préefefred enbodi nent of
t EK1.i 613 iequlepinperspdctive view after the second step of said embodiment of the

prese

- process of the present invention for producing a separation element in which four sheets of a

drain are joined between each of the membrane cards to form four tongue-shaped membrane
packages:

FIG. 6C is a left perspective view after the third step of said embodiment of the process
of the present invention for producing a separation element in which four sheets of a turbulizer

are joined between each of the tongue-shaped membrane packages;



determ ning the maxi mum pore sizes of porous track

menbranes i n accordance with another enbodi nent of

the present invention; FIG 8 is a process flow

di agram of a preferred enbodi nent of the separation

systemof still another enbodi nent of the present

invention; and FIG 9 is a typical separation system

c aj Al tion e t of one enbpodi nent of
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derrf I, AL A BRSO LR U dccontance with anctrer
embomﬁﬁmabhhapﬁﬁemhﬁ&mubhat are separated by processes and

s%ibe that include those of the present invention. A
i‘ BrPcesidow idiagsam of Rarefierdd catbedimsnd of thecwsphmton system of

ﬂﬂlmﬂﬁﬂﬁ%ﬁﬁ%ﬁrﬁ&ﬂ%kﬂwggééﬁgM§&n”¢Fand A "nenbrane card"

Is eit ane or °% porous track nenbrane

| ﬂﬂn%tiseadtvpio@l seppoition sy ﬁbhb&bh&irﬁn%%lsﬂﬁrﬂibﬁqaﬁ&ht%ﬁ one embodiment
fth ch .nenbrane as | am nated has the paraneters
0 te?ﬁ?ﬁmﬂpgﬁuoﬁ "menbr ane package" is a conbination of

DetailedD el 361 bPVSriBhs EfhHithbfifs U tn FBIReR fayefRLYS W th
one Oor nore en

e@bhﬁdb“ﬁmedpbﬁ@mszsmbskaW@n surfaces of the
pr,o},ect " £OUS . menbr an a thin pllable
s edtdty agg,oeqs)gf LU o 1S, fre?P OF ﬁﬁh“éf fhet cappangenirery air, water, blood,

hydro@ebss, bl SBPAligbie (gﬁseghﬂ)trﬁéd@%at ﬁ’ﬁméucurﬁﬁgéersw dthe8 Wb fhain particles
gaseous) mnedi a. por ous track

that art(ﬂ PeRakaied by PrﬁCéWéwecbwssm@ttbafedclude ﬁm@@lg?ﬁae poTSest infengion.
sRe‘EblT!éc%Gn %t@:m?g el"ﬁ%rg{ég t{ltP e % ecﬁﬁré)%ggés;ﬁ%ﬁgﬁaseous) media.

ste
uAI hnen}ﬂuam:scardais\/ﬁmer apopRs rﬁlé’mlbﬂaﬁ@& a poEbuattAeK membréne laminated

' prent for .the separation of particles fromliqu
to a P(Og gﬁ’é‘)ratﬁe‘éﬁl%g ap adgeyue athieh mgmbrang @s Jaminated has the parameters

specifiéli ch one or nore separation elements are installed in
wor ki ng position to carry out the separation or
f Al 'teanbirane mckagﬁpalmau andalﬁatum @l twogprioftc(igms 01y different membrane
ra e enent” is one or nore
cards T8 A o s SBREY B el eherrachftiorn sadoatyhe porous substrate

surfacesadithprofctiegd. i on tube W th one or nore turbulizers
pl aced between each of the nenbrane packages. A

"%r Retesd msmbiangsis 4 thig) glinble shees ¢mlﬂee¢p1fs‘;?enblymeac material containing
pores tQ%QM{er%?mtePéuJb%ﬂ}’cYes' i lltq 1dqrggse%us media.

A “porous track membrane” is a tracked film chemically etched to produce pores of a
specified diameter along the tracks.

A “separation system” is a combination of at least one separation unit, pumps, valves,
pipes or lines, and other equipment for the separation of particles from liquid (gaseous) media.

A “separation unit” is a unit in which one or more separation elements are installed in
working position to carry out the separation or filtration of a particle from a liquid (gaseous)

medium.



tracks serving as etching sites to produce pores. A
"particle"” is any substance that has a finite size
rangi ng fromabout 0.01 to about 1.5 mthat can be
separated froma |iquid (gaseous) nediumusing a
porous nenbrane having an appropriate pore diameter
ranglng fromabout 0.01 to about 1.5 m 1. A Process

Fog <R %Falf%h Merrbr ane Card and a Separ ation El ement
Usef ‘{p the épgroé]teloéﬂq%f: MSMBIRRG RAS F&eérﬁtach?ﬁqmadlquid (gaseous)
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um A S8 Y sBEAHLA Fided DIGBIY LBRUT) Pt Sng e membiare having an
approan@lemmdhnmseesangmgoﬁr@xalabyut BEOOWabb: 15 Gne embodi ment
éﬁg invention is not limted to a specific
t Jp dfoceys &Pﬂecm&%mhwng Casgd ahd afSdparatiorc Efeat¥ng Useful In

the SqfalrbﬁbHGf Pﬁﬂﬁ%seﬁro%)E\‘{Hauw-r«/ﬂsg@usaiﬁ%ﬁﬁlaletsooLe et ched

nmeric materials that
t (EI Hesbpvea lpiocrloélag;arm nbdwiglg diel enabadd@sat of the process of the present

0 rene, pol acrylonltrl
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i ncl U

her f] uoro |InB can be used
about qgt “Fe‘a“'?%l %ﬁﬁ%@ s B@F%HﬂmpmlﬁIﬂ@@ﬂmstddylerSpemﬁc type of
Polym(‘:ﬁ’@Tﬁlﬁ) 50 m%%isyﬂﬂ@rmm is ?LQF Y tiek rlgtjﬁern gﬁgyl eneEﬁdyplcal examples of

| et hyl ene (E , polytetrarluoro
po Vm%(pmaiﬂf@#%theﬁ haméleplatfcbumdrtoéthydkedeo alaiésxred porosity include polyamides,
copol yners of
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such a$ pmlppﬂoy)mahs plﬂvettl@\tlérﬂzf hh@&ﬁﬁ)‘lm&?ﬂfe’r
hlexafl uor opropyl ene and perf | uor oa?okoxyet hvl ene
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q 0 | PVE
uoro;{ﬂrﬁﬁ%tﬁlldgnéﬂ% yhrggt eferrfq {J&r%(ﬁng hléc}qneﬁp(ggjeng)VI@F) film. While

poly\nB[l@!@Re AWorielpr ESEDES f'ﬂrh&SEpﬂ:(Bé-kd&ig Sh&P f11bro Wbrt)%rtﬂ%s can be used
mcluan ymeric fil mis onbar. d %a@heavy ions to provi

thr\% i dplt%d Py A ,p@&cb kiflgetesthylene TEPAEKFE), Lopolymer of
om0 5 YT O 817 B A ot o
tetraﬂupgqﬁ:ghqu:neeandf mrghole)nfklogyethdhm ngﬁA)Ol&b%)d)lCh@& of {eﬁx’éﬁbbr‘agth)lene and
X aj ect or 0 otron or other
e‘(aﬂuggor@ % ge&ag(cl::eﬁ) réf’BPR”YE%I o oFtraorestiaders. | bﬁaﬂwmpromlene and

perﬂuotd’aﬁgﬁ\ et:hflg.gleg(ﬂl?ﬂ)t | DpBH mess C(ﬁp@é?}aﬂugioensjlfﬂl% A%hed ethvﬁ’cne (ETFE),
_ pol\nmyﬂuoné'I ¢ (PVF), and any combinations of the these fluoropolymeric resins.



