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FI LM ASSEMBLY FOR LI QUID ACQUI SI TI ORT Background of the -
| nvent i onw® oRlssseB nvent i on rel ates f@“‘\mmm ured fil nEcEpeh1haRes t.{_hdt}ﬁwj
have the capability to acquire |iquids aﬂg‘sgp control the directional =~ °
transport of such liquids for subsequent Tenoval. This transport can be
passive or active (i.e., enhanced by an applied potential), and the

i nvention has utilitMIGRGSTRUSEIUBED SHRFAGE FIGMOASSEMBEOY and
assenblies. The col |l ec}) Lquid. b ' j ions (e.g.,
spills, condensate, i f@%@&@%‘gp@&'ﬁﬂﬁgﬁ %mfag‘? subsequent
problenms if the liquid is allowed to remain over a period of tinme. Sone
{1iquid managenent problens |ead to corrosion, power supfly |oss, excessive
wei ght retention, loss in effiBackgrqund ofsthedpvendion ener gy usage, safety
hazards, and thg.:lkt : t e AL /

pr events'5 i on of P&d%?ﬁggtbﬁjfcﬂjag&éﬁq@b{bgggﬁﬁe ggéﬂyhl?%ﬁdgﬁg g‘%t?%@@ﬁ%%&gﬂﬁ'ﬁ?%
absor bent avgties ilighigls amdotoecdritrob the ldirectivnal trampert efhsicheliquidy for Sibsequent

t hese net hods, h&gﬁver, (S_F]ovi ge for effecgtivye Ii%ui d renmoval once liquid is
present orfemo¥d] THiSSransporh cabbe PRSIV QfACH VS Kt seihanced ycan applied potential ey
be charact.gyi : ”['mpclg o G : e liquid.
VWhere i qua?'g tﬁ%ﬁ%&%ﬂ‘ ag@ﬁp%t IHE 0 aﬁﬁ%lﬁ%&@%%ﬁ?%ﬁ@ﬁ%ﬂf%%%bIHQ.OW regi me
wher ei n the | i dihedcdlleotion @f Uiquid irf andusinial mpplicatiens (e.£.r apillancendeasang| inkor ce
applied to t tructured surface, such liguid.transport .nmechani smis
cons! dibr o oolRR T S pan saisgnmeangih arobipre & el awe An S50 SPRIR ai ns
to a spo naﬁﬁﬁﬂl&’tiHeQVScSrﬁQIiHﬁdWagérﬂeﬁt hoBléMy iedd T8 66#BEHbN, Pk kepph 1diut
the introduction of external forces, such a liquid transport nechanismis
consi der edxcesaiyeiweight retention,i bes in efficiency, ansyffieientpensdgp usagieasefetydwmards,
devel oped bgzﬁed“ ypon specific applications, including absorbent pads or a
liquid pera\?l us lfay_er combined with liquid transport devices. For exanple,
mat products i rodrtht Areetidsi ofdiquidicdnirol faous Parthe preleatisiP6PRAId badduPonla qui d
pervious |ayers are described in U S Patent Nos. 5,437,651 to Todd et al.
and 5,549 sodface tropghaanpseachesmsushas abserbentcmatarials.spratestive filme @nd tapss.sandf ace
of 30 a s te ' [.qui.d f upst - al |- 11 of the area
of a 11 quranais, bl BEORSE rerls” sbefl BRIIGLIE ARG Wi oiiel e
liquid peniquidis predgstroregsurige.a | i quid adsorbing and storing |ayer and/or to
define a liquid receiving layer. In Todd et al., a WO 02/ 02568

PCT/ USOL/ 21769 Frpaspop|of iguidiacrrss pistip@used suifacedpagbe ehagastesized pased uppo the on
and a suctd r [ | : bagki pl-at K e
conpri ses '*ééygf"ﬁ% fl}’? glba*sggﬁlghﬁgf rg%f ggﬁgi rgjcﬁe%ga%lﬁeﬁvg&}ﬁ# g?‘ﬁ%?gedgh% t he
sucti a0 scpomtensons ¢iqerddidw repime sdheteirethediquit Bowresulte, fab sherhestipagpfromam. | n

McCarver, a flexible pad,or suction rail having a.liquid pernmeahle to
surface 5 %W&"aiypfﬁu?‘ﬁ’?‘leﬂﬁ&tﬁ%éﬂ?@“bﬁ TLBFE‘F%’U?“F ca_e]‘ﬂ‘_é‘%cgi’ﬂ?gEF_e‘He‘E nigm, e uum
source. . Thogsigsred | ‘UatidEaWsOh | el SthéloWand, | Whéteathki Bylli@ frafBbY| ptaGiafPer as
it passes through the liquid pervious |ayer, and draws the accunul ated

li qui d awspontamesus iflgw wgineswherenthe higwidemovementiresults wigheuttthe intreduetson of

dividing th h r into.channel s for,keepi.ng the chanmber,from coll apsin
Chon i ng erf RVBEL sodht Q0 HAR P Bon SRER i Shrbiefred BB Ner [ PO 7] Larp) 02
l'i qui aist ransporActiveotiysil transportmprodudts| avav dedrmeelopéir rbakdde vpbadgwRitic

"Fluid Control", floor suction mat, from Technol Medical Products Inc. This
product i sppkeagiony iaglyding abserbert padstor mliguitrreafyigus laygr eambisied awithulinwig a

sur gi cal [€-de V] S b t ty i ove a
mul tit udem(:)a?'g‘gug#]é]l% Y'ggg)an%gc%%gné’hﬁ CW% Rg@gskﬁplég r%&gr%o{/lﬁlggdtqisﬁp?‘ﬁean%
,channel subletban padabor iliguiRl perviousvdyerst dre deksibed antU. SuPatéht Nos. t9437,63 1Ufod
recovered by the ma wn into the channels. The parallel channels

can be dra p
are conneckadd et al. amiréﬁﬂ?@ﬁatq McCarverchgesh caser shagpels arsHefingd ap 2 syrface ofaf t er
fluid.has 1.0 : r : I Je I ed
t hr oug3 E t ﬁ:ﬁ%{ﬁ%g@%gwﬁﬂg Img %oﬁgbsé%gﬁgpggig iogﬂ%oa?gao%@%ﬁﬁp&i@u% llﬁ)%}'gui de
devi ce havihese arodmpossnrestavacliquid vehilef baving thie Hynidcpereious tlayea dct as ch liquid

adsorbing and storing layer and/or to define a liquid receiving layer. In Todd et él., a
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20 transport source is described in U S. Patent No. 6,080,243 to Insley et
al. This reference discloses an open structured surface that defines plural
channel s wsloowesdeet for permtting fluid comuni cation betpegis@ 21769

di stribution manifold and at |least a plurality of the channels. Afluid
transport source) such as a vacuum generator, is connected to the
distribution manifold. 25 Exanples of flexible fluid transport devices that
utilize bidehblabatking alate isattached té anabsorbent porion and e suesiwrsopess i3 applieg to

Pat ent Nos. 3,520, 300 = 747,166 to Kunt d 5,628 735 to Skow.
el o G GAERER PIalGnAde dachink iats FORpRse o S 5t pRR0RR R Hiring Peay ont
Nos. 4, 53vkhcair provided bPaRk s@étionl sourRtndreCelBni9Urdss thie Eireite QFARe abdoxiseie| €S

‘of passive fluid transport devices having channeled fluid transport
st ruct ur eportion  beMsCanes, a flexiblepad ogsugtigneail haing 8 liquig permeabletap susfage ence

di scl oses,_ the,.us.g .of | i e nagenent r i .

M or oot r A TR ifesfinsabl b AR Lo llesRe A VAclG ouros, The-suetign v ¢

a |iquid pawstiqbidaddvapinee tiuidaedeivilig sheasber agithagdes Alrsogibehetliquidt perdioaposed
bet ween 2 WO 02/ 0625G PCT/ USOL/.21769 the_top and back sheets. The liquid
managemeni@yefe i drawo e acsumylated Hayid @Waynafhe Bﬂ‘ééoﬁeFﬁjV'GB GrRgBFEOHANSi s i n-
contact w . r e i & m

i nventi o%ekgrg®P§e'§ gr&gﬁqég{eaﬁh passF‘k\ée%arntgﬁlgp%’ﬁ/‘&?@?gﬁhg% 39@%

acqui si t i evllapsidg ethen ¢éirohambienisiplated undenla regateweipresssreand appl i cati ons using

m crostructured liquid contro]J filnms. The liquid control film may, be

i ncor for at ed tg“?‘lh%éﬁé'i’?e i‘qmdqﬂl""éﬁpf’ﬁ_ Brl g%geccg'qlrpgrzclaﬂlg EY?I‘]PQ&“ e ith€i d on
the T11m ichdeblabic “Pluid @ofrSPHAGE shltfor k! fFon® TRENAD MYiéef FE8LcRHIeACPhiS" €3
to pronote nore rapid evaporation. The mcrostructured surface has a

m cr ost r uprodaeds used: opmlsodpyfluidnthat fallpirether surgicasitediuneg tassurgical pradedatd. e

hydr ophi | i.c, .pal i d flexible film The film. ti i bed
o s, Tfe dBYipt Tt a5 aReoThER GPatafhat [osidgh, abava, b LS o paraiil, BRE cleA s o
| ami nat e lHadHild HoRRAFEbrodRie8 HPthe il shrfsdel 6 inferfice With he Abdopbert Maer and

a substrate layer. The liquid control layer has a top side and a bottom
si de, 13 t $p thatfluidpecowgeedibay thegnat dan dgidgawmindd tlee chenaels.ofhe persilel ehgnnelgui d

15 thereon and a ljquid re zone. The.to i de.al so.has .

mi cr ost r ufEUPER %34 ?‘?16 @ﬁ?‘?"ﬁ%iwﬁﬁfﬁg’em ﬂ'r’tél uféorbﬁ'bé" ey ﬁeér%ud% hag at
facilitat gcinuéd Within fth®uhatOpéni®lal Qherédecdn Geli flcititateds thrbligh tiep nivltiisief rom
the liquid | anding zone to the liquid renoval zone. The lamnate liquid

di sposal ehanpels by thewrpplisttionefaigcewyn. att achi ng the bottom side of the

i quid control I gyqr. 1 e l.ay. i e
liquid fromthé f“%“?&é@? gprr‘g\‘}%ﬁp%é %‘c}n?,ﬁegns‘?‘{i‘ﬁté‘?‘{]g‘ﬁﬁ??ﬁﬁér éﬁ‘r’%hhgﬂ})}% E%Ia‘m
controd | aussportAofreeGsideseibed AyErS. Patenbdlods9p0,243i toialeytdial. | Thdirefgrancae on
the top side of the liquid contyol Iaﬁe}r. ~ Further, thCﬁ cp)a%rels on the
i cr ost r uBBHPESBRREAGINEUT eSS that Aefhines Pluakehanagly apd\a siob (R PSTEITHEE NS
pr ef er abl i : I eTUUN My I ' i

channel eﬂgi\sﬁ1 %ﬁg&g}gﬁ?ﬁﬁ b'ghﬁ%é‘ﬂe% %ém‘gﬁeﬁﬁﬁﬁgﬁeé}f%% Eﬂtanglgﬁasr@)fzéif e

Wi t hdr awschaneelsi qai fluidr wanspbe soheenelch asipanagum (genbratdrammnednnepigd tohdeeof .
The renovi n&. E&sns rrﬁ, Ia{ ncl ude an absorbent material disposed in

communi cafiSEIPUPR ManHRIG i qui d renmpval zone. The renmpving neans may al so
inclugde a flui gyxgahle§ @i fRRiYIEMuiP trdndpBriCAuvinesitkatititize Wotth aéthe afdaparsive i n
the liquid renoval  zone, and the renoving neans may further include a
vacuum gefleidaranspom afe deseribedrimih$ cRaterd Nosi 3.426,8€0 td Flowes ol T4/ck66da Kamtz,

mani fol d. | odi nmen the r Vi i I QU ([
col I ector 9"‘{1%%%»55%?%?"?%‘% _EF%’B@F ﬁ&gert%gmlﬁ%ﬂ?%asg%n@ﬂg% %{/Aé(ra‘tg! %Ogrn iR
. pol yneri cif§ | patentNdzh4 383 352 €4 Vae Baele Biodl agrided, 59,590 &l Hengemgedud diBxaimplesr
surface coating. That additive may _ be selected fromthe 3 )
of passive fluid transport devices having channeled fluid transport structures are described
30 in U.S. Patent No. 5,514,120. This reference discloses the use of a liquid management
member having a microstructure-bearing hydrophilic surface, preferably in combination

with a liquid permeable top sheet, a back sheet, and an absorbent core disposed between



WO 02/ 062568 PCT/ USOL/ 21769 group consisting of flame retardants)

hydr ophobi cs, hydrophylics, antim crobial agents, inorganics, netallic
particl eswool2agsseki bers, fillers, clays and nanoparticl es.pdiug@igifie’
enbodi ment, the invention is a lamnate floor assenbly which includes a
liquid control layer and a floor substrate layer. The liquid control |ayer
has a top side 5 and a bottomside, with the top side having a |

m cr ost r ube top-abé dack gheats.f dhe hquith management; mgmbér prloates spichdiredionahat
facilitate directi.onal flow control.of a,liguid disposed thereon. The

| ami nat e SPF%‘SV’gaP&‘QH@F?"? RVGL Ctr?%'émg‘efagforgﬂtggﬁ ng the bottom side of the
liquid control |ayer to the fl oogSufiitéry oFitRe Idefition A cap | ayer is also
‘provided, with the cap |ayer having a top side and a bottom side. The

bot t om si de ofThengresams linsestion sprovides dfon\astive candhpassiyg sragepost fendiquidyui d
contral layer.to define a relatively S

t her eBet V@éﬂ'?'“?ﬂé‘“&{gﬁ{%?"é’i A '5‘8?“@%15%%%?%@? g@‘gs{.& gﬁ%'gnllssg%g'lrnw’rrrgﬁuﬁté’l red qui d
al ong t hgiquiediftol fimgict ure defined between the top side of the |iquid
control layer and the bottom side of the cegp | ayer. Preferably, the cap

| ayer conpri seEhediquidyegntrobfilinimay bedneprperated|to tanspeitarliqyid thg remote dtea i ed
fromthe group €oRnsi St et L nal : HONGEELSE
nmetal or (!1‘? #gaulé&r'r%{)ﬁﬂr?grﬂ nf&segfﬁépgon%fﬁﬁ Jﬁglﬁ% i,lhl'g‘ﬁeo%lj;aﬁl ! a%g?edijsgr por ous, and
may. t ake promoted hivr®fragid nevaperation. neller midrostRictired shifyce hie abmidresmstuted of
the cap layer is affixed to the top side of the. liguid control |ayer by a
pressifr e toaPlogy.iapd in Preferred emppdigestsdp érﬁué@l%ﬁﬁeﬂwﬂ\gﬁt Pgl@' msrieaod %x'rl?éedns
creat es ' fheli P 1er RSB RIuchlr e Makrial™ ef erably, the
top si dea%lﬁ{?ﬁwl&q ioggllggﬂ%rreg*e%a;erl has at Ie(:as,rg Qne_crngss% channel

f ormed t her ei rint onef embddimante the inveotidr tsva beminaterliquind dispasah @ssembly whieh d

I s, th i ded t.h h the, | i.quid t,rol .| i
Communi APPIASSA ighie REMER JOGE b stoAE ovee who i el e nafgFip.gide
preferr edzhn% ReitHR ide, Avitth Wealdpt sid@haih® SSKAQAN Mdingdbénel fIrriekivingtif@id op

side of the liquid control layer to facilitate liquid flow between the
channi s, theredn ahda liquidi remowaltzone. The tap sidesalso basug midresprugture-bepring suelaes al 25

apertures therethr.ou ith each |iguid.renoyal .aperture LNGe J1 150

c g nmuni ¢ a?’ltg ? &P’Eah?yoﬁg C%""Fﬁetﬁﬁr%g §€=’ch ﬁgﬂﬁtgﬁg&gﬁgOFﬁ eﬂorrv%\? Pﬁ@“n@f a{rll’g liquid

pref er r ed, KSRQAS Bp¥ide frb@ thOAGIIE IEndiezoHRlth BRdliquid eeneahkone. PRiclamitate | dges
including a first 'set of ridges having a first height . and a second fet of

ri dges hakiquig dispesak assemblysinpladesapansifor attpchips dhe brstom #de of thediamd samgol of

the second set of ri S y I tdng; r ower
portion ' ﬁ%r t[ohtinpégés?ﬁ& L‘aggrl’ aaﬂﬁlﬁeag%é'ﬁ'v‘% annel fhﬁgghmﬁﬁghg l&%’?f?@?\%’# he
noVi ngy Negdie oii théitbpaide dfiike liguidicontfoldapet.ne channel s adj acent one (or both)

of the channel ends. In a preferred enmfjodi nent, %he i quid cont rd%'ofjg er is
a pol ymeric fi ArBOrows ¢ 1A¥ss maycbe disposed oveyfedanding aene LSliaraivds)
char act er §; st:] LRO - hid Al c ' Fo8eid SurkRe Mve be
sel ected ’r‘%ﬁqc?ﬂ{éz’g“gﬁg ?gﬁgé’s;{&ngﬁ%@mfs I(gprrg] er@'ﬁ?g‘g’ﬁ%usésﬁyg%opﬁobiecs,e

hydr ophy| tlasneleentds, nind rthd remhovamgmieans praferapdynivitbdraswsttbe liguid feam the ewnnglb ass

fibers, fillers, cl d L . _The_channel t
Geonet y. eresat bo pF i diaangra3dp ekl s andHBr SPRARIeh AA¥ SRolifg el
radi abs Syitffabisthe 1iqm@mmhle%hamfeesruag>x&mqfom oliznslets feredPn Therémevingnt  of

the present invention is a nmethod of defining an alterpative |i qlléi d flow
path on ameansymeyiiocluile apsabsobent sutarialdisposedains pemmusigation &ithf thepluid pe

having a plurality of.channels which are, for t 0 odi (e]OIR reon
ina first®a rzg'gc'diTrhgcrtef'}S’HH'lg ses e a0 E:"ER%F e T‘@‘rdr/rgéﬁﬁcgo}éoﬂﬁl%m p ﬁe

