MEMBRANE CARD AND METHOD FOR THE PRODUCTI ON AND USE THEREOF Field of the

I nvention The present invention relates to the broad field of the separation
of materials of various sizes froma fluid. Mire particularly, it relates
to processes for naki ng nmenbranes, nenbrane packages, and separation

el ements to separate out such materials fromfluids, nmethods for quality
control of such nenbranes, and nore efficient systens for the separation of
materials from fluids. Background of the Invention The twenty first century
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effects is a nunber of severe droughts in areas of the world that have not
experi C ht. This is believed to result in huge requirenents
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6, 565, 747. 1 The specific type of sal.ination system used depends_on the
nat ur e {56 ravyatst reseltipg én treated water containing dissolved salts, primarily sodium chloride.

Systems are used for the desalination of seawater or demineralization of brackish water. For
example, reverse osmosis or hyperfiltration membrane separation systems remove materials such
as the dissolved salts in the 1 to 10 Angstrom unit range and include chemical compounds of
about 180 to 15,000 molecular weights, nanofiltration systems remove materials in the 10 to 100
Angstrom unit range, ultrafiltration systems remove materials in the 30 to 1100 Angstrom unit
range that include macromolecules of molecular weight of 10,000 to 250,0000, and
microfiltration systems remove materials in the 500 Angstroms to 20,000 (0.05 to 2 um)
Angstroms unit range; see, for example, U.S. Patent No. 6,540,915.

These membrane separation systems typically use spiral wound type membrane packages
or modules, which result in 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 membranes that include nanofiltration membranes, ultrafiltration membranes or

microfiltration membranes; see, for example, U.S. Patent No. 6,565,747



inpurities in the water. For exanple, inpurities in particulate formand in
solution may both need to be renoved fromthe water. The object is to
purify the water so that it contains sufficiently | ow anbunts of suspended
particles, suspended m crobes and dissolved salts to neet the quality
requi renents of water for drinking, production of food and drink,
agricultural irrigation and other industrial uses; see, for exanple, U S
Pat ent No. 6,793,824. Qther processes for the purification of water besides
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per fl uoroacyl - ose acetate nenbranes nated on a porous
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from fluids. Materials to be removed by separation processes include suspended solids,
dissolved solids, pollutants, salts, biological material, emulsified oil, and similar materials
removed from such fluids as water, blood, oil, and the like.

Thin film perfluoroacyl-modified cellulose acetate membranes laminated on a porous
support can be used in sea water desalination, ultrafiltration, microfiltration, and kidney dialysis,
but preferably are used in gas separation; see U.S. Patent No. 4,549,012.

One prior art process for making membranes used for ultrafiltration and microfiltration
includes the steps of extrusion, controlled thermostretching and cooling. Examples of materials
used in such membranes include microporous polytetraffuoroethylene, polypropylene and
polyethylene; see U.S. Patent No. 6,540,915.

Various separation membranes are installed in ultrafiltration and microfiltration units,
which are, in turn, placed in systems that are used to selectively filter out materials including

chemical compounds of various sizes and molecular weights. This is done by manipulating the



pore sizes of these nenbranes to the desire size range depending on the type
of separation desired. Utrafiltration systens are known where increased
filtration efficiency is achieved due to back-flushing of nenbranes with
the aid of hydraulic accunmul ators using vibrating interrupters; see USSR
Certificate of Invention No. 1667912 of 7 August 1991, Bulletin No. 29,
protected by copyright. However, such systens have the di sadvant age of
bei ng conplicated in design and resulting in high filtering costs. O her
prior art fluid filtration tens are disclosed and, c] ained in .Russian
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i.e., tfhikergdigdentic atcumnlatdrs fudpentiedthinpfithefikess, pifes féd the saifrce, pogesaed amint s

and the |like, nar.ithe.possible variations that occur.durin h iltration
pr ocess‘.‘npr‘ﬁel‘?ésgg?lm%&w&ﬁg@@t&g Wl‘ﬂ?s’rs&{ffetwaé‘?irm@?s’ie Cé}&‘@i‘?ﬁggg%%ﬁi‘ﬁh&ﬂgi on of
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pr edi ct londushieg eftheprosessed witer. theeflyshingiproceeds wishayt fuspinggefiche pystantitheat i on

d ' i : Gl re. s for
vt ome pa e fep T EhAEReflkd b B RREACR b REHey IS EnE R EBRENS 01 her
t han watperatiand Hoeevar the disad@antages ofthed didtiratpnispyicroy e theo tleusperatin pames ,

menbr ane packages, and. s ati.on qe:tll}}e ts for such separation systens.
Br 1 of  DSBEE SETOReBRRG abbr Lol OGP AHA S tPLE used D) Qe S e
becone apRaefdhlofflOikiehR résaltingwh Bde@Btte WPhE syddhtsietfilidicy d BRRAINE Y RMiRA
various enbodi ments of the invention, as illustrated in"the acconpanying
dr awi ngaseprdingtip alpreviously specified timing diagram that neither takes into account the

composition of the source water, i.e., the concentration of suspended particles, the kind of

contaminants and the like, nor the possible variations that occur during the filtration process.

These disadvantages may result either in excessive consumption of processed fluid for back

flushings, or a rapid lowering of filter permeability because of too much time between flushings.

In the near future, predictions indicate there will be a critical need for water purification

and separation systems of increased efficiency. There is also a need for systems for the

separation of a wide variety of materials from fluids other than water and for processes for

producing improved porous membranes, membrane packages, and separation elements for such

separation systems.

Brief Description of the Drawings

Further features and advantages will become apparent from the following and more
particular description of various embodiments of the invention, as illustrated in the

accompanying drawings in which:



3 FIG 1is asinplified block flow di agram of one enbodi nent of the process
of the present invention for producing a separation elenent useful in a
separation unit; FIG 2Ais a left perspective view of a typical cassette
used for the etching step of cut strips of polynmeric filmof the process
shown in FIG 1; FIG 2B is a side cross-sectional view of the internals of
the cassette showmn in FIG 2A; FIG 3 is a sinplified block flow di agram of
anot her enbodi nent of the process of the present invention for the
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i s a | giresepeinsprion ifereprodusingsf separatdnl demems¢fubia ackparhiéorswpar at i on el enent s
shown in FI .and 6D FIG 5B i l ef t rspective vi.ew of nbr ane
card that i @8&3? Rt DRESPS LIV e P RY Q?aﬁ@%[ %aﬁge%leélg‘?ﬁtté’f éﬁ Fhmg Sg?r(za)forSJF backi ng
of the sgRasfablyaierie fBmETthesttovdds sHvwnlieFIGD; FIG 5C is a left perspective
view of a drain of the separation elenments shown in FIGS. 4 ang 6D; and
FIG 5D is &ICefB ipepidpewsi-seetignalyieyt ofihs reseals oftpe gssgticshewpan BIG-gA:
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the first step of one enbodi nent of e process of the present invention
for progesnnigventive fertht imenufattereenita membwhnecdiethent nsefehib asaparationdwitar e

installed o ol lection tube.of the type.shown Jn Fl A FIG 6Bis a
et per speciCud s B iePPet RS ol dalo BP0 Bl il of e
process of tiHe. paaseNft parspRbfivedfiew of a pslxdticd nYe af thepeaitionrledeatmhbwhn whi ch
four sheets of a drain are joined between each of the nenbrane cards to
formfo‘ﬂrﬂg&fb%@-@iaped menbrane packages; FIG 6Cis a |left perspective

view after tﬁ%.%hi-gQle%ﬁfepsp@&i»%ah@lyef@ﬁaginm& c%t%ﬂ%oﬁﬁc{}gﬂ%%&&ﬁa% present

invention for producing a‘separation elenent in iC our sheets of a
t ur bul i membrane knjimiterkid aAperovwsdnackiag bf thé sepasmtivn rlgmsnsihapedn GHkine packages;
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FIGS. 4 and 6D.
FIG. 6A is a left perspective view after the first step of one embodiment of the process of
the present invention for producing a separation element in which four membrane cards are
installed on a collection tube of the type shown in FIG. 5A;
FIG. 6B is a left perspective view after the second step of said embodiment of the
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;
FIG. 6D is a left perspective view of the final separation element produced in accordance
with one embodiment of the present invention;
FIG. 7 is a schematic representation of a preferred embodiment of testing equipment for

determining the maximum pore sizes of porous track membranes in accordance with another

embodiment of the present invention;



enbodi nent of the present invention; 4 FIG 8 is a process flow diagramof a
preferred enbodi nent of the separation systemof still another enbodi nent
of the present invention; and FIG 9 is a typical separation system
containing a separation el enent of one enbodi nent of the present invention.
Det ai | ed Description of Various Enbodi nents of the Present Invention The
followng definitions are used herein: A "fluid" is a gas or liquid that can
range fromair, water, blood, hydrocarbons, and other fluids that in their
unpr ocessed e cont ai .eri al r es and
syot om ¢ hat IhEraE s sV FhE o spt bl SR aRRLA L Pl M R R RS, T
a per f ogtifitadothttdisbodieht o thegirésent inpendogssdd fl uids. A "menbrane card" is

ei ther a porous nenbrane or a porous track nenbrane &Fam' na{ ed to %éeglgrous
backi ng usi gCaf SHRBERLEPHHERSYHETHSOMANIEE 2 Searaion SIPHRL Of s Sbd it s
speci fi gGhe AeselERPERRG. Package” is a conbination of two projections of two
di fferent nbrane cards with one or nore sheets of a drain interspersed

P pof Yasiops E g p bhthed regent lpveRtigliect i ons. A " porous
menbrane” isya dhin pliabl.e sh r.tayer of a polymeric materi al

cont ai ni ng Sg'grflgl%o‘?“gggga‘gbg Se&rgrgéefdi%le eg? out materials fromfluids. A "porous
track menbr anefluid3isa das a€ kquid thdt oarclaggs fahlajr, @htel) @tbodphyuiredithoms and etheof a
specified dianeter along the tracks. A ",seﬁ‘a?r ation Séigem' is a chﬂcgi nation
of at |%udtthare RABHIPETER é‘i‘iFetc,"nBHh'ﬁétFr‘%lé b SCRAPRS OB CINHES®S &MY ot her
equi predkiefQkhat fiR1uB A8 bE AR pRlscitBAwAiig. S from fluids. A "separation unit”
is a uni't in which one or nore separation elenments are operably installed
to carry outA f‘¢ndlestépetnbe’ ion perforfateditubetusethtogollectpracessed fluidsom a fluid. A
"separation glenent" is .Qne.or nor nbe ane Kk t %t} . a f.luid
col l ection ,{E ubEMRIA R C%rﬁe'soel’t%ﬁlbar%or&ﬁsr U ?@%er (s,lp Oarce?%:gtné\eeng%a%ﬁm%%edt he
menbr ang apaeka daskindusing acidbdsité Whichinfentbriel ag taminated hhnheypamedrs o a

bonmbar dnent, of heavy ions to produce tracks serving as etching sites to
producesP§efies. A "material" is anything that has a finite size ranging from

about 0.01 t0«RBRAYtand packdhe” is a combination of two projections of two different membrane

cards with one or more sheets of a drain interspersed between each of the porous backing
surfaces of the projections.

A “porous membrane” is a thin pliable sheet or layer of a polymeric material containing
pores to separate or filter out materials from fluids.

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 materials from fluids.

A “separatton unit” is a unit in which one or more separation elements are operably
installed to carry out the separation or filtration of a material from a fluid.

A “separation element” is one or more membrane packages attached to a fluid collection
tube with one or more turbulizers placed between each of the membrane packages.

A “tracked film” is a polymeric film exposed to a bombardment of heavy ions to produce
tracks serving as etching sites to produce pores.

A “material” is anything that has a finite size ranging from about 0.01 to about 1.5 um
that can be separated from a fluid using a porous membrane having an appropriate pore diameter

ranging from about 0.01 to about 1.5 um.



that can be separated froma fluid using a porous nenbrane having an
appropriate pore dianeter ranging fromabout 0.01 to about 1.5 gm 5 1. A
Process For Producing a Menbrane Card and a Separation El enment Useful In

t he Separation of Materials Froma Fluid FIG | shows a bl ock di agram
showi ng one enbodi ment of the process of the present invention in which a
backed or supported porous track nenbrane, i.e., a nenbrane card, is
produced and conbined with a turbulizer to forma separation el enent usefu
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poI yneric materials that have been found to be etched tq.a gﬁSI red, porosity
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cel | ul ogig.aGEsBh eriOf¥mY fi.gpe, and pol yol efins, such as pol ypropyl ene,
pol yet hyl'ene, and copolynmers thereof. In a pref erred enbodi nent of the
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i ncl udi Eﬂﬁut MmN Ohne Em’ﬁbcﬂlﬁﬁnt&f th@ﬁ%@anofnvﬁmimﬁhhﬁtﬂﬁﬁﬂtddf tbucpedfibybeont ( PCTFE),
copol ynmer of  chlorotrifluaqroethylene with ethylene (ECTE

pol yt et PAYMersy ey syipames thpfilnrys capalle p@?@y%reagereq BRIPHY- IW@iFWlﬁﬁé’fand
perfl ug@ﬁh&wgkm ?he§\P'ﬁ%én fo%ﬁ@al YIRERA a H@stnrea bwgrt ﬁkhﬁdlz %@aﬁmés

hexaf | voropropylene (FEP), terpolyners of tetraf roet yl ene” and
hexaf | uﬂumpmxbm&tr&n@haﬁdeneppwlﬁ/:llqn}dpmatlkpxilelpkmcew& pﬂ?ﬁ)lfoncmmdlpplmieéins,

of tetrafl uoroeth th ne FE oyV|nyI fluoride (PVF), and
any corﬁﬁ’icﬁgﬁ?@%X%ﬁeqehgoly%gygnélIaﬂ%F%Dr?I’f ‘%‘&%P’ie ‘esins. Block 20 represents

t he exposi ngnsitpegfeired Mhbahmemef gl presend iGvdntion) the pslomibac did ity heavy ions to
provide a filmwith a predeterm ned track density. Track den y.is th

nunber Boropalypsrie fay areﬁwtt“ Bpregpelaragly Etmféy‘gewlfdae@h@rldF Vb ‘f»‘.%rWéﬂh | (ran as
left by Jiﬁawld'e@@ﬁuorlde%pvdirb th‘?s’ﬁléﬁ%ed Com?err%gm 8l Hephﬁﬁs cdntRYS8Ld Ng on a

pat h of traj’ectory froma cyclotron or other pa t| cle accelerator. Each of
t he tr aioklgdingftut gt lirhibssleto ¢l g€polpehlerowiferdethyteap 4BC EFBY, comilyrgeradt ed upon by
a suit amlorotrﬁltugg%&tylene with ethylene (ECTFE), polytetrafluoroethylene (PTFE), copolymers of
tetrafluoroethylene and perfluoroalkoxyethylene (PFA), copolymers of tetrafluoroethylene and
hexafluoropropylene (FEP), terpolymers of tetrafluoroethylene and hexafluoropropylene and
perfluoroalkoxyethylene (EPE), copolymers of tetrafluoroethylene with ethylene(ETFE),
polyvinyl fluoride (PVF), and any combinations of the these fluoropolymeric resins.
Block 20 represents the exposing step in which the polymeric film is bombarded by
heavy ions to provide a film with a predetermined track density. Track density is the number of
tracks per unit of area on the surface of the polymeric film as left by heavy ions, i.e., high-energy
charged particles, traveling on a path of trajectory from a cyclotron or other particle accelerator.
Each of the tracks left by these charged particles is capable of being acted upon by a suitable
etchant,
Typical examples of suitable heavy ions for this purpose include but are not limited to the

following: argon, krypton, xenon, bismuth and a combination of these heavy ions. Preferably,

the track density is in a range of about 10’ cm™ to about 10° cm™. See U. S. Patent No.