etchant. Typical exanples of suitable heavy ions for
this purpose include but are not limted to the
foll owi ng: argon, krypton, xenon, bisnmuth and a

conbi nati on of these heavy ions. Preferably, the
track density is in a range of about 10' cm 2 to about
109 cm2 (See U S. Patent No. 5,449,917 and Russi an

Pa 2233196 publ i shed on Jul
B0, 20 KPP SEaclPol DR 8 RLPDEH G parabarded by
heavy 1bﬁ1§w mv@e adilenehn RYdd&haneD ek dén@n dﬂ?&lg@{hsﬁg‘?s E“e number of

Apel "Measurenents of the Dianete ctive
tracks FEf HRBBI éreapaéhxtssmmcjuﬁéd poly el cyfither asly ft g dweyvy lomssie., high-energy

T TR

Each oftheprdcRs Gid‘febenmeldl’@l@%d rttdi@ Brcﬁﬁe?cﬂé of 'bEJMngcte‘a h'by a suitable
this step, the tracked filmis placed in o passéﬁ
etchanty hr oygh an et ching solutlon to etch the filmwth

FREER S8 SO SRRBINEALS 0500 HOEKUPS S e e st

tollowupg)raegdrnkr)?p)m&amm aishmtteamr a/cdrﬁ&ﬁktldrﬁéttth@s\é tRaeNRInY S eferably, the
K d rticle on thg gurfage of the fiJm ,In the resulting

trac ég‘é'r‘bu“s‘%FﬂS‘BS P9’ e “atosahiowt Aft ¢rar I(§/€Q)Hest BatenteNo. 5,449,917

and Ruﬁ%nrfee%ﬂ@%ﬂgﬁ MGfent RG! Mg%rlﬁjbﬁﬁ{ (&lejé}l Iy 27 tig)fOé fleSRlevant discussion

hrough the nmenbrane an
of the hrwgcb&@eany is pacdrp@hedt haeis byAre‘feﬂemd)a\lh NgHdRioM @E@ ©of U. Apel,

" ess . of Qut and a | engt

M"asur eé’%f %&%iﬁnsmﬁ%ﬁk S CHiyshy %{‘F*@bk&rHéRdePéﬁéweﬁ langcém@n by Heavy

Ions” (NLQYeaﬁ' R4S, W&%Cﬂl‘& 263, ?ages]i(% O feghesul ts in a pore
den5|ty of 10 cm2 w ores haV|n§ a size of about
Theypteking step P&blwhéoslambe Qﬁ‘ztemejfor sfeipl im owiet dmlBodimantkof the present

nvertfO0PUE o DA BT b Re B B’ P ihin SR o1 Bon o v

the filmwaitly lpng:sttllme cbl‘rasﬁ()nde@ﬁiet tadkedengiey) THeSEnihe WRp r@é"uqi[s in.a polymeric
pore density can be controlled. By

film ha\)gg %Rﬁ’ée ?(%esuggewllaﬂa §Y e%traqlh@ﬁp@f a chprged partickeeon the surface of the
film. InC@¥at fe@ul'ﬂﬁg po%ﬁshh{énfbﬁgrﬁngl%reof Qbs%%gtagna(?l% @Qﬂd ]Jc? kg)cr)llétco:}regpondence

m Preferably, an a ine solutiton s us
betweengthe triopgy dérfsity b ppoftsytﬂ[mugh the Inmmigameael fhearack den51ty of high-energy

particte L3 ARGY HFYiaf 20 R 2o SR Prodh kRa Pheoas Buimrand  length

of abouti lStoailboutaid<@| wittea §adddmRfly 8f alRRk 3654 H:F‘a' 2 e
etchin PVDF, filnme. The étcﬁlng of ramﬁggr %Pﬁ% C% > results in
a pore dgpsityepialf)’yere awlihelepr%havamg taesrmecrfaetboueis umarﬁglmlgrlw hsame size of

fil t Oe .nmet hod, f

o w”ﬁg‘?n%gl? g?r%}tg%f?%)‘ﬁ 1Oafrﬁlalresuétsé%f‘lﬁ’f)feoq?“fl&' Pr{)fde Cl“haH”g(P@E‘?s having

a size ofiabotio0.atigs Ayt warpihgake ahdk@ddnsity bemileah thelé edvedrall Yipper ranges, the
di um chl ori in sufficient concentrations to

pore dergbthlcg{)ebet f@t@i@fir@bj verypg jthe ewhig thapes g]mrgtsmeecan be controlled
within a/A@EO T a‘ﬁ@ﬁt’ @*@ll ean'dnat;olﬁ? 1 ?tnerfrrggra%ﬁ chi nglkglru?eﬁgﬁsgon is used for

to pass the alkaline solutfon in onta

etching lPV@FpoﬂymeJﬁkmers mmdedlrd)m(arthlotr@pdmhélﬁcateﬁmt urbul ent flow
circul ati the etchin

CO
+ ?egn 6\’,%%3?']?3% efxmemaélpndhﬁe adireferragd; ali@fing sektion is an
alkaline @dl@tllktn d0btaRium permanganate for etching PVDF films. The etching of PVDF film
is preferably carried out at temperatures ranging from about 100 to about 150°C. One method for

raising the temperature of the alkaline solution to more than 100°C is to add salts of an alkali



about 500. At such flow rates, the tenperature
gradient of the solution in contact wwth the filmis
substantially reduced to zero and the rate of etching
is substantially the sanme on all tracks of the film
surface. Accordingly, these flowrates result in a
narrowi ng of the range of pore size distribution on
0 C r Wil e the etch
metal 17 ol Rt ROERRL (R G TATR P emttinn 1p GRPEBO RS Hesired rise in
etchxllg)tea’qmuttur24 hours, the recomended optimal period for
an, al kal i ne sol utjion of potassium pernmanganate is
sHORQURyT, varjable in e preteyred; etghinguprocesseisr oc passethdeadkaline solution in
contaz?gﬁgflge?\éfEFg{gfrnggudg}n gﬂ?}dﬂ?oq}g grggléq%rfbuf ﬂgh?m This i accomplished by
circulating blmctchmgrsdluMohmxieoﬂgaePVElFChlnm@t P RelyReids Nlﬁﬁber from about 100 to
forned as a result of the

ganese di oxi
abo”t% ?ﬁé“‘ﬁb&% |r%tﬁ5 egh"qut‘é@ espfligof the Wlwmla@enta%\elth the film is
substaRRURREGR ediO¥drdand 3%
t he Zt ching soluti oﬁl&?%l"{ ?1128?}3?1%?5? %Ir@za%%lg‘% >10& BPtaél tracks of the
film quchgd@@@@rdrr@dmtuhm flowl midst lyesulBynQ] hatib@inign@f tHe€range of pore size

in etc bat h under turbul ent
d‘“”@g?? “g‘h%f}ngiﬂeg W&P%é{?‘gﬁm%‘ (Pé‘ the settling manganese
dIWKllléj&xere&aﬁﬁ%]ﬁBp B Qed Sutdbea ﬁérlé@ﬁnﬁgl gq{c}nl: bt 1 to about 24 hours

washed off t filmsurface and act
the regamgiendsd ?I@ﬁﬁ@ll’f@“@ﬂ[fﬁb&m piknbhey saj otiet aﬁpotdsa;lumg)eltrﬂit&]ganate is shorter,
ng st B rollin ocC
L., BBt to & BE0"fhe e ER AL iU ial Bty Pimacicpends on the required
dlammiesxfrplotmdmda}mwn&,kneis dialse lgen found that the etching
ﬁeﬁ kest{oﬁ\ gce wi t hout any substantial overheating.
P HB

b

VI besn Fichingorasiods dhatiganganetist diowideds formed as a

result ¥ tRY elchiRatrb AGioRank f @1%?59? h
sol ution goes lgccalr}r o oesﬁig{}gég{:faectgdﬁl]e %fan%neg% dioxide deposmon
hindegsgthgiaccessof dhan etgbmgxsmhﬁsmetd) tha redvionf2oht and esults in reduced reaction