.di spl aci ns?mqnﬁmnpwi the cBhndelieir thel liquid Ferfovapesss] aad theeermovinganeanthe
met hod includes form ng at | east one cross-channel on the polyneric.,

mi cr ost r uotayfadhériinedlide a vaemyso genesater Hcluid somamunication ¥yt the fiiid gpligctinp
.channel s of t | ural it . | O : .

pr of oriol franiTg. fa 8 siinbaiert., AP REhSHE neph Ll MG GIRERE, In e
heat and/ gref@ifedsambeliment| e liqid contral lagec i0s polymenicednt, Iwhich magrisgode a
surface, to define the 15 ¢ross-channel thereon.. ln a preferred, enbodi nent,
t he channéhaja@ﬁlsé‘cﬁjiFV%F‘ikﬁt‘Yﬁ efr %@Fﬁ&?*ﬁ‘r“gd ﬁiahiﬁ‘i?“fcr’ﬁg%ﬁﬁﬂleéﬁq ?rg%t Sre
defined by generally parallel ridges including a first set of ridges having
the first height and a second set of ridges having a second, taller height.
Preferably, an upper portion of each ridge of the second set has a | ower
mel ting tenperature than a |lower portion thereof, and the forning step

i ncl udes applying heat to 20 the polynefic mcrostructured surface along a
| i near cross-channel segnent thereof, to a tenperature high enough to nelt
t he upper portions of the ridges of the second set but not high enough to
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nmet hod then can further include urging liquid across the polyneric
mcrostructured liquid ' 3o transport surface toward the liquid renoval
apert ure) wansb/gggsgsyet further include coupling the liquid ]rce(r;pgqﬁ}nﬁ@ert ure
to aliquid collection receptacle. In a preferred enbodi nent, 5

02/ 062568 PCT/ USOL/ 21769 the inventive nethod al so incl udes adherl ng a cap
| ayer (which could be porous) onto the polyneric mcrostructured |iquid

t ranspor t greup feansistirignofiflami erbtam‘abtsd |h5rdmphtniflcs, Hwdropbylégst antimicsehialoggentshe
invention is defined as a, net CtI han the rate of evaporation of

li quid dl'é‘BY%éEFSdﬂetén‘&!?Pft%@ Efsu 3% %qaﬁpﬂﬂ{a‘é}ﬁs exposed face of a

filmas a pol yjgBidothellefbBaintenf the ﬁfv'éﬁﬁ?dd G [5#Hirfa8¢ Rod ésEbtﬂblPMW&l irlcudeb
«channel s t hereon, ere the channels are defined b ener a spaced apart

proj ecti omhqumdtdmmral laggrsartdha fletresubstate Iayiee  hise higui mr@&i&aé/er 3y oiRRPideY a

|IC]UId onto t al yneric crostr ure bear.i o

wher ei*h M@’I Sidg, @ I'fho hgel9P; %HPI' EY'PEtadfgc@gtﬁ#%rﬁgbggggénSEﬂgng oth he
l'iquid aI @Uﬁhhﬁaﬁh chdimeRherebh ¢hut 'esiRlavcdirédbiohaloflow cohrsledha siquidhdispdsbé
exposed evaporative active surface of the liquid is incre

sed by, it
spati al dﬂcteonbJﬂwpdaminntetﬂmrﬁsssmbécmcmeaww toR attgedyngathe “@aahdec?#sa‘hﬁel

its spati ut | (o) h
channer . Buiflepitroldaie OF e idd) Syl fld 6 O RPYERR olsBorBihc '**P{“?(fﬁf’de?ﬁ
each chanpgér kirighetop-sileraneltd uttonThide.nBhébattdm stdlaalfthermlpdaim lsalxlpmﬁ ougprt he

i ncreased éevaporatively active surface apea of th ido

ni cr o$@ r utheutop sisisaef the liuid sentral dayerite é’ﬁ%‘"%?rre apﬁe X %F@F%f?‘&?"qnﬁﬁfff%nt
t he inven o]

i cr oot r uielPeRel | THeGiHRE AGHDRSAEy ihGudesiiedhs o AR AR afong the

i nvent i veclanbioginicturé definddnindtwetasthie nop sideiof tlg liqusdi cbntodl daer god he bgttwm

liquid onto the pol yneric ost ruct re beari.n face to def

cont i nuouside biheotaplayssi & ’%]9'@ ly; the esp WF&E‘@”S%& ;H?QF COYEHe; fWJeﬁ}e @)é) r

met hod ”agege%ggﬂla Cb%' Lepsch r tcﬂ@roﬂmoﬂ\ee ARG @risi¥Bng 0T Washet Nate, hidleivWosodver
u

the surfa er procéssing of the liquid, recirculating the
l'i qui ds Cobbméte.dnétabon fatigues maftinge Ihcme embadimesnthe o2p taer iserousnand may

Phe 1 qui tRFIBRETEn of armeimve gt F1ErmBOL e BPpoh SBEat vl Af ke,

moving | nafﬂl%d?@ﬂﬁrt@ﬂ) Livle 8PMRIigLRE dﬂinfrﬁplhyé?fbyt@pkf’sﬁrd defisltivle 2dhekivew di rection
across the surfac Alternatively, the air streammy be noving in a

di recti on genelma prefgresdrmbidimentr the NQViRE MRANSCIPALES 2 Pf&%suff’rﬁa‘ﬁ'ﬂ’q‘tﬂlﬁ"g the
fl ow ng acyoss, the, surfa e r _are
9 8;’28}'1 ln%vcg.ge {’re %ﬁ‘f'?”m}gu& Jl fech% ﬂg@ Q'cgﬁt%lslay& MGs R'1edsEOht 81Ss

ri dges an nnel's. I n one enbodi nent,

t he IOQbyn@hérﬁteﬂf&ﬁﬁ&&hdﬁ@nb%&h&ﬁﬁtd h@n&lﬂoi\abetmastlﬂﬂcﬁannds antiqu;dcremdvdnds
and the inventive nethod includes introduci Ql% t he surface. uanth h%/
i qui d onepertuse issthen prowidedjthroush theriguid qoatroblgyer;Ip sprgnicat] 6P A ¢hf f9Sthe

f f
Lo b P bl s® 00y SR A Aot it

vertical Rghaimels. arﬂtbrmm/aﬂthevtaprmddwoﬂthedyqtﬁdu rcohtzol layer| todfacidisdte rhqngi flow

addi ti onal surfacetex refe ures,on th meric rostkuc barlng
surface i bebyegarthe £hp ﬁﬁelr'%‘ﬂijfc'%@l;&ﬁr %“ﬁ%raeBW"’fl@ gulb‘B'd t'r ng

| i qui 45 ggg@&eml%{rf{hfoﬁg inP{ejgdc'Kelmuld tr&ﬁo%?'ab@ﬁuﬂe%eﬁﬂgcﬁpéémﬁmhuéﬁmbwm ng

surface h genera channel s extendln?
one of the cross-channels and the moving means. In a preferred embodiment, the channels

are defined by generally paraliel ridges including a first set of ridges having a first height
and a second set of ridges having a second, taller height. An upper portion of each ridge
of the second set of ridges may have a lower melting temperature than a lower portion
30 thereof. Preferably, each channel has channels ends and the moving means withdraws the
liquid from the channels adjacent one (or both) of the channel ends. In a preferred

embodiment, the liquid control layer is a polymeric film, which may include a



5 between first and second ends thereof, and the inventive nethod further
I ncl udes aligning the surface so that one end of the channels is higher

t han the Qidwesdsd. Al ternatively, the mcrostructure-beargdygusihiree may
be aligned so that an internediate portion thereof is lower than its first
and second ends. In a preferred enbodi nent, the inventive nethod further

I ncl udes providing an additive in the polyneric mcrostructure-bearing
sur f ace) charavtedstes altering additiive iov suifaceswhating. e dhé pddntivdmay besplected Sram ithey  of
flame retardants, .hydrophobics,, hydrophylics,.antim.crobial. agents

i nor gani &?“H’rﬁ?“&fsf‘f‘é 0;5‘6#)%"?% Feég'jda'&%'aé%ﬁ?élll?«?fcé’, hﬁ}PP*&’ng?, witiyigrokyal agents,
nanopar t ijdr8enicSm&AlliDpagiclar! Fra@s fberk, "§11dPs 2My3Omd HasSpartidle@n dht Rhavils
'schematic dragrams used to ilTustrate interaction of a liquid on 15 a

sur f ace. hevesspatterntgeometr selictad &rom thegroer consisting ofiiineary cwrve geass radial,

il ustrativai nbodigfrllts ‘8{ fl uitd cqntrol films of the present invention.
FIG 3a iPe" ?E@P%&% TENARD" SR CRRC H& i ve fluid transport device in
accordance W tdhet SiRbATMERNST he\(REehO hvehticiNishimethod! dfuddfinidan ay@native cap
| ayer mounted over the structured 20 |ayer to provide nmultiple discrete

channel's lighis flew gathroncopetymede migastiictured liguid ttanspostsustace afibe sypediving ve

| ayer bonding . the.stru | aye S rage. .k Il t , in
parti al saeelf’?%l&%\ﬁ)fvcﬁlgt\}\ieﬁgagl?%{'c E‘)eédfoeﬁn (rgdolﬁaedr{rgn a§§&§? rth%%rflg% A gﬁ;/ég r‘%@r‘rgd;e
accor di n@ifeetiérak ppthes@nihich\aea foraed t61dontrél ihe dispacimppand evapordtiey of than
alternative active fluid }Efrans ort &\eélc | N 25_acccirdance Wi tthth resent
i nvertOi odiquid dispased en ghegugfaes. y Thegthgd ¢ fosmuns 3;least gre gropwsriiang t he
active fl i : ' , an ¥i ews
of st ructll SgHRIER HikroRfliEd tadid Fandhor b, (P0G, Rastbio Ridhett 120
be used ichamielsesfithe plufdlity df ¢haanelp fortligdel/flow theneteoreeendance with the 3o

present invention. Fl 7a 1S a schempatic il.lustration of an alternatjve
DCtive 11l d (hraibbh (hadoreBectoR e b SNEHtv ARG Grmbrises aRBss J8aos
PCT/ USOL/,8/86 rksfie. P tHeSpoly bt ificRiMribriddcnile hdiSpstt silfiee €51 defihd hd he
cap layer partially broken away for illustrative purposes. FIG 8a is a
schenmst | crodsichannehtthereont dm alprefemadi embedimente the ughanpelsnepor tpollangrice of
the present inventiqgn..5 FIG 8b ds a plan view of .1he ice o .G 8a,
i th' ¢ e st aGed i d uprpon Siifase Hriishied bF Bty bitrdB piiBe inglifhs

a first set of ridges having the first height and a second set of ridges having a second, taller

%

height. Preferably, an upper portion of each ridge of the second set has a lower melting
temperature than a lower portion thereof, and the forming step includes applying heat to
20  the polymeric microstructured surface along a linear cross-channel segment thereof, to a
temperature high enough to melt the upper portions of the ridges of the second set but not
high enough to melt the lower portions thereof. Alternatively, the channels are defined by
generally parallel ridges with liquid flow valleys therebetween, and the forming step
includes cutting away portions of the ridges between adjacent channels. In a preferred
25  embodiment, the polymeric microstructured liquid transport surface defines a top side of a
layer having top and bottom opposite sides, and the method of defining an alternative
liquid flow path further includes forming a liquid removal aperture through the layer, from
top to bottom sides thereof, which is in communication with the cross-channel. The
method then can further include urging liquid across the polymeric microstructured liquid
30  transport surface toward the liquid removal aperture, and may yet further include coupling

the liquid removal aperture to a liquid collection receptacle. In a preferred embodiment,



FIG 9is a plan viewsimlar to FIG 8b, with absorbent strips aligned
bet ween apertures, and with the cap layer partially broken away for

i |l ustratwon2adise®ses. FIG 10 is a plan view simlar to Rdpudhrigbt h
cross-channel s formed between to apertures, and with the cap | ayer

partially broken away for illustrative purposes. FIG 11 is a plan view of
an alternative active fluid transport device of the present invention,
enpl oyi nghe imiedtivé methdd atsol iecludesradivering @lcap layed(whith colid be pprduayento the

partially broken away for jJllystrative rposes. FIG 12a is schematic
i 11 ust r atRBYMEHC Bugr w%&i%@"aw&%%&g@m uating the 15 col |l ection and

renmoval attri byt s r%llli}%d@?éﬁe&{ thie%ﬁg&f%ﬁ”efgb@ thtZRvértion RCdUEMed a8 P! an

view of the test asse FIG 1 F 3 is a perspective view of a
t est assantthgd ffor eshancingt thegratehof evapooationi of liguidr dispesed @ atduefape adueht

invention. FILG  14.is a graph.of fested evaporation rates. 20 FIG 15 |

ar aph ot e AepingarRoRet peet & Blrkas FRAl SfkrbfRie PR eEron or
a channel\ggh Highirafdy’ MCdhdhfdls SiéFdoRC Where thORhineRadte defin@Nby Béherdilylspaced
quantity of liquid'thereon. FIG 16b is a schematic sectional view as taken

al ong | i rapatteprojectigts with atipysitberebetween.1 7hei method dneludasi intrpdycing pdiquith of a

test assenbly, used in ewval uating.the 5 SS e I_but es
of the pr%@%ﬁe Pﬁ\‘/’@ﬁf’? mprogfrgtut%ﬂgagngggﬁg%%e%fgtp ?(gﬂ@' e&}ﬁte{)eﬁ'g?ﬁevéhea\?'vh%lé a?'!';ken
al ong | i nRrhdditol MBilitdle _Eﬁb&ﬁtan%ﬁs widkéng dBthé Siqaidcalongs eshcihamid which paceiyey i ew
of the fluid control filmof Exanple 15. FIG 18a is a blowup of a portion

of the@ fIliguid thergin sp that|the expossdeevapgratiygactivesaipiace of Hiediqnd dgingreaers bient s
are set f. J V. ' .3 ' .
cont enpl ditsspial disiR AR, e Suibaion tofd H6E (ERASEE TRCH SnaheL HEParial |
cases, thdistridutier as thecyirestéuri betiween ithd padjeatioas of ndaoklichemtel af wehieas by

I nvention_as, representations, not Limtations of the present, inventjion. It
i s under sf_f’b‘ﬁt!’gt'ﬁ%.‘i‘s%‘s e\ﬂb_‘ GE’F’GB?SG@W%MF N ¢ldn §§‘f F'Idérﬂ‘:tfcﬁ" ttge art
cout d devh3oft ARG Uicl0BE bipb@hi I incPeabdl ePpBRANELY! 48 sliAToeites BEHRY!

still fall"wthrn the scope and spirit o I nventi on.
15 liquid on the microstructure-bearing surface to ambient air.

In a preferred embodiment, the inventive method includes exposing the liquid
disposed on the microstructure-bearing surface to a moving air stream. Preferably, the
inventive method further includes introducing a sufficient quantity of liquid onto the
polymeric microstructure-bearing surface to define a continuous flow of liquid over the

20  surface. Further, the inventive method may include collecting non-evaporative liquid that
has flowed over the surface, and after further processing of the liquid, recirculating the
liquid collected from the surface for reintroduction thereon. In a preferred embodiment,
the method includes exposing at least a portion of the liquid flowing over the surface to a
moving air stream, which may be moving in the generally opposite direction to the liquid

25 flow direction across the surface. Alternatively, the air stream may be moving in a
direction generally perpendicular to the direction that the liquid is flowing across the
surface.

In alternate embodiments, the projections are ridges and/or may be discontinuous
along the channels. In one embodiment, the polymeric microstructure-bearing surface has

30 first and second ends, and the inventive method includes introducing the sufficient
quantity of liquid onto the surface adjacent the first end thereof, and aligning the surface

so that its first end is higher than its second end (e.g., the exposed face may be aligned on



Definitions Unl ess otherw se specified, the following terns should be
construed in accordance 5 with the following definitions: Fluid control
film("FCW0oymbags to a filmor sheet or |ayer having at ﬂ'@ﬁﬁ%m@?%9mj or
surface conprising a mcroreplicated pattern capable of manipulating)

gui di ng, contai ning, spontaneously w cking) transporting, or controlling, a
fluid. Fluid transport film{"FTF") refers to a filmor sheet or |ayer

havi ng at a genesallyovesticad piamedr Theiinventiveaoethod siayfustheriicclodeegdfining adtlithadal er n

bl e of ont aneousl i cki,n r transporting a fluid. Eluid transport
tC ZBZ rgf e?ufag%q?ﬁﬂl%d?%é%ﬁmoq" h\cgf’r?qW‘Fﬂc s%ﬁ‘éosﬁm@ﬁﬁ'ge'}’?ﬁ""ﬁdﬁggicﬁd“tWgef i®mto
a subst r ainErease the SudhdeSdred HeRion ToF Sipp6rtink thé ﬂ{]lﬁﬂ.l I16 @hé Prefef@Nsmbdtiment

‘production of a mcrostructured surface through a 15 process where t_hé
st r uct ur ete elyraerec Mierostrecturedrearing aurfacechasi ghoatally eparalled chanrels extentling ng

atr e coprues Bl S 8ROE Snebe af MRy Bl T oot HeRe? adhing con.