Typi cal exanples of suitable heavy ions for this purpose include but are not
limted to the follow ng: argon, krypton, xenon, bismuth and a conbi nation
of these heavy ions. Preferably, the track density is in a range of about
107 CM -2 to about 109 cmz. See U S. Patent No. 6 5,449,917 and Russi an
Federation Patent No. 2233196 published on July 27, 2004, the relevant

di scussion of the exposing step is incorporated herein by reference. In
addition see E. U Apel, "Measurenents of the D anmeter of Selectively
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etching if the polymeric film is made from a fluoropolymeric resin.

It has been demonstrated by experimentation that the preferred alkaline solution is an
alkaline solution of potassium permanganate for etching PVDF films. The etching of PVDF film
is preferably carried out at temperatures in a range of about 100 to about 150° C. One method
for maintaining the alkaline solution greater than about 100° C, is to add salts of an alkali metal,
preferably sodium chloride, in sufficient concentrations to achieve the desired rise in etching
temperature.

Another variable in the preferred etching process is to pass the alkaline solution in
contact with the PVDF under conditions to maintain turbulent flow. This accomplished by
circulating the etching solution over the PVDF film at a Reynolds Number from about 100 to
about 500. At such flow rates, the temperature gradient of the solution in contact with the film is

substantially reduced to zero and the rate of etching is substantially the same on all tracks of film



circulating the etching solution over the PVDF filmat a Reynol ds Nunber
fromabout 100 to about 500. At such flow rates, the tenperature gradient
of the solution in contact with the filmis substantially reduced to zero
and the rate of etching is substantially the sane on all tracks of film7
surface. Accordingly, these flowrates result in a narrow ng of the range of
pore size distribution on the finished porous track nmenbrane. Wiile the
etching step is carried out for a period in a range of about 1 to about 24
hours and a shorf.er ri of about .3 to 9 .hou is. recommended. f.or. an
ket | ranees BsRarigny it e Cinet o it uhe §h Be ek T BORRIA ¥ o R pends
on the ge@efihRAedipcromittick plenfteas and the thickness of the film It has
been found with Ionggr et ching periods that manganese dioxide is forned as a
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the reaction zone and results I n reduced reaction velocity. By circulating
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overheatrng 1s Ined as no overheating or overheating o he etching
sol ut i oradmeseloctyr By tirtwdatofg thottcmog eoluti@ninthe Gchiffgbath uoderdibillents can be
expresseddi n the follown eg%}tion: N Q%S@T V*ﬁere: Ntis p I of the
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is maintained at. no higher than I' Cor K N5 Q C The intervals of time
and t enpuingths etisg dchisg 8€pi ned by the following factors. Preferably the
etching is ' : I 3 et chi ng
time i ncre;%}e%&?%wsnl%g%ér)ém%ggndﬁ ‘?ﬁﬁ’?%“ﬁ“‘ﬁt}gwﬁdgﬁ oc‘g%rsg %ﬁ??éé?eg%%ﬂ;ﬂ On the
ot her habosle, it hasibsendfofifid that the etwhing step takes place without any substantial overheating.

Etching without substantial overheating is defined as no overheating or if overheating of the
etching solution does occur it is of not more than 1° C. These conditions can be expressed in the

following equation:

N S Q " CS * AT

Where: N is power of the preheater, W;
Q is flow rate of the pickling solution, m*/s;
Cs is specific heat of the solution, J/(m>-K);
AT is overheating of the solution, K.

If AT is maintained at no higher than 1° Cor °K, N < Q- C..

The intervals of time and temperature are determined by the following factors.
Preferably the etching is not carried out at a temperature below 100° C because the etching time
increases considerably and results in low process efficiency. On the other hand, it is difficult to
provide a temperature above 120° C using the proposed method of addition an alkali salt. If the
etching time is not more than about | hour, no pores are formed on the membrane. If the etching
time is longer than the specified range of 24 hours, there is no further increase of any favorable
effect. In addition, high porosity membranes will lose their mechanical properties upon being

subjected to etching times outside the desired range.



provi de a tenperature above 120 C using the proposed nethod of addition an
alkali salt. If the etching tine is not nore than about 1 hour, no pores
are formed on the nmenbrane. If the etching tinme is |longer than the
specified range of 24 hours, there is no further increase of any favorable
effect. In addition, high porosity nenbranes will |ose their nechani cal
properties upon being subjected to etching tines outside the desired range.
8 The result of nmintaining these optinum process conditions is a high
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porous backing that protects the porous track nenbrane from breaki ng
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Preferqghﬁu&pe porous backing is inpregnated with an epoxy adhesive so that
it has the desired strength to withstand the rigorous forces on the
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porous backing is not critical and can include woven, non-woven or bonded papers, fabrics and
screens that are permeable to water vapor. Examples of suitable backing material are those
constructed from fibers of organic and inorganic polymers stable to moisture such as polyesters,
fiberglass, and polyolefins, such as polyethylene and polypropylene, and the like.
One embodiment of the lamination step to achieve optimum adhesion of the backing to
the porous track membrane to produce the membrane card is to spray the adhesive onto one
surface of the porous backing at a concentration of about 1 to about 30 gm/m? and then to
overlay the porous backing onto the porous track membrane to laminate.
Another embodiment of the lamination step represented by block 45 is to apply the
adhesive to one surface of the porous backing at a concentration in a range of about | to about 20
drops of adhesive per square inch before overlaying the porous backing onto the porous track

membrane and aliowing the membrane card to set under a suitable pressure.



overlay the porous backing onto the porous track nenbrane to | am nate.

Anot her enbodi nent of the |am nation step represented by block 45 is to
apply the adhesive to one surface of the porous backing at a concentration
in a range of about | to about 20 drops of adhesive per square inch before
overlayi ng the porous backing onto the porous track nmenbrane and all ow ng
the nmenbrane card to set under a suitable pressure. 9 The type of adhesion
that has been found to be the nost effective is to spray one surface of,
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are mounted.

During the film loading step of the etching operation cassette 210 is removed from bath

220. A right end of a first length 262 of a polymeric tracked film is fixed on a fixed upper

horizontal support 255 by a first clip 254. The free left end of first length 262 is fed under a

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

is at turning support 225. The left end is then attached to turning support 225 by a second clip

256 to fix first section 262 of the film firmly in place on the supports. Similarly, a left end of a

second length 267 of the film is fixed on a fixed upper horizontal support 255 by a third clip 257.

The free right end of second length 267 is fed under a lower 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 second section 267 of the film firmly

in place. Preferably all of the clips are made from titanium.
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second length 267 of the filmis fixed on a fixed upper horizontal support
255 by a third clip 257. The free right end of second |length 267 is fed
under a | ower horizontal support 265 and then over an upper hori zontal
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 second
section 267 of the filmfirmy 1in place. Preferably all of the clips are
made fromtitanium 10 At this point in the etching process, turning
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sol ution was iag eyaraples demppstrae thegnethebofusinggishingugnit inde ezghinfe.  Waen
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fl uoropolyneric exposed to a ment of heavy charged
parti cl sa#t,ofamslkali meel settie concentbatdn fRi0)2@hg weshsudp ecrcedtritonacifeomplete et chi ng

for a period in the.range of 3 to 9 hours. The h ing of all, surfaces of
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circulation of the etching solution within the etching bath. As indicated above, the exact
temperature and the time of etching varies for different types of film.
Example 1
A polyvinylidene fluoride film having a thickness of 13 pm thick and first exposed to a
bombardment of accelerated Kr jons to have a track density of 1- 10® cm™ was etched in an
etching solution containing 20 mass % of KMnQy, 13 mass % of NaOH and 20 mass % of NaCl
at 110° C for 5 hours. The etching solution circulated inside the etching bath at a flow rate of 1
m>/h to provide N = 200 for this example. The porous track membrane that was produced in
this example had an effective pore diameter of 0.3 um.
Example 2
For comparison, a similar example was performed in which the same tracked PVDF film
was etched in a bath containing 20 mass % of KMnO4 and 13 mass % of NaOH at 100° C for 6

hours to produce a porous track membrane with an effective pore diameter of 0.17um. This
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nB/h to provide NRe = 200 for this exanple. The porous track nmenbrane that
was produced in this exanple had an effective pore dianeter of 0.3 gm
Exanpl e 2 For conparison, a simlar exanple was perfornmed in which the sane
tracked PVDF film was etched in a bath containing 20 mass % of KM1O4 and 13
mass % of NaCOH at 100 C for 6 hours to produce a porous track nmenbrane with
an effective pore dianeter of 0.17m This 11 dianeter was snaller by a
factor of 1.8 as conpared to the porous track nmenbrane produced at
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the tinme to produce a g

I'ven maxl mum pore st ze is one fourth that required
when tBeaeperature is nmaintained at 100 C. The backed porous track

menbrane is cut into menhrane cards of the desire ize in bl 40 for
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95 for use in a separation systemof the type described below FIG 3 shows
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for exposure
temperatures above00°C.

Therefore, it has been found that by strictly controlling the temperature of the process
above 100° C, the time to produce a given maximum pore size is one fourth that required when
the temperature is maintained at100° 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
bombardment of to heavy ions as described above. From block 320, the continuous roll of
tracked film is passed to block 330 to be subjected to a suitable etching solution as described
above. However, in the case of a continuous roll, a continuous etching unit (not shown) is
contemplated that includes introducing a fresh etching solution at the tracked film inlet end of
the etching unit and removing a spent etching solution at the tracked film outlet end.

A continuous roll of porous backing from block 340 is sprayed with a layer of adhesive

on the upper surface of the porous backing in block 350. The roll of etched tracked film is
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bombar dnent of to heavy ions as described above. From bl ock 320, the
continuous roll of tracked filmis passed to block 330 to be subjected to a
sui tabl e etching solution as described above. However, in the case of a
continuous roll, a continuous etching unit (not shown) is contenplated that
includes introducing a fresh etching solution at the tracked filminlet end
of the etching unit and renoving a spent etching solution at the tracked
filmoutlet end. A continuous roll of porous backi ng from bl ock 340 is
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the prot®seposiwhicheare sRiesdiymatind gvo shes smf@wmustrﬁ%mmbwne 485 er 3 Hagle sisste.
Al ter “asw)%aé t@:%ﬂ‘lemb%%%@ft ¥ BRRd ﬁg&gt NS eAR3r bR MBRb Al s BRidanded

pol ypr opyl ene or the e are bet ween the two hal ves of porous
track nmrbmsahfaekm@ZOB inl avcotdpscealithethn ptdcess, of ans erebedimentapfdhepraseaifivension

i nterspers bet ween each of the porqus ba S shovvn to assure the

i & i nOPGOREO Y LR e B eGSR EoIas st AE GAdaI AR AP EREh « ube

401. A 6]561& :ﬁaﬁeﬁbe@f)rﬁheqﬂté Ewusz@betév@él thé th O BAlvedl F@eEbud Srack eRbRne Ypper

surface 408 of the resulti ng |ra |y wound el enment 410. A second sheet of
18]

t ur bul i Indhisgbegnpiévepp ghastobas (¥ds intarsnsrsefl Goisicen gaghiodghe pprousdrcldngsddt 410,
The r es&tJ dho®h 14 ggs&re%%cﬁ@ﬁﬂ{é mhé ??o%é%séaaﬂltﬁ%?o @8 Egﬂf&gtl&t‘s d ‘ﬂ?]et &%&Wﬂ e 412
t att ac tot e ec

in direct contact wi usin ni ques t at are
wel | - kné@in A first bieet aff 4 turbuhizér® 5 listhien gtaeqmi afa tbper tmp(ecssﬁice)ﬂos bi the exsbltidg nent

of the ent ventl o) ne or ara s,400 are installed
Ch o schily prrdEEReurtp & g i SR RAREEIOES plsFOR $5 brtomBERe mde
froma ﬁ@fa@ammez@ndnt kK eo. MBfkeeeiid of thik dkiBntdtish ik $o RdveQ paRitd SMRib@ sRFARUS
gauze-like material. The porous gauze-like material can be gauze nade from

cotton #2 lﬂﬂ@“ﬁ@tﬁgpﬁ;ﬁgﬂtl’f aisratiached to tube 401 using techniques that are well-known in the
art.

In the last step of the process of this embodiment of the present invention, one or more
separation elements 400 are installed in a separation unit of the type shown in FIG. 9. Turbulizer
405 is made from a porous gauze-like material. 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.

