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;e3etMjx6TW 2 5 NOV 2002 WO 99/ 65595 PCT/ US99/1 1045 t M CROSTRUCTURED
SEPARATI ON DEVI CE The present invention relates to a separation dev)gqgy 2002
conprising avoey/esshs vel y permeabl e separati on nedi um bonded te@TAIS99/11045 °
m crostructured filmthat is used in connection 5 with a source for driving
aifluid mxture through the device. Fluid separation devices renove a
conmstituent froma fluid Nflék'éfs?ﬂ)t’l@@ﬁﬁb"%l‘ TioN Hevpegir e through a
sel ectively perneabl e separation medium The undesirabl e conponents) of the
fluid mxture remain on one side of the separation nedium and the filtrate
passes through to the other side of the separation nedium Types of
separations 10 alla Ipadsent wivehtisuablatbe vioc e sseparation eleyins - eombpirtsingg as sejeasively
gas-liquid, liquid-liquid, and liquid soli.d. | i i ons .usi ng. these types
of separat imeﬁﬂ% F?Ri‘gatmr@F&B@sl?;ﬂ’;Aﬁg Pty F‘Bﬁr,oséﬁ gﬁém tgi"c‘ls (‘J‘F?qg’c“r cANg
renove hact.esi 1] j i{i.cation of industrial
wast e, lsgewa‘gil(ia}'1 ? rsg‘gfd’ ?ng&rﬂ}ﬁ fgﬁ%ﬁ‘ﬁl}l@ﬁgwﬁﬁ% ‘r:t’}er P%ﬁ{ht%?e&%?rbve very fine or
di ssol ved sol i dsFlidogephiatioh deviees gasie.a donsiimaht Yomtabsid rhixtiirel by grasding tien

devices are_at |east partially submersed | S or flooded within the fluid
m xture durflyig mirdursepupugh ensqlecsivelys permeahlepssnaraiion medunnl Dhe anfpsifable

m xture through a | ectiyel er neabl e separatij o di um may be achi eved
' & sopar EPERmEyLYh by Mod miuE Eie, 6 Por it (Bt SR aRnE. 8rd fie
separati on fgdieUsseAthfoi@RRbehO bitePisile lofRBe YepatntRInCRLAinf. UTESes b RdPRaiions
system wherein the fluid™m xture 1s punped fromone tank through a

separ atlilon d@ilabdeliwitin such devnes ineludé gasksolidn gadagasopdseliquidyidnid-liquid pard liqundt

control of the fluid m xture may be achi eved as, part of a se,paratio(P .
devi ce, whelPlfn ApPlisptionsusyle heh types of scarplienrs inglude matsr desaligizafien. dialysis,

nmechani sm gmg! i i - hhnel : .
di stributi orﬁ%?r%fgﬁam sﬁ%’ Cr%@‘éyégﬁ%ﬂg aglgp&a{rﬁéﬂt :ﬁgﬁ %rrég!llél}m#%?l ralié\%{; ng E[nI%igStPfﬂui d
m xture throagd) sevgs apathtint, Gihd EEAfilifatidn 8o YeRSaUEVeTP fing &r dissollBe sblidnfpsy t
of fluid by a condurt or other device nay be characterized based on the

mechani sm tlpidscengases. f Typicaliy thaese flud sepatition dgvicdvmicaw leaghpardaliy sutanersed
transport pertains to,a. ngnspontaneous fluid flow reqgi ne wherein the fluid
[ ow 1 sl (€ HePged pilbinh el Pk i i e seern FOTES appl i od to ¢ he
devi ce, such fl Wﬁn&ﬂ&ﬂ%&ntﬁ?&ﬁ@ﬂhﬁ%iﬁu&%@}%%&ie@t%l;}’ miPhbit REpRAhSRY
hand, where the flui'd transport pertains to a spontaneous 30 flow regi ne
wher ei n t hemédiuind nmayv @reamthisednd far sgpacatipnopwstany bynreeflmid ttanspdre mechaspor t

device, such fluid transport nmechanismis considered passive. A cathefer is
a wel | - knowidependsntofsthgigpargiion md@rma%%xmhﬁg%mwwfe%m inchides 1
active flui . i ' .

modi cal 1 lEEe SPRh HRAHA e AU ARG is PRER ol bP e e s ek
sour ce 200 dmediumhiatd aspthet thhk, 0 Qyhthe lthed rand.etranrppra aad eontkdlwfdhé fland poxture
device is an absorbent pad. Active fluid_ transport products have been

devel oped baaxbe aguevedms partiaf asepgsption-dgviesa vhereie p senapjiondBestivans coupled tr a
i quid pervj i it h hd Vi . F )
mat pr oductdsﬂ#%c4r%§§éﬁ(}§%?@ggf Y‘f;}lgrde >{alrn§w'rl]e§ 60% ? é])ai‘lnag{ogljb&s%olr gﬁ 5’5 sd eggr(%gl?'kdﬁll d

pervi ous | ajisrisusiére retebadikmesbupledUioSa RepaatiomNasediurd 3f6r @lpilirigd thEofldide nivureand
5,349,965 to McCarver. In each case, channels are defined on a surface of a

substrate tthratighdke separptiod nadiun by ervasubsisewctal |y all of the area of a
[Tqutd ervious LAyl HIRSEpPOINELR of STRY Seblottlad i R 8 8aldion
the mechanism that causes flow within the conduit or device. Where fluid transport

pertains to a nonspontaneous fluid flow regime wherein the fluid flow results, for the most
part, from an external force applied to the device, such fluid transport mechanism is
considered active. On the other hand, where the fluid transport pertains to a spontaneous
30 flow regime wherein the fluid movement stems from a property inherent to the transport

device, such fluid transport mechanism is considered passive. A catheter is a well-known
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aBsorBing and storing |ayer and/or to define a liquid receiving chanber. In
Todd et al a flexible backing plate is attached to an absorbent por i5oMQV 2002
and a suction |s applied to the backing plate. The backi

conprises a plv%?%br&%y of channels for directing the vacuum pr o&régll‘?g%m)f‘%e

suction source rmre evenly across the surface of the absorbent 15 portion.

In McCarver, afI e ction rai.l i erneable, to
surface and a’ﬁaf’}fu? 8 aﬁp’%?ﬁﬁgi)‘i (il{%flfoﬁndgﬂﬁ ag-gy galg’oﬁﬁg‘fleéﬁ%}% age used, i the
source. The SMG&x'célrﬁéidl @d/varatri ﬂuidoh&ﬁmcids}tdavay Iam&uxﬁheéte&% x'vagummgé t@arazv&
passes through the liquid pervious |ayef, and draws the accunulated liquid
away. The i qnhediqnxeldhmugh@ecdeazmerA pmtvalfhmd wapspoatdevive ivamsbsdrbentpaly t he

chanber into channels for keeping the chamber from 20 coll ap Slqd|g when t he
chanmber is placed Qf&er fB“‘i’]eEé‘isiP% prosustsy davenrRneRe Aevalengdy based \ypgn  spectfic

t t

avai 1 abl ¢ andiiTEHISTSy B ERIAESRRbohy' Bk AT R0 et By RR Garfbingd g uia
Technol Medi C@Ansﬁ’mdmi@sl NFor TxampRy, ORBC prdductss Setliding@Reav® fdiyi ﬁ'&lsbbﬁt and
fall froma surgical site during a surgical procedure. The device has an

absor bent matahbshdent palsdediqiid pboveisalayers taret dekeribed palh$! Bitemtnbo 487, 651 to
chan surfaces that interface w

f Egngglszrbent Toadets p%n%;{ 9499 %@ﬂwﬂggewﬁé nispch rasepghanagls appdefingdoniay a%@f
channels. The &Lue%rﬁﬁ@&ﬁ' [ Fron? %&Bﬁ‘g‘l 8@9“ p&%;&réa ¢§ &g @Emﬁﬂfﬁ%

with suction U |Uld as ac

renoval tmerepfﬁesee;ﬂomtsf aéthdve ﬂh@xd While u@hinghgheMigdit Phervio S N AR Sackast D @iquid
application of vacuum 30 Exanples of flexible fluid transport devices that
utilize both ahsoibing andistprarg layer sndiprtotdeding pdrqulémeU/mchamlzm in Tody et al., a