T V\h f th
wetos 4R 0 AT o i R crlent condions s

indicasqdl aboventhe sBliSg nfanghifest R xIRERhE
ution, J/ (]ﬁ%K) "EAT s the OSetrﬁ]egrt%lagcg@oFt QeleaSt partially washed

I
off th%g‘lmtqug}qce gnd the epctipn yedogiwi mxmappacmmotehm:@mstdmalduﬁng the entire
etchmg %_1 K, NS Q CS. The intervals of tinme and
enperature are determ ned by the follow ng factors.

PBefemnablling thhepreteshicogditisnnet tehdeidt@R, Moty Alie @nd time as described
.because the etching tine

t erat ur ow 100
above ﬁ?@é&g& fo‘tﬂg i‘?‘d@F A& resINtase ilthay apy Gulstantial overheating.
Etchm@f@ltﬁétﬁ%stamltd@%rﬂﬁhﬁé iN8%hed §s h& ogérfhfeilt?nlél 5 1fooverheatmg of the

provi de
etching solution does occur it does not exceed 1°C. These conditions can be expressed in the

following equation:

N<Q- G- AT
Where: N [s the power of the preheater, W:
Q is the flow rate of the etching solution,
3
m-/s;
C, is the specific heat of the solution,
J/(mJ-K);
AT is the overheating of the solution, K.



tenperature above 120C using the proposed nethod of
addition of an alkali netal salt. If the etching tine
is not nore than about 1 hour, no pores are fornmed on
the menbrane. If the etching time is |onger than the
speci fied range of 24 hours, there is no further

i ncrease of any favorable effect. In addition, high

I chani cal

ATROLQSI 1. nbranes W |J. 1o t hei
'“TE? B’Bé“r‘%‘?{%d;‘gd‘ﬁdﬁorﬁéb?{bl %‘beﬂ%gét’gééo%:t ching tines
Outel ifRrialofdaRE hifrehMREfure b i hlg%’ I
t hese optinun1proceggﬁgonéftﬁgﬁggﬁgk%iﬁ%h qEé?#‘JQ%Pm‘Pwﬁﬂdﬂy
the etghigg-is pet parsid eutatrfearpesaturie. belqw 00Ul becmsb liRN@ShinMehe increases
. be characteristics of .the poroys menbranes .
consiflrabi0 Gud PRy s 15 1T BEEEs SRS B e enr L frificult to provide &
tempg?aEeaiovieM2OPC 1 RMhg! the (dHostd et daSsY 4ddRebPOF QY Rikali metal salt. If the
_menbranes maintain the sanme nmaxi num pore size
etching e ¢heaitmar éhan abowf Lihor fie poies ase Heped ah itonmeybiae) If the etching
I I an- aver age about 6 nonths before the
time fe 1 Syger Wt SpAI BhET L 2L nOdR oberas PP diRbdanTsstrel any favorable
effects tre pdditioacleigh rporsbitl NBerABiaAes wil Bedker@itie middfhniP4) rSEérﬁes upon being
bi t%{g poraous . track nenbrane from breaking throughout
subjeterht rieliing timies guisidertheedssirabrange. i n a separati on
SY$E 6@y, Y ot P s _substrate.is inpr ate ,
with an te%teg)&grng"ghégit@gses t?‘ﬂ"ar? ‘)lr?ceﬁsal?‘fqﬁ{éonsd‘éﬁ E%g‘ quaﬂty of semi-
permegblee nynibrameswii hspands trembragey 00se folr GESciRadth§tics of the porous

resultin nbrane card during its use in a
memb§%r55rpa{?ﬁh%1‘?%s{h§nﬁ’m‘?‘?§é f diisnembesimsplepl 8fe Piesai ingenition is that the

It ok ARt mEMbRAhes k@ 4iR I ' Ln, af ey
e mgeer?orranemcard it tg%zlglgqyéog el nélrp‘gpﬁ)@) %t%% ohrgué}mu?the” useful life

ina sepafrsicatsy yamei. e mesvally en ausregé of abaie pan@tthobe fothé @f®mbrines must be
hgs been found that a porous track nenbrane produced

I'n accordance with the above process conditions of

t Béodhr 35 efphese ané ISQE dfadeqbginbant AtRM sstt?at@%a@tbﬁotects the porous
l(subtrat even t hou fluoropolyneric films in e

track gisaEpans Hems feaskipgndireuedagt Beeusehgwhfet of Hevmepdoane in a separation
systen@ GRS YN tHelpd e. d that it is critical .

’ .e to apply atespui ?‘I}bﬁuggtgag%%s]i rgéjn%Péir“itﬁén SB?Vrﬁfﬁ\eS”e 50 that it has the
desired smenigth tnwithaandoibt aigoraye dercadbe teqasud@iovaembidne cBfl Ridthg its use in
a se arsalt'i%%t r,a}te and the porous track nenbrane. The type of ‘

P por 00¢'sMbstrate is not critical and can include
WIDNE TamiR QoS b f Mo dkORSI €1 ARG Fiajof JRGT G5uiRND; et
screens t hat afe permeabl e to water vaBoI‘ré.am%xH:\Wp‘hgsprB‘Fumon of a

membeane 1 i sudaie tfembeingefoamedilintar e stjmos®n clemshtr et @@ in a separation

, f fiihers of ,organi ¢ and inorganic polyners stable.
systen| épnna.fi ‘%egﬁfiungu‘@ﬁt 28005 DRtk EREYRe Hehied a8 sCeamdimce with the above
procespobyditiets oiSthe Jiesdnakhvp@ioednydERmifid RPA %59&919%[195@1%&: even though
a etc. 9 e enbodi nent of the |am nation step to

uoropal Kmelje [Tt ITihéakennes pbrHchfcondisiony arstknaa todave heor adhesion. It has
also bl 1BURd tHAGKsRIRLRRE TR, BT hej remprane card is ..

_to spray t he adhesi ve p%z}t g Sgﬂ%qggék}cgggeun Fr Pl RygrE sonditions to
obtain gapd adis@ndietweaothe @otauatsilbsiracs arabbe podous Araal Gatin b38ne. The type of
nd then .tq overla he porous substrate onto
porous%ggt{)ag? 5 ottLFlgbza aﬁgﬁﬂ? éﬁ% HUGEQVPLER: RAYit-avoven or bonded papers, fabrics and

screens that are permeable to water vapor. Examples of suitable substrate material are those

replac

constructed from fibers of organic and inorganic polymers stable to moisture such as polyesters.

fiberglass. and polyoletins. such as polyethylene and polypropylene, etc.