FIGS. 5A-5D show the individual components that are combined to produce the
separation element shown in FIG. 6D. FIG. 5A shows collection tube 510 having a series of
equally spaced upper perforations 520 along the upper portion 522 of tube 510 and lower
perforations 525 along the lower portion 530 of tube 510. FIG. 5B shows membrane card 540
having porous track membrane 545 laminated to porous backing 550, preferably in accordance
with the process of one embodiment of the present invention described above. FIG. 5C shows

the draining cloth or gauze 560. FIG. 5 D shows turbulizer 570 that is preferably made from a
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such as a polyester cloth. FIGS. 5A-5D show the individual conponents that
are conbined to produce the separation elenent shown in FIG 6D. FIG 5A
shows col |l ection tube 510 having a series of equally spaced upper
perforations 520 al ong the upper portion 522 of tube 510 and | ower
perforations 525 along the | ower portion 530 of tube 510. FIG 5B shows
menbrane card 540 having porous track nenbrane 545 | am nated to porous
backi ng 550, preferably in accordance wth the process of one enbodi nent of

the pre gepﬁfo&\gt@g&;ﬁ% nd@,ﬁ%{s ﬁmdcfrgﬁla ;e%o}g%@] i%&@&éﬂs 7stJa§,n9ro%% g oth or

gauze 5 Ize made Troma 13
nor e potuchudizerSd9 @rd»hdm atthtafor lghmcg turbudivai 7D m@mhrbtdme 56:@1 54R apdmcsbccblreltﬁzVS on

the | ower ed turbuliz rovi des a IU|n |izer 570
Lo o od 57 SPre et B0 oSl el Phi ek prabERe 57° bFatng & rolegt behfceh

possi bi ;BdrEuYs tefck RenMisnet 943GkKd 'i‘[ﬁﬁﬁliz@f\ﬂ(ﬁfkﬁmg rtl%r'ﬁhﬁlﬂa@ﬁre@‘ﬂﬂ{eas@parbtﬁinva@ﬂent por ous
track nmenbrane 545 and turbulizer 570 during the manufacture of the

separ at #sovelbdsatuping theAdtepiag jor separption aperetins itselft The nip Siretegamsdertbis oper ati on
itself Lot gptors for this purpose is known in the art. FIGS.
6A- 6C s%urevgste Gfoﬁ{nég ﬂgs%gntl al steps in producing the preferred enbodi nent
of separ at i FIGSebAamENiho6Ofie shevesséntiaFtéps i6 Prodbeipattatireforred embodim&@®@fi s

produced by first attaching. four rrbrane ards 540 arou
ci r cunf EPEAEY ?JFmemO@éF%ﬁlwlﬂ%e@ CRATURIRTSY, OB 5 PT gBY? ARS8 us

backi NgfyapRiendran® WaHs s§PAbEEd ihe elr&mreﬁwomﬂeaﬁfnqu& 3 1054 kh SR AIGE 6345
faces outward fromcollection tube 510. Each nenbrane card 540 i s bent

al ong asmmomlslbﬁﬁ@nﬁﬁﬁo isgoward gollqction tube 319 prdsporpysofask membreB4driacshe si de
of msrrbr r n t [ ohe
central® sec dlcfgon 8@%’%})8\? HV\}E‘%%? &gl rs "g’?eo‘}ag@ zlﬁ)ég bé@% l6nr‘(i§2a &tgg% %rggf &ction

610 of memibh@neﬁrewrdje&él& 605 c}ncnnleadjeto(ﬁrr&nmnrelcmiﬂﬂaﬂdlalsenmdcpmjeumbe 6500 by a
rlbed in detail helow. pro ectlon 605 of

sui t abl e adhesi ve ltI), The fi
a fi rstomﬁ%{ﬁédecgﬁla cs'zr F%Ct‘BBéﬁ pefwaen thy %gmaiﬁsl@f‘ﬁ %ﬁ'e Firorbprojgetion
col l'ect mﬁn&%@oréﬂ&aﬁ@s4&@5015ébetola%%dh%ﬁcbn&u@9Zuue%19%5/%Ishﬁéblé fiHefGe &d de  of

the row of equally spaced Upper perforations 520. The Second projection 610
of a sedwsabedrieditaihheowarliie S49 prajegionitd oﬁ@ﬂrsah@n‘@ra!lppelrd Yoris pepitic®2® of tube

510 so that bendi 7.0s . al rallel to h e of the row
of equat PoE wRELROFe 1o bNnlofau S BHRenhRelilh of? Piapdlef Bp ol

pr oj ect ofafie Moo dquallyt sfpaééil uppebpafoeativas d240hd @cmsmbyeaitﬁpbml cffragedoawer
portion 530 of <collection tube 510 adj acent ope si t he row of | ower

per f or aFBRene 0ard 3¢ isinositioedians wns| %‘?ﬂl%ﬁz%‘i ubg 5 korf@ th%f&@flwn&ém%é card
540 i's pespdraiNFthabBRPsilO¥Ehe RAL bt QhaftPhalld perforations 520. In a similar manner,

the first projection 605 of a third membrane card 540 is positioned along lower portion 530 of
collection tube 510 adjacent one side of the row of lower perforations 525 and the second
projection 610 of the fourth membrane card 540 is positioned along lower portion 530 of
collection tube 510 adjacent the other side of lower perforations 525. Four separate sheets of
drain 560 are interspersed between the porous backing 550 side of each of first projection 605
and the second projection 610.

Each of the porous backings 550 is pressed around the perimeter to form a glue joint 630
as shown in FIG. 6B. Glue is applied to each of the glue joints 630 and the glue is drifted along
glue joint 630 and around the perimeter of the porous backing 550 surface of membrane card 540
that includes the central section 615. Each of first projections 605 and second projections 610 as
well as the central section 615 and collection tube 510 are then pressed together. Glue is then

applied to protector 575 of each turbulizer 570 and each of the protectors is pressed to central
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coll ection tube 510 adjacent the other side of |ower perforations 525. Four
separate sheets of drain 560 are interspersed between the porous backing
550 side of each of first projection 605 and the second projection 610.
Each of the porous backings 550 is pressed around the perineter to forma
glue joint 630 as shown in FIG 6B. Que is applied to each of the glue
joints 630 and the glue is drifted along glue joint 630 and around the
perimeter of the porous backing 550 surface of nenbrane card 540 that

br o] ect RN &crTaashri a4 e st chafleied iy BEELBTMARN: BIR vdbe 510
ar e t heie pires stlattiegeiontiie pdrbukehacRing 56Mto @pES tedk hrenfbiraieelS0 Mhe fdsubihg each

turbulizer 570 and each of the protectors is presaedd, tg éezgtral 14 section
615 of sepABremdemanty frgmghe stres hopa %F@-&é\-ﬁ@é@ rpled inBe BNy Stepd¥idons i s

prefer anglr'%ble9611i%%§1$c§_ﬁgEr;ﬁ§dJc@_%épa‘r'a?ﬁ)@l uhfls 80048 ROWAUSFIRAGH.Ng 550 to porous

track rane esulting separation elenents fromthe steps shown
in FIGS. 6A-BE pmeferredlengd df sepamasioniuni|408 pegsepyration unit 6@bwvas ¢stablished bivachi ne |
to prod¥Fﬁ separation units 600 as shown in FIG 6D. The preferred | ength of
separ at P'6OTWY 400 and separation unit 600 was established by the formula:
L=3/"'12k2/ k,L=3/Neg; L is length of the nmenbrane package, neters (m) k, is

the drain paranmeter, nB /hr MPa; k2 is the mergbrane card paraneter, nB/hr
MPa nR. Thewhsseidr isdength ehippmenbranepacksge dusiersiMyent i on are consi der ed

oper abl y attl?qp&gdmn NemetP! hehl | Oip,t ube when at [east a portion of the
drainis in flurd co nication with the perforations of collection tube

510. In the grbodintitrash@vpirambteGm Mo, MMapes”. drain 635 and | ower drain
640 are centered directly over the row of upper perforatiaqns 520ﬁ§1nd | ower
per f or at i onsTw2Bembrapyelaments RhtheprRsptimeNtEhae £PPUIFTed eEdlY pachediodhy eq in

a separ gﬂqnst t : al d WBipane card 540
and dralét;r%le 5 %ﬂ(ﬁ;é'%ﬁéen ?tr%%.hgtr?g(?ﬁgﬁafg%ﬂdteﬁ ﬁéﬁﬁﬁtﬁﬁ%g{ ngﬁlng&gﬁré Iea{i/‘gs t hrough t he
pr oces spatfdritiong obedlleetionasbel 8 HE rIntlexlerbtidoverit shaowominddGi. 61, winehdrafi €35 ®d 3. A

EERT AN L TR ST R N

st ruct Upgfor@dAP 823 icBRsuRé that when the separation element is installed in a separation system,
the processed fluid passes through membrane card 540 and drain 635 to the interior of collection
tube 510 and leaves through the processed fluid outlet as described below in connection with
FIG. 8.

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

One embodiment of the present invention is to control of the structural properties of
porous membranes of the type that are recovered by the processes described above. Such
membranes have widespread uses in the chemical, medical, electronic and other industries where
it is critical all the membranes have a given maximum pore size that has been accurately
determined.

Prior art methods of studying porous materials are based on a comparison of the
maximum flow rate during the evaporation of liquid from the surface of the porous membrane
with the flow rate at the available hydrostatic pressure differences. These prior art methods
allow one to calculate an average radius of capillaries. The measurements obtained using these
methods are indirect. Measurement error depends upon the state of a porous body. When large

pores are present in the porous membranes, the error will be too high. Such methods do not
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porous nenbranes of the type that are recovered by the processes described
above. Such nenbranes have w despread uses in the chem cal, nedical,

el ectronic and other industries where it is critical all the nenbranes have
a given maxi mum pore size that has been accurately determned. Prior art

met hods of studying porous materials are based on a conparison of the

maxi mum fl ow rate during the evaporation of liquid fromthe surface of the
porous nenbrane wth the flowrate at the avai |l abl e hydrostatic pressure

i o R PneTDRSSBL Bl B4 TRLPAMT AL AN B RALE BBV 200

radi us Of capi hé neasurene t'al ned USIh ese nethods are
i ndi reciutthHﬂpufESSRU\’oémber NHﬁ@r(HHNmm pmhﬁsh@tlahésm 76 k. Nmsmlody When
| arge pores, are present jn the porous nmenpranes, gH@hror wi | thoo

high. Such nRfEHS EeKBRINTS WF MR SiFHO E“E?Hf‘ﬂ%a & gthodds tughgan « he

Maxi MUNGPATR ShABREEFBslyHEEMERbEdnEL. C@tz\@etm OﬁEétBHﬁﬁ&Hid?l Of TRt £24110,
MPK: Q0INL 1/00 pubfi shed on 05. 08. . A nmethod of determ ning

t he naxBnluhh EwlﬁarwrMampmnes Udn Hg tmbblgmﬂtl@dmtwgnomgs mamyrane issteeg@EN R
50516-9 u1d l._l)ll’?tllﬁt”e ?%r ra?ig?l:]sen is cllf'\i/ﬁléhcg%b%(iell% Qﬂ Qaﬁlle w1g ha-o[lht?sopég;'tl[{'é o A

Bubbl e anes. od athin ous nenbrane is

st eepedSUrface bf lefuidifulintcbberk thelsarfS@tdfﬁladmﬂOL&nﬂethm i Gasdb &rmﬁtd) théical undbd . The
cell is filled with liquid so as the surface of h ﬁ'@éd fully covers the
sur f acethgmemiEansoyslsCoRBmausly aneagying the gasPressys: e MEEIMUMRESIZSthe nenbr ane

while c 144 whScht A i€ 5 d8rdTRN AL ABYake. STHE 1S
cal cul a‘?d;%d a%tp%{ﬁté/prrg%g?lﬁte“ﬂlg% t\/\ﬁﬁ%ﬁ&tﬂg ?tlsér&sPaSSubbrdg%of gas pgsses t hr ough

t he nmentyethng is sihple ane efontivesbus iitarpragticah dsagk fsgestiicted bl the streagthohnkmbeineusage

is restgict e strength of nenbra ecificall i.n d term ning
the ma paIHpPan B thE TR e QinaRRt RS SmpB R e i shre P37 A HE 10
0.5 m 0betpo.epmyte pleskirerdeigencentthemambianakadd ﬁadﬁssks)thatdﬁﬁ‘sﬁmet hat
destroy th menbrane. The .use of a backing distorts, the neasurenent

r esul t smemArage.nLheesg of & bagking disters theanqasursment resliso dhisgmetied I8 AR ni ng t he
maxi mim,aot&)s hﬁm@{ho& hg: &E&ﬁmﬁ@m@ R ERuR polefre JTHRSERK M OptRsS 1t

| eads to thelt destruction during the test. The object of this enbodi nent of
t he pr epresent mwﬁmmlaerrtlf:@stt@themdlesweom Herirgfthe tstency of the maxi num por e

si ze rreasur Nt gn tﬂ& }JSé ng {Chhe ede truc 10N 8 L thgle anes. ﬁnot her
obj ect of t hITE HsHd < B Bucb R SRR S et B RS HRY afbs on
whi ch i fakimuBOgde hb@meh@lréméiﬁs whesie caRagUhetRth&ion ITesEmeBbRES. VafotlRe €
obtained by installing a prelimnarily |iquid-inpregnated poraqus

object of this embodiment is to increase the range of membrane thickness on which it is possible

to make these measurements.