Patent Nos. 3,S2 747,166 .t o Kun W O 99/ 65595..2
NOV* D002 P 158l Praihplete s lnatien 54 4 FopteheRatf widks sngdipn sqirge, RpppliFd o
sponge and sugbifaBkidEYIAE The Hadlh kRembAge 2l e
perforated wal |l of lag\(?'rlwrrberet ﬁat ??%g%nnegt ed tgﬁg \i}ggﬁt%ag%fgderad\ﬁ aﬁgé the
tube. In Kunt‘zacuamgadyndha\byngc auctanssoubenmoroewngn easedthiersubfiack op theldbsorbent
material but with a U{f or at ed tQ sur,face, surrounds a . perforat d tube 5

coupl ed tlo a RerHgwunisMeCaper, aflaybly pad orguction mlhavimg LaHe PeEmsglestop surface
mat eri al havi r t

flexible suct:img)iné1 g% P@eﬁ?%%%dgdﬁ @ﬁ Sh}f?cg\a/]g%to}%r}%&% fao ?rglta ; Sb g%o%hegsucnon
saturated wi tdvafvs ligdid dcﬂvrﬁihio h hged reedeiag chinfbéudi mﬁaslsesmht@gmaé Hqhideeftiond
is evacuated fromw thin the device. Exanples of other channeled nmats for
f1ui d renoval laxere asé slgwg wewosumlné@tt%hqwésawm Ahe Jimuh pecetying shaelar contaips
and 4, 679, 590 t%ah'gﬁou? g (?lg'lrd’ln h?l\’gevﬁambetrhﬁ% cﬁgxﬁ% eld rf'grvh(g%)drsl%&ﬁlg thrx%berOE’rom

recei ving f1uiy |n| a recerving c er °c

per vi ous A(ay efollapdng Rdek iRt chambeSRPMEed uhddratkgaBive %\kmr@ centrally located
suction hose connected to the ribs by openings in the hose. Hergenroeder
shows a mat havi ngArogei dissible diuid rtednspashgirpcuct opasi h@enar@@ml:eomrwucgdnrmdces

t hat d d int h ls 1 ted t t

o bactus 1 ey DERAGE R SRR St B G T S PR B
structures arg.qascMdardl Phodilets It €THA A%r@&'@ét iBUfkd Q@%Q&b'}@mdé’\@m?%ﬂ]ﬂ&ﬁ a
entitled "Liqu d Managenent Menber For sorbent Articles.” D sclosed is

the use of a durgoaldsiwahamgne strgivehpecedavi ﬁ@leadmxmhnstmuabsmrlmnhmnmg resides

hydrorhlllc S rface nefe ny n 20 co nat th a liquid perneabl e
top sheet?? fitud e gslosehcha fﬁ)é&f‘dpffb‘? et fh?ea]?"d‘ﬂel

and back shee@facha{ it %ﬁ%ﬂ@d@@m@mﬁpﬁﬁ ﬁgrﬂg‘ﬁ LRty B hAND be

spreadi ng of TrTqurd I'sin contac ore ecific
exanpl es of fdidivl iB@RBE HanAsls ¥k paRllENcHatifs hhecotxme&editosa:h@ﬁﬁ‘dldlmr AttaShment

with suction tubing. Thus, after fluid has accumulated within the mat, removal thereof can

be facilitated through the multiple channels by the application of vacuum.
30 Examples of flexible fluid transport devices that utilize both active and passive

fluid transport are described in U.S. Patent Nos. 3,520,300 to Flower, 4,747,166 to Kuntz,



Patent No. 5,455,771 to Degen. In the Degen patent, a collection of fine,
hol | ow, 25 perneabl e or sem -perneable fiber strands are used as a f3uNGV 200
transport deyd 6fessgshese hol low fibers may filter a fluid by paggidaeiohs over
the exterior of the fibers and/or by passing the fluid througﬁ ?‘Jhse H ber
walls and into the interior of the fibers. Problens associated with these
types of se | [ [ W& P | UGV QN OdistiBSed
fibers. l\/brée}gl\r/g’r%?g)’z:(”)fl?%v%%ﬁ%beppEeparr’a%i%g#q@vsﬁggéb g{&gs mqi.t g%hﬁ]s 19

appl i cati onhzigk @0 abesstRp triakdrial boerda Ppoitbrtedovald 06 lal chamberitaels Esmgeledtty and
the general difficulty of handling bundles of small individual elenents,
hanper s t heyacuugesourgegiauai tube.osin Kustd, i apadahaviag| anckb®rbent corg encpged 2002
W) 99165595 PCT/.US99/ 11045 . of onetri.c rofile) flexibility further limt
2pl i cat i orMSFORRBCTEIF U5 ST By BPOTEIeln Q0P T ark. Al Ids: 3 REHSIAG! ot
devi ces.g The, i K1 tiygad 1Skl A5h1 HaY
nunbers 5of hﬁéﬁp[}g\?vbﬁ %?éﬂisgﬁguggé&kwf rqﬁéstdck)?w\g?érdgé)}gnﬂnr&&%sgmel r l&ge&% 4

i nappr opr i akigh fvaickiak [prépertya ahd nvitiea thangaerd], adlexitde fshetich tubanisgeotided for
applications. 5 The present invention overcones the disadvantages and
shor t coni ngerevgnting gheympigiron becaspingsatpratechyith thidalneal] hreedasese therthingilynits
fl exible, efbi Ci en@\. easy t(% cgﬁndl e.tanq U@ev. i nexpensi ve to manufacture,
and ext re_maY_v e’Sé‘?es lflfjllsee £xalo o) _B'fna‘%’l }émt 166 %??e_()us separation applications.
More specifi cal 'Exarﬁﬁlé‘s & ARG thahfBI& b QToP M [ARDVA 2EBRGWH IPD. S1P4ken? Nos.
conprising a separation nodule forned froma structured | ayer having a

pl ural ity 04,533,352 OVahBeekettsil.camd 496 EefiH) at Hopemeetiea, haweveg|thesasnats pmvide

providing a potentjal across the flow channels of the structured |ayer {
drive a fl uftBicHIrkdor éecewaraﬁjglwlc{] mathouh dening 2 feedvang (hamaer clpaeqq Hirod diayid”

consti tuent f i 1 Xt T : f

ol udes. a PeveRo Yt oy Hotc Bl & e o RELAERAI B ooty ToRle SicARh Yore
the struct utcitlecttd ft@ake ribbebymapdrimdsdinTie héesec OHRARhARIEOsdVes 4 rhas baviag,a or
may be connected to a receptacle or to another device. The source provi ded
as part of gridweskpefr smalbbagiayifeaningya coletion swfach dhatapier drained ointorghanncls
connect,to0 the ste&)%rati?n nodul e in sone other manner. The source may be a
vacuum]tahatc‘ﬁ’ﬂ?F‘fg FME" Rt Dr e t hrough the separation nedia, into the

fl ow channel s andxfnpled BF ptasive MRuidBmidspbd deicek thavag RHAAnefedk FMid tindidH €

through the manifold, into the flow channels and 20 across the separation
medi a. Al t estngtiresspie, deseabebin A Tdptepatiangr Beldigatior de.cWO Q3¢H 724, gnpded,

t hat pushes,_the fluid m xture . through the separat, diaip ether .. .
direction oS8HdManaEsEiat Member Egt Absorbent SHIclS: ofsriced sabe s oEp iauid
per neabl e SﬁgﬂgHeR{‘nﬂﬁ\tbﬁ hé‘\l'ing %Uﬁt‘brﬁs'inm&E-@QM:ﬁ,ﬂggfr?{rﬂic ELEAh&, l%‘érﬁ@-!h%{ &

film nonwoven Tiltration web, or other types o ration rmaterial .