Anot her enbodi nent of the |am nation step represented
by block 45 is to apply the adhesive to one surface
of the porous substrate at a concentration in a range
of about 1550 to about 31000 drops of adhesive per
square neter before overlaying the porous substrate
onto the porous track nenbrane and | am nating. The

t hesi t hat. has been found to be the nost
e@gcﬁ%ogigmgnttogqgﬁ ?aé&ungtlll%n gaﬁx 19, 1ev6f0’ptlmﬂm éQlﬁﬁﬂ“_le the substrate to
the ppouy estle maebrans & PRefut@ it WehibrihePQy ‘?itt@ E,Q}%g'lﬁé adffesive onto one
t he por ous

and adhering the porous substrate to
surfagerof the pRrRBY SBUralstah sercehtratiorn dibataboV & ebahi3ng/at & then to overlay

i Lyest dhesive is S 77 adhesi
the pdrD s e b BEDYBR Fhc BB IAIE O By ihe  por ous
s ubmttenteenbostirhen deftiHeOlatigat BYDNTe P QRS nlekAGK bTB%'iIbisag‘se to apply the

dh Qy applyiq% an _adhesive transfer tape to one porou
adhesygetqngterideh PhEE pATEUDEHTGIrAY at hatonsentfaioe ita tahge BYBBout 1550 to

A suitabl e adhesive is #924
o D58 SRR N R A R B o S oo

poroug fraddmembtanefant hemipagsent process, the tracked
' t intog a nunber of separate

cofilmi
g ib¥ Irtr}?d{?lso%&fjh%ls%rlf a? Ez.lq ks tipunsk fodre the mdseedeativi ngtosipeqy one surface
of, foOéxaipIE | SthesE%f ;ﬁ)%d Hl}gs&zng wilthraaétlglggstgrlal hsl%{]% gxi)c} iacgatring the porous

manageabl e | engths, e etching p can
substratgt toj theaP ¥BAFc hotoyparachpeembiana dbsding FoPRIBLLbS e2PRhAY step. One
€

. hown.in FL.G. 2A. _Len s,of the tracked filmthat ar
suitabfe B %Sterr%%%‘%fs §BB?J?’ 12¢hgsiyg gnedenby fivhCorprratiast: rdgematively, the
porouf Qubsirixe icBsRRE ¢ 1Ry DFh&Rus gﬁ%lgg‘fégﬁ)ga a%@%i%g# hdlsive transfer

unit 200 including a cassette :
'ape @ nfien PPRUpHAREEHE STHece and ehandir@l that rsotfackeso ahé IPAMBF porous track

, | I rt 5 t ed first
e, A b0 SRR 25 TE RS o T A b ortion,
slppue end8Bimmunitedhe giresens esvack, thatiRkRéd %Hgﬂ%ltc RI¥ is cut into a
r ame unber of equally spaced fixed

f 215, f
“”mb‘%&ﬁé?l’aﬁ%if §%n,qp§BP a ?}BBW*@@ Pres tathe qteieg stepiof kloak 3D. By cutting the
rackeS URROTAS, BfRugedlle (LAANE #1075, ALoUBREEE BIRSY (350 ¢ batch type

upon_ which upper horiz
operatiphaisgng dassetiredfeas SBOVUMOIN GMRIAC Hehphis off ONEfracked film that are in the

[ ts 2 ted. Duri the fil
range (OLEODE ol BRI 48 et G posnatonClasset 1 o 210 1
r @Sy @ hiid MBosHdw angthiﬂ_é‘%nﬁ'ﬂ)btin?l;ﬁﬁin%fatclf?sl%e&é hah agd a bath 220

l.ength 262 of a Foéxnerlc tracked m-i s xed on
o

showngin p antewpglhe CASSE @ ancludep poliram@ 863, byy fisst frirnsiig subpdt 225 mounted
J . the first.length is fed
e VRS L N

lateral ppport R37i ortaate SURPaEd a2Gimbit of e?%}ﬂtyf s‘gﬁgedi ZﬁfxtEcri] Z.E)‘Ber horizontal

supporgs%[bg;%éiag?%y | %ﬁ%@%gﬁ&%&%@gﬁgg g;mg.@éd‘@g@n @ppe_p m@sber 250 upon
which glpgcirghbgtnzbﬁtﬁfe%g]ﬁ%ogg?{% Eﬁ'glzrrgngrrggﬁi %HS taLié)lx{pé]tl'l{lgrg?ﬁ% %f{b upon which the
lower hosizgmigl fuppotth2@6Freaiountal. fi Imis fixed on a fixed

me?ﬁ\rg tﬂé’ rﬁilr%q(r)]ettcﬁrl]g %t%B po?rt}tle eztéf?ing%pgrattigril rcgss(e:tluia glO is removed from bath
220. The right end of the first length 262 of a polymeric tracked film is tixed on a fixed upper
horizontal support 255 by a first clip 254. The free left end of the first length 262 is fed under a

lower horizontal support 265 and then over an upper horizontal support 255 until the free left end

10



257. The free right end of the second length 267 is
fed under a | ower horizontal support 265 and then
over an upper horizontal support 255 until the free
end is at turning support 235. The right end is then
attached to turning support 235 by a fourth clip 258
to fix the second length 267 of the filmfirmy in

: ) a | of the cli are made fro )

is at ﬁﬂhﬂgg su n‘{"?‘fA?fo ﬁhé lg{gieﬁa i hxeflﬁzta%kf)ezihtpr{anw%élg@g’nrg%eby a second clip

256 16 fik nhenfrssleppories of 2% A6 (236 iapRack @haheslipports. Simillarly, the left end of
ace

count ercl ockwi se and cl ockwi se, respectively to p
a secqriblepgthd670{dhe didmrig fixed gn rstigsbupped hagzontalrsdppora 255 by a third cli
p

257 Ll gnt Lee L j.ng nar r controll.ed. ;

5. B RS byl B L oml sppor 25

then dvendenpperflarizbh@al fipportl 2559106$ tHeofr@xXand o ing\@Yp&H ©35. The right
aced in the etching bath at etching solution

. pl h : _
end ig e aHaghsA de UYNIngUPRaE 285 AN 21tacth chipt2s8ug Hixowyseeand length 267 of
he filn€RASHK i : f i i Nt .o iti.on on the
e A% lck 0ty SOMDCBES AL B
ac\d ot gaine dn bthe onehinggsedes€ . thBuiigg tshep@tsch?$Gind 235 are rotated
COW“%ggkgtlon’ e Chlpg¥solut1p “is poured into the bath
WIS aRe Clopk¥asss zespecttye|Vsto) Rager b firsitandseeontsihliengths 262 and 267

under 220 fficibg dé%ﬁa%%tftp?elgﬂﬂaiyﬁorrc%inﬁﬁﬁecﬁﬂgetélﬁ%{\gg[ﬁlq s%.r%téhing compensates for

increase the rate o e etching reac
the tendsinep ipmige dilmntiohgtbs the pxpest neltea thine arveilhad infthe!SichigigtHaeh at etching
s bhelow, a

: ' ni.t .200. |In each of  the exanpl 3
solui} AL b B8 Mss Hma G onae e bR Fih o Tors et eiinsa5p shown fixed
into pdi@hh ot sappsrd, Up &f foaR IcdklRlchn BRIB bel e @nmodated by one cassette.