These objectives are obtained by installing a preliminarily liquid-impregnated porous

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

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

are hydraulically connected with each other. A non-destructive pressure difference is applied to

the membrane as the liquid is pump off from the vessel. Gas in the form of a vapor having the

same composition as the liquid in the cell is fed to the vessel. The vapor pressure in the vessel is

constantly measured. The pressure at which the pressure difference disappears over the

membrane is recorded. Once this pressure is recorded, a determination is made of the value of

the liquid surface tension force. Using this data, the value of maximum membrane pore size is

calculated using Laplace’s formula. Because the pressure difference on the membrane is

minimized by pumping liquid off the membrane as the pressure difference is applied, the
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track nenbrane into a cell, filling the cell with a |iquid, supplying a gas
to the cell and neasuring its pressure. The cell with the nenbrane is

pl aced into a vessel. The cell and vessel are hydraulically connected with
each other. A non-destructive pressure difference is applied to the
menbrane as the liquid is punp off fromthe vessel. Gas in the formof a
vapor having the sane conposition as the liquid in the cell is fed to the
vessel . The vapor pressure in the vessel is constantly neasured. The
pressure, at. i,ch the,pressure diff I nbrane is
recordé&?gEH@QWQ ?%ﬁﬁ?gggéF%dﬁggwlég%gggﬁhgh%§$g§%$%%?%%ﬁthﬁﬁa of the
val ue odurinihie: teétad lirdmiZkdce tension force. Using this data, the value of
maxi num nmenbr ane pore size is al.cul ated usi ng Lapl ace! s forpul a. Because
the pressur egﬂiF‘ﬁF@}yeH@éafPHlat“H%S_ ﬁ’éﬁf}F@HB’n_ﬁéherﬁf‘ T"HFE eﬁ&?mﬁéﬁ‘rﬁ% liquid of f
the menbEaBanésart EkefoﬂgﬁézsPlre@sughﬁticﬁ]r&@l?@vds&l@ﬁ’tﬂ'cbﬂ’ﬁy thambbiquiiwesd [eadsof  t he

method 1s realized and any | osses of the nenbranes as a result of breakages

duri ng toheperasndesasionianithé membrp swificec & sodoing ghelamperabire Bgesagesy The
det erm nij t he X1 oum i« t.er I foll ows:
Pressu rl?eagg.llpgnedo Ol’{l r1’ihe va 89 {oqhévulc?hqﬁ-égllpre%h?[tg(?ﬁlenﬁm sﬁlquc%. o%f:@rs %gr

Z n e vessel € sane qui d vap | eads to
vapor ceyadena@dn. OfheORat discharged franeths ticfibeane td thediquiticicagrs by theattconghetinityr e
i ncreases. The heat . supplied fro tpegﬁapor to the |iquid-inpregnated
menbr anEheRAUNGIK coRaitions aﬁ%/det?fBH’&"éi%é ¢ Pilowmg,a4alen: §i schar ged from t he
menbrane to é@@i$AgE;q_gﬁcurs by heat conductivity. The boundary conditions
are determ ne Iby the followi ng equation: Criterion Bi = a d/|I Wwere: B =
criterion ofWhenBer yriterion bboungdarycimidzity Gmitddion)Bio);a = coeffi ci ent of
convective heat transf coefficient Pf heat conductivity; and d =

)=
typical size (di defef "E:JF“tt‘ﬂﬁéo‘?:‘?Fﬁ“je.heﬂgmé'ise

f’ends to infinity (practically at

Bi >100), the menjranRifddk fReat EsHIRE@REYE 8ndM | | be  equal to the vapor
tenperature over the nenbrane; see "Theoretical Foundations O Heat

Engi neer i ng- Heat -dreipifabsire @igneaterafme celly ref erence book under the
Ener goat om 241 P AR A0 B89 Wl nn S NBREMeranre willbe o ¢
1000 f otqual toehd vapbr @impomture ot themembrage;|seq Uil eoFatiealrFobidatibhe Of Heatper at ur e of
(he L1 SHA ShA TR SR 0, TP ane S a6 can be det srAd AR e vapor
l'iqui d BRAbIA&Gand V.M. Zorin, Book 2, Moscow, “Energoatomizdat” Publishing House, 1988,
pp-197-198). Criterion Bi equals 1000 for a cell of diameter 50 mm using liquid Freon 12. The
temperature of the liquid-impregnated membrane surface can be determined with the vapor
pressure over the membrane. The surface tension value reduces as a result of liquid heating
because the vapor breakthrough occurs under the membrane. Therefore, the pressure difference
on the membrane disappears.
The method excludes a visual examination of the membrane thereby increasing the
accuracy in determination of the maximum pore size of the membrane by this bubble test
method. This method can be used to determine the maximum pore diameter of a membrane
without destroying the membrane during the pore diameter determination.
FIG. 7 shows the preferred testing equipment 700 for determining the maximum pore
sizes of porous membranes in accordance with this embodiment of the present invention. Porous
membrane 701 is first impregnated with a liquid, mounted in a suitable holder 705 and placed
into the cell 702. Cell 702 containing porous membrane 701 is installed into sealed vessel 703.

The lower part of cell 702 has the holes hydraulically connecting the cavity under porous
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because the vapor breakthrough occurs under the menbrane. Therefore, the
pressure difference on the nenbrane di sappears. The net hod excludes a

vi sual exam nation of the nenbrane thereby increasing the accuracy in
determ nati on of the maxi num pore size of the nmenbrane by this bubble test
met hod. This nethod can be used to determ ne the maxi num pore di aneter of a
menbrane w thout destroying the nenbrane during the pore dianeter

determ nation. FIG 7 shows the preferred testing equipnment 700 for

determning th ' i f : i d i th
ot o Db o DR FRPRGE i RO BRI B 167 i@ e dapgr
I mpr egnadl e 2WLliduidis! théigralduali® pmped fromavessel Y@hfoughlodst 7165 Imsddamgced  into

the cell 702. Cell 702 contal ning porous nenbrane 701 is installed into
seal ed eessated parous meanbragigei0] selains Gauid af the zapensg ef the actiny Adhe BN i cal 1y

connect j t L 7O W Vessel
703 1 5. o fte, GomEAt HHREerO A b BT A iglhd i XA TEEnd idsel 0t F
i s t hen7@f; adiichlit secpdat by diffeoentinbprs ssure@Bisdurenlgh Thetpuetpingld. thd iqwdstdes ng,

i mpr egnat ed ro menbrane 701 retains liquid at the.expense.of the action
of Tt he. e AR Ry Seed PastieciBirg on sordry PeRbmbs 706 oLaRE SbBEakER. {he

| evel s puili isored thid Gess@l703 TR2inROA1 V@RREporodDBembahe N0T & sopR ke pRRYsure.
differential pressure transducer 704. The punping of the liquid stops upon

r eachi nght yporRieyFrehiatip éseaapiag i Tontrenvsly resrsysd JuLesHl 87 4HBS PSTSU/apor  of
the Sa”g%lﬁé 9y A thif lé)%g of l'i‘(Llﬁd M}?ﬁéﬁ&lodl@@su\‘fa@e bf}o%usﬁrﬁ(?nﬁ’rgﬁte}m [POfgUS menbr ane

701 at excess pressur e vapor pressure that Is increasing is
cont i nueupksature abthisdelyedr noveesesads thO@essareng vpsseksE3rincreapasi gBind@nvectivh heat| ayer

IR ; f f 701 Th t f
Phis | abaRPRE s Sudielol SRS pEGufe 407 hY SlBRnoR SkefR proskdine biibe 2117 e ©
convect §j¥ehafRatom %)dlir%ti%ﬁﬁ]b%&eﬂbﬁtosﬂlé figeia, @E sRelce tnpBRAeTPortlld mRbhbrane

condensation greatly exceeds the heat discharge from porous nenbrane 701 to

the |i qUflRssurs asalyecpgualit Mscamehient vapsr igopaserureraspisam pedetoiinedkasamsessercval ue
equal thJeg%gﬂg%}f:ﬁgeg&%%ﬁo%mgﬁ@ﬁbﬁ &f GRGaERaddf ﬂ?h&rt%gagﬁ'tu?é o%@sfﬁ;e

in vessel quation o e conditron of saturat vaﬁ)
t enper amaméraoé 7Pbimoreasesntborburdare tefBibniofi dredmpeegnatinediqid ingoeousensitramecfO1t he

i regnating |i idi.n ro nme ane 701 decreases.. At sone,tine, the

or essur SECHEe b TREe HhE GRS AR FAMce 90 EoRt BSmbranR JOL SxSermsis oM ng

capaci t b{ol@ﬁr;% eﬁa@mgggm&gﬁ?ﬁnﬁme 7. Afthis fprQAit,fuapoN&Q&rs tRo@githe phfoasigh the
nme an e

por ous rane pressure difference on porous nenbrane 701
di sappe@e&brayp 0 handthe peessuse difiseeses oryp@ous membrane 7hlkedistnpsarisr €heprepuwroins

menbr ang.s{d ]709 LW%&%%réﬁur@ G ?){)1%%9 me%rz!n%aiﬁﬁ]ia:lﬁgppears is recorded. On reaching

that pressure, the value of the liquid surface tension coefficient is determined based on the
saturated vapor curve and the value of maximum pore size is calculated using Laplace’s formula.

The example below was carried out to demonstrate the foregoing testing method.
Example 5

The maximum pore size of a fluoropolymeric membrane 601 was measured using Freon
12 as the working fluid. A pressure differential of 7.5 kPa was maintained on porous membrane
601 at an initial pressure in the vessel 703 of 5.4 bar. The pressure difference disappeared at a
Freon pressure increase up to 7.52 bar in vessel 603. The value of surface tension coefficient
equaled 7.5 -10” N/m based on this pressure. The maximum size of pores diameter was
calculated to be d = 1.0 pm using Laplace’s formula;

g0
P
Where: d = pore diameter, m;
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that pressure, the value of the liquid surface tension coefficient is
determ ned based on the saturated vapor curve and the val ue of nmaxi mum pore
size is calculated using Laplace's fornula. The exanpl e bel ow was carried
out to denonstrate the foregoing testing nethod. Exanple 5 The maxi mum pore
size of a fluoropolyneric nenbrane 601 was neasured using Freon 12 as the
working fluid. A pressure differential of 7.5 kPa was nai ntai ned on porous
menbrane 601 at an initial pressure in the vessel 703 of 5.4 bar. The

pressure difference dis r = ressure increase up to 7.52 bar
in vessel 603. The \S/lgfatfgl?%g%gur?gtgg eé‘ éﬁgﬁ/r@oeffi cient equaled 7.5 10"3

N m based on thi & ppassaiué,La The nmaxi mum si ze of pores di aneter was
calculated to be d =.1. m usj ng Laplace's formyla: ,d 46 , P Were:;, . d =
pore di Hiednderstaed Hiﬁ”sacag" Wé@aé%?sé?fg‘?ﬁ ¢ pQpachangle o theymerpbrane RS aualdo -
pressurg, Pa It is understood in this calculation that cosine of the contact
angl e on the nenbrane was equal to 1. 4. A Separation System For The

Separ at #0A SepandsioarSyatem EeoFhe\SeparadorrOEMaterials Kisom AEaat i on syst em 800

that represefics sahahi el SHRod L 86 rbD\RpRIGREHothel BYEAie drtnfibceh

materials are nore e epar a roma source n 'separation

syst em BRéntichlie sdichahaeiiad sre aicze efio@aily echaratedsfepma naduroa fleide e separatinst al | ed
in the seParatig"r‘l3 unit . 801 of th nd the.deposited
e

. _ type shown in FIG, 9,
mat er i ab¥ gt &0y F%@F‘ﬁﬁ?lﬁﬁ‘reﬁéwﬁgﬁédgﬁafﬁt'é’“wwnﬁr'%%l@éﬂ?]ﬁ Sﬁp?fatfo_d‘r nit
di sposae| ok £ R RE1BIE2na tRUIEBoHE riddrial 86 pElEbdacal) BESRvashed ifltot hr ough
feed line 805, 'Tirst valve 820, preferably a trigger valve, and inlet 825

to a sepampacessad dnidifosdispeseint ai ning filter elements or nmenbrane el enent

830. A first e e e i I t ] for

measuring ¢ ne STLR PG s ol RERY 4o TR0 G Fibubl BBl 80908 2 0

A hydr auli€820aprtsrnblat arigdesBalivs and ifléis2d te o peparatioaniv 80 Wedrhaiaing fiast one
Qe auddig ;

processed fluid ou fluid that has

| et 840. The , processed fluid jis th

passed EIRPEUEAT @%5%@ elmeay e Bisotresaniaas B3 s ptraohicaesrdts e

separ at gPfehRERRhg AeGAbGER dftheARE HultBpadbih D HPARTFRAAIVER2D. af hydRfilier esent
accumulator 838 is in fluid communication with at least one processed fluid outlet 840. The
processed fluid is the fluid that has passed through separation element 830 such as but not
limited to the separation element produced in according with one embodiment of the present
invention. A second pressure gauge 842 is operably connected to a processed fluid outlet 840 for
measuring the pressure of the processed fluid passing to hydraulic accumulator 838. A second
valve 848 is placed in the unprocessed fluid line 849 connected to the at least one unprocessed
fluid outlet 850. A third valve 855 is placed in the processed fluid line 858 that is connected to
processed fluid outlet 840. A by-pass line 860 runs between the source fluid feed line 805 and
the unprocessed fluid line 849. A fourth valve 865 is placed on by-pass line 860 to regulate the
amount of recycle of the unprocessed fluid to the source fluid in feed line 805.