The se{r at iambinatchn withey ligeid pempxhblei tdp shest,nglback ahest,- ahd smpabsathenn core
di a, it h tipl t hat .all th ,

i {1 orent 1 iaRrghEcHsnribs |Srygash B Shestt-« nEC A T mORERH membPb Rromotes

flow Cha””e}aﬁ&"iiretc%na‘i%é#éﬁéi}ié %g%il@ﬁg%ncﬁ%sﬁnqg;\t'a&e\gitlp%e%bg&jogﬁgzlopé peaks

whose sidewalls may converge be separate y anar floor.

Al ternatively, tBgecti pemisiesTa floRl sppaitidhadbvives afclhdatie wpe didlospeak U.S.
form ng sub-channels wthin each flow channel. The flow channel s ma¥ vary
across the BatenicNar 8581771 aloe Degeranrlal theoDegempatent, gt callection of fine, hollow,

25 permeable or semi-permeable fiber strands are used as a fluid transport device. These
hollow fibers may filter a fluid by passing it over the exterior of the fibers and/or by
passing the fluid through the fiber walls and into the interior of the fibers. Problems
associated with these types of separation devices include problems with the production of
the fibers. Moreover, hollow fiber separation devices are limited in application and

30 susceptible to a number of problems. Fiber fragility and the general difficulty of handling

bundles of small individual elements hampers their use. High unit cost, fouling, and a lack



z 5 Nov z002 WO 99/ 65595 PCT/ US99/110A5 1 " . within each channel . The ‘
structured surface nmay be forned froma pol yner such as 2 5 NOV 2002

pol yt et r af | uoweedslpgseene or pol ypropyl ene, or other suitable matperhabeniols -
anot her enbodi nent, the separation nodul e may conprise nore than one

structured | ayer at |least partially covered by a separation nedia. A

mani fold in flrypsnex Gy Fidf -ﬁrﬁggpwn ' I d
al so be in flollg:ég&gorrll?gglio ﬁvvi)tfthmhlel fl (r)tw C aﬁ@? Is}@%ﬁngfﬂf%ggtuéﬁdé aofﬁY]cgEraM‘éﬁUh
| ayer. The pmeshatismnivesapdraioraicdcdse ablemabiling td pehetitallyedisvibo@ lang lengths and

constituent froma fluid mxture cqonprising the steps of providing a )
separ ati on mi&ge ausbers hpllovefibers iptonyseh  ranspere arrpyfigmakes theis wse inappropriate

external ly provi ource to fermthe. aration,.device, 10 flooding the
ol 6w+ oW Bl ahEe ?ga“g?evepﬁ“{?g"sﬁ%’,‘mai?&l‘ﬁ? {%Fng the fluid mixture
through the nodul erfaypbREr REAGE old1e6:BBY tHeCdTRAGVASaBesCAShbHEGRINGS of BiRdde

fluid mxture. This nethod may al so enconpass a soufce that 1s a vacuum or
a source t hatarti By providiag ur sepacationedevideethame i Oldxibbey afficiont, ehey fd bardlleviand wse
through a manifold.into the fl ow channels of the structured |ayer and

across the sdPRNPERSIYH Iymanafactyre,jand gyjremel; semsptifeind adaptablg igrvariges separation

separation nedia into t | ow..echanne a ut_ . through the manifol.d. The
separation w&BBF?Cea“@%‘S-t hgﬁﬁéetsﬁé\éd%ﬁ@g}' ,hgu\%ep%g%rﬁngnlvgn é%b%F%‘?ﬁj%snan*?faf“&LP%y@rv ice
or it may inGhHiheising!d dephratiss RRvdald RAmeB dic h%ﬁﬁét%rédh_ﬁ&erq{a_eir@éélﬁfalift)th A6We
or different fromone another. Figure 1 is a perspective view of a

separ at i 60 dehamrels andax sepacitios enadia,lastwall gy 2 sente PRviding atpotntialsicnsss dhe flow

vacuum sourcec to I’I%/ a fl ldl d xt %r . Figur lel S c& st -_sectlt(lpnal \é] el\r/lv
t aken al ong ISPARNEH of e stryet Ve 1o e ditted srxprg tireugh the;sgpgration mediz
perspective V()ir&éé\’tmerﬁmfeeaoc%rné‘ﬁéugﬂt W‘?hé fuidGEindance with the present

I nventi on having a nonwoven we { r a separation nedia;, 25 Figure 4 is a
cross-sectional viBw =baatieepivdald preferablyl iaciudeaa ananifatd eomietiad tif €ludd esmadt

i nvention having nultiple separation nedia |ayers; Figure 5 is an end view
of a struct urvgth theyflew ichanpslsrefi the gtrastyrasesurfasan e manfold)maytheospnpected to the

acoor dange Wbl b5 AEPBEMnd AT U cELAEE Ool BB Ve Uole Brovided as

structur | ayer i rating yet another ¢

accordance Wik bhehdsesudifoni A¥EBE irAfli connec? o MRV mAREBIdVGr SBhPIRRRect to the
PCT/ US99/ 11045
separation module in some other manner. The source may be 2 vacuum that pulls a fluid
mixture through the separation media, into the flow channels and out through the
manifold, or it may pull a fluid mixture through the manifold, into the flow channels and
20  across the separation media. Alternatively, the source may be a pressure source, such as a
pump, that pushes the fluid mixture through the separation media in either direction
discussed above.
The separation media comprises selectively permeable separation material, such as
microporous film, micro-perforated film, nonwoven filtration web, or other types of
25  filtration material. The separation module may be formed with a single layer of separation
media, or it may have multiple layers that are all the same, or are different from one
another, depending on the separation application.
The flow channels of the structured layer are defined by a series of peaks whose
sidewalls may converge, or that may be separated by a planar floor. Alternatively, the

30 peaks may be separated by at least one sub-peak forming sub-channels within each flow

channel. The flow channels may vary across the structured surface, channel to channel, or



Figure 7 is a top view of a structured layer illustrating one channel

| ayout configuration in accordance with the present invention; Fi gLZr%N%V 101
a top view ofyodeiigosict ured layer illustrating another channelpd@y&dshio4s-
configuration in accordance with the present invention; 5 Figure 9 1s a top
vi,ew of a structured layer illustrating yet another channel |ayout

confi gurat | i) RGP ERARRES THe friclFed SETER! mbP RN FAAY Bolyfhet Suéh as
perspective view of a separation nodule in accordance with t resent

i nvention supblygstgdidoioatisylérelrpolyiprépyienenbt dther suitablengiteréal, Figure 11 is a
perspective view of nmultiple separation nodul es having a common 10 manifold
in accordance wi fih angthepresshodimenty dhe iseparatidnmragede mayacdmpiise fioxe dhan one

within a container;, Figure 12 is ers tive view of separ at.l.qn .deyi.ce
'n accor dancBugef leye g Bedariallie FRYeEse Bk gFraraionduedie SolPRUIYS BHE o
fluld m Xt Utgaa@diulo iBw!chabfild of e BRE 1A)E? Woua'aRb 1R BERAHThOR: URH! e
in accordance wth the 15 present I nventionm using a pressure differential

t hrough a sdlparchianmels obatdeast onelotheelagerf | uid m xture. Wth reference to the
attached Figures, |ike conponents are |abeled with Iike nunerals throughout

the several Fi gurlés PrespatinEentionaly tpaghes asngthadboiremoyinga canstiwent fsem adiid
accordance w.th théa Br.esenl'é\e i n'\)/en{:i on. ..Fi gure 2t'i S 2451088 sect ieoq_al er\{ti ew
of the 20 sSHsIs POmPRERE dhe SEMY Sk ipviding 4 ePwanon siglerst i Presertpyertion
separation demieensShdafidaR! oy ah @Qﬂeﬁﬂlﬁz FroSRIBA s8hice o TBAH tRe 3epARTIICELBEL, T O
a source 68. The separation nodule 55 has a structured | ayer 57 having a

struct uted floodiageahémagulomithof aified mvistunajie be Sltetak @sd dfivengstheufttid maickture
surface 58 conprises a urality of channels 59 formed within the |ayer 57,
preferably A¥ougiofhf F‘?P‘g‘ll%&ﬁsﬁ@t%‘f‘fe’d TBP JemRNAG! & BRI fEm 5BY g

not be the %ﬁé&?émrﬁi% nt?ﬁ%ci‘ﬁ{ag%isotéﬁ‘éoﬁqg%éﬁra Yxrcebtﬁﬁtgg'aﬁ/g&ﬁslg{% ’E')g%}%gi?r%e Wkt is a

preferably ordered in e sense that e channe

pr edet er m netessies squrcef Thé metoduaiydeet the ffudd mitiBreothrdugh @rmanifold higto kiryfiow 57
may conprise flexible, sem-rigid, or rigid material, which may be chosen
dependi ng oshangelspaf thecssn@wr@sbgaxewﬂﬂ @Arass thesepaEasionanedia, et Bay sigive fluid