cgpcentrathn of 200 g/1 to achievé a chcentratl%n of
cOnpredhs etehipg PagrRBIN. Fichingesobsian ip gowredise daubash 22@and the cassette
210 isPOWeRY inRf Get ' um and ~

lsel_ ectric hfcgigitdearﬁl %dr: zﬂ Hsg\%la? %&g&%éﬁs 5Ar?%é&t%@ lgfvgﬁlgﬂﬁ increase the rate of

the etchingtenesipormas circul ated as it was brought to the -

K tenperature. Wien the sol ution reached the
nLe e Brardnist fireonstis teametederative teomicbinainy 200. In cach of
the exh@lek |be R ROLNIRST, %oﬁtbinmgt » dha@@% Bgﬁﬂiﬁggé q?zhs]%g}?g)éé\laOH, and a

bonbar dnent of heavy charge particles,
salt of ap @lahemgtad Hn 20 corgantratias sluBPegtlew schisleemcomdentration of complete

' ~ riod of 3 to 9.hours. The heating of
saturafhf 8L %, SQE (PRI o Fo7 Tl stohine RS A pump and. an
electric beaibt wefe swighed onhdueUscKihg ollabh Mas QfrcdIRRd &t i1
, k.solution within the etching %ath. As ?néfeated abovefou@ntoaw
working, lempegaliie- Vehisie that ieioantsaghed the mecessawt chipaptwrar the cassette 210
taififg 1kl fESHEO nieY: ' ] ' ‘ :
T yvi nyl niclPfimOhal 'lf’%dlngn‘%eﬁggg%ga‘ot"‘ﬁi"é“kth‘é%’ger&fo‘i‘§av«" charged
particles, tak akmgredd fiiatp she leatp 83@ dnd vaasuthanhiptodfemicabétching for a period of 3
108

accelerated Kr ignps to have a track density of 1.

o9 heHtss %g‘eé‘ﬂe%e"d ih3 lﬁaceétocfh‘ihﬁg‘ra:%?%trl]@n“’é@)y\{"éfpﬁnn?g 2@esult of the
. : . . 0/ .% 0

iy SN Sgntes, o SRR TR o,
exact temperaluag el thadimpeofiettehing edriy ior disftfenatypas & oiw.r ate of 1
Exampf@{ h to provide NRe = 200 for this exanple. The porous

track nmenbrane that was produced in this exanple had

an pehfentidvie fpaic GindA®eE aQhicRadsf 13 um thick and first exposed to a

bombardment of accelerated Kr ions to have a track density of 1- 10* cm™ was etched in an

etching solution containing 20 mass % of KMnO,, 13 mass % of NaOH and 20 mass % of NaCl



Exanple '-2 For conparison, a simlar exanple was
performed in which the sane tracked PVDF film was
etched in a bath containing 20 nass % of KVMnO4 and 13
mass % of NaOH at 100C for 6 hours to produce a
porous track nmenbrane with an effective pore dianeter
of 0.174m This dianeter was snaller by a factor of
h orous .tr rane produced
o LG ORFS AR 8B B e SR Brd basymia flow rate of 1

m’/h fq bmvthN;Qg= 200 orcthites@niple. 2thepdrOhCackNtle bt that Jvas produced in

hi ﬁ%@ sgd & bonbar dnent of accel erated Kr 1 ons
this e aq pny eifets Porgdigmesr o3 pemm 2 was et ched |n an

Exam@lechi ng sol ution containing 20 mass % of KvhO4, 13

mass % of NaOH and 20 mass % of NaCl at 105C for 8

hdar somffdresoet < kintilr 8ednble Was Gefforth@t Bty hl@ﬁ't}%esametracked PVDF film
was g%chuN% bat h at the saneofIOM/rate to provide t

¢ Bahconfaining ¢ raass % ph&MePoaed 1§ aviss ﬁ%enbNaﬁéI at 100°C for 6

hours tth Prodas @?Ql%lﬂlgqpackg'nérhb %FHT% 't:%?tl\egﬁ%rg: lgrg}:]ter of 0.17um. This

pore dianmeter of c
dlamegqrmasagmaél)zahpIaéaWasopéBfasrcﬁBtﬂ)areﬂ tohhe porole tr§@¥%embra}2n8 produced at

PV Im was etched in a bath containing
tanWJMUWS@g“ @Eﬁén and 13 mass % of NaOH at 100C for 8
Exampledrs to produce a porous track nmenbrane with an

effective Bore dianeter of 0.1m This dianeter was
sfiapther BYDE fibiet baving a4 thiskressipey 881 e thiek PAAOHSSt exposed to a

nb duced t enper at ures_ above 1QO0C.
bomb#ﬁ%%étf gfaécc F{fﬁﬁ(&i&dg%tq @Hﬁd’a frggi density1qf Tt |197ecmq was etched in an
tchi @altur 6h kbmgint o o 9
g S S IR, g 0 S T IR o

p
at 1050‘%@%‘%@9‘% Tde ctehéng $qmlq17ecqmmaeeji inpide thet diehih @ bRRMATHIEme flow rate
us, track

to prko ide @We’ Qﬁ'l?e' IN}3 dasqh E]‘([g p1e le L eﬁ@ocrlélgqq H@&L{?\emhgna dhat g produced in this

nbrane | S cut

examp$& bl ameffdetioe ko QlidréteCOMId pivdg Wi th the drain
reQresented by bl ock 80 and the turbulizer represented

Exam %9 bl ock 90 to formthe separation el enent

r r n S tion s St e
o oRgn e, M AISKSAR R 18R SR AL AL B o
was etehfdodinath coftaiping2® mags % ofekibmEIenda3tmad MHFNLGH at 100°C for 8

oAt iauous roll of tracked polymeric filmrepresented
hoursg BH Sk 43RYOPS 15k Jegn TG MU b e @&rsoélametet ®f. lum. This

d1ametﬂ:r2wb§)l§bnaﬂ€m€}nb fBtoNBAY Yis c@ﬁ’éa@% t?q gb{(&gg tr%?g membrane produced at

bl ock ' 320, the conti nuous rol
temperghueeschoye 1 1°6ck 330 to be subjected to a SU|tabIe

HER. LR 0 03 R Sl B v prces
above [HBEC, dreaimy td prodacd £gpleatnetimum pore size is one fourth of the time required
when the temperature is maintained at 100°C.

The backed porous track membrane is cut into membrane cards of the desired size in
block 40 for combining with the drain represented by block 80 and the turbulizer represented by
block 90 to form the separation element represented by block 95 for use in a separation system of
the type described below.