In separation system 800, source fluid in feed line 805 is supplied via pump 802 through
the trigger valve 820 to the source fluid inlet 825. One part of the source fluid that that is fed
into separation unit 801 containing separation element 830 is removed as processed fluid through
processed fluid outlet 840. One portion of the processed fluid begins filling hydraulic
accumulator 838 and the other portion of processed fluid is directed through processed fluid line
858 and valve 855 to a storage vessel (not shown) for the end user. The other part of the source

fluid that is fed into separation unit 801 is removed as unprocessed fluid through unprocessed

19



i nvention. A second pressure gauge 842 is operably connected to a processed
fluid outlet 840 for neasuring the pressure of the processed fluid passing
to hydraulic accunul ator 838. A second valve 848 is placed in the

unprocessed fluid |ine 849 connected to the at | east one unprocessed fluid
outlet 850. Athird valve 855 is placed in the processed fluid |ine 858 that
is connected to processed fluid outlet 840. A by-pass |line 860 runs between
the source fluid feed line 805 and the unprocessed fluid line 849. A fourth

ue v S SR DOSITR 05 AR RO O L

of the unprocesse e source n séparation
syst em &ifdocessed flnél ik redydled thrbeghthyl-pase 1iBOS6M andsapvel 868 do feed lipe S 802 t hr ough
the trigger, valyve 820 to the source, fluid inlet 825.. One part, of, t he source
flluid t 900 peat truehagparmpng iy Elvbtesand PEOTRESIN MoK B4 at i on

el ement y§36kebsed TRMRMEIcASroREPEL SR g5k dhdl 848 pd ?!‘éssu@é pagese {rldged, out | et
840. One portion of the processed fluid begins tilling hydraulic

accunul espactisdB Birdassegwating vaber &6 dnseb o lve puep 802 ryniing wishigiitssett ed t hr ough
process&QmL&g&d line 858 and valve 855 to a storage vessel (not shown) for
t he end“user. The other part of the source fluid that is fed into

separ ati on ufus hyd®aiiciascursuiatoe 83 hgradugbly didls sipatie pressuwle bfthe prlvessagpfloidessed 19

fluid outlet 850, 11 849 and val v 48 for  dischar Al ternatively under
cer t ai ninCBAS 65 BRI PP SRR g SHeeiedE SreRedRrSHR T pass 1 ne
860 andindahite hixfaullcact@ftlator 888 BADERTIIR, apescesidd PiafBseb idrO8MbfagR@sati on

unit 801. Flow rates and pressures of the processed and unprocessed fluids

are contensiuees 8hysigrdlyepamtion sysemadd) togawy prldwsk flushing gfesepgaomt §ds,
respect o ' | unp 802 running
wi t hi n H@&s{%et mféﬁ?‘%ﬁr‘é‘t‘*g?gﬁs% B%’fﬁgga%’ﬁhgggsé u‘r’r‘usﬁ%g‘%%t?‘)@%dﬁadual ly fills up,
t he pressur eTlofretdoe fprancessad ifi bresslire isnppaat esthase skildkidda tledarblecpesessur e

regul ator.842. On reaching.the s ified pressu t hat . indicateg hydraulic
Lol Riist o R S sparatioran og T It el peid patdials ot ISl ot avsur o
t r ansdusgicedid, $he3d flaferRRAE Altdifdd H)HE SPaRitn blemeat 8%0 MithidRpkrafibrigtii ng of
separation unit 801. The value of the specified pressure depends on the

desi gn #1. Juparigtis spnsqdin angmprocrssed flaidssgetiong’ 8 of tippgduer S5 Pnpeachingrike s
apparen i J : : i i of
Sbpar at el PGS iclinditly Be LerRlcsi AT Ea A ELRG, hRSnARELS ML | e
fluid, tcdsees8tatfennaluser’s sendsai sigl yopehe fidpahatsso tha smetécsria@veni t hi n

SoParal Lo e300, PSSR B4 pSS03EY 00, 8 Moer SCestad. LLuldh heet on 872
syst em g@stegiisepardiidn dylstea! 80ré8 B Bherdting o AR NREIAAS BDJE.| Ui d
In the flushing mode, pressure in unprocessed fluid pipe 849 becomes less than that in
processed fluid pipe 858, the flow of source fluid through the source fluid inlet 825 is terminated.
The processed fluid in accumulator 838 flows through processed fluid outlet 840 back through
the filter elements 830 in system 801 to flush out the retained material. At the expense of a
pressure differential, the processed fluid from hydraulic accumulator 838 containing the removed
material is rejected from the system through unprocessed fluid pipe 805, by-pass line 860, valve
863, line 885 and a fifth valve 880, an electric valve operably connected to transducer 875.
During the flushing operation of separation system 800, the fluid pressure of the
processed fluid drops to a prescribed value defined by the design of separation unit 801. This
pressure drop is measured by pressure regulator 842 and registered by the processed fluid section

870 of transducer 875. At this prescribed value, transducer 875 sends a signal to close electric
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section 878 of transducer 875 sends a signal to open a fifth valve 880 that
is an electric valve operably connected to transducer 875. This is the
signal sent by pressure transducer 875 that transfers separation system 800
fromthe operating to the flushing node. In the flushing node, pressure in
unprocessed fluid pipe 849 becones less than that in processed fluid pipe
858, the flow of source fluid through the source fluid inlet 825 is

term nated. The processed fluid in accurmul ator 838 flows through processed
fluid o e to
flush 0{7’%14: Sg%r}'gst ?géd}n %‘?g& Qesfé@lﬁ %Ctél%{ég?ééngg]@%? algggg(? gs%%sréi%g% ?%%r ential,
t he pr ofteshigdbpktatipnl céasemanidythis eperatmgacaie b lsemamtloﬁ 3Bstan BO&lsrmcagabﬂllsimdr e m)ved

material is ected fromt sstemthrouhun esseq fluid

by pase 11 nelEssh s o The PRt RS eR e P REn Ty drgavaiges el a1 o
val ve oggfeaRlby hﬁ@iﬂgaﬁm@ea&éu dffigRelUsEhg &/dn inbMhdend tHeheelll lbBphicagedpgrat i on of
separation system the fluid pressure of the processed fluid drops to a

prescr i tRan sppargjiongat ingeasesf e ef the sygem ‘spepaEgian slamsintsherausg gfithe agrepse in
pressur re regul ator 842 and regi stered by the
ﬁl Maegr éalsg%%ﬁon lé]%hég? trar [ [

processe nsducer 875. At this prescribed val ue,

t ransduEeam@egb sends a si gnal to close electric 20 valve 880 on signal from
the processeq fluid.section 87 ep valv s.cl osed, the 5

1 ushi ng- opelhe FBHeEEETAcPor e BBk A gesraauo el 8 Srsmiindy Bl em 800 1 s

r eest abjnk@N@bwit] BSeppeidh dlehfeft $3054rRAMVRluséd @ HePs SRAdIMYQRLLOHD | GIRMORES t he
di sadvant ages of prior art systens by havi n%@an i ncreased efficiency ow ng

to an i ﬁh@qﬂ@alﬁéﬂtlph of shspgndefl nagersisaeal éa smafl difigr thefdierise pperationo the savtemncr ease
flif th
of life,, J%@teﬁ ¥§h§srﬁrr%»§ﬁl? an ﬁ%lg‘agrg E%?sﬁlgé 31@%%%1’120? 88_[_?15 189 MAL Ak fnd N €

drfferen pressure ren e separation system
accordi b@we«n fluskingboue odeb&memgephmiﬁm dihe offricaty nfjtha rseparémﬂ: systerat al | ed

with a separation el 830 an ed to filt r a standar d. agueous
ol wt - oPerape s P e ¥ i gt PRl St arodsiodt Blid Sad PR wiee |
After thgshid Iste@,rr ng operation, the system was subjected to flushing with an

i ncreasi ng pressure dlfferentlal of up to 0.07 MPa. The tinme between
fl ushi ngs wabe appli¢atiengips thegaembrang @ﬁn@%glembr@e@ﬂﬂia@t%ﬁmaraﬁlpﬂterﬁmegﬁpar ation

syst em gﬁ)r?il urﬁg Md s@P%rgtﬁoq} steﬁg(())f l{ehv ﬁ%léb%g ntl%}r?st otJIRe é’egegnér ocessed

consuned 1'n ste cati o ITEI’TbI’ ane

car ds imelube: am)arqa&ﬁmmamstapamyclmg antl mabﬁmdugﬁmaﬁd&ddmnd wmsﬁeszateambl)
separat| deszr;llma 1ort1 gma wate h(?:) ﬁ%]rlh (s)éjpsaratlon grl an\lval te%ar?gty top llqu cri ?Ed%gtg'lal c \érenri]cta. s(;)n

and (d) membrane-based separation technology for the removal of sulfur and mercaptans from

crude oil, natural gas, condensate and refined petroleum products.

Without departing from the spirit and scope of this invention, one of ordinary skill in the

art can make various changes and modifications to each of the various embodiments of the

present invention to adapt to various other applications. As such, these changes and

modifications are properly, equitably, and intended to be, within the full range of equivalents of

the following claims.
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include: (a) treatnent, reclanation, recycling and reuse of industrial
in-feed and wastewater; (b) desalination of sea water; (c) liquid
separation for a wide variety of liquid industrial chemcals; and (d)
menbr ane- based separation technol ogy for the renoval of sulfur and
mercaptans from crude oil, natural gas, condensate and refined petrol eum
products. Wthout departing fromthe spirit and scope of this invention, one
of ordinary skill in the art can nake various changes and nodifications to
each ofcthyvarious enbodi ments of the present invention to adapt to

vari ous~ &t'her applications. As such, these changes and nodifications are
properly, eoNiptobisyfor grodudimd £mdedrane chrd,ussful nithe {cperatioh bf mategels Glom a
equi val ents of _ the follo¥jng claims. 21 Clainms: 1. A process for producing
a menbr Bnd cenpasing e §iers Al't he separation of materials froma fluid

conpri si ng theesi SR aolyrfricEROS 2 MndaRRlhBH Hehvy onitd Srodidb emicomIng  of
heavy ions to0 provide thHe filmwith a track density; b) etching pores into
the resulting tracdcdemsits;i I mwith an etching solution to provide the film

with a density of. the pores correspondi to.th nsity.

| ami nating t eeﬁp&é’ﬁlpf’feﬁémﬁ eo‘ﬁ%“"t“}é)lt&a}? ?{gﬁ%‘} gh&é 358&’%%%?@@83%0 rﬁ?]@éﬂbey means
of an adhesi v@lm il xJenpityoshibé peredcdtRBuNANR 16 Ricctraskidbnditye par amet er s
specified. 2. The process of claim1, wherein said heavy .ions are selected
from the grdiplastngtigdhe gesplting perals BACkIPERRIBRE O ARPENS DRBKBH DY FieathtfAn and
conmbi nati ons th&{eRE-amd- The process of claim1, wherein said track density
is in a range of about 107 CM -2 to about 109cn2. 4. The process of claim
1, wherein tdepsidzeingh neaitdapaasbwitls therpametangyspeoffiedbout 0. 01 to about 1 m

5. Th f claiml in.said etchi LuLion i | kal i
ol ut ok, - orrertiess: Sehim LT RSt SRR S e et e 2°

f 1 uor opednyisBiig 6f Kripto, argon] RénoR[ bisraGth, &fd hibifitibns theeoRi N sai d
fluoropolymeric filmis polyvinylidene fluoride. 8. The process pf claim?7,
wher ei n3-sai Mg Eageshel damul. (vaisrais saach tragkdensitieis dbp tange AT goup b 4851 tgppout

per rrangﬂp%pz

4, The process of claim 1, wherein the size of said pores is in a range of about 0.01 to about
1 pm,

5. The process of claim 1, wherein satd etching solution is an alkaline solution.

6. The process of claim 5, wherein said polymeric film is a fluoropolymeric film.

7. The process of claim 6, wherein said fluoropolymeric film is polyvinylidene fluoride,

8. The process of claim 7, wherein said alkaline solution is an alkaline solution of potassium
permanganate

9. The process of claim 8, wherein said alkaline solution also contains salts of alkali metals

in sufficient concentration to increase the boiling point of the resulting alkali-metal-containing
solution to temperatures greater than 100° C.

10.  The process of claim 9, wherein said etching is carried out at temperatures in a range of
about 100 to about 150° C.

11.  The process of claim 10, wherein said etching solution is passed in contact with said
tracked film at a flow rate to produce a Reynolds Number from about 100 to about 500,

12, The process of claim 11, wherein said etching is carried out for a period in a range of

about | to about 24 hours.
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9. The process of claim8, wherein said al kaline solution also contains
salts of alkali metals in sufficient concentration to increase the boiling
point of the resulting al kali-nmetal-containing solution to tenperatures
greater than 100 C. 10. The process of claim9, wherein said etching is
carried out at tenperatures in a range of about 100 to about 150 C. 11. The
process of claim 10, wherein said etching solution is passed in contact with
said tracked filmat a flowrate to produce a Reynol ds Nunber from about

100 to out..500. 12 rocess 11. .wh ' ing is
carri ed%but ThgProcexief 1 % %?rgﬁl € l??fﬁ L SOt gﬁ E’Bpat‘?% 'ﬁ%%]rgs 22 13.
The pr ogmesl&f sochaitie dehin eikes ﬁhcd \ena}sbvetrmtmgame atching,sofukiomof mdte and

time are controlled so that the etching step takes place with overheating
of the *@P'@Hﬁ“ﬁ’gl ‘ol ution of not nore than 1 C. 14. The process of claim 13,

wher ei nygai dT}%de&!e'ss SEhiahn B2Whelein éﬁﬂélk'zm 5B PEltdesodkim cHidgd@r ocess of claim

1, wherein sald adhesive 1s sprayed onto one surface of the backin at a
concent Hat i ohhegfrocesoeficldimt p velistain s@nﬂ)a@wmlsamays%entp@nwsrfacpaéwerbe WEane is

| am nat a%glﬁéﬁ?eél attl%P(?trﬁ US baC 8{&93{) g(n?'/mz khB 890%? ?raai m%}n%} %}Sslamm?ﬂrdqb n said

glue is concentration 1'n a range
of aboughe boolls B&RIHg. 20 drops of adhesive per square inch and the porous

track nenbrane is lamnated to the porous bagk] n? 17 Thqe ?E}O ess of claim
1, wher H-n tHe nieeess effdaigaly “ih§r°§b’ia|‘da$1}“§/‘s\ﬁ89 Bruvvaface ¢ th 3t 8ction

tube t Oc i ?érﬁi’aﬂoﬁ %lraﬁé\%mbﬂm fed oh%cﬁgﬁs dftadhéln% rof Rffafd in@arkié Boousl 8. The

process o alm1 erein a pluralit he nenbrane cards are forned
into a traﬁpmnhrams@rmmndtquhemmouhbf(cek)ngeach of the nmenbrane cards is fol ded

hal f th t th f ol I
R T T T

cards agflebesitued @%rrﬁab@aﬁhti&ﬁ uhit ieink@ll expasepapationaiystempr oj ecti ons on each
of the menbrane cards which projections are placed so that the bending Iines

of the henbrBifereesssiel deim b sttt 2 plyrabisy ¢idhe membeang gards aredgrmedipiosh ¢ ube,
(c) a d§eghrﬁtlbr§e19;héﬁ‘%ﬂ' wh%%t(gf&ggbpﬁem% &fs%]ﬁ)h%@%f hig with tﬁ’@]lgd?o&f the

outward projections hesive 1s eposi t t he ue joint and
t he benblickipglfacieg aftsidattie foldrmbd Amang aghiejang emoumdtthepdrrmtﬂ" mfcthtt rmfoumenbr ane

card t Ob fc ing, (%) gl Iggs twg Xlem{)rane ggrrdggr% b%%ca & easbengmgtli?lg t5 g)Ppé(l)rséfjl ;[)Lllt\())vgrde | ement.
projections on each of the membrane cards which projections are placed so that the bending lines
of the membrane cards are adjacent to perforations in the collection tube, (c) a drain is placed
between the exposed porous backing of each of the outward projections, and (d) adhesive is
deposited along the glue joint and the bending line of each membrane card to join the drain to the
membrane card to form a plurality of membrane packages for the separation element.
19. The process of claim 17, wherein a plurality of membrane cards are formed into a
separation element in which (a) each of the membrane cards is bent to form projections on each
of the membrane cards and a central section between each of the projections with the porous
backing facing outside the bend and having a glue joint around the perimeter of the porous
backing, (b) each of the central sections is pressed onto the fluid collection tube so that each of
the projections extend outwardly from the bending line, (c) a drain is interspersed between the
porous backing of each of the projections, and (d) adhesive is deposited along the glue joint and
the bending line to join the drain to each of the membrane cards to form the membrane packages

for the separation element.
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19. The process of claim17, wherein a plurality of nmenbrane cards are
formed into a separation elenent in which (a) each of the nenbrane cards is
bent to form projections on each of the nmenbrane cards and a central
section between each of the projections with the porous backing facing

out side the bend and having a glue joint around the perineter of the porous
backi ng, (b) each of the central sections is pressed onto the fluid

coll ection tube so that each of the projections extend outwardly fromthe

bendi ng,d i n ( 10 S o S; %Fa,lf% . Of
each ofzé'hee{)l}eori%é%e? l gﬁ\%%lnlaingé “!(h gﬁe%g%%géf% tP‘S’Lﬁ%g%é%? gﬁmgg%%%]tl%e g r@glsj oi nt
and t hsttabesicto pepjédt petwapdly diom thh@edoraied colbectian bubef t he nmenbrane cards to

form the nmenprane pac es .. for the separation. elenent.. 23 20. .The process
of |l ai 2115, Tipeno b IORoS Wherer Sl BT ook RGP ghis T8 5186 Tt or 1
is attachesh b RE QIrBQtzepUt wardly fromthe perforated collection tube. 21.