Preferablky, . the.layver 57. rise | ric,mteri e se_sugh )
mat er i a?gi S ﬂfr??ﬁhca Is‘fp ?‘é‘gégglxpcﬁfé%ﬁ?/gh%@oénc aB‘éeé%a%e°%€%‘ﬁ‘?“§g‘ft§ﬁé‘F?“Eﬁ’h%t 'erp Fal
can be accukgiatdtion§ @odeld ofi the rfethbd WidyUhBe & Wirghe Sefafatiolrediy Qhyerb¥r ith@ayse
of a polynmeric layer 57 in the formof, for exanple, a filmlayer 6 WO

.99/ 6559S 2 findlide¢ mOUplPSEPan8Egy mediaslayers thatoare céther thersaoteueredifictant duwn one
defining a |l arge nunber of and high density of fluid flow channels 59 on a
maj or surfal@B®ffereof . Thus, a highly efficient, inexpensive separation

device of the presanpt 11;0¥ pBishQilive ViANBNA R frdtRonRRVRY ilBet AAEALAH tME hldséht
hi gh | evel of accuracy and econonmy. 5 As shown in Figure 2, the channels 59
of LayeR057 investicefisingd veguuan seunrce® difvegeliid mi@tifrer ned of sidewal ls 61. In

sonme cases, it will be desirable.to extend the peaks 60 entirely from on
o6 of the | ayeF BTSSP REieCon MG ReR GRorBRE: 2205 . MPRERISD depicady
be desirabl ¢;4,p. ¢xtend the peaks 60 only along a portion of the structured
surface 58. at 'is, channels 59 that are defined between peaks 60 nmay

extend entirely fRigure 3és edgesgeotive view of a separation module in accordance with the

present invention having a nonwoven web for a separation media;
25 Figure 4 is a cross-sectional view of a separation module in accordance with the
present invention having multiple separation media layers;
Figure 5 is an end view of a structured layer illustrating another channel
configuration in accordance with the present invention;
Figure 6 is an end view of a structured layer illustrating yet another channel

30  configuration in accordance with the present invention;
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i ncl udes a nawscierbly 8% skpwsin a consistent, ordered manner. Each channel 59 need not be the
25  same as another of the layer 57, but the channels 59 are preferably ordered in the sense that
each channel 59 is set by a predetermined design of the structured surface 58 of layer 57.
The layer 57 may comprise flexible, semi-rigid, or rigid material, which rﬁay be
chosen depending on the particular application of the separation device 50. Preferably, the
layer 57 comprises a polymeric material because such material is typically less expensive

30  and because such polymeric material can be accurately formed with a structured surface

58. Moreover, by the use of a polymeric layer 57 in the form of, for example, a film layer
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30  the separation media 62 is a nonwoven web 75 sealed at one end 76, is shown in Figure 3.

Such a seal may be accomplished by head pressure sealing the edge of the nonwoven web



instead of or in conjunction with a vacuum generation devi ce. GenerEI I@ '
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30 However, the manifold 64 may connect only to the channels 59 and not to the

separation media by excluding the separation media from contact with the plenum, or by
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surface 111 and the manifold 114. Preferably, layers 11 | and 112 a‘éSNg}I 2000
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seal ed together at all sides and to the manifold 114. Thus, the ed
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i ncreasi ng separation paci of a separation device 50 or separating nore
t han one consbi tbienbsttadof prdvidihg anplahasr ffoorasitaeer chamneinsideesdisnds, tahgufality of
nunber of | ayers of separation nedia 62 enployed in the separation nodul e

55, woul i?be’ tmalipisyb-peals F4praiprevide. t Hiest grb-nealkertidlundeine sesonday thagnaly %
55. These mdme?e%eﬁqteg?ys&- Iefigg 'gcﬁfrgé)g ot S'pr?orta}weo tﬂgqguge ‘?e%eP 5% é&?{%’ I%¥%nd as
, pen n of "t he

have the sane separation ndarng on"the Fequrrermne

separation prgrReatediréde BFr§taLide dhanviel 9D el uiAS a1l értRhnl Lo KNSiibufed therein.
devel oped may be used to performthe separation process 10 through a series
of separ ati onThegerksd15md jubepealis A4 nedreneishe efenly distribatedowitls egspechte themselves

devi ces 50 wherein the separatjon noduyl e 55 aof one i.s placed wthi h

recept acl e 70°0F2%n ?fer?gﬁﬁmﬁ'l?re‘f}}?&?és gﬁb%&&%ﬂﬁe%oforag’?@ﬁ e\ i°8’?1t"gef\ﬁh“§§1°w
130 of thes pra36dsh the WM Blniles 970Wn in Figure 12, wherein the source 142
conprises a pressure punp. In this 15 enbodi nent the punp 142 transports a

fluid mxture fromAdthoegleFygires 1446 contemppate skompetetih tineagly-confiperved hentedss ehe
140 and into an internal chanber (not shown) of a manifold 138. Fromthe
mani f ol d 138, changelsmaygbspreyided in &nany pthes sphlguraHeRy (fprickamplegthe chamisly could

(not shown) o h r red. t ] ) d
then out thr oh%ﬁe f%’i‘:“@%é#a‘“‘??%%&?mf“&&‘aﬂ %%'.gorj?ﬁgﬂg ﬁetqéén%gh’?ﬁ%ﬁ%etrqéaéﬁ%’é)%%u?oﬁ’&q
fromthe sepaa@@}%mnaml bfvdras3aldflg thetlendth ® f eeVdHaANE® Mhe cRinreN§iBevial LRI 4185
(not shown) or other suitable receptacle. For this enbodi nent, the

cr oss- sec3® onkt contewediratfar thanfieingr rapght tim Klethdigeasing ofi extengion abfthe~chpnnel, P in

al so applies. Oher annel .configuratjons, as.discussed above al sn. be
ised tn'th s Hrdatmel BRERE OSRTLD AhEEh SR Leieb R i R P e aabmifiote
could be used in conjunction with a separation device 50 of the prior,
embodi ment, shown in Figure |, for 25 perfogging a series of separations,

or other processes. A separation device 130 of this enbodi nent may al so be
conbined with one or nore separation devices of the same or different

enbodi ments, as required. The descriptions of the separation device
conponents given above apply equally to the conponents of this device 130.
Anot her alternate enbodi nent of a separation device 150 in accordance with

- ~rN e S - o oy o A~ — I Y



V\hen the source is a pressure source, a fluid mxture is provided ftl%n@\fhmz
source and flows through the inlet 162 into the internal chanber of “t‘h
separation and then through the separation nedia

filtered fl ﬁ&ﬁ%?g}@rgénsported fromthe separation nedia 154, ?ﬁ%gﬁﬁl?ﬁe

fl ow channels of the structured surface 152, into the 15 manifold 156, 158,

and_.out to a.receptacle the enyironment, or ather.sujtable area. . Wwen t
Sour ce. | 5 a R Aage emiBEl SRR 1o 4 R boilbloof il Bnr SRR B8
cover 160, geddritidh dBvideWbEcdrieRdihtegd i Nnto the manifold 156, 158 by suction
froma suitable container, or the Iike. If no manifolds are provided. fluid
m xture coul d entleFigame 7pa chdninebéonfigaravionriwilbisgatdeé gn plan tviov diat ntyureeapplieg er