Li qui d r efiiegarfaceaoahatadn@lend of tiRShaAfid?disHight? thanQRe 8fhePedd. I ARbmagekly Uné ace
that 20 facilitates the transport of |iquid over the structured surface and

away f r onhicrestiuckine-Bearingsuniges s1ax besaligned s ghat g igtermediptgt pastiort theregifiamnel ' s
| ength tag.| ! ' L MSs. d l.1 i i e tabl e

Cross- segt0 H%ﬁ 5@2‘?%2%1& nga%h(g'ﬁinee d?'@#(ﬁergfef)rg&]teﬂgmpﬁ#g"t ’hth\(%ﬁ%ﬁng' Vﬁé{’?tg%? e

peri met erfurthér netualies pdovidiag ranpidditiveoin theepdlyméris neicrobiragkertRating Sidadel esent

i nvention relates to . articles that .incorporate a fluid control film
corrpoWentV.”{“?RP‘“t e pdditivsi iy sslectteai §r°§bd{'? offOuRy; gansisting | off dlasmsnretdrdants, s
V\/illbeqﬁ%q:' . y [0t iLl-ust ' 44 ¢l

i ncor por at’i n@hpﬁgg’eh?ﬁﬁéﬁtég’nan@ﬁ%% lgsﬁﬁ'}gf gr&?'{gkéﬁgf’l ﬁ‘?%f'?/"gé’fﬁ'&%ﬁsgf‘ts Bbl e
fluid corfitrend, filletspslafpandmsanoparticlee present invention are described in U. S
Serial Nos. U S. Serial Nos. 8@/.9 ,481:, 09/,099, 269; 09/ 106, 506;

09/ 100, 1 63; 09/ 099, 632: 09/ oodBHeDessriptign pfithe Beawingsy U s, Pat. Nos.

5,514, 120; 5, 7RG 4Ran@ B afe sch¥iafi2didgrark &is&dtl/ iRt £hi®fetion of a liquid on

15  a surface.

FI1Gs. 2a through 2k are cross-sectional cutaway views of illustrative embodiments
of fluid control films of the present invention.
| FIG. 3a is a perspective view of an active fluid transport device in accordance with
the present invention which has a structured layer, a cap layer. mounted over the structured
20 layer to provide multiple discrete channels that are in communication with a vacuum
source, and an adhesive layer bonding the structured layer to a substrate.
FIG. 3b illustrates, in partial sectional view, a stacked arrangement of structured
layers made according to the present invention.
FIG. 4 is a prospective view of an alternative active fluid transport device in
25  accordance with the present invention.
FIG. 5 is a greatly enlarged sectional view .of a portion of the active fluid transport
device of FIG. 4.
FIGs. 6a and 6b are plan views of structured layers illustrating alternative channel
structures that may be used in an active fluid transport device in accordance with the
30 present invention.
FIG. 7a is a schematic illustration of an alternative active fluid transport device of

the present invention.



6, 080, 243. Preferred fluid control films of the invention are in the form
of sheets or filnms rather than a mass of fibers. The channels of fluid
control fwowmeissshe i nvention preferably provide nore ef figetisg2iisoui d
flow than is achieved with webs, foam or tows forned fromfibers. The

wal I's of channels formed in fibers will exhibit relatively random5

undul ati ons and conpl ex surfaces that interfere with flow of |iquid through

t he channel s. FHocUnisragplan vieweof ¢headaviderfliIFIG: 8, witk shernapilayes partiakhy broken
precisely_repkic from redeterm ned pattern and forma series of

i ndi vi dua?wﬁg§ﬁﬁg}ég’gﬁ'Y%$VP§%§nne| s that extend along a major surface. These
m crorepl i cat eRIGH&NIzed schématieiliubtatihadian afternbtivVéractiedluid easspahldevigaiofor m
-and regul ar al ong substantially each channel |ength and nore 1o preferably
f r om chanthelpresgntdR¥eMieON. Preferably, such a filmor sheet is thin,
flexihle, cost f [ (o r . i

‘mat erib;al propeF |'e§slﬁs(§lrﬁ?é g'e%%qg%d(ged “%f)égll{iq;&é?lgbﬁﬁgﬁ%%gggfy%gégﬁlgﬁb'(rﬁﬁe%g?red,
an at t achgeat foriliuseraieeplrpeses.adhesi ve) on one side thereof to permt ready

application to_a var.i et)( of, surfaces jn_use. Jn lS)O enmbodi r{,ent L it is

contenpl at ed t K- P Avamlamyigwysimean 1oy FiG; $b.owith g %%ng‘?"éisﬁ'ﬁfa ‘tgﬂﬁds ptivean
trol f] f . j i l; : I d

control Tl eMRr& aﬁmltﬁ)Eﬁ%ﬂ?#gpgﬁgaly?rﬁgéf?fapgﬁ 1ﬁus?tfat|§é)%9§é§.ous y an

uni form y transporting annel s. general factors
t hat infl uenceFlGel@ls &iplan dbwfdimilar ©OFKG.08b,f witlhrerdss-chpmetsafoeoers bgtween

transport liquids (e.g., water, bever s, condensate). cleaning sol utions)
etc. . 5)0 arﬁpeﬁ%)'est ﬂ&i( \j@@mwﬁwﬁf P%JBB@F g‘%ﬁ?“ gyay '@‘Eﬁ&?gﬁeep‘(%’giﬁg'l larity, size
and shape of tppGCIARNE)IAN vRODoK dn! AltefhaBvOaEWeSAH triRsgoReddvideBfShy prasent
(e.g., surface energy). To achieve the desired anmount of fluid transport
capabi | i tipventiond egiploying meside fuids coltentions manifolé: andrwitho they eaip laye partigBy f | ui d
control f")l m and/ Of a](iilkltlst t he surface energy of the fluid control film
surface. THE<GT B¥eY KO MBURIYSRYPLSnnel wick nade from a fluid control film
to function itppeefighablsthématicufifubatfnt bl ahdest @aBinbiyCubed b ewlaking daesi r ed
liquid to wet the surface. Generally, -to facilitate 25 spontaneous w cki ng
in opth ceellestionand temavabatiriputes of theaaresepfeingentfoace of the fluid control

[T om0 Rk 0Oy G R By R s one-hal

invention can PEGOL3dany pespettiveyviewadf Ptedv askemblle forr evdlubating)itise évapomipioet ,
and preferably one that is readily replicated. ' 30 The inventive fluid

control fatmksitesef thepressiiyertifin any pol ymeric materials suitable for
casting or enb I {Pisl i g% d QlapbrafiBRkfes. POl yol efins, polyesters,
pol yam des, po 3‘\% %15 ac%k%‘??@e t? pc?lpyet her gsst ers) polyi m des,

pol yest er am deFIGO1S5 is\a@raph OR28&Bevaporatidnidtesl 769 pol yacryl at es,.

pol yvi nyl acet a drol yzed derjvatives, of, polyvinyl acet at e, C.

Bol ol ot ne- ar ETG: aisradehemait jlifason,t o Pt antrosiisdiedisn i o ee

bl ends angfegin: GARALYABAh o iRHAYTof igiid (REBGLYITET S of propyl ene and/or
et hyl ene th mnor proportions of other nononers, such as vinyl acetate or

acryl at es suchF¥e. héh isyal scheratinsesticral viewtas talenpbongdingfliohs 18bén Bl Eoa: ed

Cypi cal 1y 1 oveFIGoLi tfrrePats 1ERsRBERCL I Comrly bl RO Re Tk v
char ag4 er hsd mass trdiefey altAbutBSof thePickont idehtiemt e the surface of a casting or
enbossing roll. Theé are tough, durable and hold their shaie,mell t hus

maki ng such fi ITHG-ddbys 8 schematic secaippal vievnas taken alaps Bre Libd&indpidaess.

Hydrophilic po r n Al 6y r fihei I

properties andklyﬁhgir gﬁ%‘ﬁ?ﬂ"g@&ﬁ%‘%@ g‘ﬁ%}}?%@&?hﬁ?ﬁ\)ﬁ@@ﬁ@iei:llsc'ont r ol
filnms can be c#$G. i80mattiewpsstiapoftivn fhheflnidsiontrobfiler ofFEG. I8uch as

pol yur et hanes, acrylates, epoxies and si) icones) and cured exposure
radiation (e.g., th&¥hig sevgrahprefermrd-gmbodimsnts 3rf S%{}er.tl) "bﬁ"en%%gf éP@‘."“%ese
material s j i [ i i f LEiers
(such s ofRY sitBufhéhus G 5 BHPINES, <o Wb o b AGEd TR ah o ot o
15 pi gmendicusspineade alyemies,) thim disskoane cpraspmts shearthstrated | érklendigents aif| thef | ui d

control filns. also can be,manufact.ur.ed usjn ressure. senpsitive ad L,ve
at e |l s IR eGSR AN, WAL G g or BRI TOR ndt s sHafiod Tha
materials (e.g., glass, ceramics, or netals). ' Preferably, the fluid
control filmsubstantially retains its geonmetry and surface characteristics
upon exposure to liquids. 20 Generally, the susceptibility of a solid
surface to be wet out by a liquid is characterized by the contact angle
that the liquid makes with the solid suPface after bei ng deposited on the
hori zontal Iy di sposed surface and allowed to stabilize thereon. It is
sonetines referred to as 'the "static equilibriumcontact angle") sonetines

Y . P TR . a ~ - A — e b————



5 are inherently hydrophilic) such as for exanple) polyvinyl alcohol).
Li quids which yield a contact angle of near zero on a surface are

consi der ewd a/esepl et el y wet out the surface. Polyol efi ns,Pm\{%]@are
typically inherently hydrophobic, and the contact angle of a polyolefin
film such as polyethylene or polypropylene, with water is typically
greater than 90, such as shown in FIG Ib. to Depending on the nature of

t he m cr cmepkilledtie dhd ark gowld tdevisahuinerogh modifiratiohetorthe presertfinvamtioh ivchichd

bei ng transpert 0 desire t.o just or nodify the surface of the
filmin o‘?"&'@? s&u@?eghgﬁﬁgqﬁ%ﬁquiag(ﬁfplgta?aﬁ}:f 1YYt ces of the article. For
exanpl e, the surface of the fluid cegfinitionsi | m my be nodified in order to
‘ensure it is sufficiently hydrophilic. Body liquids that will cone into
contact with tUeless atherwissrapeeified,itherfollowing,teripp be gorstrued in ancerdpgee
aqueoys. T i i .ol filnms of the invention are to be used in
‘appl i ati%‘ﬁ@a?erfeg?‘&/éngé’ggﬁ@&%'i qui ds, those filns generally nust be nodified
(e.g., by surfEar ¢ontrel fibmt(“FEPY) fefars t®a filin susieae or det hagag Gt lageois) , or
i ncorporation of selected agents) such that the filmsurface.is rendered
hydr ophi IM¥os sukface; eoBRMTING @ Migpiephcated Rattean sapakle f marigulatipg  gHding,

enhancin et i NI t i1 the fluid control
film Suiqztoégﬂ?% osblr)r@? ?l%d&glyo‘#“g%gi t?]% @ﬁeﬂé'lﬂ’ gﬁtg&%%fa(s)%ﬁ{i] ic include: (i)

i ncor por at i on Ebidatraspddil@nt FTET)i referstooa fidm atrisheetar layorfmciagadd¢asngneni t h a
hydro&hi l'ic pol ﬁarrer; an,d,w&ioaii tre trréafpt wWth a P‘%/d ophilic Fila e. O her
met holds dPYOL PWEACE FPMPIISHSH greplicated paster GRpable phspogtaneensly WIkking oh ray

have a vafighartif Rpgaphies. Preferred fluid control films are conprised
of a pl u?a%'ﬁymo%agﬁahnel s with V-shaped or 25 rectangul ar cross-sections,

and conbi nat i dflsidotrarspers ¢gpeasferseta fluid controlcfilur withtsoate means feradhedag yhe
channel s, i n. channel s. For spontaneous w cking or

i.e., ch | i,t h
transportm:‘;ﬂ %ﬁ“@ﬁgﬂggﬂiﬁ%%}"a{%é" i red contact angle of the

M crostruct ur egicefehRcadiohl Medrd thetmbdation af ¥-hikposnatiaetd’ buifade aBFugRla fil M8
is such that: Theta < (90 - Al pha/ ff)m 30 wherein Theta is the contact angle
u

of th¥ | ipfasass where theestructured surface reayetpis amindixidya deaturiedidelibadusing e of
t he secondar \(—rchannel notches. (See, e.g., FIG 2g). 12 WO 02/ 062S68
PCT/ USOl/'ET'?‘&C%ﬁy sui t abl e known nethod may be utilized to achieve a

hydrophilic S%iﬁaﬁelaﬁd‘ingbbhd refenst toodnyf arkarer @brtidieofbs egadtired rivefate cHat is
Surface treatnments may be enployed such as topical application of a
sur f act araligngd forpmitiehleeecaiving liquidthgreoBeposi ti on, pol yneri zati on of

hydr ophilic r ' rophi lJ | ef i n T S ace,
Corona or & 1R malabhd e PR, def hOE SR ikl shtriler el
sui t ajyl e fagititiitesTHhe teahspdre nddijuid dvertthe strasturedasurface iant eawnyl fratathadiqaid sti c
altering additive at the tinme of filmextrusion. It is typically preferred
to i ncor J8RHPBZA&yrfactant in the pol ymeric conposition from

Aspect ratio is the ratio of a channel’s length to its hydraulic radius.
Hydraulic radius i$ the wettable cross-sectional area of a channel divided by the
length of its wettable perimeter.
25 Detailed Description of the Preferred Embodiments
The present invention relates to articles that incorporate a fluid control film
cdmponent. At the beginning of this section suitable fluid control films will be described
generally. Descriptions of illustrative articles incorporating these films, and examples
thereof, will follow.
30 Suitable fluid control films for use in the present invention are described in U.S.
Serial Nos. U.S. Serial Nos. 08/905,481; 09/099,269, 09/106,506;, 09/100,163;
09/099,632; 09/099,555; and 09/099,562; and U.S. Pat. Nos. 5,514,120, 5,728,446; and



which the fluid control filmis nmade rather than rely upon topical
application of a surfactant coating, since topically applied coatings may

tend to fiwgodids24¢s- €., blunt), the to notches of the chan by
interfering with the desired liquid flow to which the i nvgﬁtﬁg%&l%}?&

directed. Wen a coating is applied, it is preferably thin to facilitate a
uniformthin layer on the structured surface. An illustrative exanple of a
sur f act anf,080243. cBrefdreedi fhid conaral fibwds bﬁtlpoh\ymibylamm thé foreh ofwheetslor filthes i s

TRI TONT. M avai | abl.e,. from_Uni on nbur CI), an
octyl phenrﬁifl‘? &B@’éxﬂhﬁ%@%@ﬁa%rs eoﬁ'?a@ %fdﬁ\‘“go ?‘E{HEOID@ Htfe&z"&t‘“%t ween
about 0. rmamﬁé@gﬂmoé lightd fidw H%inﬂ@tabm%véﬁa@vlﬂﬂq\fé&rfo%\'l{ 0P t6ws

‘nodi fi cat | on of present invention Is the top
appl i cat iformed framifibyes. cEhe walisiefelensel$ fiurined nmﬁbemevnﬂeﬁhibntonlapvdyl mmdom

t f. | CH2 . F2n+1S~ P CH20
7280 ROvH{HARS T8 cRRIER Mrtfes T fofiire ol How oF Hayich by ghiths Shangeino.
wel ght PERC Bohtraf, thRSshddnels il PheCpkésentCidveftion are ﬁreése*ry ZreBllcaté'd Ry a 2

wherein n=8 (97 percent)) n=7 (3 percent Preparation of Such agents is
di scl os eoprpdptmed:mtt@m armbform %esiesof] indnvitenl eppe cemlleny c)hamlnhaeextend

f o]
S oo SR S P B IRl RES GERESH AL B s e
Pol yst r i h / 2 1ehgth
Cgrr%;;nep ﬁgﬁﬁbﬁ/a:frfa igggqlraérl ‘Igghl;? %;fhgg%?;\/daaﬁatﬂlﬁg& élr om Unlsgﬁp%g?ebl de

Cor p. 10 DeptBfgrably h&gn%htg chawely BrsErably. asughj AffHeY effheesris hhlmferdalafcost
surfacta H@é{ tPproahe caf éﬁ:rh@@ tS EBJs?sfsedegiedt {ﬂﬁtteh BP@%B&%@& itelih gmi%d;]

| mpregnate he ar’tlc I'n ord roper ies

fluid Corﬁppbbatfdnlamdaranaiat/e Gf desand)rateateutfbtht réan3¥yudheaschdhiesivyg) dnCongeside t he
surface o fluid c 52H{1trol filmnore hydroplllcthanthe i | mwould be
wi t hout & %‘ﬁo foRFRDEERY. 2nPHEationte @ \BRBYRISERecesdn uphe lpameembedimentsi on

retain theisdes Er@ﬂja i srpﬁ,rg henelet i €s throughout the life of the
pr oduct |nltso V\}‘?I h t‘%eagj ui@ﬂco treolﬁ ?’Pﬁlm Is to incorporated. In order to
ensurk t he sur(fa'tairamf 'the ﬂ\uai lcabtrel fitlmouxfh¢het ptésentl iifventidén tdne dapabld cPONt r ol
filmthe surfactant | Ci

{1 i S avalla(Lseln Uf{'ﬁﬂ?gl nt gaﬁtltylnthe
article tSRPEARIAYSY 3 ”'P' ‘FE‘ ra’islﬂg"tg'lgtlf"é’l' ypng shannslsy bwo eseeralyr f ace
of the flfétdrsChRt mBluedde! e abPity XA &)ntr%l h}iﬂi %‘!ﬁonﬁ%@ﬁﬁél?'ﬁ%sp’%ﬂrlﬁcﬁﬁﬁ@nt
can be immobilized to a fluid control | m by functionalizing't

sur f act af{e.gwi whten bgverages, t¢qnda¢sat¢x>cl®ningnmltmmm eten i arey (o uthe gﬁometry or
topography of the surface (capillarity, size and shape of the channels) and (ii) the nature of
20  the film surface (e.g., surface energy). To achieve the desired amount of fluid transport
capability the designer may adjust the structure or topography of the fluid control film
and/or adjust the surface energy of the fluid control film surface. In order for a closed
channel wick made from a fluid control film to function it preferably is sufficiently
hydrophilic to allow the desired liquid to wet the surface. Generally, to facilitate
25  spontaneous wicking in open channels, the liquid must wet the surface of the fluid control
film, and the contact angle be equal or less than 90 degrees minus one-half the notch
angle.