The process of claim 19, wherein said porous gauze-like material is the sane
for use23.n Theepragess of dzieh thavherpimssid papus gaaze-likempiepaldns different propertiss

wherein .o e-l.ike material has different properties for use in
t he dr afo‘r?\ﬁgenﬁ%%&e}gﬁuar%gﬁ%t?@r“ﬁ?& A process for producing a separation

syst em 2k ef UA prateisitor prepgading i sspacitionaysesn asefulfin dra saparition of reaenals Somg t he
steps of:, .a) exf_osi ng a f{,_uoropol yneric filmto a bonbardnent of heavy ions
to proviltid cPREIFING B SIEPEATa track density: b) cutting the resulting tracked

filminto a pl udlsidg¥ Mior§RIRh&EnIREG  RRDardmend CRYa 0P idnb & HiBGide arsHlRf

tracked filmwth an etching solution to provide the sections of filmwth
a density of poviéateaskdessondi ng to the track density; d) |amnating the

resulting segti o f the. han s backing by
means of ane@d ﬁlétg;ﬁ%g’;e rés)u(ﬁf)rr%gt(ga(&g?dngf@%ﬁ%ﬁlga%g gfzsrehﬁ\?\néfg&[oﬁg’ par anet ers

speci fied; f9) trhinignie Rcibisefjracked fAmonitdarodtciingsqbetidnne tpesvide the betipay afus
backi ng of the _nenmhrane cargds; g%z bendi ng eﬁgh of .the menbrane cards al ong
a bending |i ne B vt agensitesk Pores CQHstRRRHINE NG HAREdSHY to form a projection

and a centr ajy %ﬁh&tﬁ% thet8@BRg SRABNSS thdiForoly tPick Thdnfitines %o h Paloud PRKRAGr OUS
backi ng faces outward;

by means of an adhesive;

e) producing a membrane card with the parameters specified;

f) forming a glue joint around of the perimeter of the porous backing of the membrane
cards;

g) bending each of the membrane cards along a bending line to be adjacent to another
membrane card to form a projection and a central section between each of the
projections so that the porous backing faces outward;

h) pressing the central section of each of the membrane cards onto a fluid collection tube
so that each of the projections extends outwardly from the collection tube and the
bending lines of at least two of the membrane cards pressed onto the collection tube
are adjacent to its perforations;

i) interspersing a porous gauze-like drain between the porous backing of each of the
outward projections of each of a plurality of membrane cards so that at least one drain
is in contact with the perforations in the collection tube;

j) depositing adhesive along the glue joint of each of the membrane cards to join the

drain to the membrane card and the membrane packages to the collection tube;
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h) pressing the central section of each of the nmenbrane cards onto a fluid
coll ection tube so that each of the projections extends outwardly fromthe
coll ection tube and the bending lines of at |east two of the nmenbrane cards
pressed onto the collection tube are adjacent to its perforations; i)

i nterspersing a porous gauze-like drain between the porous backing of each
of the outward projections of each of a plurality of nmenbrane cards so that
at |east one drain is in contact with the perforations in the collection

tube; j) depqsiti adhesi v | on e gl 1.OL.N . e rane

cards to joi f‘t%%ﬁglglag!éﬁataosgfﬁg?an&%%‘?ézﬁ‘gmgg? %F%gﬁgse?{%%n %Ce%%l?égégggc g%gs to

t he col | ecti oncdradarid bidwdeh thd prajdoiinrg satthdt erstrbalisdieef thebepardtion kithiensr to t he

central section of each of thehngn_bra . cards d between the projections
S n@%‘[ S

e
so that the tuPIifctowmardsy fromd HQP&B?QS‘H“&PI’@ project outwardly from

the fluid cqkl i g‘}_;i._%r' ; R Ui @raRRRAR deQNtiSY MERBIAONt @i ning a
plurality oﬁbtﬁ@mrjéelg%%ti ngat%gg%%t%nr]]e&?aclgag)es aoﬁgerébl ;/: atn?%/tched to the fluid

col | ecti on t ubpackages opbrablyrattedsd tofhedluad enlRgtiondhbe.ei n sai d heavy ions are

selected, fr t he group .0f~. ONS. . consi Sti n,

bi smut h£4'angfpbeo°ﬁ%‘ieg%?¢{g%? Thhgs sa&@heagf%gﬁ B?‘Joecséfs%@%?{&m g\fg%pcgl}f,o)f\?\%gr ein said
track despsising dfkriplod afgongeeroh, Ebhauth, #dtofvinalointherbput 109 cm 2. 26. The
process of claim 24, wherein the, size of said pores is jn a range of about
0.01 t 025-abolfte Proggas ofchaimpe Whetsipwd %ckéjﬁaﬁ%lgm a RRRS %é %Ogta{od Cg‘t dRi ng

sol uti ofy,F1d°,@n al kaline solution. 28. The process of claim 27, wherein
said fluoropolyneric filmis polyvinylidene fluoride. 29. The process of

cl ai m 28, whbregirocesad fiblzind, wheresuthe size nf $aid poresislimp range obbhout 0.0 &7

pot assi ym {)Er manganat e 30. The process of claim?29, wherein said al kaline
sol uti of*°4l s86™contains salts of alkali nmetals in sufficient concentration
to incregase THrbaiss dMdaipoia)ivhefeid Sl éeising tolingpreit dhamgkslmegbludon.t o
tenperatures greater than 100 C .31, The process_of. cl giwm f_({)i,@gguer%i n said
et chi ng?8-s cHIrmreshekclam 3 mherei spdluqrapalyperitgilmyis pobpyiytidansgluosidghout 150

C. 32. jqe pf@gﬁgées%f&éim 38, 3here & PhiRaIRRIsOIuBLS N AT ISBhtd18Fod st Passed in

contact With
potassium permanganate

30.  The process of claim 29, wherein said alkaline solution also contains salts of alkali metals
in sufficient concentration to increase the boiling point of the resulting etching solution to
temperatures greater than 100° C.

31.  The process of claim 30, wherein said etching is carried out at temperatures in a range of
about 100 to about 150° C.

32, The process of claim 31, wherein said etching solution is passed in contact with said
tracked film at a flow rate to produce a Reynolds Number from about 100 to about 500.

33.  The process of claim 32, wherein said etching is carried out for a period in a range of
about 1 to about 24 hours.

34.  The process of claim 33, wherein said conditions of temperature, flow rate and time are
controlled so that the etching step takes place with overheating of the etching solution of not
more than 1° C,

35.  The process of claim 34, wherein said alkali metal salt is sodium chloride.

36.  The process of ¢claim 23, wherein the section of cut tracked film is placed within a
cassette to carry out step (c) by fixing one ending of the film on one of a plurality of fixed

supports, extending the free end of the film around the remainder of the fixed supports, fixing the
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tracked filmat a flowrate to produce a Reynol ds Nunber from about 100 to
about 500. 33. The process of claim32, wherein said etching is carried out
for a period in a range of about | to about 24 hours. 34. The process of
claim 33, wherein said conditions of tenperature, flowrate and tine are
controlled so that the etching step takes place with overheating of the
etching solution of not nore than 1 C 35. The process of claim 34,
wherein said alkali netal salt is sodiumchloride. 36. The process of claim

23, wheggj [ - i T I T te to

carry oﬁigﬁl és?"td tetggf%ﬁﬁgfgﬁoxfﬁg&%ﬁéﬁgﬁgﬁﬁafngfs%%% r?ip mgen Jr?ghg}%a%éﬂp urality of
fixed ofithpdbh befometarii.ng the free end of the filmaround the renmi nder of

the fix S orts, fixi.n he 25 free end to a turni support, and turning
the turfing. Drmtskes ehelHiPoRs abedbe frntiiar pRedt bl REnE SRR + ' bet or o

et chi ng3g, 37. TheRoqkO6RESmOT3, Ghatel 28 adr{eﬂv@is@gﬁabaj 616 9d Litfdcs opthaced in the

etching solution. 38. The process of claim,?2 wherein said adhesive is

spr ay edbasking abmeonsgntralion obpbauhd to phruk B gmAm” and e peraus ierlomembragpiut 1 to
about BQm%g{ed;fﬁt@rmeoagﬂpgus track nenbrane is l|amnated to the porous
. e pr

backi ng. ocess of-“claim 23, wherein said adhesive is applied to
one surlace Te frbesbafodtaimP pwhezircaintathtsiat isappliad ta onangécedf thsdatking 4to

ot he bESIRPHRER A nennt stRup Brmont TFpr i sufaRg nen SR 0 Aprun tegCi cm

usef ul inBmbhfe RARAIMALded tHRfpofRisdhtiahge froma fluid conprising the steps of:
a) exposing a continuous roll of polynmeric filmto a bonbardnment of heavy

i ons t o%0-pr ofyipErsesstiar profysing @ separatipp systeme pseilyn the)separatinny materiatoliemduous
roll ofgt. 3y e roll passes through an etching solution to
provi deﬂ'%lﬂgsiégg?l{l%{rl\lgs%?s qu mw th a density of pores corresponding to the
track densi ta}; exposingnicoatinuogs tdlbofrpedumhdricrfgmrto lalbootfbaplorentsf ieaay lonsenbr anes t o

o1 oL OH PRSKL B R TEEPSRY n adhestver ) cutting the continuous

b) etching the continuous roll of tracked film as the roll passes through an etching
solution to provide the sections of film with a density of pores corresponding to the
track density;

¢) laminating the resulting roll of porous track membranes to a roll of porous backing by
means of an adhesive;

d) cutting the continuous roll of backed porous track membranes into a plurality of
membrane cards;

e) forming a glue joint around the perimeter of the porous backing of the membrane
cards;

f) bending the adjacent membrane cards along the respective bending lines to form
projections and a central section between each of the projections so that porous
backing faces outward;

g) pressing the central section of each of the membrane cards onto a fluid collection tube
so that each of the projections extends outwardly from the collection tube and the
bending lines of at least two of the membrane cards pressed onto the collection tube

are adjacent to its perforations;
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e) formng a glue joint around the perineter of the porous backing of the
menbrane cards; f) bending the adjacent nenbrane cards al ong the respective
bending lines to form projections and a central section between each of the
projections so that porous backing faces outward; g) pressing the central
section of each of the menbrane cards onto a fluid collection tube so that
each of the projections extends outwardly fromthe collection tube and the
bendi ng |ines of at Ieast two of the nmenbrane cards pressed onto the

collection t jacent atl 26, h) . int |ng a
por ous gauzeLﬁI |rkgs%ef B%‘io\/\%gauzfﬂi(s % BEC |ng°3? bae%((l: cl;e %ﬁo tI?out war d
proj ections of op@akd pffo edtiphsifabét of agfluaByvT aenteatcdardGo i bt [@4st bRddhinone
drain is in contact vvlth the perforations in the collection tube; i)

deposi ting adhé&sFaMEtoHEh ‘#’ﬁéeﬁ‘{’rﬂtéo']sdi‘ﬁleC@H“é’&&ﬁ“h?errbr ane card to join the
drain to thg Hﬁsmrtﬁa %dﬁégma@&%twg:us lﬁteo?femlnn&m%ne kard & %ﬁpﬂnw&.% least a
por

sheet of a turb of a | 1ke material on t'he porous

menbr ane sur f atte neémisrashcapd ammmeceﬂﬁcnailtl@e;ctl ons and between the projections
so that the,tu ﬁllz tprﬁkt k QU % omthe ﬁgrfokﬁﬁ q1&luid <

col l ection thip&" ;eaf)raos CiNgy ézﬁé?a? chﬂu S C ORtAF R hg 8PS Ural ity
of nmenbrane canfémbeRIsaihdt of@bitpsHREcdntral fe€tiddsuhd bewlebe tHeippsjedtioneso thdt A
process for produci ngFa mepbrane card useful in the sei)aratl on of materials

froma fluid Ssipbubizesgpiopst utygudipfromihe parfwatechfuid coflesioseheyaidic filmto
a bombar drfenﬁs) pfodhaﬂgxséﬁ%wm aéﬁ\éb%mﬁr@]% rélh#a Wrhdmitabd Sk genplyt y: b)

etching pore n the resulting trac ed an etching solution to
provi de the fi lamchvdtdthaﬂdeirfsﬂltgtlooftultdﬁe pores corresponding to the track
densi ty; eterm t e mx por e resul ting
por ous P aeic Bt BhBaliie e <o 5 i Yhs peaaeteh SERSienBRenE havi ng
t he desnma@ompﬁglﬁyme@nggoﬁl ze to a porous backing by neans of an adhesi ve;

and e) producin rane card containing a porous backing and having the
paranmeters & exposmg a fluoropolymeric film to a bombardment of heavy ions to provide the film

with a track density;

b) etching pores in the resulting tracked film with an etching solution to provide the film
with a density of the pores corresponding to the track density;

¢) determining the maximum diameter of the pores of the resulting porous track
membrane; and

d) laminating the porous track membrane having the desired maximum pore size to a
porous backing by means of an adhesive; and

e) producing a membrane card containing a porous backing and having the parameters
specified.