152. The fluid mxture is _then transported into the flo 0 channpel s of the
struct ur ed F%ﬁ@rlabiesz{7 tarﬂ?ﬁpﬁﬂ?f'uﬁﬂlcllﬁ%‘? § b oS FHONTa P tgail. coppereing ¢hanagls

fluid then f ' j. N . . O [ d
out thr otgh PE% b bR ARGt o e ATE SR RAL B G ReRheck AR
| ocation. Agtsdiaidisétdtey chdnnel YOI UdisS piniiafize¥tilie Peovehior of badett sortsh® one. As
separation nodul e 151 at the manifolds 156, 158, so that a fluid mxture is
pul | ed fromshoweseFigures & anst 9,sheenirpl channelct(3dort195trhay bertanmeated with 2 phuralgy
separation cqover 160. The f| ui ixture |d then be transported.into the
b er nal _chalgarns ianghes 402 0x 108 1P i B3 e anind T8 A Ten i ARG TPERARAGH <
of the stru 1 ! [ :

P tor e || e ifionrly Shrdcador Bidfie Hhuid RondEACLATILAL: 86 ?A‘rﬁ%gﬁggﬁggﬁuy any
connect i6g gandniis cémemphkmivin)actordanceewithtthe pres€m onveationvay lompr asod phirality of
suitable location. As with the ot her enbodi nents of the present inyention,
this 30 sepdssigtophanads ate nrovided pVverca RN 9 HheFuptugdesustacedd frogbp HF POBY

evices of {he SR hint_ Fheoaibi N R | ) it 1 4Pa@bss
d P 108 B8R doine Tre il Y 0%t 92 e?%gparﬁ’ﬂéx{ésﬁn’%e%%ﬁ

di fferent enbodinent’s. escri ptions o I"on vice corrpontgﬁts
gi ven above saifideyarflofdhk $epRatidiEmeSABN@NIrderab dfidientemtileR thé Sepafdtipnakding
of structured surfaces, and in particular mcrostructured surfaces, on a
pol ymeric | &an swcaﬂnamastﬂmryﬁg‘pm:a flpidmxtwre d@s § pressethrowghUhg sePaatem meds
5,069,4(?% a{gg 5 5,133,516, both to Marentic et al. Structured |ayers may

al so be‘cont’rnuously mcroreplicated using the principles or steps
described in U SAPa e of A thBdRIL 89 BEMaBbladi -abble ahd iftA86raRRleRlR thBat
describe mcrostructured surfaces i1 nclude U'S. Patent 5 514,120 to Johnston
et al., 5, 1H8sbat/inventidn; ewth ianadls 59 ard defifesiOwitininllayeetS 7aby theastiahctur&b Rirkds8
to Barber. 10 Str#uctur,ed p%laymari c |layers 3roduced i.,n accqordance w th such
techni ques earPiiFelirst Aairepriacepbthe lyer 3 odne channsls iiaseeydanne; widh dbe present
S.t ructured li@éﬁ{iﬁn :a& &%gmcﬁlt@lbe%&:%{g 0 Eh@w%H foﬁg ERarth@d e P%&W@%uﬂf ﬁgH\Cﬁag

w t hout substantial varidation from product-to-product and w thout usi ng

rel ati vely anrbidnt caveohmemdadaenderithcohtiguather ¢idnaelar diilei madrosmructuved size of
"mcroreplicated" nmeans the production of a_microstructured surface through
a process 1 <cachphaugel encograges singleaphase flave Mthaut bavipg el entepnedniai the digad,
feature fidelity .09 - duct -t 0- t varl

no mor ot hanbepsieat R iy PRMERG Srub M IERr i SRLBE R pag iyl &
produced sughnégbredithRush tHeactveuurdndpgert ieatdires retain an indivi dual
feature fidelity during manufacture, from product-to-product, which varies
no :pore than 25 Menndizgglurhflawcehaneels of whe miqrpgrystusere surfdacay efi thicomyention are

m crostpucture urface conprises, a,surface.wth t.,opogr a h rface
Feat ur e of SiFtebjali Attt Bhas s Mudt St RES wbhueh fet SRAES AiRPetdeite T HIEET o
fiidelity t NghjahsneRhite]. NPAL ohfield @DOhAnAI9 B QImMEINE AR (Reritiaf FMIRIeRD HraNd
0.05 mcroneters, nore preferably between 25 mcroneters and 1 m croneter.
25 Struct ur adothey & dirécira doid afong foe thrdugti avpatisulan clkomel dajependent bf abjacent
present invention can be fornmed froma variety of polyners or copolyners

i ncl udi ng t iKBanRsH adreferablyn dtuid Sbat enders engr ABechsBngindees. nots tq g8y HHBcant

t her nopl asti s differentiated fr t hernpset . .refers,.t0 .a polymer ,which
sof tons. and degiePeerlfran s cramels Afoudf Woe Fiey e Gorte2ufith B SR ol
can be nBlt eeadiets, SRkd Fhdraft i drRaDeFBAYinAth M diRfetertsé BEIHIARY0-BRAMER in
on the other hand, irreversibly solidifies when heated and cooled. A cured
pol ynmer systoedar to affediively traispone thecthsiid nad aranthintadv asages cha duchr clib@nels prévidOv
2002 WO 991 65595 PCT/ US99/ 11045 "- crosslinked, can be forned at room
tenperature through use of chem cal agents or ionizing irradiation.

Pol ymers useful in formng a structured ldyer in articles of the invention
include but are not limted to polyolefins such as pol yethyl ene and

pol yet hyl ene copol ynmers, 5 polyvinylidene diflouride (PVDF), and

pol ytetrafl uoroet hyl ene (PTFE). Qther polyneric materials include acetates,
cel lul ose ethers, polyvinyl alcohols, polysaccharides, polyolefins,

. o - o o - o



As indicated above, there are applications where flexible active fluid
transport devices are desired. Flexibility may be inparted to a st r o\l
pol yneric | ayeyobiésags pol ymers described in U S. Patents 5, 450,235;do9rdkt N
et al. and 5,691,846 to Benson, 1r. et al. The whol e polyneric Iayer need
not be made froma flexible polyneric material. A 15 main portion of the
pol Y Mer i C | Y& all LOMhERURRLIS, hEQUL FATTHLS % el digikiib!1Br B AIRIimUNET e
the structured portion or portion thereof could conprise a nore rigid

pol yner. The ¢hahselé mayiteadisdretetvhite pthegraptt. dadditiohallyy shamie] aisyreensss!’ nay
this fashion to produce flexible products that have m crostructured
surfaces. Pollyme mom@hmnsemnémm,rfgr @@mn%rbymmmgmssweﬁmdl fied

h h I bl endi I
or antim crobial cgedrer neey Forls i hathe i SPRETEeR{ B R I ELERR

can be acgombhglethd HydRHME rYARSTs HEMRELBIE QFbs@fse&RIﬁ%I &84 ofh %ﬁ%} Edmded b its

functional npieties using ionizing radiation. Methods and techni ques

graft - pol ynerwetabi a)chanhelrmmomﬁﬂsrsn@ntRIefuﬁb%p g ytinerared {smrfacex’e&mlaemcbqstructured
ionizing radiatjon are di scI osed in US Patents 4, 950 549 and 5,078, 92S. The
pol yners may 8riéee ohat sinfies, digerete J&Wt ¢lspthat bave cusmprigueY taseect] Rt

t he pol yneri c,st Far I

decrease el as(tlal(gIIIIng)IfIIIlagc {aﬁxﬁ Of(I\B/el eX| I)%Inb%dﬁ’ﬁ%Irtée;F oFT él&%% 3%@%&? III))(I)I
the inventi onanEiy oe ehtbolinhdr@X atlesst RBOHUMBOOTIL Imsthtefi ehd@\Re BfYeet fadlb colilaemy
t opographi es as the mcrostructure-bearing el ement. For purposes of this

i nventiorl0 a inflefinitely bigh bntgaheradly wonldde dess tham abost £006,800:5. ke thyirllic radius

enerally flexible 3 sheet of ner materi al . The,.econamni ¢
oG | nx peni VABRRF S BIACh RO B 1A P Bo 601 Dy P i 100