The channels of fluid control films of the present invention can be of any geometry

that provides desired liquid transport, and preferably one that is readily replicated.
30 The inventive fluid control films can be formed from any polymeric materials
suitable for casting or embossing including, for example, polyolefins, polyesters,

polyamides, poly(vinyl chloride), polyether esters, polyimides, polyesteramide,
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15 surfactant could then be applied to the surface of the fluid control
filmor inpregnated into the article with the article subsequently exposed
to noi st up@ o2kagsegoi sture would result in hydrolysis and spiasg&48Me9
condensation to a polysiloxane. Hydroxy functional surfactants, (especially
1,2 diol surfactants)) may al so be i mobilized by association with borate
lon. Suitable surfactants include anionic, cationic, and non-ionic

sur f act argodyachydates; erpol@Gnylacetaieli chysluolfzedt addrivatioss bef ppﬁ!mhyhdetaheﬁ e their

G f act arhelvelbling, e pestbiied, PTG @SN B TotmaRyiens | SEuds aMpr
aral kyl , apgy ﬂJerefﬁlé}elg |&9%b§lyrg§§ﬂt{ _I[ﬁGﬁyl@ﬁ%' %/&%ﬁé%it 'ﬂﬁn&xﬂd Eortlons

‘copol yner s such as uronic tronic pol ygl ucosi

pol ygl ycenfydthershenameranuich e viny ecetateharacsylatesisiich aumiethyl and sbuanl@qdatecl osed
In Serial 8/ 576 25 As di,scuss a_surfactant_.such a

hydr OBhI Boly O&fo 138 p'éﬁ% "Fﬁ%eﬁ?‘ése(# theg %’/‘ﬁéfeél?ﬁﬁv dgléplép[gﬁmeéoea[s%o{mgcgsamgace of
the flui din@aps 1&91)' fowemceft thdsMeNdeARbplattie rdlerias hhﬁh%sinﬂlé?rcﬂﬁ’fact%ﬂsﬁ’éil ust
the properties o fluid control filmor article ternatively, a

hydr ophi |quyﬂcfmmadlimszpbeataam@wdaoe ohe castmgcoreerab@snpgl rpHe rThep dre tpuﬂu uto

f

acr yl at e SRR PR ghOEaPs WIEL RN sich T 3R BB R b i
radi ati onpr é?h!bds@nhgg)rbb’éiﬁ OHbdﬂolpﬁ.lﬂaqbd{ymémamcmobﬂso Eﬁmr&ﬂ%ﬁ%ﬁ"pﬁﬁfcﬁl of

et hyl ene oxi de; | i c_polynmers incorporatin unsat urated
nonomkdr s mamt@sanﬂn wpwyﬂy cb!glumce r:nergyvxtﬁl@qn g@m%lmmsabl films7@ be

car boxyl| 'c%st bl thé.%dcg&ﬁ y@u&ﬁfecﬁesnﬂr &Qﬁaﬁ sgfdlguwgﬁés' 30 at & e¥bALES

such as acr IC acC UI’IC |ona acr

hydr OXyetthsﬁiWOﬁk@tzﬁld otréty by @Rpdsaie radimdiont (. ghytﬂémwzed’ deEibeain adiation, J.
pol yvi nyl al cohol ) E yl am des, pol yet hoxyl at ed .acr,yl ates, and the |iKke;
hydr ophi 16t€) %@PFFLEE} dheseumaterials may copspin vasioys pdditivesHRiuding sutfase enstt ar ch

o And. Iodhddiftts SIERTES R £lhnd Hlrd R4 oy, IEEKEARY BROYBEA,

hydrophil1c si e or mxtureo
the fisui chigmets,aicleasd agents, ianqint:aMeets andttbe tlike. eﬁuntalnibeﬂumh contdalrfiltns adgly ust
the properties of the fluid control filmor_ article. Bau abl e sil ane

i ncl ude t98 benmanptactyred, usiag (pressus sensitiye adhesiye smatgals. In \same cases, &be i oni ¢
or Cat'orEhﬁnﬁHsdgrPaghbé'fSnﬁéd 88188 -in amer\haeﬂisasscelganglasmrmcpr&f ﬁfefa‘?sﬁes e

certain situati and have the advantage that cerTain of t hése sil
al so bel um&mbiy; Itlm/dhadmt control ofiimal sybstaptialtyi estainss itsr gedmetsy yandestifaceed,
the channels of. £l uid control, fil of the present invention can be of any

geomet ry ﬁ'&FtCBFtb‘ifltffé’ge?ﬁ%%s“Fetahqu’ id transport. In sone enbodinents, the

f1 ui cecontrol (fiédefﬁlw |the fsay&pmsmtpaw acbam@hﬁa&ntmmbywemeum of liguid ace IS
as shown in FIGS. 2i . I n other enbodinents, however) | uid control

filmwl |chn@v@np¢d laaaﬂjp comgach angle Hiat et luidrekessyith éb;fegghda%"@%men heing Gs.
2 d 2 |
] an nkdeP d@g@hé Foﬂoﬁ,a&lgadlf[?os&# WhifadeOMd ]0\Ilé€1 fq E bﬁlﬁg ttﬂgre S

i nventio ayer meric rra S a ructured
surf ace Mnmtimsleeﬁzfred tte dsvehe r’r‘aumc equmbaumscoﬁ[m dngleBr s@Betimes wfmedatd)ody

| ayer 26 }Ie;e?pm\/é@élggs tchoentasctt rarlljgﬁt ured surface 24
25 As shown in FIGs. 1a and 1b, the contact angle Theta is the angle between a line
tangent to the surface of a bead of liquid on a surface at its point of contact to the surface

and the plane of the surface. A bead of liquid whose tangent was perpendicular to the

plane of the surface would have a contact angle of 90°. Typically, if the contact angle is

90° or less, as shown in FIG. 1a, the solid surface is considered to be wet by the liquid.

30  Surfaces on which drops of water or aqueous solutions exhibit a contact angle of less than

90° are commonly referred to as “hydrophilic”. As used herein, “hydrophilic” is used only

to refer to the surface characteristics of a material, i.e., that it is wet by aqueous solutions,
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20 projects. The body | ayer 26 serves to support the structured surface 24
in order to retain the individual structured features together in |ayer 22.

As shown W g2hkssgs 22, channel s 30 can be defined within t in
accordance with the illustrated enmbodi nent by a series of %’ﬂ/ﬁ%‘ihl-}{@

sidewal I s 34 and peaks 36. Each peak or projection nmay define a cont i nuous
ridge running al ong each channel, or the peaks 25 may be forned as -
di scont i nadudoes netrexpress (hether ophmtsthe bratesi,al glisorbs agheals sstu'tilohs f Acadrdingbd | v

to def th els th Ll nb I
(ot shouh Tiatstief ey, s FRETEE o6 a8 G AGBIEr WhetBerr O o Snech oF Ao msterta T o 1
channel  digfefthédt® or benﬁéam% PafiRoud SRutfordevlss h?dlro?ﬁ@k g{s%@@ it end

entirely fromone edge of the layer 22 to another w teration -
al t hough, cantrobfilnes @tidge inyentiammay be farmed feomi by prispared froﬂnres:lnonatemls tteat

sidewagl I s34 .and extend the eaks 6 onl porti an th
'stru\(lzvt%ureﬂ e infier é‘émﬁ Hé& s‘i'"tsh Pjeét?'bf(ﬁwl ﬁ&gh‘gbff‘ ? eaks
36 may ex} edifact ahgle of Viedr'zers &n@s@m at®caidRieto RYAD1RE] m@ohtamsrsm%&’o

such channels 30 may only be 15 WO 02/ 062568 PCT/ USOL7 21769 defi ne to

ext end ovRHlyelefius thowigves afmé/mwlyrlnhqentmamfephom ardatheesantact] aoglrsyofower a

7t or noai B, ik o180 nEO8 e Behe & PR Fornfire, Hing itk ST e

channel s 8B, siich adeliovaeih FIG. abpr edet erm ned, preferabl y ordered arrangenent

over a continuous surfac P/ITEI’I c 5 materiial. O her channel
conf i-Bur at i onsPepeading I"&‘L“&jo the migseseplicated Silmgnafariali itsekt) and the nawre | yi d

control f v, en
C T gnt1 y. 4ftE fidid WMmepaRRge, e ni\delnd @A) Bt kel LA sitfhos SEORSINPST,
shown) cain dncherseeumei suffiofegt cupdlavy foroescofothe whielep Fak exaniple, ttthe s@ficeerfdhscret e
channel s is Casb(;i{@éigf ttom surfaces, 38 extend betvveen channel

si dewal | ﬁlﬁéjc%@?fgasw i ordgr o enshient s utheigaix hydrophiiacBedy
toget her l\fl’d]?d}»gthﬁt' \Wlscoﬁe mﬁ% &nﬁ%& with tgépl ne r‘apﬁﬁ':l\st &F tﬂ@&?esg@qhgeb?‘aﬂtaféjl

film 20" ere w de chann are et ween peaks i nst ead
of provi digngous. f Thus, Sfifluid eotmeolnilems of\thenalvestioheare tos bé @sed implapplidatibys of

smal | er pea cat ed het ween t he sidewall the 15 peaks 36"
These smarrarimgeuis gy ST G i denaale fual 4 BRoR S By shdfesindiem

Peaks 44 fplicftionBF¥ursde doafsio? ah&ﬂs)sainﬁcbrﬁﬁﬁhoﬁ‘%f RGNS Afents, ARM tRs the
illustrated create a first wde channel 42 including smaller channels 46

di st ri butf@em susaceisvendared prdrrphilic'so antd exhitrieadontast apglef &AP gr Wiss; tthérblast ed

with resp t d- ill rous
A tor nat | Bengf JROTE B0 G Yok FinsHolCHpPBHET pf fiftid oplidl b oifibie

i nvendoi onmethbdshoighaking G s&eacamyufdpuﬂitcrmmdel(@nmaéx@dbaubh Farsuyfas@nt; i@yr ed
channel s,. the channel s may be provided in other configqurations. Far

exanpl ) NERIPRIAHAM OF SUEfans epaag ovitna ydeprdtlissralymet: adaliintreatmentapeh e t he
chamnel VR AR, O bl gEIEbangkhesCf vor 9o and o conver e along
rat her than béeThegflaidr edrgidl ‘filmst 6f thti inventian may kaveensiacietyobf topographies.
Preferred fluid control films are comprised of a plurality of channels with V-shaped or
25  rectangular cross-sections, and combinations of these, as well as structures that have
secondary channels, i.e., channels within channels. For spontaneous wicking or transport
along open channels, the desired contact angle of the microstructured surface/liquid
interface of V-channeled fluid control films is such that:
Theta < (90° - Alpha/2),
30  wherein Theta is the contact angle of the liquid with the film and Alpha (o) is the average

included angle of the secondary V-channel notches. (See, e.g., FIG. 2g).
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25 the channel, or in the channel height. Generally, any channel
configuration that can provide at |east nultiple discrete channel portions
that extent dygmeg first point to a second point within thpcf/hwlglééansport
device are contenpl ated. The channels nay be configured to remain discrete
along their whole length if desired. Wth reference to FIG 2g, one
preferred geonetry is a rectilinear primary channel 30 48 in a flat film
50. The pri marfny lsuitabdé kn@winasethodc mayde witizeth ti aghievean hgtopbificwshifate 6or ns a

ltitud f 5 Th t.ch 54 d | s 52, wh
the sesondutyobhiTiTotee BReil tHahen SHOAITR DS e TR e
si deval | Stbf)i&dN@ppﬂicﬂtﬁm oD sFa iR DpRasiith-Trebintdht, Ak i %b@ﬂ%ibrﬂcﬂoﬂqﬁé?iz%ﬂgﬁ e of

‘(i,e., angle Alpha) fromabout 10 to about 120, preferably from about 10 to
about 1000f hysddophiée menemersaBrafting bydraphilic nigeties entw the Bln sTitfasen ooroha or

point ot 5aheF A ” kel FesS o B R B i ? Bob) i b Bieded cn,

pr ef er abl ith fie eSinCI dnniGiterti @harastedtl Qlteing HRlithacahe ARG 6 filaKkSRndtond
poi nt hal fway up the secondary channel sidewalls. It has been observed that

not ches wittif typicallynprefarred| todwgomatate arsurfagtantsingtheepelymerie compasitign deomer

vertical y.cki [: gt ver o i i r A flow rate
W11 oot B8, Mg RS aIR R Rode rpuel AR tely \B8q IPHLAL sptiRon B 4
secondar ysutfastaneodting, fiaceé tdpicablyoapptied deatingsdmuy eérdne@ flitinqlle., Adurf), Rh@ gets
narrower, the contact angle of the |liquid to need not be as |low, to get
sim | B 17Qiehed ofrthe Shannels, fherehy interfering withgthe desised bguidoflow dp cwhish dge
channel s i i.h: hi: i A : AT eis-
ot or ¢ 1 uprtiRigHFEc @R NNE o Py aphlRaPY I FRERABAAHAFL, e ol
channel ithin lagéf erctheveinictured aumfiazlei nAn liliugtrative Scameplealol v) surfactaptr ihavtan be
channel . maxi rumwi dth is | ess than 3000.m cto referaply | ess than
1500 mi o BFUPOSEriPoEH{EER fidcangpl Gs i RAEONC Reioofaiitatle Bresmne
wi | I geneggibhy Cafvidd A0dpLOWandilydeoTeesn t&tﬂaﬂe&ﬁg@&?&howﬂaﬁaﬁ%ﬁi&% to
110 degrees. If the included angle of the primary’ V-chanriel 1s too narrow,
t he p¥s nesuyfactantedg, used atketweenabouti011i anid dhnd weight pergenti tAn Dlasteative méthod it i s
capabl e of accomodati ng an. .adeguate, nunber.of secondary.channel s.
Conor ai | yfor RTRE MyxdicalBnt dRCAiRS The Riesiib i anGPE BRe lopical ArriigeGon. shnen
be great ef pbleemt dqliGordGolutich WEesk A& &Bdﬁéi%oﬁ@ﬁ@iﬂ?aiomaﬁﬁﬁw&éxt P nfdpe L O
accommodate the two or nore secondary channel s at the base of the primry
channel . @enerally, the secondary channel s have an included angle at , | east
20 percent smaller than the included angle of the primary channel (for
V-shaped primary channels). Wik éefger ence to FIGS. 2g and 2j, the depth of
the primary chagnnels (48eo (th 25 hei ght of the peaks or tops above the
| ower nost chann8l ?‘lBt*c]h), 20 g™ (% 2S¢lb§to’:lﬂBi ?éy uniform Preferably, the
hei ght "d" ranges from about 5 to “abodt 300 m'érons, nore preferably from
about 25 to about 1500 m crons, everFormuta preferably from about 50 to about
1000 m crons) apd nost (Br eferably from abgut 50 tq about 350 mcrons. It
wi |l ¥e under sWBBaIN SO Resentd 15178 PerrepY sand; 10 xeightinereenhpilessofi 48, 56)
havi ng depths | arger 30 than the indicated ranges may be used. If the
channel s are unduly deep) the overal lcthiokmegs of the fluid control film
w il be unnece&saria-lzy high and the-f1lmnmay tend to be 17

n n +1 2 ~5

Formula 2

wherein n=8 (97 percent), n=7 (3 percent). Preparation of such agents is disclosed in U.S.
Patent No. 2,915,554 (Ahlbrecht et al.)
25 Other surfactant materials that are suitable for increased durability requirements

for industrial applications of the present invention include Polystep® B22 (available from
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WO 02/ 0&2568 PCT/ USOL/ 21769 stiffer than is desired. The width of the
primary channel at its base nmay be sufficient to accomobdate two or nore

secondary“@@mmﬁ(,s Fl Gs. 2] and 2k illustrate fluid cont rquT,{%dlm%Qaw ng
pri mary channels on both major surfaces. As shown in FIG 2, the primry