42, The process of claim 41, wherein step (¢) comprises:
a) installing a liquid-impregnated membrane into a cell;

b) filling the cell with a liquid;

c) feeding a gas into the cell;
d) measuring the differential pressure on the cell;
e) placing the cell within a closed container so that the cell and closed vessel are in

fluid communication;
) applying a non-destructive pressure differential on the membrane while

stmultaneously pumping liquid from the closed container;
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specified. 42. The process of claim41l, wherein step (c) conprises: a)

installing a |iquid-inpregnated nenbrane into a cell; b) filling the cell
with aliquid; c) feeding a gas into the cell; d) neasuring the differential
pressure on the cell; e) placing the cell within a closed container so that

the cell and closed vessel are in fluid conmunication; f) applying a
non-destructive pressure differential on the nenbrane while sinultaneously
punping liquid fromthe closed container; 27 g) feeding a gas having the
same conposi j\i on . 1 Qui L DOHE Vil Yo HHR redultBr MBS
created by tHe refélrresgi\]/']ja{élhf%4S ‘}%ﬁ%‘gf%egﬁ’.}‘%e“f’ Eng%gl%lﬁﬁegg\gtessé?l; ¥?1§ cont |ﬁlr%uou1§}le;rl1
measuri ng the prabswsselardtedrbydbaremodal dfeheclivped frowerthe hessdur f ace of  t he

menbrane; i) recording the pressure over the surface of the nbr.ane. at

Whi oh the piMse ket upE ARG R e P st e v € SRR ST ni ng
the val ue of the thé gidinBirandy f ace tension coefficient at the pressure
recorded under step i; and k) calculating the value of the nmaxi mum pore size
based on Lap ace'recardipgihesnressurs. ovar the sidage obthetanbianest whidt the resurg he

maxi mum di anet er - .Sing: a) installing a

i qui d-i mpr egnat e@ffﬁ‘gﬁﬂ%ﬁ?ﬁgﬁ@eé’éﬁwgd%) filling the cell with a Iiquid:;
c) feeding g)gas detdrmidifgethe @hlup ofijhetigasisotfag teistorproeffeient atthe plessweel | ; e)
placing the cell withi cl osed container so that the cell and cl osed
vessel are in flrﬁ‘focﬁd@g‘f@ﬁh?t%‘b? : f) applying a non-destructive pressure
on the menbrigne vkicuRtisk el iaRREFUK MaxiPUMPondsikd BHskdlon Laphddefotheaed

container; g) feeding a gas having the same conposition as the liquid to the
resul ti#ly cafrimephadrfor the determination of the maximum diameter of membrane pores

comprising:
a) installing a liquid-impregnated membrane into a cell;

b) filling the cell with a liquid;

c) feeding a gas into the cell;
d) measuring the pressure of the cell;
e) placing the cell within a closed container so that the cell and closed vessel are in

fluid communication;

) applying a non-destructive pressure on the membrane while simultaneously
pumping liquid from the closed container;

g) feeding a gas having the same composition as the liquid to the resulting cavity in
the vessel created by the removal of the liquid from the vessel;

h) continuously measuring the pressure and pressure difference over the surface of
the membrane;

i} recording the pressure over the surface of the membrane at which the pressure
difference disappears on the membrane;

i) determining the value of the liquid surface tension coefficient at the pressure
recorded under step (g); and

k) calculating the value of the maximum pore diameter based on Laplace’s formula.

44, A process for the separation of materials from a fluid comprising the steps of*
a) exposing a polymeric film to a bombardment of heavy ions to provide the film with a

track density;
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the vessel created by the renoval of the liquid fromthe vessel; h)
continuously neasuring the pressure and pressure difference over the surface
of the nenbrane; i) recording the pressure over the surface of the nmenbrane
at which the pressure difference disappears on the nenbrane; j) determ ning
the value of the liquid surface tension coefficient at the pressure

recorded under step (g); and k) calculating the value of the maxi num pore

di anet er based on Laplace s formula. 44. A process for the separation of

materials from r the S S X n ric film
to a bonbar &’ﬁ'eetahmg pﬂrgs m?(r’Tlﬁjor'f UE} %gﬁra(% d‘[el B}Wghfm ?gﬁthﬁageﬁl%hog Ofpéc ld%teﬁﬁm ty, 28
b) etching por filn ivtha dehﬁtyrcﬁ‘shﬁ ;boreegcotnreaﬁinemgfto thmtmkhemtyetcm ng solution to
provide the filmwth a density of the paores corre ng, to the track
density; c) 9 a'fﬁm%atmaéhetweﬂ%%mrwsdgacﬁem}ga&erta@W%lﬁ% %%mamﬁ&rfaﬁs
backi ng by nmeapfe@fe.an adhesive; d) producing a menbrane card with the
paraneters specified; and e) installing the nembrane card in a separation
unit. 45. Thb modwsgaufenrbreaiemamitlv\khetpeﬂamemai spesifipdraati on unit has at | east
one source f uud h gh east, .one aiﬁonmﬁ?d and at | east one unprocessed
fluid outlet gt WS@B%@GS? &P €rein said separation unit has

means f4y c hla'léq:lrdi’t@si (ﬁlﬁlalmeﬂaﬁvﬂéﬂemmald‘mparﬁﬂi@mmt Pk ackRas iong sapetefliio iretpack
flushing node after a predetermined tinme. based on a pressure differential
betmeerﬂeﬁﬁ@““pl?réﬁﬁﬁdemﬁﬁt{eﬁgoﬁ\‘?aﬁl&%eé&edfﬂ‘{ﬁ’8“ tlet and the unprocessed

fluid oyl EtThej)zoceJMO@Jlﬂ%sﬁlh%lncéfaﬁf gabé}ﬁmomﬁms%eaag fbr CRAhyltRe CaT ri ed out

by a transduce . The process of claim4 wherein said transducer has
first asegarsi@oundt e aipprsssingwmodd uosltbacbﬁushlmmbcbﬁcafteee@u'adetegmmcéiumrval of the

d dfluid t dt ti f
Fecer vi g S0 ButredinEwBlg PEREED deateaiiRah B B s B EERREe PR ' Oue
f or re.mpf(d;bﬁgdﬂumrﬁlgure differential between the pressure in the processed

fluid outlet _and the unprocessed fluid outlet, and for sending a signal to
in respbhse e H“PF@SSr‘efsCLﬂ“ﬂ“r@gwbi?‘@@sﬁﬂldeme@ﬁﬁ@ﬂe‘?ﬁitquépy?(‘Jraefﬁjélﬁ‘t’je the separation

unit fram a RlQe&esd SdRYE, MeRinlafkrdns ik Bl RS AFRYRd second sections, the first

section for receiving a signal of the pressure reading of the processed fluid outlet and the second

section for receiving a signal of the pressure reading of the unprocessed fluid outlet, for
recording a pressure differential between the pressure in the processed fluid outlet and the
unprocessed fluid outlet, and for sending a signal to in response to the resulting pressure
differential to change the separation unit from a processing mode to a back flushing mode.
49.  The process of claim 48, wherein pressure in the processed fluid outlet increases over that
of the pressure in the unprocessed fluid outlet to a predetermined level because a build-up of
materials that had been suspended in the source fluid increases the pressure differential that is
recorded by said transducer to change the separation unit to the back flushing mode.
50.  The process of claim 49, wherein a hydraulic accumulator in fluid communication with
the processed fluid outlet is designed to siphon off a portion of the processed fluid during the
processing mode to provide the necessary processed fluid during the back flushing mode.
51.  The process of claim 50, wherein the processing mode comprises the following steps:
a) feeding a source fluid through the source fluid inlet to the separation unit;
b) passing a portion of the source fluid through the membrane card,

¢) removing the processed fluid through the processed fluid outlet;
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49. The process of claim 48, wherein pressure in the processed fluid outlet

i ncreases over that of the pressure in the unprocessed fluid outlet to a
predeterm ned | evel because a build-up of materials that had been suspended
in the source fluid increases the pressure differential that is recorded by
said transducer to change the separation unit to the back flushing node. 50.
The process of claim49, wherein a hydraulic accumulator in fluid

comuni cation with the processed fluid outlet is designed to siphon off a
portion of tRhe pr f1ui i (S i ovi de the
necessary pr Cg@g&ﬁﬁﬁﬁﬁgteaﬁ%ﬁ%égﬁﬁgg%%gmﬂwﬁH%ﬁﬁﬁépﬁ%a§39§5&3$ﬁ@ process of
cl ai m 50, wher enprodebsedffuitestiit;ng node conprises the follow ng steps: a)
feeding a source fluid through the source fluid inlet to the separation
unit; b) pa if@tlau?}&fwswueflg the ressuTF akthe PAcaSse My Emd theonpesrsrar AUt o.

c) renoving thgyptocessed fluid through the processed fluid outlet; 29 d)
renovi ng the other portion of the source fluid that is unprocessed through
an unpr oced}econtinupushomedsuring tie pressure diftaueritip] baswear the gracpssep fluidsnd ghei n t he
processed fl ui n Jnprocessed fluid outlets; f) continuously
measuring the %ﬂgggﬁ%@qhﬁ$&g%%h fgl bet ween the processed fluid and the
unprocessed &)l tordin0in lted Srocasielg eode antili thelirngdidee clungeess syernosite badki | t he
transducer changes the systemto the back flushing node. 52. The process of
claim 51, mhergPﬁ“W%@o%%ck flushi ng node conprises the follow ng steps: a)

cl osi ngsx he fl. ks SrRuimS 1f Wbt (AL eat?cmﬁsmﬁgmegsmbhgés@hé fol18tvineQtepr Ni nat e

the processing node; b) closing the flow of "the unprocessed fluid through
t he unprocessedosingihg fimwt dlesource Ylurdthyaigh thy sohese fluistiadss egtefminptg the om t he

hydraul i c accuq%k Lor Q%ereversing the normal flow of the processed fluid
back through t R %?Sgé%sed fluid outlet into the separation wunit; d) back

f 1 ushi ng t heb)pelosiag drdlow of tHe Lhgroctgfedtihgd esdyhaheurgasadssed fluibowipar at i on
unit; e) rennvinq the back f|ushed processed fluid through the source

inlet; f) pddsieRyeingahaRioressed e fopyihe Breauicacaimuletor By ggyersinghpae®ma j ne to
the unprocessefoy, Qftle§hrocessed fluid back through the processed fluid outlet into the separation
unit;
d) back flushing the processed fluid through the membrane card in the separation unit;
€) removing the back flushed processed fluid through the source inlet;
f) passing the back flushed processed fluid through a by-pass line to the unprocessed
outlet
g) continuously measuring the pressure in the processed fluid and unprocessed fluid
outlets;
h) continuously measuring the pressure differential between the processed fluid and the
unprocessed fluid outlets; and
i) continuing the back flushing mode until the transducer changes the separation unit to
the processing mode.
53.  The process of claim 52, wherein the pressure in the processed fluid outlet decreases
because the removal of materials from the membrane card into unprocessed fluid in the back
flushing operation decreases the pressure differential that is recorded by said transducer to
change the separation unit to the processing mode.

54. A separation system for the separation of materials from a fluid comprising:
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g) continuously neasuring the pressure in the processed fluid and
unprocessed fluid outlets; h) continuously neasuring the pressure
differential between the processed fluid and the unprocessed fluid outlets;
and i) continuing the back flushing node until the transducer changes the
separation unit to the processing node. 53. The process of claim 52,
wherein the pressure in the processed fluid outlet decreases because the
renoval of materials fromthe nmenbrane card into unprocessed fluid in the
back flushing. o r

recorded by 2 § P rraggr)% 'ﬁ'(t:g?nq?lg%ﬁgﬁ’awl%n%e%%eé rg?/aglag%ﬁ%% ggt’ucgwﬂﬁld H?%tcesm ng
node. 54. A seznaéaatmr&rprsmiedmmﬁarleadnensmnmmcassedrﬂum outlet;erials froma fluid

conpri si ng separation contai ni n tion el enents having
at | east onéﬂs%BW%%%F QTQQﬁ%ﬂCJHéﬁﬂV%ﬁ%aﬂ%ﬁﬁgﬁﬁﬁggg@ﬁd and at |east one
unprocessed(5Iyﬁgtogpéﬁﬁhegiuaamgapﬂaor feeding a source fluid through the
source fluidinlet; c) first valve in the source fluid inlet; d) a first
pressure gawea first plh'esusq)gﬁuggm thaisenrpaleid lmlétrfoﬁ@&%&m’m&életH*ié?Sbﬁeéﬁﬁmséw@F t he
source fluid H@EZ) ggqgttﬂltogggnw fﬂg“]‘awest val ve; e) a hydraulic accunmulator in

fluid conmunica rocessed fluid outlet; f) a second pressure
gauge in the)pi bﬁﬁaﬂiﬁ(hchhmldtoﬁht fhead cémmumMWMgtltchmoqassedﬂuicbomlfet t he

processed fluid pas to the, hydraulic a_.second val.ve in
the unprocedbedssop £q gRuge infne arotcﬁﬁsF‘Hﬁ\}‘glo\r‘/T‘getlafhr ’Lnﬁ?% P%H@é’?’esﬁur]elogl
outlet; i) a fbtroééssélyﬂlﬂéﬁ%sldgrl@tmﬁ{y\dﬁﬁﬁcB&‘ﬁnﬁl%lce fluid inlet and the
unprocessed fluid outl et 1) fourth valve on the first by-pass line; k) a
second by paésa pdcard Eaivm@dh%t!ﬂmwﬂﬁ%‘éﬁluﬂm@ltlﬁhprocessed outl et and the fourth
val ve; t pass |line; and m a transducer

havi ng f| rst a?'ngmrav ? r$%§§sea?@ﬁd1&{+t¥%¥st section for receiving a signal

of the pregpus first Bﬁ-@aﬂgln@fbeltmn seconde flukialet endyrhe geprocestdaieflyd outds;sed fl ui d
outl et and the _second sectign for ?cqiving a signal of the pressure
readi ng of thed fquthvalyeoads first Bubys lingr ¢ he unprocessed fluid outlet, for

recording a §r esBA®bHpidstneRbARLclBENREN the unprocessed outlet and the fourth valve;

1) a fifth valve on the second by-pass line; and

m) a transducer having first and second sections, the first section for receiving a signal of
the pressure reading of the second pressure gauge in the processed fluid outlet and the
second section for receiving a signal of the pressure reading of the first pressure
gauge in the unprocessed fluid outlet, for recording a pressure differential between
the pressure in the processed fluid outlet and the unprocessed fluid outlet and for
sending a signal to the fifth valve in response to the resulting pressure differential to
control the respective opening and closing of the first and fifth valves for the
processing mode and the back flushing mode.