surfaces is g 1P A h§BnC g
50! bagss peTr Beand I ZII’%I IzsglrII’al ngf‘.“o%“‘vﬁ%m as %ﬁ%egf%‘ﬁo?"'tggg‘a‘f@?@o%‘“ fions
and can be usdd meshmipmmk:eakims could bespbmitoroim mct)nha hgdippbe radings tbpntyllyfvlmnm

desired. The m crostruyctured surfaces be flexible for many plicatio s
but al so nay MY beolest i e ifoh Moot F@P@ eptic 05 énorscfaIly \/:Iﬁé‘?r@eégﬁﬂ“?%a‘i appE's
war r ant . Be f,. & t

channel 5, he Aoy ol BB S imElerd caf orSUERLRRal Bk R4 A 0% (hHERH b etive
As shown in sqomd iahspdrededideodi ments il lustrated above, inventive devices

can easily possess _nore than 10 or 100 channel s per device. Sone
appl i cations, the §espEectwgd sHEfpee iBrcan takignbe popadest with, mo'ych)ammfée pdrhus,

device. The more cha t. are conpected,t an|n|V|da oten

Sour ce al l'ow ToHEe pOTbRETReR SRUiePL fr PORRR G RaRDnr Jiristuie haiiBee I?X“ hat
det erm ne t hepgihiGameQf thah 5806 niSrofetdrsl zInﬁaéiz%Hq{oEs@@pl%EsaIHaﬁrl5@@%1@!%meters
having a plurality of discrete flow passages defined by a | ayer having

m cr ocharfel sTo do thisi the clsannelstnoayebe defimed by peakis dlats@araahmgin afegproxiuately 5 to
| ayer, a sepa{ |on devi ce ?lonstru ted usi a Z@parﬁhbon nodul e forned
froma mcrostT I?F‘E“‘II%’&PPII@”F P¥h &P ﬁtan"’f IMELORKHEts i on

medi a. The m crost{yetyhenbed gh I.”élc\’:‘@x%aﬁ&r r'BX préeht Mlefi Ipf'mde flow
pol yner onto a microstructured nickel tool orma‘continuous filmwth
channel s on osyatesisrifiadtich th@obimanofths syeern if highiyddismibuted. Cihiat isnteufuid eolyhie
of the cast fil mnickel casting_ tool was produced by shaping a snooth
copper surf ac@awwes(ﬂfawbdmboﬂwﬁgwswgs tdbst%wa@@éﬂt Adargesiread Micrastuctpe

fol I oned Jy déItaE.Il?EIC(lIeIISI ﬁ'grpnﬁb%h? Lo géraﬁ pCIﬁt(Sg/l ft%r eathQIfléIgg ef ﬁr?cIﬁﬂ cm

The t ool “Use uce amcrotru ure

abutted 'V cnaoomI)S(nmidﬂecaadi@m thé tha@pkNpdvidéd8r RighaNfid aansieiated, \Gedéallpf
420 pm This resulted in a channel, if closed, with a nmean hydraul i c radius

of 62.5 um waerp@pymmnus@ﬂfw@lﬂmwpym eaqhl indivadual ehargehbastan grpestaatinthahis,

Teni te'r M 15507 11 opy Eastann O A f act ant
Triton x 102 gt ARRACEERESAS eEnBNT PRREbNEIS St d08 PPS e aen =

pol ymer to I ngL&dsi8 thitsis %@p@@&?a@ﬂl@rc@\ﬁnﬁm ihle& and outlets. This significant increase in
30  aspect ratio distributes the potential's effect to contribute to the noted benefits of the

invention.
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fiilm ‘The separati on nedia was a nonwoven bl own m crofiber web. The
nonwoven web was produced from pol ypropyl ene, Fina 100 MFI, and had RNOV 2002
solidity of y@onkisg fibers in the 2-5 Tm dianeter size and aﬁpﬁ@' jght

of 50 g/ ne. %@an of the mcroreplicated 30 fil mwas accorrlf) |shi9c/iﬁgysg

| ayering the filmand nonwoven together with the mcrostructure of the film

facing th f ' : iLe:
2002 W0 9o/ oasot ter) (b IE abteyhtR GOUPRIRESHERCERR, Shphlon modubC
m crostructupen abhiedane with tHeepressnp asvdntion Wsed ¢ réifove comtinennefrém a fluid

term nated, was al so heat seal ed. The unseal ed end was attached to the '
mani f ol d t mixtuesct hhpddiin heontpigen] BY. Thesepgtitioa mohde b haoa dewidle stoictrad by

rner o amiver ) o BeGBle Ztmien Bl Ha uPlegrth iR e BhE R loedel

New Yor&. gﬂmahg L@ Sofkbctivh { BetRed P AR flol @haineRl B dHohe) Alromg §hRuakd s
of the tube. The length of the slit was approximtely the wdth of the

modul e. Theurfaded 1\hasd theenarfifaid &t4. oRreferalily, lapets df 1 the 1 hd drd sealad dodetiter meall
glued in place. One open end of the tube, at the nodule, was seal ed cl osed

wi th hot méides anshiedhgmanifold 1dardihas.dhe sdgasiod thepsepartica meduleabl hare elosed sem
: | e | oL g
o eval uat g\ ggw.df%ﬁ @@ﬁ%k&é?ﬁ@@%{sgg}&%@ﬂ%éﬁ Aﬁaxoxgﬁe}aﬂel ]tZI(?Iﬁ'h% ﬁg éﬂ&@,‘%l@e

unit was plac ina beakef Wt particle so est

Dust, SAE gRiikBéwn)odiliedtficalred lagwal 1112 bhE ol tBidubR Witemarligsldnak o gy fléxible hdse
test was conducted with the test unit placed in a 500 nl beaker, with the
filmsl@e @16 chenegisithe mhanifoldeki4 to an lextarpaisdurcgdnpt showrgf Atseutseakesh asaa

liquid tlask with hen att to.the t
it A7 ¢ epci Rt det T Ehaah s BTk 857 bl B Tl il T i
subner gi ng nlifGird SR 5%#538&‘“%”?1? thl'éisg SRESS h20ia0f1 2A6r F&Rdvifly %an‘ti'iheW?(%ﬁfroﬁatthé

concentration of 1 1000 id in the beaker was Tenoved, rough the
separ at i on fluiabmixturetl®91t Tae fitered dhuyd fhea Slovaxaldrngathéd@lodudianaeis pren shown aiSthe
constantly stirred in the beaker. After the liquid was extracted 20 through
t he m crossirucungd daysedd | igtor the masiodd) 144 aad put gln: Bpssal H trs 2 ressevaipepPicEd

|| 9w 9 QRN o 1 Y GO BB, TSRBUIRA TRILFE 11 Q03RRI o

matt er " 'was obServ recovetr e IC]UId.

M cr ost r uckrffesfahé REntaieM1PRSQRkhSRPA WAL SNfloS] WhétebAImPFRthg thet ftParation
eval uation, multiple units could be used to increase separation capacity. A

separ at i ondg@celeabdiy ap efficientty mgrfomnt thet deparalipn ase¢ess.e Beipariamenibhedha,
co01 b U358 BuSAAESe RPRRF SToBBBK Folh St BeRR o hbEL g
Ui O, pase e e i e Wit oby Toe T o0 11 ok ng

t hr oug20 t hereahefhthel modwa | effeetiedipniges whe Hilteheepanationomedint’s tfilterng leapaty by

separation sgr%aggg it}lxjen}ntajk% of tﬁe ?lui mi%t%?ezacxgsos t gle%?x?eggurface area of the separation

media. Although the separation module 110 need only be partially submerged, it is

preferably completely submerged to most efficiently filter a bulk fluid mixture.