channel s 56 may be laterally offset from5 one surface to the other surface
or may be aligned directly opposite each other as shown in FIG 2k. A fluid
control f StepamiCompany,sNortbficldnBl)sardsTRHEAN™ X-B$ Gavadipblerfowndésion Ceabideum

anmount ofC r:‘:ﬁ@ arﬁﬂ.)for wi cking while at the sanme ,tinme using a m ninmum
anmount of My addition) a fluid control- fiImvvith of f set channel s

can be made soAglidc@sse@abotdfal Qirfac@ii€ot MikiiR sfefivaeEnishhHKBEaSplAAtto the
‘boar di ness of the sheet, than a fluid 1o control filmwth all gned channel s

as shown puiface ©f the fluid; ceptsqinfiiny oF [impregrated |intodthe catiele | in farten tof adjng the

i nventj on I8 erei.n h enabl e
‘a por tgl on '[S?X”‘E%ﬁh%ﬁf" d8| ﬂmg@ ac{"ea'}'?lﬁ' ?‘%:éx%ﬁrhgn% 'tg'ﬂw ggéieﬂfe’dttﬁem% t'l‘?‘
control fidrfiice of biee fluidrcoptrok Rl htoré hedrophikic Shan the &filmf whbitd Hel without QuéKTR! ove
liquid control. The apertures need not be aligned with the notch of a

channel afRMRRFERbt need to be of about equal width 15 as the channels. The

Py ophi 11 c. - ACT SRR s dr e B Tnb o Retah e ey Fed Uit

(48, 56) pmopersies Ithamghdmmﬂreehfen@ﬁrtjne cpraduct| mitd S5#hickGhe aﬂlddatodtmasﬁlm we
notches (54, 6 otch or no s of, eacg ond r nel (5 60
10 Cofh, etronited ISERR AT Sndee e Gitactais Ses I g Ehe e B ShuS iy
channel %Adtrooqnfﬁr fHe! SurbRMat ?géﬂragfgﬁlsn&r!a(ﬂlablebﬁt sUFficieRt g@aﬁwﬁw%m i

have two notches if ‘the secondary annel 1s rectangul e secondary
peak (64, thé@ighbutrthe likhafthe lartidiape i ismuabilizedyat teasunfabs of theguid canthgl fi lm

haracterjzed b | uded ang| h | t
22y 2 whetd SampiG's Aot BineBofe ulfaial G oo aRotiisen ) Sohd oo lhannel
shaped sepp mixsnaimyﬁmes surBrétanbQidh @Sl &t reg-almy Jilifie fR-tRhAICYRUpS The

form ng each secondary channel are symetrical and not curved. Generally,
t he ahyl esusfactaptsanidithen beapplirsito thosurface bbthe fhxzd)cormoéﬁbna:mwpﬁegmterabmm 10

I L Ly

t heor et i CRydrylykis afld subsequienncrideNeibn € & Boly@ifﬁ?c‘dﬁé( By dr&anfuadtfonalurfactits,
distinct top or included angle. Preferabl there are at | east three

secondar y(eseeciatlynhye dipl surfactas), mey/adso @tlm@@tﬁhzqdmse@ssm@m\yrth berateign.
primary cyaps s(xdtﬁct m) mcfu'd@CLMgggg camgrgg()taﬁ&eﬁor( ?cﬁ‘nc gﬁga@tgagc'h%g%w“ th

t he end channel s suc not ches 'as shown 1 n
02/ oazsasnmmumams Imadyhdedpefdredf dueneo deirt helatbebyo halariyritatiam rpetentn(al52

60 th he f th d ks .6 h t 54
R e 11 e s M sn AR ML AT
| east 5 MpQyQRSky 1&@@agtgptahanelphhﬁ@aﬁceﬁ,qrmmscémgﬁ%%x(d%?and%?ylﬁqegsgsg g' '5%

0.5 to 80 percerit of e dé of the prinmary channels
5 per cent copPlyenerp aadhnas dTIUtdmeC”rmtdc Regroisd, albglpolyglusisities; psly(gb'celfyl a:sq@aak is

al so prefer orm e t f the,f]uid film

Pr ef er abl §1% atﬁ‘éy'b? %?rysug Pé‘r‘ff%%%m%r‘{} @ﬁﬁ%‘rﬁ‘eﬁer Eb’f’h@%‘g %Sdt h varies by .
l ess jhan 20 pgE GRdthissed b, ablsurfb&ﬁﬁ @Bﬁrhslphp&rogﬁmw m&36H nfik@prnek over
a given length of the fluid control | m Variation in the secondary

channel dgqiymeranua)shapeplmddwthe hur§aqeaqube Aaid congnob &ira ror iimpregdated dutoj thpact
i m - contalbig orfee 45 brchoritsd e PUARRBRRLAD 8 &R ety
undi st ur bggirophilic monomer may be added to the article and polymerized in situ to form an
interpenetrating polymer network. For example, a hydrophilic acrylate and initiator could
30  be added and polymerized by heat or actinic radiation.
Suitable hydrdphilic polymers include: homo and copolymers of ethylene oxide;

hydrophilic polymers incorporating vinyl unsaturated monomers such as vinylpyrrolidone,
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In FIG 3a an active fluid transport device 74 is illustrated which

I ncl udes a layer 75 of polyneric material that has a structured surface 76
on one of wigt@/gsyses m8j or surfaces. The device 74 al so incl ygsyqppsce 78
for providing a potential to assist in nmoving a 15 liquid over the
structured surface 76 of the active fluid transport device 74. Layer 75

al so includes a body |layer 80 from which the structured surface 76

proj ects. caEhn;ylic apiey seiforsemavids or qnhesmlpoit:t acid funstionadacsylates sech7 s t aerylic ai n

th di vi d t d features | 75,. and i ncl ud
a1 vl it Biniioel ERUHEE St Bt B Snedy i aedllY 48’
conpr i se%y@hl&iéﬂXﬂ&anéﬂ@ T p8lyGinyRicohbD)] . dcrmhﬁaésalpol)v&ud;cmamyaa@la%’&

‘chosen dependi Bg e particular appl i cation of the active fluid
e

t r anspor tandghe .7zhydrnmbxh|ca§x@dlﬁe’c5 celbriones,s @s wellpas| polysarchanidessuchlasistarelus e

such terials cgur.at e d to create a mcrostructured. . surface
76. S bstaé‘ﬂt'i‘%‘}'{;%‘é%?{‘?ﬁ d ’§7'ﬁ“ a'ﬁ\/‘&ﬁ" I e because polyneric materials

possess nmany dAf URe@Réd BEcveek thy@ophilictsilahe of afixtupy bOsiRanbs /S be%b}is@lfd C
material s may be.chosen, for exanple, based on flexibility, rigidity

per meabi |the gurfagecof tire duigdseonssol il giryimpregnated iato the aa!%maqmdew ajust rth%t ur ed
surface t o@%c 8s°8f{h%tf§ﬁ8 'clé "WhPGH Hg?cﬁ’ef ts?mB d4a sk ?ncrl?d Qﬁg'ay.?mf’cf sifihed!! 9N
an e |

density n cappe orm scre nneI S

82. Thus,discldsed ih YSi55385] 186] aslwell qulndnims:aas)p@aﬁorﬁq/hychﬁpl(mc 8ilaneonCatidndd has
many channel s that distripute the, potent al gng the face of the
st r uctur éé}ag‘i?r'f‘%gﬁ’ preder r%@"ﬁ%ﬁ“é&&“ﬂ?ﬁta“ash vantage Hiaf F@%Hﬁﬂ’&é‘i ur ed

at a 30 ;gggneslae%glsongye&?g%maagg"&gggpﬂi%ﬁ,{gg structured pol ynmeric

surface romthe sanme or erent materials of the body
| ayer 75. 19 AN\@rﬁBéW&(lﬁti@ﬁE’d Usel¢ianaés ofsflsidowontiol filn@ oBahe gqaedennf t he

channel s .82 is ope n aftsoeed Lhthel er 75dgd.f'ne channel inlets
84. Li quitBvetiont (VEN aP%r%ﬁ?ﬁ%tr@'h 3 rﬂrg’(' Aley{fdy Hguigy trenwoth dAntanee g

toward a anadh}ﬁémsrciﬁ@ﬂeifd dofiftol ﬁw@wnﬂﬁa\teoprﬁna?raﬁﬂ@meworﬁ@m Bhe nfagiiaraes 86
preferably is in fluid comunication with eath of the channel s" 82 through

out | etss (ascho®ndh EWGY. 2an2f. dhother smbadinients, Howevenuthe Said eomtraf film whld have

potential_ sourc onnect o 86 hion n a variety of
Formo. butPrigHy Eheret Sa‘l"&t?‘ﬁﬁ“‘ﬁ’&"%%?f wenwB i BEG 2T A7k & B8, Neni fold 88
i's provided W AQskow RNPIG( 29ta fhidVddhtrbhfiim 20 ¢fahé g%ﬂ,emnhemahhucmmr@l n
and which is in fluid comunication with channels 82. The plenum may sinply

conpri se layesHi@nelepolymeric material m|m§|acsteetltrﬁhsurf®es?éa¢n ﬁgﬁ pf #dphwednadiarto at
| 1 |
sgflnsE ri agl ,,ﬂQLéy a,:rhé gayg{ zéhﬁ?lﬁe I a%&y %’er Zegéﬁn OPW ? U'If%%xi gl SO

may bm prrejedsd 'EHe Bode lsyedem‘én)eaycesup?aﬁnhaa stigctined etlﬁ'adMMSm ardert 0 retaipl y
liquid to the Qha nel s Eé dep endlgg or\ t he particul ar application. The
mani f ol dsth "Bé“ StneturedSeaterepfage éb\ P¥et22d channel s (e.g., converging

channel s) . 15 nFAEE 99 eHaRnd S lﬁlﬁléfﬂ\@d withn ﬁ\%ﬁ%%ﬁtzﬁ”in 58%3 dafile on

essentially any a aptation'that ena es e potentia e trans erred
from t he wihtheeillustratécembodimphichych serres|of . v-sﬂdaptd)mgtwdlernarfcbpedkMM hEaclpl enum
and a tubi.ngphave been descri bed, .ot her. .connectors - I‘ESEI on

CoupLi noSPeagor B0 MAY JRLRE A CORHRIOT FidE TR AIns sieh charti, &F TR peaks

25 may be formed as discontinuous elements (e.g., pins, bars, etc.) which still functionally
serve to define the channels therebetween. In some embodiments, a cap layer (not shown
in FIG. 2a) is provided over the structured surface 24 to aid in channel definition. In
some cases, the sidewalls 34 and peaks 36 may extend entirely from one edge of the layer
22 to another without alteration - although, in some applications, it may be desirable to

30 shorten the sidewalls 34 and thus extend the peaks 36 only along a portion of the
structured surface 24. That is, channels 30 that are defined between peaks 36 may extend

entirely from one edge to another edge of the layer 22, or such channels 30 may only be
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conduit to the flow channels and permt the isolation or partition of

regi ons of higher and 20 | ower potential fromthe surroundi ng environnent -
are cont ew @fcegsskor use in this invention. The connector weyyshiRh&9
include capillary fibers, for exanple; less than 10 ~min inner dianeter,
each in fluid corrrruni cation with an individual channel to allow individual
liquids to flow 'discretely through separate channels. The connector coul d
al so be ofefined tosktenduivded portéorbef the layeri 2 o Shanneisu3@ ¢hat lexterid cmdd oiver a

integrally or 25 onlnter y ose reI tive t,o the

channel s Baupion iy SR ficth Sleeneithe B Aa. b iy e bl apiaffl, o

m crostr L\Q&Mhemefdt@m@&ﬁ@w& 19 ob&h@%teechz N TheC@&RhAdIE BOCarer déffnell ial 4 OWs a
flow stream such as a jet to be directed at channel inlets or outlets. To
cl ose of fpredetermn%mr rablyaerdeprgr arrangempet YRl eprdingous burfage prfanadymeric

t here f "§ 30 icap | ayer 92 may be juxtaposed agai nst the structured surface
76. I ?8?5‘92 thus closes at least a plurality of the channels 82 to

create dl scr et@thet ahun@lnet tenfigahionslafe tonteémpgiated) | Foryexam l¢l s SHown heFIG
capillary nodul e 94 pically woul d have a thickness 0o to 10 20

02/ 0625682h?@rﬂmm efgmni!m hasechangels A0) Whicty havs 8 wides ﬂén vglley 't"?fwﬁc'hm

Cap Iayer B35

o ar ai” ci SEPUY Bstcl DRSNS Tl e MG AP BRbodimcht YN RS

based upaoseciired atongasnewr mdére fjpled perks 36’ thi défmleehmeetabhmmetsm chmlnlnelcsseBZ
froma first potential to a,second poten r 92 .typical]ly has a
t hi ckiessbattonysutiaces 38 extend betygen Shanne ugl“lf“@ga %’E@f & tg“n&qﬁj{“oﬁactl ve
film flogy r t of an industrial device.
If the chan (ﬂ?@k@?&? eﬁllsnj\}ecr?tgl}'%ﬁE%éegﬁﬁg'rongﬂecﬁﬁy seal ed then the flexible
syst em of chanFiG.L2ccitlutdatepcarcalteirhate Huidhetngnobi fikn glﬂ"pvlmsum@ vhanhdstrau@t ure,
as a resu t he hoop,styength.of the.snal |nd|v nnel s cap
ayer | 62 ORipeH Seirrionraks 6o Byt inteadooh praviing cy N Fitdee; REVESH ShanieL
surface 7&ddvalBH02R pRurghit§astisaialief Péﬂk§‘2ﬁ%ﬁ‘@l&ﬁﬁﬂ%lv&eeﬁ%e didbwalt240" Qﬂtﬁ@ne
thermal ly or by using conventl onal adhesives that are conpatible with the

cap | wyerpfnhs 36{"'aThese andlqrmf:akpdnyﬁ@s idefine rsemndﬂrydclla@yels 465 thepghetwean.

adhesi ve u d for thls S el.eqt ed, so. Lt _does not
medi at ogp 38 e bk Bl HHER i cohe I abBAGB", Rl BPubGRet SR WP e
it is ad hmrsted)ide AN E104 3 Riciudin g méll 6F Wh@hre] S e diseritsut &R tHePain b ha greakBé'shed
15 through heat bondi ng) ultrasonic wel ding, conpression, or nechanical

engagenenandstdcieed sobbe evenbyrdigribuied Wlﬂ\tfesméhfﬁéh‘i’m%ﬂ"t?é op e B ent i rel y
al ong the peakﬁ{)(gsq g?j Eﬁft&eg vhﬂéﬁﬁralt%?natl% ehhﬁdlmﬂgsofgﬁé/ AR& &ﬂ%l Bih (3? or

bonds that may reon in an or ra patte
Al t er mat i thel presenbdnvempioh aydthoSgh rRles |2m|ky 1Ihxstrptleaelengane.cbrhrtehﬂy-zcbnﬁgurad ed

surface 76, w. thqut an adhesivye or d. th rebet en.
be made f¥lgaDels, p&“yﬁl@l“f‘%sn’ﬁ't%rqeapmé’ fhﬁb oeay %‘%‘r‘%"sdei% |°58ép{?erté?n for
the str UC&H&EF}Q E&W R Qaﬂgﬁbgeéross%%&ﬁ@l\hhdths SRiRg |t|§’é’@fanﬁa4el’@b{ RRatas,FRE er i al

such as a spun aced, spun l'own m crofiber or carded nonwoven.
Pol yners chapnéle cohldstbmersga(alndftohamhvttrge abmg tha)l@‘rgtlng(t%dmnslec Theghamnel he

structured,surface 7 t hout u dhesive, S r,.could.be
chosen su%ﬂewlitcot‘ &tj]&f @?ﬁé?&ﬂi&"&é&f&m U@EFHE‘S'QL"OO EREERIPP 8+t ur ed
surf age bﬁhead?ﬁhx‘{élnGr h:?t'%ﬁe cﬁzﬁfnelelﬁ e Ge%éraflyoﬂh)a'&haﬂnbr aﬁmg@atml thah @an
operation. In sone applications, the cap Ker may be formed from nore than

one | ayer progidg.at least multipleatiscrese ahanael MQRSI ai\ﬁe(te@d figyn a first pointtma sesped ) . I n

St uct ur oepEUPipdRe BRA a5 Bk %o heilod B Halndt b be FBRIGIPC

. pr esent edidf @malnPdisdrete ARIMB their WHbIRNérReh iffdesiafd. | i nol eum | ayer. The potentl al
source may conprise essentiall means capabl e of establishing

potential di f f Sithreterencsig F&Gpﬁﬂr(ﬁlelﬁf%’ﬁ?d 8?%“9‘Wd§/adﬁ%¥ﬂﬁ‘§1“spr823'3’& é’i‘ﬂﬁ!)ur age
T qui 90 2148 in a flat film 50. The primary channel 48 has included secondary channels 52 which

forms a multitude of notches 54. The notches 54 (or secondary channels 52, where the

secondary channels 52 are V-shaped and have substantially straight sidewalls) have a
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WO 02/ 062S68 PCT/ USOL/ 21769 novenent froma first location to a. second

| ocation. The potential is sufficient to cause, or assist in causing,
liquid flow édweessgh a plurality of flow channels 82, whichpdsuliangflel N part
on the fluid characteristics of any particular application. As shown in
FIG 3a, the potential source 78 nmay conprise a vacuum generator (V) that
is conventionally or 5 otherwi se connected to an optional collector

r ecept acl rotgl inclided angleafi(ie., angie Alpha) fopvatianit iDUtcdiboat 130°¢ prefizatilpdrdne t he

ifold 88 f tional . flexible t 8. Th i, qui d b
i aun 1 1 of8E S B oo S A S et Rb o et e el . T beigh
channel s fheluded afglgHs Fefdrbip} theBsbcahthinglegtakbnllfonPBhe Adteh kdtaOpdifte2 ¢@1begt i on