55. A process for the separation of materials from a fluid comprising the steps of:

a) exposing a fluoropolymeric film to a bombardment of heavy ions to provide the film
with a track density;

b) cutting the resulting tracked film into a plurality of separate sections;

c) etching the sections of tracked film with an etching solution to provide the sections of
film with a density of pores corresponding to the track density;

d) laminating the resulting sections of the track membranes to a porous backing by

means of an adhesive;
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the pressure in the processed fluid outlet and the unprocessed fluid outl et
and for sending a signal to the fifth valve in response to the resulting

pressure differential to control the respective opening and cl osing of the
first and fifth valves for the processing node and the back flushing node.
55. A process for the separation of materials froma fluid conprising the

steps of. a) exposing a fluoropolyneric filmto a bonbardnent of heavy ions
to provide the film wth a track density; b) cutting the resulting tracked

filminto a plurality of ' ’ isng the sections of
tracked fiIn$M#?%E§W éf%ﬂ?ﬁgﬁio %Fﬁgg&%%ﬁ%?%é%aékﬁ%g’sections of filmwth
a density of fipdoesing oghegpiangdomg the pedieettr efcke parnsd biagking Jof haleasnave ofthe he
resulting sections of the track nmenbranes to a porous backing by neans of
an adhesi ve; BIFQB'ﬁmﬁﬁﬂﬁing a menbrane card with the parameters specified;

f) form ng agplwdgdih@bdth AERUASMbRAR: R4 A1BHEL bRlidghMeRO bOHGaRAEH MBthed  at
| east two of the nenbrane cards; g) bending each of the nenbrane cards

al ong a bendi ngndntnene eardie fann aderiection anhacerdral sagdpm peteerceach of thef orm a
proj ection andwﬁygﬁﬂkgﬁiﬂﬁF%Ei&%u?ﬁ%ﬂﬁ§QE§§%Ht fgthe projections so that
|Hg Rt ; p

t he porous bac aces ou essi ng € central section of each of
t he menbr anehy giesing tHeceatriill sadtibnadlehehodfitomembne sards bt adhidcalectidnetube

proj ections extend ou rdly fromthe collectign tube and th bendi ng |ines
of at |east twSOHpte ralsgionz eiend PURE SRmghe Filection whe PR Lbe  ar o

adj acent to it%eﬁcﬁﬁ%ﬂﬁ@s_tdmﬁasﬂtwobmh%rn%ﬁfrﬁier&rc@. pPAEQIStE B1éZBHEdtHSR nfbeal N
bet ween the porous backing of each of the outward projections of each of a

plurality of n@madarenidartdpedoratipnss at | east one drain is in contact with

t he perforations. in.t:h | 1 i on.tube: i § j g the

gl ue joi nt op é@%ﬁpﬁéﬁgF%ﬁgngééﬁgpg&fgﬁ%bgﬁggﬁﬁgﬁﬁ&#ggwgﬁggﬁkﬁg?ghggcard and
t he menbrane patkegeprdjetivheoftath etd plaralitudfanehrand daddsvornthatat lehaasat dairs heet
of a turbulizer to the central section ofcfach of the nenbrane cards and

bet ween the prodf lé‘cctoi’@ﬁ%w‘éli‘)ﬂleﬂ’éffo{aﬁ@“t ‘Brﬂﬂﬁﬁ lgetion thC:t he separation el ements
proj ect out war HeyodikpMdhb8vd A1 Eihe 8lue§Ghi StatR@mbARE card to join the drain to

the membrane card and the membrane packages to the collection tube;

k) attaching at least a sheet of a turbulizer to the central section of each of the membrane
cards and between the projections so that the turbulizers of the separation elements
project outwardly from the fluid collection tube; and

1) producing a separation unit containing a plurality of membrane packages operably
attached to the fluid collection tube; and

m) assembling a separation system.

56.  The process of claim 55, wherein said separation system has at least one source fluid
inlet, at least one processed and at least one unprocessed fluid outlet.

57.  The process of claim 56, wherein said separation system has regulating means for
changing from a processing mode to a back flushing mode after a predetermined time based on a
pressure diftferential between the pressure in the processed fluid outlet and the unprocessed fluid
outlet.

58.  The process of claim 57, wherein said regulating means is a transducer.

59.  The process of claim 58, wherein said transducer has first and second sections, the first
section for receiving a signal of the pressure reading of the processed fluid outlet and the second

section for receiving a signal of the pressure reading of the unprocessed fluid outlet, and wherein
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) producing a separation unit containing a plurality of nenbrane packages
operably attached to the fluid collection tube; and n) assenbling a
separation system 56. The process of claimb55, wherein said separation
system has at | east one source fluid inlet, at |east one processed and at

| east one unprocessed fluid outlet. 57. The process of claim56, wherein

sai d separation system has regul ating neans for changing froma processing
node to a back flushing node after a predeterm ned tine based on a pressure
differe i : he

unpr ocoRbfins el Rk i 12 R0 ERHE End bR PERIRRL of tllboclict it

r egul atarﬂgarﬂmaasf the mptomqssdjﬂmdroutl&&nd’fé]ﬁs RIsignelste imfesp¢mémﬁnexesuhiagei n said
t ransducer gls (f]ond sections, .the first sect(%l folaa%ecei ving a
si gnal RIFSSPIG %f&%%ﬂu?%c B4ihG ée%rattoﬁéw?laéré’gb@aPcha?salgda? P MRk he second
secti ongdsingisRi vi ng a si gnal of the pressure reading of the unprocessed
fluid outlet and wherein 32 said transducer senses a pressure differential
bet weenSt he Thedseaeseoisiaimi, phereisrresure| iy ihe poorested fluitheutjst inceaapes oyer thife
unproce i ulting
pr essur%ﬁ%id?[{géeswgﬁp ?ﬁ%ﬁrﬁ%@%ﬁ%ﬁ%@ﬂf é&s%p géelt éé’fr?\lldse;gsl%‘gfng&gﬁ c%%ebtug?cl)j gzm ng
node t Omhthﬂalb&mkhavfelbaahsusgendadim th6@oura'ehﬁu1p resabimg inhn olcsiase m3he prossueE N

pressur t roces | uid oytl et n reases over that of the, pressure
Pt he prata el Fraints B LEaRibest et Bt oy b BessStinbngrl

bui | d- Uﬂﬂeg{wkﬂ[ﬁﬁﬁll’glnﬁj& t hat have been suspended in the source fluid
resulting in an increase in the pressure differential that is recorded by
sai d t r@nsduberpreessy efxlaim G0n wheighemigiraulio reeumenl gpvindbsd eemmbiieation withe back
f1 ushi ng | [ jeunul at or
't 1ot e BRRsnT Ruie bOfellt SRTERHES oI Eon PRBE AL BrR PSRRI A in B T

si phon @béessing aiotle m‘prﬁfudé ke mbmﬁg@meisbmﬂdldcumrmggqetmek filnstocemedaig node to

provi de_t he npecessar rocessed fluid durjn e back f|ushi ng node. 62. The
B tesstbi I Aas SR R et T or B b BTN WP owi g
steps: a) fﬁefgeﬂ'ﬁ 2 soYE B8idl thidugh | Eﬂérs@h‘(g@ ﬂbﬂqm%%rtﬁ@sé(phf‘éhgn upiket to the
separation unit; b) passing a portion of the source fluid through menbr ane

card; c) reriﬁvpmlﬂglﬂ@opr@déﬁfsﬁ’e@urqeﬁuw mmU@bgmmmi@emanessed fluid outlet; d)
removing t hec)o}el;ln Vlf%qlr‘l(t: l:n%@es%d hgﬁ tﬁr%HéhCﬁle plo% %eél H@ d ou?lei!‘mpr ocessed thr Oth

an

d) removing the other portion of the source fluid that is unprocessed through an
unprocessed fluid outlet;

€) continuously measuring the pressure in the processed fluid and unprocessed fluid
outlets;

f) continuously measuring the pressure differential between the processed fluid and the
unprocessed fluid outlets; and

g) continuing the processing mode until the transducer changes the separation unit to the
back flushing mode.

63.  The process of claim 61, wherein the back flushing mode comprises the following steps:

a) closing the flow of source fluid through the source fluid inlet to terminate the
processing mode;

b) closing the flow of the unprocessed fluid through the unprocessed fluid outlet;

¢) recycling the processed fluid from the hydraulic accumulator by reversing the normal
flow of the processed fluid back through the processed fluid outlet into the separation

system,
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unprocessed fluid outlet; e) continuously neasuring the pressure in the
processed fluid and unprocessed fluid outlets; f) continuously neasuring
the pressure differential between the processed fluid and the unprocessed
fluid outlets; and g) continuing the processing node until the transducer
changes the separation unit to the back flushing node. 63. The process of
claim6l, wherein the back flushing node conprises the follow ng steps: a)
closing the flow of source fluid through the source fluid inlet to term nate

the processjn e.. b), closin he,.f| ow of, the unprocess fluid through
the uhpr oceddethepihmginRebeesid duf iy sebR HRBLREERTRE st i e
hydraul i ¢ accuggsteai;or by reversing the normal flow of the processed fluid

back through the processed fluid outlet into the separatjon system 33 d)
back fl ushi rfg fwvmgdg%géfé@tﬁhfiﬂ Roesssedyid thenehdbssyrssdilshane in the

separation ysieib i) back mmeﬂfﬂ)r%&%ﬁg’ fakd thiddgh ﬁ‘gyﬁ{a%?lgﬁg thdf ddﬁi‘dl’:eis@di ough the

source inlet; passing the back flushed processed fluid through a by-pass
line to the unPridewtisted fluid outlet g) continuously measuring the pressure

moasuri ng 1. prueudbly AR UPERRRIRSGE i b hhor S Bl Cod ThoRREMAHRY |,

unprocessed fl pattktsput | ets; and i) continuing the back flushing node until

t he transducer changes the separation system to the processing. node. 64.
The process Bf CtAHoHSEAMeHERR e W%éurﬁﬂéfifé‘ﬂ}t’él bqﬁWthf)P%s%ss%ﬁmmaug Heout | et

decreases becausgeRfedtifd b@Vahd of materials fromthe menbrane card into
the back flushing processed fluid resulting in a decrease in pressure
di ff erenti ali) t betinhingrtiechack dushiyg swideluntil nsidansdycet changesthe sepatation systanat i on
systemto the nﬁgEPSin% node. 65. A separation unit for separation of
materials from¥ruPds®e ﬁﬂ?? ing a nenbrane card and

64.  The process of claim 63, wherein the pressure in the processed fluid outlet decreases

because of the removal of materials from the membrane card into the back flushing processed
fluid resulting in a decrease in pressure differential that is recorded by said transducer to change
the separation system to the processing mode.
65. A separation unit for separation of materials from fluids comprising a membrane card and
a drain to form at least one membrane package, and at least one turbulizer that is spirally wound
onto a collection tube so that the processed fluid is collected through the drain, said membrane
package having the membrane card folded in half and a drain interspersed between the porous
backing surfaces of the two halves of the membrane card, said membrane package having a
length determined by the formula:

L=3/2k./k;,

where: L is length of the membrane package, meters (m)

ki is the drain parameter, m® /hr - MPa;

kz is the membrane card parameter, m’/hr - MPa - m?.
66.  The separation unit of claim 65, wherein said membrane card is a track membrane backed
with a porous backing.
67.  The process of claim 23, wherein the length of the membrane package is determined by
the formula:

L=32ky/ki,

where: L is length of the membrane package, meters (m)
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a drain to format |east one nmenbrane package, and at |east one turbulizer
that is spirally wound onto a collection tube so that the processed fluid
is collected through the drain, said nmenbrane package havi ng the nmenbrane
card folded in half and a drain interspersed between the porous backing
surfaces of the two hal ves of the nenbrane card, said nenbrane package
having a |length determned by the fornmula: L=3/'12k2/k,, where: L is

| engt h of the nmenbrane package, neters (m Kk, is the drain paraneter, n8
[hr  MPa; K3 i ; [ p meter, n8/hr MPa m66. The
separation ﬁ(ffm%pggﬁﬁﬂ%¥%ﬁgep e&%igﬁghid menbrane card is a track nmenbrane
backed Wi t tk,as the RufbriRPatangeterbri’/hihappr méess of claim 23, wherein the

| engt h of the nmenbrane package Is determned by the formula: L=3/'12k2/k,,
where: L is |length of the nenbrane package, neters (m 34 k1 is the backing
par anet@:, nidremrocengef claim 17 whainmeplsralineofihe mpmbeane cards are fonupeg inte@ . 68.
The pro . Of e ; er el lur ahi & Af: are
formed TREES i hish L BslyRerdib ks Mgt BEPERRERIBGENES, B10 1 1 e
made f riearcdalponsedso famzaop sheet oftht piadkage, (1s) ashed of @ dian made from sgaaed-libd t he

ackage, (bh) .a. sheet a drain made from auze-li ke, material is
Pt er gp@?é%%l ingiernerred ﬁ%t“ﬁsre Bhsorae Pﬂ&g%?fa wgﬁe%nﬁamen B6is oLt SembEne e
merbr anged §thét t8OploBatked NEd N QIREESE thrbildhithe drBinC ahd gg h gsboh kBB thée drain,

and (c) a second sheet of the turbulizer is used forma bottom sheet of
t he pactedydizerdsused to form a bottom sheet of the package.
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