In order to increase the capacity of a separation device 50, the size of a separation

25  module 110 could be increased. However, when size increases are limited due to container

118 size or configuration, a plurality of separation modules 110, 120 and 121 could be

combined on a common manifold 114 to increase separation capacity instead, as illustrated

in Figure 11. Again, flexibility of the separation modules improves the separation

device’s ability to efficiently perform the separation process. In addition, a plurality of

30 independent separation modules 110, that is separation modules having individual

manifolds from a common source, or even individual separation modules having different
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PCT/ US99/ 11045 Wil e the exanple unit was used to denonstrate a '
| i qui d/solid separation, other separations could also be acconpli SZQCNQXAZW

the use of siRjdagespnstructions. CQther separation nmediuns coullghpﬁ%#ﬁ?&sas
the application requires. M croporous nenbranes, for instance, wou e

particularly suited to applications where gas/gas or ultrafine 5
solid/liquid r.at.j | ; NEM LS .
active fluid foﬁgcﬁegb%égﬂ?el%gﬁ%‘% ﬁ%ﬁa}}ggapc%gpglrez?oe%rtmw ngp%%g%gl@{} nth%P argtnon

fluid m Xxturemogele®l 16,129, (A)orda témaion rayafoldtolld by prickd if tdparatddontdindrs.
having first and second major surfaces , wherein the first major surface is
defined by a strucfapdgr pedthadepf énaseasingc eeprprtioadcapreity af eheepaealiep devige 50 or

t t d I . f havi . | it f fl h | s that .
axt ond {1 om o PRRCDEgBPR 166 SRecetonBeRbiioe 4 G mieSt AP aEarn PHEerag sbe
the Tlow ghannghgeHraoydiayt patiiBh %é@i’i‘h@%ﬂﬁdgeﬂ%k& &BQ:‘(AEg&%ojdu , vould be

hydraul i ¢ radius no greater an about 300 rometers, a selectively
per meabl e fl ujothasepdluad hoxureatircughcvetiengf adpataidatmadubsus Al These aiodules I35 may
channels of the first |layer, the separation nmedia permtting fluid flow

t hrough the skaygrdificsnt isaarationuinedin 62eprothengmay dinvsthe (rame sepaigtiae inedig 62,
the fluid m x(ieure'. and (tﬁ%, ) s%urec§St er]tt rnsgl tﬁot heostr ctured (Fole%(!n”er\} C.
surface, whic p§8ﬂlrngembr iﬁ%grglﬂ Eht'f"aI>°BYFaret REOSPY °B1$aRT~F£'§‘ p varous
pr omot & DVerfagihoRt ik (BRALEN IV Ao eOleER Ferfih IHY HGALbRGrideay

channels froma first potential to a second potential. 2. The active flui

t ranspor tl10septratghoa sdaes of séparatonamoddles f55; tifdudiog e use ] aaseriernidf aeglaration
connected at & commpn side to each of the f|OV¥ channel s_of the structured
surface of th&evsessX0 Whgisin the sepasrtion moduls S9cptAne; s plpced avithen theareeeptasieo(d g€
a potenti al OA’n%'iheTrhe fl ow channels. 3. The active fluid transport
separation device of clains 1-2, wherein the source conprises a vacuum

generator that is gpedladrhateleshbodinmeat tofcth sepatdidnnduvideol 3D 6D thdr prégent linvedtion is
t hrough the separation nedia and into the flow channels. 4. The active i
flui d transpothovgepariigisn 1dewherinfthe |sappg 142 coptpsises @ presswsoustp.  In this

conpri ses pressure rce wherein the pressure source.drjves fluid
Chrbugh tHe cepardesh Meafue HE oA rBRE o REeF O [ 44 Re fassiee
mani fol d, or W& & flekiBldhdRs 340 &nd QhoCAh Midri@Schhhibiefl(Hof sROGHR) demaRiToIdol38.
into the flow channels and out through the separation nedia. 21 2 5 NOV
2002 5. The aEronyéhe manifoldr ids playr fluskemaxture srtraispoded tiroughathesfiaw ghanielsr ioh

Sel et ol 11 onTHENE) G SEHIFA SIS 1) BhUPBRLon PRYLIS SRacriben Pry BEdLGh te

web, and m Créé‘pgx%"iit)grxﬁ&mcgg 1h¢.! "T‘heQ‘llte}'&?ﬂlﬁﬁtJn!?fbﬁ:ﬁﬁitﬂntffcﬁﬂ%l?@%paﬁa%ﬁﬁﬁédu@é;132

device of clainms 1-5, erein the plurality © ow channel s "are defi ned by

a series 2 peékthe exrbnmestkohavo agontames (rbewbd W) or other suitable receptacle. For this
embodiment, the cross-sectional view shown in Figure 2, taken along line 2-2 of Figure
12, also applies. Other channel configurations, as discussed above, may also be used in
this present device. A separation device 130 of this embodiment could be used in
conjunction with a separation device 50 of the prior embodiment, shown in Figure 1, for
25 performing a series of separations, or other processes. A separation device 130 of this
embodiment may also be combined with one or more separation devices of the same or
different embodiments, as required. The descriptions of the separation device components

given above apply equally to the components of this device 130.
Another alternate embodiment of a separation device 150 in accordance with the
30 present invention is illustrated in Figure 13. This embodiment differs from the other

embodiments previously described in that a source (not shown) provides a potential over
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7. The active fluid transport separation device of clains 1-6, Whel;?ﬁ ?ﬁ@f
sidewal | s of adjacent peaks of the flow channels are separated by B !1
floor or whewg qaekdee si dewal | s of adjacent peaks of the flow ghpos®lSodre
separated by at |east one sub-peak, the sub-peak defining a plurality of
sugachannel s wthin each flow channel. 8. The active fluid transport

ration %kapﬁraggn Ghédul® 131 7throfu];Jf1tahgér ST oVeP960.21T Heeﬁtaraﬂ@ﬁ cover 160
addi tional laye polymeric fil mrraterlal having first and second nmj or
surfaces, widefiedsm dHambei (18t sheywoy arslipfefarably fullefencleskshiye sepmtatioatmedial 154 to
polynmeric surface formed within the |layer, the structured, polyneric surface
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manufacture, from product-to-product, that varies no more than about 50 pm. The
micruceplicated surfaces preferably are produced such that the structured surface features
retain an individual feature fidelity during manufacture, from product-to-product, which
varies no more than 25 pm.

20 In accordance with the present invention, a microstructured surface comprises a
surface with a topography (the surface features of an object, place or region thereof) that
has individual feature fidelity that is maintained with a resolution of between 50
micrometers and 0.05 micrometers, more preferably between 25 micrometers and 1
micrometer.

25 Structured layers for any of the embodiments in accordance with the present
invention can be formed from a variety of polymers or copolymers including
thermoplastic, thermoset, and curable polymers. As used here, thermoplastic, as
differentiated from thermoset, refers to a polymer which softens and melts when exposed
to heat and re-solidifies when cooled and can be melted and solidified through many

30 cycles. A thermoset polymer, on the other hand, irreversibly solidifies when heated and

cooled. A cured polymer system, in which polymer chains are interconnected or
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As indicated above, there are applications where flexible active fluid transport
devices are desired. Flexibility may be imparted to a structured polymeric layer using
polymers described in U.S. Patents 5,450,235 to Smith ct al. and 5,691,846 to Benson, Jr.
et al. The whole polymeric layer need not be made from a flexible polymeric material. A
15 main portion of the polynieric layer, for example, could comprise a flexible polymer,
whereas the structured portion or portion thereof could comprise a more rigid polymer.
The patents cited in thie paragraph describe use of polymers in this fashion 1o produce
flexible products that have microstructured surfaces.
Polymeric materials including polymer blends can be modified through melt
20  blending of plasticizing active agents such as surfactants or antimicrobial agents. Surface
modification of the structured surfaces can be accomplished through vapor deposition or
covalent grafting of functional moieties using ionizing radiation. Methods and techniques
for graft-polymerization of monomers onto polypropylene, for example, by ionizing
radiation are disclosed in US Patents 4,950,549 and 5,078,925. The polymers may also
25  contain additives that impart various properties into the polymeric structured layer. For
example, plasticisers can be added to decrease elastic modulus to improve flexibility.
Preferred embodiments of the invention may use thin flexible polymer films that
have parallel linear topographies as the microstructure-bearing element. For purposes of
this invention, a "film" is considered to be a thin (less than 5 mm thick) generally flexible
30 sheet of polymeric material. The economic value in using inexpensive films with highly