FIG. 3 shows another embodiment of producing a membrane card in which a continuous

roll of tracked polymeric film represented by block 310 is passed to block 320 for exposure to a



that includes introducing fresh etching solution at
the tracked filminlet end of the etching unit and
renmovi ng the spent etching solution at the tracked
filmoutlet end. A continuous roll of porous substrate
fromblock 340 is sprayed with a | ayer of adhesive on
t he upper surface of the porous substrate in block
) Il Lacke S m nated to
bomdhent PF nERY HoRo S EHREsd RS Fem blkd20 o cRiBibun e of racked

film lsaxash;daﬁ Uiditﬂx s Bdshlg&géch% lasuithbhle GchdBD solliéh as described above.
ne cards are then conbined with the drain in

Ho“eEsF Hk&‘ﬁé’ésea?fcﬁ SRRl l; %é@ntmuauw@bmgmo (het anomn) tshentemplated
that iRARRS Qﬁtkéﬁﬁcﬁgr@&ﬂ%ﬁm\ Elaﬂﬁﬁg GQFHnt iplgt e nFc){ of e etching unit

For Produci a Separation
and regeyargthe @Wrﬁtcﬁalgtﬂohhms at H;fechﬁed_ﬁ ﬂlhl bdllét ageous)
di um pi cal splral wound separ ati on

e‘i‘f’é’ﬂf‘u%doﬂlﬂ)t tpgfﬂué Sflwraé? bepdhlagk & isgpraved Wi a layer of adhesive
on th@ﬁ@ﬁ‘e@%&rfﬁ&r omﬁuf)%héj%lﬂ)sﬂfateam)nﬁm 3@8 PRE r(ﬁg of 4%3&? {ragked film is

starts with a QU|d gaseous Ium cCo
lamingjed to,the molhhf perons silspaueaahtiys NG rhyvabsine edrds of tHeQlesi&d lengths in

b 02 f
lock S50 e 1REAREAL Rt BT WEREE: 4Rl VoIS it rbulzer

in blodke3or tamernd the segarh@d ﬂ@ﬁx%%n%‘%l&x@&x@%?b&n‘ggbg ate 403 in
accordance with the process of one odi ment of the

p#- e%é’ﬁ?ceisweh!’mmdwa Sepaxchtimndymit UL fud imaid SeplayatiévOf Particles
From QquﬁgE, @5 g&)& ?ﬁedustPSt rate 403 forned from a
onde

spu 'ypropyl ene fiber or the |ike are used

bleliGrelen shdves attymcdladpi/r@lsweﬁnd E@a%@foﬂ%elﬁérﬂ%o%ﬂgﬂgr}gr a separation
is alternative, a sheet of a drain 40

I n
unit. TAt}‘h lz?erP%Fp?é.rHj bipBtagER Oéacrﬁefabramﬁ@asbqg@wwosmm Matthes 114103! (gaseous)
mediumS c§l|1’lé?:W6ntt‘ﬁb@S<ﬁHr% sPevER! ;{}h \I'\]o rﬁxggeﬁfeﬁ:ﬁeof porous track

l'i quid (gaseous) fumto er “of At
membgage BBL oF @ﬁmtgh:bfé]edmf poﬁodSI tragck rﬁchﬁbihn@ﬂOZ &1at 14rfoldell € half. The porous

ace d, as the t er surface 408 of
track 'ﬁﬁébgﬁé%ﬁpf‘s ‘gmé Fhi% BTGy Ry gHER aoppodanae svitome process of one
embodﬁheﬂtobfhet prebeti 1Zle£ntﬂi915dés%r19écﬂ%ﬁg\eaSAﬁg}ﬁdtp\%ti O P :bheces of porous
S

b mgi surface 412 of elenment 410. The result o
su 5"36‘? {ymed e arspupdpaded polypiopplené fibet momegmefaeasetﬂaetween the

hdl e t I ng,att to tube 401 using . _
o halfs ol 8 porGROHAGT medehe 07 AR, R Ve B sherieT adbain 404 is
Interspesegh betfveeheagir of emspabug hitstrewedads AR RAoWH 16 t’l?su% %e(ﬂ%mmg of the

: QF or. nore  separation elements 40
proces§e§§{qgr4 @a Gols amg%Bglrtgtthq)Hergﬁp@or@foftth@cqlgﬁg@ogmbwﬁwﬂ nA first sheet of
a turbufibép 46 isThén plabEdul 'l}?eetrog%g%gp e 40§quh§,g%;§ﬂmgo%lrall} wound

gauze-1li ke materi al I's al'so
elemenp 4§ Sg%ﬂllﬁeﬂhleﬁk@ torettudizerad Qs I"Ef[ﬂacﬁ:drsﬁuﬁe gawaxa drllkﬁ‘fer surface 412 of

Fial de f tt
elemenpa?@.r"h?e r : Cﬁg%?ﬁ%gglr@n %o o)r/l%rénf:é?pmolgr@ gr bgt;gormsgg“ace 412 in direct
contactSAtlﬁﬁdenmmhdd‘te tutrAd i G 1eCIRTRRRERT: Sird HE KAGY ET &P[Hg bﬂed

L$ roduce the separation elenment shown in
¢ lg3t stapoisthe socess pEds meodm@ntSQOtH&anesa:gt ansetﬁcbres)ne or more

separatiSh cl&ALRb |4Y50329§§§&al;43%?u e%glri%gtgc?{%l {?@\?%rs%e type ghovm in FIG. 9. The

upper portion
turbulizer 405 is made from a porous gauze-like material. The drain 404 is also made from a

porous gauze-like material. The porous gauze-like material can be gauze made from cotton or

from polymer fabric such as a polyester cloth.



perforations 525 along the | ower portion 530 of tube

510. FIG 5B shows the nenbrane card 540 havi ng

porous track nmenbrane 545 | am nated to the porous

substrate 550, preferably in accordance with the

process of one enbodi nent of the present invention

descri bed above. FIG 5C shows the draining cloth or

g OcyFLG 5D shaows the turbulizer 570 that is

DHES 0V s e oot ceopopeas o, ara Kambinsd: to produce the
separatipgcklémeriti@owhah FIOI6D! P 5266hovA tRE RbBSHBH te2s i i

| oner edge of the turbulizer 5§b provide§ at?%.béquJﬁéase”eSOf
equallgq tnased uppeuPFHEAligRDS2Q aldng thentprengocamd 52540 tabe 510 and lower

- ' The protector, 57 gnts th
A O R
havingtpdrbes patltmehbeast a5t |hshiesnot i BQfogklssuB%tﬂﬁg 550, preferably in
e

mbrane 545 and the turbulizer 570 during
accor &Mty e Presesy plorcepmbetiment @f thapntseatsinwaitionakescribed above. FIG.

[ 3 [ r r< Se at o operation itself. . X

5C SHNENAS afefing ClohE b} B SEFRS 510 SPraS B Eriglisn Thirahis preferably
made dom a FloBSpodas §Buzethim thaeudcdrie ehesmbid AbihS§EPA pidtector 575 on the
low prodUﬁHpg t.he, g&ﬁ;erred enbodi ment of ~ separation
ower gdge 8F, thegyepudigerm/( Arorides adeh forrgluiss gurbatizesrs 76! te tbnmembrane card
540 a chi ' < ] j fQUE rane

e e 5 378 R B Bl Bl S MRSt track membrane
545 breaking 31 theapoisthofontdch b&twGen G potiNaick RemPRMeYS S and the turbulizer