‘receptacl e 96. The receptacle 96 ma?/ advant ageousl y be operable to enpty
i ts cont emcsors fromthe aoteh opthesidewallsdormingtthei netshcprafeeably theanotely iaclnded

systens. | rlses a,vacuu

gener at or M5 SE SREaLREAE ulBF pEE O hitewBPb ife fLoBBR A REL fosfibedt car
be suffi charieeh @bseteelithat hitchezalith herrower indlyded Spuld WidehsPRAkRIY Proviliat s,
the vacuumitself, wil|l hold the caE | ayer, 92 agai nst peaks 90 to form

di scr et e S6AReicaoWigking distange, welpff Alhacksdap ergowp? thenflewaiate wil

defi ned Uk | f I r 92 Sso
e oS iechHE sHBEAGH) S50 iy 0y B E R o Boh i PG 187

i ndependetotpryvide desined deitking attivm. pAs Alpthiaglets rlarguiet] the cagay anglb of wediquid
channel s 82 may, be effectively mnimzed, and the potential provided from
an extern edé‘BﬁP%%ﬁ k?é”nt‘bgetﬁﬁ?‘iarg]'qu‘é@tr?‘\?@?% ag,the %?W?%P@%’F Wsai?%?qrins &% over
the strucslyhgfheldWitRhfsnéParRluldr W @ths.75- Wen the potential source 78 20

conprises a vacuum generator, nmanifold 88 need not be sealed to channels 82
but may be si npheprphanyediaent] achided anglepenotseiticaloexcert i tan itshsul8 2ot be so

Coma 1 ui Hide halaa nleiabe CBheE atfeelvs tnltancling i o GebiRly. shbhngay o
det achabl ghafifiel hdxich@ WHRIEH fs9¢sd tRdn J000i chittdhs afd prererdblyaeks thaH 1300 Richsent i al

sources nmay al so be enpl oyed 25 ~ depending on'the Fal’tl cul ar adaptation or
appl i Bat i Bie inpluded angle @if faf erchanneh shaped primary chanaak will geriedallyl teafromt dbeat i on

met hod or tential t may be use ive flow.acras

i cr ost r il B0 8, 130 BarfRR ptiferdord fo. TR HParetty 16 ARufe enleibF tihe
readi-ly tpHimagtvidhnnef isao® HaPOWGhS pRnar) etddnélniy A6t Havé Befficient Witkh hofdn of
positive or negative pressure. Other potential sources 78 may be used in
t he presehfse isﬂgbfﬁtﬁ Breapable o8 acemmedating 30 adsapaie sumber of sesondapy chanmels.

generati o i : t ' i g

T qu a1 0o Hba T it Mofer A hE B o B0 Ble 5 Rl B o RAEPHRAM

i nvergo onincliied paglendf ahe sexonderyi shawaplar st as ftoosedomenodarn el edo drr thotair e
and/or capillary nmodul e, or 22 WD .02/ 062568  PCT/ USOL/ 21769 .i n ot her words
s not i riCFPHENt.chAIElsat e bastoptshe BEImaEY nénéﬁa{waﬁapﬁhp isesopdaRy Flpmnelsrhat
is, the i RAudEsm i | ed
St uct ur o g an IRAUKEEGNC IEEL B0 TR rhilch Manihe RAId B anle drtfe pHIRARS
Exanpl es ahanngl {for Voshaped prihayouaosasds)i ncl ude but are not linmited to) vacuum

punps, vacuum irators SSUr e puUMps an ressure syste ch as a
fan, magneto h%‘ﬁdﬁ FEliGe Lo BF(?W _,a“F@éj-’n idsptg‘f?ttgﬁgr,'m%’cﬁ?gf\‘/’?eis &%oaf%s ens,
cent risf uggdight RdfRE Nak ) Y RS Aove the askRernftisBéhinhel ABRRY, DAN! &, sidIAnAAYy Ot her
known or |ater devel oped fluid drive systemutilizing the creation of a

pot ent i al undformer Bgfasablpathe dgighe S'doranges dipmgbeut| § ¢ukbutt |39R0 traickams) mase t o
sone degre kt.ional n } ield farc cts direc on
The 1§ qui eterRY SORORRu: 5§ ot 300 FicishS, Sheh Bh6iE rieiElon i hdin HBIEI Lo

i quid toabsay 2000 ildrons Bed fl fepablff frofitabony S0td @bouTBY0 bsiceasns Idwilkesk a
liquid notive potentjal. In addition, the potential source may operate to

move | i quitdersiags thaleinssomecembadiments flms witht ehannel 448, 38 hauing dgpthg lareer of or
.away o] : j4qui o, £ rough
channjceolr sngtt)'é/#t ezhg&(':%?%{{n?%@ﬁ%&?;%oHHV‘\jhelr[fethg?Mngglﬁﬁgra‘lpegugr e2§°3’? ] té]re e%é%pt he
pot'ent i al thickness\of the fluidccontrolt filen efilhbe @hsecebsarignhikh aapphe filmt may terid tohiee
present invention in an aircraft, the pressurization of the aircraft may be
enpl oyed to achieve the pressure differential required to define a
potential for liquid flow Al though the [iquid transport device shown in
FIG 3a has a structured surface 76
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conprising multiple V-shaped peaks 90 (e:g., as shown in FIG 2a), other

t opogr aphy configurations for the structured surface 76 are contenpl at ed.

I n addi tiwoozog2s9me 20 enbodi nents, two or nore structurgq:.lzﬁgofﬁ%g may be
overlaid to increase flow capacity (see, e.g., FIG 3b). an
arrangenment |ikew se nultiplies the possible configurations for relative
channel orientation anong the stacked | ayers of structured surfaces, as
wel | as tstifepthapiibldesicedr aftgewiith of tlfemrimmylah&mtei ehitobase mat bersufficienptone or
nore of the la The st acked, | ayers jmay conprise different channel

confi gur aﬁcf’%rﬁg%g?fﬁfﬂf’ °ﬁm%%?f§0648f>éﬁ RESs’ 25 depending on a particul ar
application. .FIGY 2 end0zie illisiate ﬂMBonﬁfroEhﬁﬁkﬁﬁvnﬁ@'}ﬁﬁﬁdﬂf&h%e&a@n lP)%th
‘particularly suitable for applications that are reStricted in wd and

t her ef or angjegHrfases Ase»hawnwegwws thewprimary ghannglsHéonay belletaraly Wmtrfrmn ch a

certai.n flui & a nar evi ce can be
‘made awér?é sﬂrnf%:é Ztgiéd&qlgﬁ%?@géé%wgyggﬁfré"%ﬂﬂg&gys ?qpqsﬁ%eassgé)é%rﬁ& P Bonded
to one arFIGieZk.i M dhiyd RoAtee! filoh with vikéti chaahelay Shawn A8 SEIG.DEpRRides i N)
or they may ,si nply be stacked upon one, another such that the structural

integrit yn@flmpmea@tnaﬁkofcsarfa@d@q@.é@rewgﬁ ingr Whide at therseme time wsiog anmistimunThi s

he. pot enioute of RARRAF Cln ARATE IR rgO R MDDt LAGHAT b b °°

i ncl ude msltblfbélesoﬁfaﬂrtmettorthe reduatd ohickneks amnd bogrdinesy bfthe SshiedtC eifanad ﬂuﬁ!f ying
potential to ‘bg att ched t.o as ubse s in tlth;?'stack ‘As seen_in FIG

3a)
the |18yercopto it aed chasonis o5 ahewn db BIG- 20 tasriovnd o ETGe 2ke B 102
t her ebet wegnol filye OPGQQEVéﬁﬁxoﬂﬁﬂﬁﬁh%\Q%desor%Gfeq{o?@d{' Beflies rtﬁeréﬁnwhﬁéhve 5
adhesive, but nmay conprise o asteni ng arrange such as’ opposed
two part enelmlharparadm bﬁﬂmdrqardsn)! ainteet wittilthe frost swfape sf thedhsdd (oontmipfdm tohook
and Ioop steners d flff’h%g]such as el ctrl cal or magnetl c. The

adhesi ve 9 %eéin'é’ 5?*‘ §,ur iR m. fo\roYs %‘f‘és"%‘r’%’ s ERR PRSTiHECS

adhesi ve dé@d Gt BesaligRBd WRHANSnAER OF SERRhEINNE WD noPhedd8 LROPSBIL &g ﬁeﬂ‘%ﬁﬁ\” may
be formed to have a mcrostructured surface as defined herein. In 10 one
enbodismerss the pkanadlse Jhecsunfagesh the flrisdcantrol fitra |vithim theuajrertures is areferably and
structure;w Suixf ace 76 thereon. The substrate 100 nay assume any form

sui tabl e 8 U port of the layer 75, and nay be fornmed froma rigid

material or a Ad #btbdred rmm;s 2k an&Qj, lﬁémrﬁnary@amm Z5PadRY 1ast (R al )

wood or formedfromaé) ynmer nmateri al (ﬁ;/serve as a portion of a
floor) wearsongaryghannele(52eo60)andiasleast thio m@ws 62), shernpdehuprenasehes af each

Dependi ng.upoR é\%nﬁggds gfll)aﬁgl Qtteh%g) é%%fl{i)e{rry é)g'rxl% éﬁa{]s&gr tGe%%P/a d|§e {ch MY

i ncl ude a cap or c nect 17 qui sone
appl i2oat |secmda@ncrahhd rwitltgeneraflp havebnlg dne qistoll, butl d secondany syminehwilbhavesi r ed.

FIG 4 illustr tes ne sugch system The | gyer_75 has,the structured surface
76 on i t VOIS i the secandayralannel isesesaan The sacendsey pesk (g 60) fhraV-
structur f d’ | ¢t h h h

parall el ?ﬁ{tﬂrﬁ n%gp ﬁcﬁ%‘@eﬁﬂ geagfallgraﬁgf%e?grgﬁs :%Edacrr}j&ﬁ ge for med

in the stwhich urgedeﬁuyémtaﬁx' sudye aherecdsd o anngesnclided ahgles of thé taed 108.
The cross=channels are added to the structured surface 76 after its initial

for mati orf (aéelg V-channet shaped seqondaryrchannely (S;eéﬂ)z@waung)é@ﬁthmuwademlb t he

| ayer, 75 ol ric ter al). Ea s chann e for

r emoV ng fgrd?lﬁ &ﬁé“eaﬁ"%“ﬁ@g@ sﬁg‘ﬂﬁgﬂ‘f‘fl RLEHrv iaﬁﬁ'é%gl ¥ she g'?fﬁﬁ Bas by
cutting WiAAEbe ok Adat FOvay aBéutrlQU‘D\ﬁréfBrabWef%rh)ébéﬁlq oaapaucﬁ.ai ienaf mbgat
and/or pressure, or by overlaying a strip of material capable of

t ranspor tnfﬁ:fgfalbIYqﬁiPm abh'etr%ﬁw @byt 16R°.t The sscondasy peakuaouid dep baflatlie whish A
- post em%ﬁ?é st ich écﬂ?% ﬁf&cﬁfld h'égreﬁ]caﬁ é'(r)t? ﬁ%hgv ‘g;ctul'\?e\éeg §Z§PM§ R &6RcaBP! | ed

to 30 the"su ieves a pre iment”’

comruni cakittd foadistir@gt tbye of iadhidddSarphe. t IPeefefubly, Qhert hepe fat Ueadt tﬂraﬂsawnua@ew ce
. 75. The structured surface 76 e{ 6](3 enbossed with a hot wire to define
each ¥r o Wiﬁ&%% ¢ enadder at deast dleanoschesdAs epgh ppimary channel (48, 56),

(including any notches (54, 62) associated with the end channels such as notches 68 or 70
as shown in FIG. 2g).
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WO 02/ 062568 PCT/ USOL/ 21769 |iquid conmmuni cation between the channels 82 to
existing or newy defined liquid outlets in application. Such a liquid
outlet mawo exdeasi8 a central |iquid renoval aperture 110 (@ASy§&AR119 FI G
4) or, in the case where the cross-channels do not intersect, a separate

i quid renoval aperture for each cross-channel. Each liquid renoval
aperture extends through 5 the |ayer 75) adhesive 102 and the substrate
100. As il | ustThe depthof Bh&Gof the secondguy dhanokls €52, @) (thedtegght mfiyheomwpfdfithell y
coupled to the aperture 11 In so applications, the |iqgujd,collector may
el ude aSeriry BEIRS B0ves the nijahes SOGR G 5P tbedgieth of dhe S5k gpniror

sui tabl e GiaRddhd isltyficallpiat 1884 5 thidfonsy Tthe Mepidofithé bdédRdaty SRaneR (51,560)q8
providing a potential to the systemfor noving liquid over the to

st ruct ur egenetallya@é tpe8Q pricontghl theadepsth ©fghe primasy charnelseIpseftably 59, 5407 or

108, erture,1 i 14 1.0 t servair 112). The reservoir 112 may
‘si nmpl ?0 beFg egceg%l ﬁg\gtsggagéjg Eéﬂ%er "Ostg}?ﬁ,(gg’n%ﬁt%ee'g{gﬁlsédg JffBP‘?Ff's éffﬁl %ﬁ%&b}hy be
a vacuum giifsemQivepthé lerigth bEthetfhid contrd Filile PeefeRbl the heiimary hntl/aiPRbokdaty ons
where nultiple apertures 110 are provided one aperture for eac

o haehanns] den aioriathctmiaPy 454 o R\per et arefarbly [orsbitl S0 porseaiton 5

each condyi k g, er . 10,10 e
reservoi r&f&f}' % 'ﬁ)]hre?tg gaggya{égtlgné ggdgrt\ggifﬁlgfft’orkgbqafﬂgb é’gl:el%?ﬁmlnﬁﬁh& se%, ‘&a%

Z tr u\c/:\;1 ur echainglfdepth and smlme ab@te tlg% famgmhséh _ﬂ‘stl;]lﬁtanti@l advatsﬁiiinbwcﬁtdhahiefhté ﬁlnkd:| SOb
c, erei n_some chann peaks a are_hirgher than gther channel peaks :
Thus, 10GhHifosmy; 9@“%&%&% along ttge dbwd ﬁemaolcg% saemﬂwe the Rii@ArYaand
Cross20 chasnsl él%n@:l@a%'c‘énti@)c)usgﬁéﬁ &%uHpper portion 120 of each peak 90a
need be renoved I n order to define tRe cross-channel and define a nmeans for
control |l ed |i gn HIG.|3avanaastioe fluidearshanevise 32 iofllustrated whicht incladesatdyace 76.

I d enbodi , h i 120 of h hi gh k 90
S Tor ned'S StpRiimer Getela! Vit i SRRBEF Sirkaot P g Con g6 Ra NS DR P ower
portion IPg @évitd®4 RRBNnA0des AB6Lred 198 F6OFRVIINE N Potendial ©F 48%: RY mdRIRkYd NY

heat 25 to a tenperature high enough to nelt the upper portion 120 of the
peak BOa,liquid owerttherstiuctured surface 76 ndthe active 2imid tanspertaleviap 78 ajayendSidlsb

F B AneoeS pade aye 8 drorh Suriafin’ SnldRRRRR piitdecs, padiSl g 8f "
pur poses gfveslth dsppord st@BturddidrRc® a6 8 Feddin ehRinaRidual Sintbturelf féaturdy togethep e

preferred, alternate channel patterns 30 are contenpl ated, as nentioned
above. FliadayesdSaand meay iseldendditivgs o additignal laess a5 deserihed heegimnnel

4 - . . . e _ . .
PP ui d°tr anspor rRLTs By e Wietisa ol IRAILIE Seif-rid o MBI et by e |
st r uctour ethosert dependiag on thA(paRNG2pBcdRIGH 0DBRIACELT AQidteanspary devive 74. pTiee

di screte non-parallel converging channels 13Q to provide for internedjate
col | ect | JAYGHTS ¢ GQmmArises & palyameris Ffﬁ%%aﬁw& watehas cap, e acuresely frer'ﬂgﬂ e

di screte &£h 1 1 Yoy rn n t : I t or
liquid reﬁo\i/llf'}lg f:_éaﬁa)e@t?c J?%h%ﬁégwssﬁgﬁm%)immsgﬁg\?ﬁ% QEIE%%QYGE anﬂ%gfr?t rSEa ag%{]annel
134 connegmilgmenc amatetialal pesgess ofany hdiffeednt bpraperties suBable hfdr marjouse nemdsi gned

t ticul ar, i i i | . i ally.
channe! | JRYBFH | G EHARG Y aRE SRR e dBh GAADB < b3eq nin OEGuRDY ) BB on as
long B apdpmidatilityt ¥tcOfTHY e oFlaSoliAdE]a§erT £alkb QbWEE sﬁﬁ@tﬁ_reE fpfatd pef the

structured surface froma first point to a second point. Like the above
enbodi meneonsistently seanuéactised th arpdore adargarmumberpEshigbalensity efchangelsr thakr abl y

hat a1 o Eoslf o fCische Rhuid Mohy SanfEh 8 ORnS SCHES e IRNE °

essenti al tlrMmsP&d%Fﬂadqné.. he ithiat haSh@RY Cham@lCivan aRtribute’the! poréitidl along hike
channel s contenpl ated above and in accordance with the present invention,

such charfises of the struetpied surfage) sembaprovided that isamengble tppengananufagtured atp

. surfage of. j I r f . i C nce
w th The WpRisle] SF alBkey M iesBih, ThYSrudiEh poRBferBRAE] o niby A RRAET
one channfebmtthe santeorudifférentumatefialo of thedodyhiyen?5.envi r onment i ndependent |y of
t he other channels. The mcrostructured size of each channel encourages
singl e-phase flow of liquid in bulk volunmes. Wthout having air entrained
in the liquid, noise generation is significantly reduced and | ess stress
can be placed on liquids that are transported through the active fluid
transport device. 20 The individual flow channels of the m crostructured

surfaces of the invention are |
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substantially discrete. That is, liquid can nove through the channels

i ndependent of liquid in adjacent channels. The channel s i ndependently
accomodatz és2489t ential relative to one another to di reCﬁCﬁU%dlﬁ&”}@ al ong
or through a particul ar channel independent of adjacent channe

Preferably, liquid that enters one flow channel does not, to any
significant 25 degree, enter an adjacent channel, although there may be

some di f f usi orAbehonsdn EIG. da.ceach ofithershannels 82 is openedat oaeedgecofahe lager 'Xﬁel y

t f d
tr anspor (0 At BRI IRES 8 | LARISGH TnBARE frdub o s 8 e Vi
Not all chadrets 8heswat s fupheesdie of thy ld}@ﬁdsttﬁ abaarﬂb&@rrssemercoﬂﬂebtor 86
‘enbodi rrents Sorre channel s may be discrete while others are not.