defined microstructure-bearing film surfaces is great. Flexible films can be used in
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f' 99ggggaSE7 channels per device. The more channels that are connected to an individual potential
- 10 source allow the potential's effect to be more highly distributed.
To determine the efficacy of an active fluid transport separation device having a
plurality of discrete flow passages defined by a layer having microchannels in a
microstructured surface and a separation media cover layer, a separation device was
constructed using a separation module formed from a microstructure-bearing film element.
15  capped with a separation media. The microstructuie-bearing film was formed by casting a
molten polymer onto a microstructured nickel tool to form a continuous film with channels
on one surface, The channels were formed in the continuous length of the cast film, Th-
nickel casting tool was produced by shaping a smooth copper surface with diamond
scoring tools to produce the desired structure followed by an electroless nickel plating step
20  to form a nickel tool. The tool used to form the film produced a microstructured- surface
with abutted 'V' channels with a nominal depth of 459 pm and an opening width of 420
pm. This resulted in a channel, if closed, with a mean hydraulic radius of 62.5 pm. The
polymer used to form the film was low density polyethylene, Tenite™ 1550P from
Eastman Chemical Company. A nonionic surfactant, Triton X-102 from Rohm & Haas
25  Company, was melt blended into the base polymer to increase the surface energy of the
film.
The separation media was a nonwoven blown microfiber web. The nonwoven web

was produced from polypropylene, Fina 100 MFI, and had a solidity of 8% with fibers in

the 2-5 Tm diameter size and a basis weight of 50 g/m>. Capping of the microreplicated
30 film was accomplished by layering the film and nonwoven together with the

microstructure of the film facing the nonwoven. After layering, the composite was sealed
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L-1098& () -} +1QB& ()1 )" 10%8&, () - F( 1 1098& () - & glued in place. One open end of the

tube, at the module, was sealed closed with hot melt adhesive. The dimension of the

10  module was 80 mm x 120 mm.

To evaluate the liquid/solid separation capability of the test module the unit was
placed in a beaker with water and fine particle solids of AC test Dust, SAE coarse,
commercially available from Powder Technology Inc. The test was conducted with the
test unit placed in a 500 ml beaker, with the film side cf the unit flat next to the inside wall

15 of the beaker. A liquid recovery flask with a vacuum source was then attached to the test
unit. After the vacuum was established, the beaker was filled to the top, submerging the
test apic, with a suspension of AC test dust in water at a concentration of 153/1000 ml.
Liquid in the beaker was removed, through the separation module, to the recovery flask as
the AC dust suspension was constantly stirred in the beaker. After the liquid was extracted

20  through the microstructure-bearing film based separation apparatus, the recovered liquid
was observed for the presence of suspended matter. No suspended matter was observed in
the recovered liquid.

While a single microstructure-bearing film based separation module was used in
the evaluation, multiple units could be used to increase separation capacity. A separation

25 device of this kind, with the appropriate separation media, could be used in other
separation applications such as air filtration. For very fine separations, a microporous
film, for example, might be employed as the separation media. An alternate design might
utilize a supplied fluid, passing first within a separation module, whereby the fluid flowing
through the channels would exchange with the environment through the separation

30 medium.
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(a) a first layer of polymeric film material having first and second major surfaces ,
wherein the first major surface is defined by a structured polymeric surface formed within the
layer, the structured polymeric surface having a plurality of flow channels that extend from a
first point to a second point along the surface of the layer, the flow channels also having a
minimum aspect ratio about 10:1 and a hydraulic radius no greater than about 300 micrometers;

(b) a selectively permeable fluid separation media covering at least a plurality of the
flow channels of the first layer, the separation media permitting fluid flow through the
separation media but for removing a constituent component of the fluid mixture; and

(c) a source external to the structured polymeric surface, which source provides a
potential over the flow channels to promote movement of fluid through the separation media

and through the flow channels from a first potential to a second potential.

2. The active fluid transport separation device for claim 1, further comprising a
manifold connected at a common side to each of the flow channels of the structured surface of
the first layer for operatively permitting the source to provide a potential over the flow

channels.

3, The active fluid transport separation device of claims 1-2, wherein the source
comprises a vacuum generator that is operatively connected to the manifold to drive fluid

through the separation media and into the flow channels.

4.  The active fluid transport separation device of claims 1-2, wherein the source
comprises a pressure source, and wherein the pressure source drives fluid through the
separation media into the flow channels and out through the manifold, or wherein the pressure
source drives fluid through the manifold into the flow channels and out through the separation

media.
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6.  The active fluid transport separation device of claims 1-5, wherein the plurality

of flow channels are defined by a series of peaks, each peak having two sidewalls.

7. The active fluid transport separation device of claims 1-6, wherein the sidewalls
of adjacent peaks of the flow channels are separated by a planar floor or wherein the sidewalls
of adjacent peaks of the flow channels are separated by at least one sub-peak, the sub-peak

defining a plurality of sub-channels within each flow channel.

8.  The active fluid transport separation device of claims 1-7, further comprising:

at least one additional layer of polymeric film material having first and second major
surfaces, wherein the first major surface is defined by a structured polymeric surface formed
within the layer, the structured polymeric surface having a plurality of substantially flow
channels that extend from a first point to a second point along the surface of the layer, the flow
channels also having a minimum aspect ratio of about 10:1 and a hydraulic radius no greater
than about 300 micrometers;

a selectively permeable fluid separation media covering at least a plurality of the flow
channels of the at least one additional layer, the separation media permitting fluid flow through
the separation media but for removing a constituent component of the fluid mixture;

wherein the external source provides a potential over the flow channels of both the first
layer and the at least one additional layer to promote movement of fluid through the separation

media and through the flow channels from a first potential to a second potential.

9. A method of removing a constituent of a fluid mixture comprising the steps of :
(a) providing a separation module having a first layer of polymeric film material
having first and second major surfaces, wherein the first major surface is defined by a

structured polymeric surface formed within the layer, the structured polymeric surface having a

22



10@zdE /101 1y: 1 10%& ()-F " 10% ()-F 109%& ()-1 :!10% ()-SI'!10%& (ay Ty
3MLOY%& ()-z5CdE:/ 1011, ,109%& ()-*!10%& ()-F

@ 10%& ()-1'109& ()-1S& 109 ()-F $ 10%& ()-uj _@ 108 10%& ()- 10 10
10s910%& ()-3 10%& ()-!0& 10%& ()-SF /10%& ()- ecdBj @

10! YF: 1 109%0J& () - @F: ! 10%& ()- @ 109%& ()-YY

109& ()-Y 1109%& ()-Y !10%& ()-TdBj @

10! YF: 1 109 J& () - @F: ! 109& ()ysQlO%&' ()-Y s109%& ()-10%& ()-!" YF:!10%& ()- @
Normal " "Headi ng 13]c" "Headi ng 23] c" "Headi ng 33] c" "Heading 43]c

"Headi ng SBI]J@htYqﬁlélsmtan@allaéljo&“charmébmahgf(tW]f@ma' bRt de 8Spend popg 4 nmgle%] c"A
"Defaul t Parged @Rk f Fg&‘t fhé Hbw BRIEADL ¥l ving & 1(11?111 Qp ratio of about 10 1 and a

| jv:! GP4&(*+P- 4/ 10345a7 9; =?[ BE- HW i K?MIPRUY| \, | A" bf ght |, n' qsJy?] }
K+EuYn* <z 61ydsadic Nedipsrarareater Saemsbeyt 300 NaigromeRess Bnd=atseipoyeyDesem fluid

" H#SYE () * deparafifhldRID&Y &%ﬁ:\?\tl\l’e(:ast aplurahty of the flow channels;
<=>7?@A\BCDEFGHI JKLMNOPQRST abcdef ghi j ki mopgr st uvwxﬁ/ {tr|u}~
(b) connectmg the separatlon module to a source provided external to the structured
polymeric surface, for providing a potential over the flow channels to promote movement of
fluid through the flow channels from a first potential to a second potential;
(c) at least partially immersing the separation module into the fluid mixture;
(d) driving the fluid mixture through the separation module by the source, and
thereby removing a constituent component of the fluid mixture by the separation media while

permitting fluid flow therethrough.

10. The method of claim 9, wherein the externally provided source is a vacuum

generator.
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