570 SUbsirat e ?5? isftomard the collection tube 5 10 and
e 155 FseTacture RT thrsrprration Yamentgs svellngduaing the Blririgeor separation
operaté® ikREt TROude oxd&t E‘@Pﬂl'é'ﬁlrﬁ o l;s bent
along a bezdﬁﬁgxlingm6o7 ép t g%q?#&ﬂggngﬁ PbSt
pF R N6 SO s bres esseisiabbtephén pedoriagehe araderré®nbodiment of
f Lect | Oron its other side, The
separefl0h rRERIE, BLOLTH! ER 81 TBR coptedin spBnCap? oh peyeed by first
attachmgdosememtirgne apeist340rrédid thé cirbemfepsiee a7 GAEiR4Abe §10 as shown
inFIGjgined to, a gprtiqp of the collection tube 510 by a
SO R0he RISy bseatg SSR i towgrd the gelledtiontieeot0 andahe porous track
membfank 4 5Pf0ds&k AR BBm (Haf [ rang card 540 is _ .
em pgsi y orz11_ed alt(‘;ng fon hl%pceo?le%t'(i_)d;nﬂugg&_’ggzﬁg& fifcmbranc-card 540 is bent
along & bending iliop 60illse thatGt hava fimatprajbeidnefdi Mgohd side 60the Membrane card
[.lel, to.one side of the ro the equal ly spaced
540 P Tt g dBisP 0 3L arots ke SElcdha sohiicteiion bk dedreen the fist
projectidrecGe ot coRdpropit€ios 3N d oP AR hemBRSE L) is Vi t i .
upper portion 522 of tubg 510 so Lhatlggg@ﬁéﬁgﬁ%gmfFQE“OHOtme
collectgpriupe SLO by ENS tableaxdheshve aredasetilead ingdeth! oflowh@he Gust @fojection 605

. rforations 520. |In a sinilar. manner,.

o r90HEh Lo OSCRRTL QL LATS A0k SR LLAL BIOGEC

so thab® bendpgsliné 602ds glaanigl tdi@nt VRS oP eHet i@ 0B 3k @ﬁuél@?spaced upper
o)

erfo ?'Ol I 59 I?P tube , 510 adjacent one side of the row

PETIOrgig e ~@>-e DrEndIossEon A0 O dhe second pempraae icard BADis positioned

along thé FOOH $70 BERIBE 316 56 AQ. ] 472058039

_ thclaJb omplé)r portion u530 ofS ?}Iﬂag dgéo%ngg]t%plg% édu@g%gsfoo aPdIR1 t0 the other

side ofdbis syt eqimdlyoiphesd mrirtheatans[5@0en peinfitar atdnaas (R2Gest projection 6035
r e sheets of. the drajin 560 are 14 .

of the Y o SRR e R ot He 6 e e Berdonsd0 ef des estlection tbe

510 adpeerh oat sidee ffthd fdw BF RIVRS tHiABH1GRD 5 ecti
jections_610. Each \of tpt he Bor oﬁ?%b&b@?rsg%%zlg%ggjscﬁl%n 610 of the

ro - : AL
fourth %F’é g <ardh oY 1%t Prsitinaeql angrthe dovfarmaraorg B3k of dientoll6&MWn tube 510

adjacent the other side of lower perforations 525. Four separate sheets of the drain 560 are



as shown in FIG 6B. Gue is applied to each of the
glue joints 630 and the glue is drifted along the
glue joint 630 and around the perineter of the porous
substrate 550 surface of the nenbrane card 540 that

i ncludes the central section 615.The first projection
605 and second projection 610, as mell as the centra

intersp&Séd 8 w@%?t}?eﬂgorgn%&o%lr?tecﬁo é%e 8€ﬁ‘fc tﬁs%trﬁeormectlons 605 and the

resse
samn¢m0Meakms6505 of each turbulizer 570 and each of the
tec rs is pressed to the central section 615 of

PREOUS SHbPEURy 5 SPnepreyssd agtung] the persmetef @rtotr’ne@uejoml 630

mRﬁ?[ | r ot- .1 he, sane t hat
as s A uerﬁ?hcg%?orcgﬂg% eﬁ{g %?g Xacgé)(f t{l Elt ﬁéOIBga@L?S n? t Fue is Qrifted along
the glpe rintt3® &dSrotrhiethe @stimtien of SR QREASI s@BstﬁitééB’ﬁmL%fech @fthe membrane

hown FI GS. 6A-6C in the
card #Bﬁg?t ‘%‘ﬁg‘&%t} %lergrgg eghrR Of oiThe rﬁlgsrt;a@rn&me&(b apldcsd@mé projection 610,
as weﬂ%aﬁ@ﬁérﬁﬁl 's'&'tlii)ﬁ 6qQQm§Sthe°‘ PO bR utle! ﬁé) Arg th ik prﬁasregtt?gﬁlper Glue is

preferred | ength of separation unit
then applied BOe\masteetst 4B bE haxth tb;,bulltzdeGST(bzmMaah olﬁ&/ prdkedtdt is pressed to

h kage,
the cewhrgl secP%ré%g} 8F ﬂ]%ba?rg&r@{)%cargen%r ﬁ‘gg t)ﬁq%;)ta ge pgél:fgré?hegnperatlons IS
prefermﬁlﬁbrlic&nlﬁeoﬁhﬁ RARRHRLEd 110 r@i(l@rthe IQNPCQIS sn%strziw%Sge{go [H3NS porous track

el ements of the present invention are consi
membganes e d Henresi HRE rsgparqyotg] elﬁmnnltsofrdnhethecstdpecsho@ﬁ muhe}s 6A-6C are

0 .of the drain,is in liquid
rolledm% ﬁljial s%ﬁéog a sthtaéo 8&3?‘1“8}? %Wﬁdl{cﬁée%?tf%‘r URIISAPE as shown in
FIG. @D the coIIectlon tube 510. In the enbodi ment shown in

Fl.G gﬁ,‘%E per drain 635 and the | ower drain 640
all B PEslers H:ng (étcstep?,ragglépnttﬁé)orm spanappreunit 600 was established by
the fod@fhorati ons 520 and | ower perforations 525 to insure

that when the separation elenent is installed in a
separation system the procks¥edklk,qui d (gaseous)

Lo Medi um passes th h the nenbrane card 540 and drain

“hemg§§5§8g$ﬁ§§W%W8WF nd Spckage mEEISERYi on t ube 510 and
|ﬂ&yﬂﬁ:&Hﬁﬂﬂ@ﬁnﬂ&hﬁﬁUhﬂHMﬁa(gaseous) medi um outl et as
descri bed below in connection with FIG 8. 3. A Mthod

fkoris thren@ebeneicmdtpacmeaér, trhér Mysfaum. Pore Si ze of a
P rous ,Menbrane One @gbodlnent of the present
e HiTRancsclemeriS el B RiFsephanwentior tage apnq@d@pbrattacésd in working

posiuo(ﬂfto IROEAHS1iOF FiYe ANES, zﬁﬁea%h?g ﬁ)?l &ﬁ%@!ﬂﬁﬁglsb gundl_@aseous) medium

proocesses descri bed above Fanes hav
COMMRigRL DR Wb thssesrfcprntlomﬁeoﬁ:hemod:latuomrﬂ»ecsalo LiellecémBbstifient shown in
critical that all

FIG. 6PN theQpREN qra IR el St

BT T S (L L ——
pertordntbem 20caidlely seteimbniesks fy Phdudd vkt whE! hdg -.g; aration element is

tudylng porous materials is based on a conpari of
mstalletd a separation system, the processed liquid (gaseous) medium passes through the
membrane card 540 and drain 635 to the interior of the collection tube 510 and leaves through
the liquid (gaseous) medium outlet as described below in connection with FIG. 8.