Addi t i ondreffabbnisninefluid rosumunieation switls gachagt the chanesly 82 thsough ontiets (oot
1 or o8 ¢ ROwRLAREAIES i fqulf bofRmRtaRP RRHAEE porif SpLAEL, heribhhdlyr ' ©

channel (88vinmg ba ﬂastﬁomadrﬁnasmﬂétynﬁtfomé bengs fillsydteduhni EIG,a84, Us Incbided@ VO
errbodl ments exceedin roxi mtely

02/ 062568 PCT 1769 1Q:1

100: 1, areeniq %?S%é%@cﬁsdﬁﬁ%’é’l“&@ plenyy (potishown) thapis d@geearf p&r@a{b/ t he
t | |

Shoat " 1 ShereinGRY Wil id ORI RohfhdhicliBh wiiH RSRES B) YTHEWER Toay Siphy "

about 30@ompdso@ettantber |withimthe endndididr88t that lst seatinglpecdnmected harat ekt a

mcrorrete n t hal m cr.0 Altho er is
gener'Ql | P "H@lftﬁ'é& t'?%‘g’{?\ﬁ’éaf/sgpﬁ? ?‘2}2138(%0" nﬁ?é‘eW%sF quirigea Pé&'ﬁ{gl' lfﬁﬁhe::l be
submi cr ofgyen 78i zx)secadaembym.at%éccshb@q) 'dﬁ'.otnYzBJ s@bmm%tc{h@@me% thRg st han 1
m croneters for nost enbodi nments. nor e | y descri bed bel ow) channel s

defi ned Wavingrinkete§s spas dosupply lmrd or tm d@nnﬁls i82i denenBimghkon thgupaitiewlanspor t
t hrough an achl ve fluid tr sport fl ¥ lo. The.stru tl.{l’gd surface can

al so be PFPRUARHER WG DapHplys may bedpimed ing  migrpreplc chapnels, (6

devi ces bfiveeging ehdimisyd where the structured polyneric layer has a

t hi ckness of Tess than 5000 m croneters, and possibly |ess than 1500

m crdfeters. T ageondance withethghiamensios, ths, cornegtari meyi tD‘Sﬂ pea%SelttthY dmave a

hei ght of st ance
of about Q%R@EO%B% %ﬁégﬁtﬂ%@d}éﬁ%ﬂbﬁa cr osf %g?f‘d?,gdtlﬂ Lfﬂ" atihﬁ EBFdance
Wi th t he chimeRNt Althoigiht 4 afanifoldvivilk of plemins Wad @nfabing halve Ger hescvnabdlrmh&f the
systemis highly distributed. That is, the |iquid volune that passes

through S$ORIECHArHy SYE A% FRMPEesYioR CPRMRBS OTosFals aard| gaskets ah?éaﬂmm,lbbm dcture
channel m,a‘g{% A
| i neal C%Sm%%ﬁ‘ée acr ogéel% @Eﬁéﬂ#ﬂt@??«%ﬁ%ﬁg\aﬁ? aHB %ﬁgﬁu qui gg?rPaglns port
ratego 2dovaznpotential, fravhethe esurraumdmg énsinaiman -shmmontem;ﬂhl@d Ba uss ignthisoyed,

each i ndi,vi dyal annel has spe ratio that is ast 400 ercent
great er, "avr?a"%r F‘E’f“é?tabf’?}’ '%aﬂ"q?lé’g&wé'ew Rare it e’ij‘('&ﬁ é?sstﬂPﬂih

meni f ol d; ifl Riler! RafleRPOSRH @t ﬂ&lﬁec&ﬂﬁl{]@%!ltldlln WithSaftn |9HLL16E§anngl,h't§ allow

significant 1ncrease’in aspect ratio distributes t ofentl a ect to
contri buumilvldualHmurdstted]obedmémte&y thfougheseparatenthaomels. 215hé5mrtmhthcd>ulqlalsd

channel s for use in the sent .inventi on may, be .any sujtable geonetry
but are §&n®1%7y mf%%t‘%@ﬁ& &‘aﬂ%‘;ﬁ’l cdl TV'?F&W%WQC%%*&S QS‘F‘“@O"‘f"cE@gOCPrm cron
and wk dt Raniffephilly! AspREP rélatfVeqDd tRE disifeteCili BRANMBAL b Tt exhipRi S%&i&f *b'%V' no_
dept hs of about 50 t'o 3000 micron and heights of 50 to 300 T

i ncl uded meahgrisrofthate allows Ithe disctete MHCrogtegtered Bowl qhanials amb,: sdatadt inda
d T £ f t h 3 truct
wner ot n AR RRE, it i TobeShadly Hiebrisra HLdp Se kPRl chave jrigssr

. mcrons wildist hree equally spaced channels in the base, each 40 m crons
deep. Conpound 27 VWD 02/ 0&2568 PCT/ USOL/ 217G channel s are al so possi bl e
and often pr efT@rcd@ﬁﬁyOfE@C encleserasdeash gt &f thehehenaels 82 rdengcpreka®f theraof aor

- rect %19[1 g‘;; la%r 92 a§ BS&I&?Ap%sé’M gg%rﬂt the structured surface 76. Cap layer 92 thus closes

at least a plurality of the channels 82 to create discrete liquid flow channels in a capillary

module 94. The capillary module 94 typically would have a thickness of 1 to 10
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One preferred enbodinent of a fluid transport filmof the present invention
isillustrated in FIG 2i as alternate fluid control film 138. The film 138
has w de weowsbss5 139 defined between peaks 140. A pl ur addiys@higal | er
peaks 141 are | ocated between side walls 142 of the peaks 140. The snall er
peaks 141 thus define secondary channels 143 therebetween. The snmaller
peaks 141 are not as high as the peaks 140 and,, as illustrated, create a
first wi d@”bﬁ&ﬁfﬁe(mm(maﬂmmbmﬂwaﬁm taeh romafiapllayet 42 way tlikewise ssdalinigly ei n.

Preferabl cant ter, di stance bet s_140 i s abqut ,

s - arsppbetrioc e Rhadl R B8P et FRRS BecnVitn S diiid 1 o
mls (t hetrmmreEhd@eﬁ&ﬁh&fuﬁhn&hé@f‘eﬁtn&ﬁbﬂ@@ﬁteﬂﬂdlQﬁﬂ’él‘en&eﬁﬁglﬁl@(bhﬁﬁ}%lélﬂi 'S
about 2.6 mls The walls of the peaks taper at an about 11 E taper. Each

peak is premadisipatential tp upnsend peigntialt Fap layer 82 tipicellsithas afthickness oflabeiut . At
ts b i df. .5 g | ts base, th
R R R R T R e U

i s about fan&ickal part of hn Widdserial ldevibei ghthe hahteds PReHeSndehtiohar@herietitafy M | s.
A body | a s%er or back:;wf:]‘ | ayer 144 supports the peaks 140 and 141 and s
made of tisaled dnen the dlexible system: af ehangels could e&@n@atlyummarwr bighspresspre il m

138 of FI ble f
East man Clthetht sstylePEPR sl SPGB0 Sropin' G AP indRAR bS5 O
non-ironi ¢ surThectaprihyer®2smaypibd boadd 1oatjnerpeal¢59(l sf hmmledal( of the, sthi¢tured

t he .20 bott f th 144. Th d
body. 1oy crtiees 76 ko EptERes Tsrien oh diucte chnols s [is o b doee ermyaingr Bhe
18BOA Onll)élr{gv‘é&nhent’iﬂ?lals Hdﬁe@ﬁ'feﬁma): aréD Ecﬁﬁnllf'd'tﬁm With ttﬁ'@ﬁétpgz@tahlape}‘gf %i laB h&ght

of, the fluid control I'ng
| ayer 144pabgmerip amqmtumd riajmllé b\&hm'garl adhéswe a;nuiseti her cllhlptmlrpﬁse,t temastcbnd

| 14 t t
toral canelieiedgRaRpirdoesof immatdtely, row finfe Fop in 8e o of e chpniels 1
mil., W td2 foh@niok i%'a@ﬁ%dﬁeTH@TorhﬁhGﬂ oPHF&We@éi‘QlalﬁMelE %Q%%gbé BomfpisRed 40 O

be taller. In addition, the fluid control filmmay inclu atie Iayer on a
bot t ok sitheughaeadonding, ufﬁmqnmwddmgewmusmon gumeah:dna:af ¢ngageroonttsnch af i | m

conponent nt 0 roces h as
extrusi orf itertertiogRE S Mas N 8RR Sl e by B Belo e gyt b2
enbossi ngr the dohds may Ebe(@og welds drhlﬁfmnha‘t&ha}c béplaeed dheredrs i@l 8rdvpst oF

nol ded. This process is usually perfornmed at an el evated tenperature and

per haps JARAIM pRigerBy Adtemptixely, s icppiayen P2 mayeymBly hesplpsadsaienbiestivatised o
replicat ‘%u%c@f@ﬂ»ﬂiﬂfo[l%r?i&hes%@e orbé@ﬁt eDbgrEs PCT/USCL/ 21769 replicate the

surface structur a naster Ince thi's process produces relatively
smal 120st ruct urGap tayer 92 mayrdiei made femeat pdlymeriy materisl ouodr ad tiee polyarss i s

referredqt S croreplication. l]utalfe pro8esse? for croreplication
are descrd® quﬁ)efi :He[?'" dor tag struggyred pplymeriglaysry Optionallyneanclaperdi2femay bere
present i Renilisaeh ££4 Fubacke si)hhﬂdﬁdcﬂmvh%lcmEPHFcﬁﬁ'l qwdé%%.ﬂ)om fefd Ui d

control film(e.g., mvcroreplicated wcks) to nove fromoné area and
t ransf er may b@ chomrmh thzatqhs% cay layepin2| tanybeasd:mtml toTthe shrueBiestt surtifcet Tee
fluid conti tf|Jm ‘@f a,subf | oor th nrapldlh handl e ( Fg
absorb) IVHHIpUt H5IDE A% adhesivy qu?‘b‘:hf?é’ yé’ﬂﬁrl‘f 86?1?853" cHRlthssSaPelaYeh us

prevept | rwc@ﬁésrseamry Wl ded BPEHelstrAGRFE LAHSEBy Bpling %@Qte?drrei%?lé bl HofS -
Speci fi cal r\%?v the liquid control film conponent of resent 1 nvention

serves t@n @somcqml ingnperatign. élpscpm%ypnlwaﬂwdtmrc@péa)@rmy berforned fmm
|
U5 hove. 118 (e O RaTR AR el Blyef Solth & BLR 1BOILRTHIAL: B iy

Ory G
- order to spugtiemntheCadnwasien igyer magraet as ¥ debrid flltér 2bose tid stalRiredBurfice! Mds
invention are described herein _and
may also serve to increase the effective surface presented for laying down.or adhering the
30  linoleum layer.
The potential source may comprise essentially any means capable of establishing a

potential difference along a plurality of the flow channels 82 to encourage liquid
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15 illustrate certain features of the present invention. In one preferred
active fluid transfer enbodi nent the system conprises: a fluid control

film an e@h@Reywks a substrate for attachnment thereto) a aaPr/iayLiieea
vacuum or potential source; and a liquid collection neans. In one preferred
passive fluid transfer enbodi nent the systemconprises: a fluid control
film an adhesive; and a substrate for attachment thereto. The conponents
of these movementdram arfifst/lacationitorasseconsd losatian: eThi patersind ds suffieientalol cangs; ei n

and further iJlJustrated.in,the . .incl Whi | i-f{ .

conbi nat i st BBSRE 1% bel RREO T %y olitne§ 83, SARRGS blsedin
cont enpl apfeloh B flbidectditdrivtadofl a3t particulafapplicitions AsERGIMTENFIGNBY, the
‘conbi ned to achieve the objectives of the clained invention. An optional

absor bent potetiabesoursed78 mmayr compriss af vachm pgesstar (Vo ehat iis congengionally, ops
serve as [eservair lect 11 qul f il or
1 eak ?la t e%.he'?ﬂ%e %OSWF%t%gég §+ oﬁ‘fﬁﬂgi {:cﬂ\l/égﬁ)tr ?gc\réﬁ gveJGf ﬁghe:%@%%{%géﬁeé@agﬁpdéu ng a
wi de vari ghiicaflly eemebeted 16 el @agifolP88byrwatbftlesingestictanflexiblertpbs 98.eThus,

i ncreased surface area of the absorbent mat eri'zl . ther eEy,ﬁI I o%' ngqfo
managenentiquid can dieedramngfipe Qusidenthe capjllarypmaduls M sia théranlets; 84, dhsongh yde
fibrous t i y terl: i i ) ke, gaNd
Stitoh bofibne st ol Shidldss, MRl bk 5 IO D CAURKE Recclfitle o8
can conpr The redepaabko9®©andy pdvantageowsiyc be aspesabley do oty oisdcanteritsy dr opdyi bec
pol ymer su%h as a supersorber.,L The hydrocolloid (e.g., starch, nodified

cel | ulbsefthgfayisg ¢qn ed to,g9nyontipgabdainagersyskeas; 21769 or other protein,
pol ysacchari dep, ﬁltecaafé)(wh%&pmé ?3&%51 {ofir@- 78 EOApride8d Vil @ené}ﬁfo‘x"(g?,gtﬁsa ay

starch/acryl ate copolyners, acylamdes and ot her vinyl polyners,
be i nmobi Vicrenh providedio thexchpondis 82 via mguifald88ixian berufficiensito adenuately sendl

hydrocol | gi d_dr.essi t tively b 1 hil i |
POl g e %G, P ' T5ACH Bl Vel i, BB R o a8
conpri se hotl fedis0qH Fornfdisire® chifhel 8 RLBRfPAN, daoh ¥k chdfiRls8zsmahadt pad

may optionally contain an antimcrobial agent. Referring again to FIG 2a
for i19 usdefmedvby therspistised surface §pas chzed off biithe eapelayern W so e do defintae 24

and the underlyin ody.l.aye 6. The.l ayer . ' 0 .

i t1 onaMerzyl SHBRerdf dRte fenerls 52 @Hle of sEBBsHASHE ReaaRRo Qi
opposi te phentid). IigmatorsRoverWebaed chdnnely 83 wedy wdeffdctivaig! mintiized, and sheher
materi al s" may be enbedded wi thin the body |ayer 26. The body |ayer, 26 (and
possi bl e petential opravidedyem ap ertareali squsce Kt ﬁ’lenS“OE‘br‘FﬁeFtﬂ‘(ﬁlé wdcRbbisigatly or
the struc urf ac, i & e r [J's iy R

articles gg{rﬁﬁé&pé\éegetﬁf %?rrlll\c/é#[dl %}r?\%a?ﬁgl% ugfe&%grngg'ntﬁggltﬂﬁ 8%nﬂ8§%%§:178i n
the apé i Behpiiiesg vaommpensratandnaaifiodd88 neadones beskaled tnéttasnels B2 botinay danms
and other famljar, backing 15 materi . Preferred backings include thin
(e.g., |eg&pypRec ‘Hﬁi‘ceﬂ oﬁﬁ?lsﬁﬁl?“rfﬁjé'ﬁ%?"é[fl ‘| ess than about 0.05 mm) and
el ast oner | ¢_bagliigition Bkt ey REIfReC P WalillEgNFABARDI at Y
and hi gh adhesi@g’n 0 o?h@%&eﬁ?ﬁégﬁwﬁ%%e?aﬁgspgﬂf? iayerﬁt oglgnd over

subst r at eflgidr E@oveyance egrupeteittial sgurcPraah dher anhidyad khroyghen detaetiable ac pifixed

| th . g., T.ANE | . | i . Q. HYTREL
Dol Yot her maitalicor iagiio s g ik’ o MUTtinl8 Rl Seirkes fay 66  elenoxed | o
densi by p@tpealing i@k pafitaiafQlapi@Rinldr dpplicdtion. Waedsdreadifforentiglds RO efficier

flame retardant "material. A nultilayer approach could be uysed to provide a
ni cr or epl ligeidefiow inptivationomgthod seropotentialnthati mRy beaytedsto drre dlowhasresyai ng

flame retardant (su i scl o I Jo o i 4 d ' I
publ i cat i BHOTRD MRt ey bl terdil Bl B cxablshol BLARRSHARS
Sui tabl e aghersd MafpihgEydtem and appliet Qithérdn sipoformaf posities ondegaties pressssnt

i nvention include any adhesive that provides acceptahl e adhesi Ogacgfgorain

variety or pol &therrpptensial spuspes 78 maxthedised In theoprepenis ANVERHER IRse2

pressyre sensit.i | rtal n: i t i on
A L L e G A g S A
sensi ti ve epcbuesgivelquid dlomdehréuphshe tlemmeels 82, scoyteatpéated foulugingahis amvestion. 3o
KR. ATC) N and ot her, bl ock, copol rs,, silicones, rubber/ baseﬂ adhe@iaves