3. A Method for the Determination of the Maximum Pore Size of a Porous
Membrane

One embodiment of the present invention is to control of the struétural properties of

porous membranes of the type obtained by the processes described above. Such membranes have



maxi mum fl ow rate during the evaporation of |iquid
fromthe surface of the porous nenbrane wth the flow
rate at the avail able hydrostatic pressure

di fferences. This prior art nmethod allows for

cal cul ation of the average radius of capillaries and

t he nmeasurenents obtained using this nethod are

i,rect. a nt error depends upon the state of
mdesgresgrugﬁssmbtgm§ﬁe ”I'eéillcé‘L elfiggpgg a@ﬂ@tlﬁﬁ{ég@ﬁfnqsm heme it is critical that

I th@eMbEant® A NESen AR
: nethodrdoes no? e%lIouﬁhg?Bg%%%pg?g]ggggrﬁgggﬁg%dew?nmed

t He pevacart sietkodofof tstedyimmx ipnronms proateridlis aisebRES dpseecoddipaRson of the
ention. 524110, | PC. GD1N11/00

g of v
maxi I, ﬂd\k?%% dur16g /tgcsf\ﬁs)?éanogmfllm frQe thefg5 acepolihe ggous membrane
with t<hé fidet ardmattha gvdile! SR SpreSsufd
¢ fbal thod vl dde[?éjrrl it len u d@fe%%@s gﬁibsg[gr ide 4%t method allows

for ca (pg@tyﬁle? Menpicsgssradins I\slétmdlaofes M elnﬁmmaﬂsurememﬁ obb#ined using this
t he bubbl e

ol nt: for Plane Menbr
methdd érﬁ lﬁdlp&t a[?41§5l°ji)ﬁ-')or I S zﬁ%étﬁ@dopa poropg bpdy. When large
pores ul’ﬁ ptesértt inshs Q)bttnﬁtrﬁén&fadei RN elrsr GHIAKR QG0 IHPHO ﬁuscﬁ#e hod does not
I t e cell is filled with liquid so as the sufface
atlow) Prqﬁ‘fcb‘rz\‘tﬁpf’s?”eﬁ\?g?% of Hie ST sige Oﬁﬂhet h@upmmuvsre diameters (see USSR
CemffEﬁf@b&aﬂQent%ﬁl\ﬂo |5f>$fj10' he. b"(ﬁ apsu gF%eéis?ﬂ @8@@78 gulletm No.

whi | e conti nuous neasurlng
29). maxi num pore size is calculated based on the pressure

at, whicg tp$ first bgpble of gas passes through the
nEnBIFHR RISTTH 1o 1S BaXimipT eSizgn Al @f peset ysing ths:ubuh»uls method is
describédigt GOST RJSQSJIQS 935 'P@ﬁjiﬁér N{&ﬂb}a%est ey f{o?rbqtﬂl jon of the Point

menbr anes. fvPem i'cal Iy, eterm nin
of a BHB‘?lé fo BlangManthrresids th‘abuhrtge pmtfe)dsazhas pofdusmdhtland B steeped in

e differe me ne | eads
liquid ngﬁlsnlnse%%grgpetrdhﬁ}%qé s c&}n? in %ﬁﬁlﬁ hﬁg eﬁﬁﬁé iled with Kquid so as the
surfacs ob&guidifellgicstas tie JubfAcdTBAMEPRRRRIMERShL, SGas-r@'fecd ingo_the cell under
th %hod is.not practically  applicable as a neth %
¢ mga @Inﬁl‘ﬁ CORNYPYSLY nﬁﬁ‘ﬁi‘%ﬁ‘é‘ﬂé 1§ Z8AS oifressiee. tTfaacmaleum pore size is
calcul stV B5ERA%H @E p'i'&@uregl'i St th{% rﬁ’r?l L{b%ﬂirxﬁfzgagﬁ)aésgf (?@rgué? the membrane.

their destruction during t _
The mephosl Bnsiowilerend edfective mnesepltacnmaﬁhg@ﬁb kStric®ed by the strength of
t he HHX|nun1pore si ze

I ) L —
from On@Sor @Bgsn, th&pRishae dﬂ@ér@&te' Herhefm %ﬁn@@&d{o\?ﬁgts%esstbat destroy the

I ncrease the range of nbr ane th| ness on
membrage. %@sqse Ioéalski*)bsﬁfﬂl@edl%thés@emmmmesultsﬂﬁbsenethod is not practically

1 | eved stalllng a I monari
applicqthl 864 iRod 1t REGEYFS IR/ el R0 iaffonizin b e ghck tembranes of the
presenlf lmlxéntmg ashieleads th (it dibslruaibnddurﬁ\lgm@é ¥kg gas to the

its pressure. The cell with the

and ne? urlng

ﬁgﬁtﬂ’t GfEVE S Fh'%\ﬁ@ odifiegt af e peesent impention|is teaimdrestethe efficiency of
the mM@ERI péreesizd Gndisdieatthiscal ¢

ot her . pAengﬁ-destrSc#%feagbé%sureﬁ%iﬁFe?%#%@"?%‘” the membranes.
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Gas in the formof a vapor having the

1s possﬁ’)ﬁ ttol'}ﬁal\eqlslesg r??aaweggmlshe liquid in the cell is fed

Imnteﬂs bbyect‘l/\%§$eﬁé acilR@ed/ @pQBstﬁ’l'hﬁésauf)t%hhﬂngrng llq%fds 1mpregnated porous

track membrane into a cell, filling the cell with liquid, supplying gas to the cell and measuring its

pressure. The cell with the membrane is placed into a vessel. The cell and the vessel are



constantly nmeasured. The pressure at which the
pressure difference di sappears over the nenbrane is
recorded. Once this pressure is recorded, a

determ nation is made of the value of the liquid
surface tension force. Using this data, the val ue of
t he maxi mum nenbrane pore size 1is calculated using

.apl ace's fornul a. Because the pressure difference on
hydraui’xﬁzgly ﬁé’ﬁﬂ?%ﬁg“:@' eagh Hﬁw.zédloayieéwqmg)rq%@rqqltfgtiedcwi;tapplied to the
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the integrity the nethod 1s realize
composiger as thsf liqradn avesclhss fdriesulht vefsehrBrRkager uisk@ in the vessel is

t inimzed. Specifically, th I cul at
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. Wth the cell by the same |iquid vapor

the liquid seréars densian fomca. hisingetiy dote tsaivilac ef tHenmsointeh A@m bR pore size
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is ca c{i/lgtggfﬁsﬁgiﬁ%laﬁ squf)rar_)l]ﬁﬁ,ppgcgzﬁlé?é RESTEMA L gt ©a the membrane is
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12 as working liquid (gaseous) nmedium A pressure

differential of 7.5 kPa was nai ntai ned on the porous

menbrane 701 at an initial pressure in the vessel 703

of 5.4 bar. The pressure difference disappeared at a

Freon pressure increase to 7.52 bar in the vessel 703.

The val ue of surface tension coeffk0|ent.equaled 7.5

- on this pressure. The maxi mum pore
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his cal cul ation that cosine of the contact angle
he nmenbrane was equal to 1 19

The maximum pore size of a fluoropolymeric membrane 701 was measured using Freon

Examigﬂe i

12 as working liquid (gaseous) medium. A pressure differential of 7.5 kPa was maintained on the
porous membrane 701 at an initial pressure in the vessel 703 of 5.4 bar. The pressure difference
disappeared at a Freon pressure increase to 7.52 bar in the vessel 703. The value of surface

tension coefficient equaled 7.5 -10” N/m based on this pressure. The maximum pore diameter
q p p

~was calculated to be d = 1.0 um using Laplace’s formula:
d=3c
P

Where: d is the pore diameter, m;
o is the surface tension force of the liquid, N/m;
P is the pressure, Pa

It is understood in this calculation that cosine of the contact angle on the membrane was equal to
1.