(i ncl udi nd PaROtENERA! SAURERIS SeRasR i@&bi"&n@,a%“g?ff‘g%‘tfwf‘ﬂﬁé,ca% By mPY B
etc.) as well as conbinations of these adhesives. The adhesive conponent
may contain tackifiers, plasticizers, rheology 30 WD 02/0625@&3

PCT/ USQL/ 21769

22



nodifiers as well as active conponents such as an antim crobial agent. It
is anticipated that renovable liners nay be used to protect the adhesive
surface pwioan/okssetise. The preferred pressure sensitive adhgsgiy&gMibch can
be used in the adhesive conposites of the present invention are the nornal
adhesi ves which are applied to various 5 substrates, such as the acrylate
copolyners described in U S. Pat. No.. RE 24,906, and particularly a 97:3

i so- oct ylinatherIvairds maoy irrinsie tathe chymmeled sttusturgansl ar capillarns madulgs  T38t is,

SRl AN g S i SRR
Anot her qﬁfﬁdJ moREMest, Yor &Qwiple, tlﬁd&pfllamgtkﬁlt SR fimpleON Stk Boterdtild sgg%éJSi on

-of antim crobial agents in the adhesive is also to contenplated,
descri bedn¢lndéJbs afeavot Ivoded tio, 3ROWE0Pumps, ¥acBRB), EPiratoThepressutecpumpsiandir f ace

may also be incor orate}g i nt.o an a%hzlsiryg Izlﬁgr.. I n thi S: Ca38 t he adth_esive
must € t HEPSSHE sgﬁ%ﬂ"érsf“é as3 fan. fagpetp dydrodya dfixes. magne S eSS nage
of the fladwl sydtérkis, RRhirfugal Gpirnkiy, AJMRSiate heads! ghaite, sbdbfbefiseiid ¥mPebehept r ess

and/ or creep resistance toff)r'eve.nt flow and | oss of, the pattern during
storage. Knemincerdater develeped fluidsdrive system utilizaag the srsptinn eh e ipptentialgdifeiesred by

slightly g¢r.osslinki { . i al gpt,. 0. Q0i:

crossl i nk: atocfauf)e? opr‘zg%utéirgﬁeaﬁggﬁ?qo\é?teénﬁl fh?%%%gﬁ%i r@@t'cﬁ.{m?’s{na}l a?@hgd

under st oofield figrce tHae ae ldiredtiyeon thediquithguchas dicenteifiigah fovus ovinagiietie fishdrthat

met hods, to allow for easy, .bubble free appl,icat,ion. LLners,mi@ﬁh are

sui t alfl e qagpesiquiqd to muveaMnkia; the chymstisel B8 ipYentina MayeBe FoNS! gilwitan be
made of ~kraft hS, h : r

Conposi t dofyé pABRS" 1naaliEh, Heriondal sty Ba e o BRVKRBLE oflbthe |,

rel ease agertuwed sirfacaathbtithanabmove ligsidofl of br aaag Srontohe stranpked sutfhds. Pat .
No. 4,472,480 describes | ow su(rﬂ ace en&r %/ perfl uqrochem ¢ ners. ' The
gh ha the

. | 1
pr ef er r ed-iftidemay 250 be caysed tg flayp thrp npgls by thsoacyion qdra F‘iph‘ﬂ% 2% ed
with sili e t el al e o] Cipd AMielsabl
silicone %@Bg%l{gﬁ gdﬁr%gﬁuggscgé%%pg}es Eg?gﬁ 2g(‘]fi)Y%{LOIVI%TIr\f/lai{giaI iinclé)ﬂr% cr el eia'ii'se Igaa?ar S
avai | Bbl eapipticatiohanfitbe present iGentionHirPan gndrafh, the piessunizati@eoff the dirfraftkmay be ) and

silicone rel ease papers supplied.,. Dayber t egi al ng (aﬁox&n A ‘% The
ot - of GRAIGYY toREMey € the FEaiE CiSreml e e mabeF o i o
whi ch is a supginsiahané aged thindidrt BAREY showinin FIGRBAMYasadcthidd supfage 7€! ease

surface. 3o Various nodifications and alterations of this invention wll
becone apgamprising: muitipde &/-shaped pgaksn9Q Keg.ars shpwm i tFIGe 2a).t other fapegiaphy

scope and spirit. of ;this invention. .FElucd tr evj cesy t he sent
i nventi onc%%gurﬁ‘hﬁﬁ g%rblﬂée PG it brs&rf cé;} U r%gf&ﬁjﬂ%e(gl tn 3@9‘@‘5’7’0@2&‘@?
PCT/ UgOl/ ghFsfimemenevccoemofPhictaéd surfacesSinay be wverdaid uo fiseesse fow cgpaoivy cap
| ayer (ex&osed to anbient conditions) are parti CLi sujtable in

| ar ]
evapor at i \%ee. &8 EMndins atuch an GHRNEsERent fikewise mulip ts*ﬁébey Bessiig PordigupAtions
fluid acopu Sit r I Gat | M t i wth
@ cap | oyt HAVLIARACISFIORNALN B B aREd jal R drilth tufqdMIRRE! of S 58
flooring ¢hepobsiblt amasgdnmentsfoyapplidation ofiagoteatidlrtolonefor spire b€ thel laygprs.d3he

t hereby preventing corrosion to the underlying structure. FEurther specific
appl | oot | SRR Nyt o EOmBRser fteten ARRaS AT o A 0RO AmbPTS R PR |
t he f?Je' OpRaifg '&&icﬁaww?hga%ion. tRurfefitte] this 1964 b RadicdNDRQRICtEH 38R €5

Exanp renmoval "system for use in collecting, transporting and
renovi ng bd particrlady suitabieifor apphicatiphsathat anegestigted imewidth and thereforegreqeirga

Substrate. A1l ot entd al ,was |i.ed.to enhance li.qui.d Vi 0ssS the
Film witPelativelyy f‘?‘?&ﬂéﬂ‘é é‘ﬁﬂ?ﬁ"%g%%er frp i W, & FF??@#L‘E‘%E%&WR@P@&HE n
FIGs. 7a gltedPThiid)8 nhbrdly déVick it bé! hiade having Wafealedrfion cdpaeity.aThe Riyers in

pol yet hyl ene film 150, adhered to a substrate 152 with a doubl esj ded
pressure therstickimay kebended to apglanothesieanypyumbsriofspavantiondl waypas desaribed he
.cap |l ayer, 154 n fil | i i :

pot entT al h%ﬁ'g’ éf%‘\? ?’3@9@%5" $%g%%t§%ieﬁgpghvoawg lJ? ﬁ%hf ;s%{%hith%ﬁges gt\fn'g‘{t%‘lﬁﬁ }y’?e%%\m ough
a vacuum gpgiestack 2an whequatelydéfirdadisaae flow eimniéls) Thisrability smalchy esradced,
collection reservoir 162 and a vacyum punp 164. The vacuum al | owed fqr
cont i nuougs desstibechahays, when povagyum 15 Htilized ashe potentigsoures ﬁ'q ﬁ\‘,’\@bf"?‘géti ng
fluids spills thereon. The area tested was approxi mately 18 i nches x 36
inches, with ten drains or ‘apertures 158 aligned in two rows) and spaced
approximately 2 inches 25 apart in each row. Each aperture 158 was 0. 25
inch in diameter, while the conduits 160 had an 1D of 0.375 inch. The

di stance between apertures and the size?dof the apertures can be nmaxim zed)
dependi ng on the strength of the vacuum potential applied.



The systemof FIGs. ?a and ?b was tested by aligning the film 150
hori zontal |y, and then by spilling 200 mlIliliters of water bearing red

f ood col opigg/debgseon. The system 30 (substrate 152, fil ma&dQuangifep | ayer
1S4) was intended to sinulate a flooring assenbly on an airplane, and was

tipped to one side for a short tinme period (such as side 154a) to sinmulate
its orientation during |anding or take-off of the airplane. There were no
hol es i n idelude WOIGpleGoRBSIPOT allisomiultifle Potential soyetes @fvaming pgiential ko be 5o

wat er di sposed, t herepn. we nder the linoleumat its edges. In 10 'm nutes,
150 m . OftPa[cﬁ%d {ﬁaqsépgméssm%ef#g%ed inthe liquid reservoir 162 (a 75% f ! uid
removal and colkesdn ifFIGBA) the layex 2513l rouhted ® 4 subbiglate 200 balsuisabd adhelioe use

‘in collecting, transporting and 5 renoving fluid was fornmed froma fluid
t r anspor t meansel0&ithareetweena Jhpadhesive meaAns 103 4t Prstorablyed Aressuieqsansitivese

aerospace | i cati , . | £k | | 1. &t ' T ol

gal | oy? antTES e B, RSt RRhlr bSRhInk tfingbliehel s F ol Bl
Exanpl e 2méatanicde Ristenats, vihehadisive @dmpusitiphscorltapesc ook frat loopdastertess, iandt i on
of a fluid control filmfor the flat polyethy]ene film 150. The fl ui

transpor t oprosed fields such aseleairieal o5 magpets. Hefga gve layebmears HP mR% S'r‘i%iﬁ)ér i al
and confi gu %ﬁ%#%n?t‘r)éregﬁ?e fsélism&3¥dh§£|9¥:”§vﬂi£h § &nt%houﬁopms%‘ﬁtgﬁguw f@epl i ed

across th nsport tape to enhance [ quid novenent, a suitable
cover wasadlegivedhedv@i miah denformabstor have ar mitrestrutacel sufface 8 definedriengpordn t ape

was adhered by, pressure sensitive, adhesiyve.to.lh assenger.l eyel flogring
subst At conersuborifent. she adbsYs by bFOERRAISAisRY arludR e FayPLy S apcRtrugrured
i sobor nyl %ﬁf‘&él&%‘?hérétﬁpa‘)’ applied in a layer 15 of about 2 ml. thickness.
The suitabl e cover was again a cap | ayer of |inol eum (unadhered to the

flui d transpor The aytstrateF] @omayl assume any fapersuitatie foresuppon of she layeratfll and

NSP applied. Th N f '
ot ccat | BRY G oRReSTiag bE N ion o BE A T gl f8%HRe
col | ecti nm3§!uei ﬁélé%rgmdgh%r flfmééd FYRlPBly@er maffibluie thagdrieasstaepbrtion of a

illustrated in . 8a and 8b. 20 Fluid transport tape 170 was adhered to
t he fl®or flngr, veblsor an exterar by intériorpnashiner or sarelire sveaced n@epepdingauencid9er ed

by the cover 174. A liqujd Jemval system 176 had rtur.es '
T ui d. tr afeshnplipeion ghé, S ReReeBt AR, Moms SndRE b-EBRisbal on s
condui ts 1&fHectthigs for ddllesting IRl connected to a liquid reservoir 182 and
vacuum punp 184. The structured surface of the t e%:hm, I ncl udedé&sir%

me of

[ ap
plurality of glmseme applicatiansanaltemativesfqrm of a Ygyid cohestignysystem is
t he chann IA ' ' [ ' \ 7 he
ol o 2 F1G BT AES ol suth sfhep TIHENERE 18 Rt utlORr A IALE 7B s topE
and sppl | isidg ar@Qdiésiviei thédns 192 oh itscobttamt side. OThe $stmichired surfac 6 hay s pphiralitys
again briefl ' sych, as towar

O RS e S s s S A OPL AV RESH A,
212 L SShl o S o e ot uriaines g ongd
m cr ost r ud08.r thefcrossichanhedBare addedRy he 2508turedTSuBER 76 afteoits initial formation
(e.g., after thé structured surface 76 has been molded into the layer 75 of polymeric
25 material). Each cross-channel may be formed by removing portions of the peaks 90
between adjacent channels 82, such as by cutting those portions away or removing them
by the application of heat and/or pressure, or by overlaying a strip of material capable of
transporting liquid therethrdugh on top of the structured surface 76.
A post embossing method (after the microstructured layer 75 has been applied to
30 the substrate) achieves a preferred embodiment for liquid communication along the
channels on the face of the fluid transport device 75. The structured surface 76 may be

" embossed with a hot wire to define each cross-channel in order to provide a means for
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per pendi cul ar to the channels. The system was ot herwi se as shown in FIG
8a, and as nodified in FIG 9. Absorbent strips 185 were placed on top of

t he struciwy @iesdégf ace of the mcrostructured film 170 (ungaryddiprwap | ayer
174) and perpendi cular to the channels 175 thereon. The absorbent strips
185 connected the apertures 178 and allowed liquid to 5 flowto the
apertures from adj acent channels 175. Each strip was approximately 0.5 inch
by 16 i ndhpid cemuotunicetiorabatwiean theshaniels 8htosexdstimgpsiramenly defineddiquidhautlets

apertures_was.a.pap | gt h.avai l abl e f,r Ki J y.- [ L

| rvi ng, ?%,apBﬂh?Té'B"t %“’ﬁ&ﬂ&%@ﬂeﬁ .m%\%l{'}gglfl c%@%ﬁhg%ﬁﬂ gﬁ%ggﬂlc&%ﬁgeﬁ &'r"ﬁg% from
anot her pRReI PICINr, incthechse whe?e tielgods-dhafiiels 8¢ adKiatersept)a separa, liquahwoven
‘or other simlar material (i.e., any materjial |0 that has sufficiently

smal | porremovaleapeturenfon cactt asiss-chanpeh Baghnliquid remeval jagentury extends shreughn of
FIG 9 est f.or.fld.d igning it horizontally, spilling
170 il }Aﬁﬁfiagfrs%cj)fadﬁ%s 9 tzgar"dgﬁé)%{%é"%gslta%m and briefly tipping it. In 10

m nutes, 155 nAs ilRfstraved & FIES 5¢alligaidt cdlection fysteli may derfhsdlyvoupled8a tha 91%

removal and collection rate), 15 Exanple 4 - A fluid renoval syst et up
such as s#pewHre HLO-| In some spplicaliensn thediquad; collsetar Jpay H‘Q[Udﬁ(?s‘iei‘?ﬂ’%'&t}i?i faﬁ
enbossed S- I ? [ Ry tlyye | uid
£r anspor 1 obRRES e irfort AP, 4 Rulapfe Srduf 14i° il 366 s MRy oo
met al pl dheludé aGohiRéSl li6nfoh providikg aspoténtiak to thengysiem forasevisgdiquisd gver the
approximately 0,125 in wi de), alth h a heated wr t ife or sonme
ot her 10heastaiciuged sHrface HEQWOQ)m@%%%@S- 6%’??50hd$nﬁﬁf @7‘”( GPYYC i n
the stru rf y Ui 12" ASPsiFpABEA Solfefor$iE ©

f or med afcifebrr’e (gﬁ{f laﬁgﬂger'g%éseg%it?l?aﬁhﬁ%w\%}? adh?fseldrpto theosubogtratre 172)
and the ciungsandtsdruscelds (Eengrioyd) peyberadvasutmrpump omanyl ofghe dther tipepor t
filmchannels 175) as seen.in.FIG,k 10. pur pose t he cr.oss;channel s
187 is ton?‘ért‘tP%l “‘%rﬁ‘ﬂi d ’&?Ppcl‘ﬁét‘%{‘ﬁ_e‘?"??ff’ é‘%‘ml]glg %ngWiets i}chqﬁgr?ﬁ%‘f@edi%ig'aar%cent
to each a(gfe LH for lehth crozs-Ehghnkl) Unditiptereddluits a4 aRaydfik&xiReme Hrévidéd, Gvitd 0)
was teste or fluid renoval by aligning it horizontally, spilling 200

m | 115 t eeashebnduitil Wbcamecting die efymprerafihelapariuses 110 iohe repervolr 112 (o to
mnutes, 190 m. of water was collected in the liquid reservoir 182 (a 95%
renoval a¥f@RE CEYPGH rate). As evidenced by a conparison of the renoval
and col | ecti onak als8Ssed ifFFBGPS e Stra€tured snrface T6 A@yaples 4 feressinmilar to that

comuni cation with channels and then defining cross-c;hanngl S Si gn'hfi cegnt |y
i ncr easesillubigated i FAG. 264 wherein: seme shannek peaksMacare ighss dagn BH‘eé_c M€z ont al

f . Th ' l.j,cat : .
For di rechtiiy S0y oG WA EDE TGk BaRL IS Hehiers B FRnaRREl (I (SRoG, TP ane
\(I:Vpi)gg?dcRa%“rfgrgarpo?oisleng%?’goeﬂlg;? Iri'g%%k% eﬁ g?t io‘géw? W:Eg;tfiezd?]@and r egrgn\]/i ng
spills, weider i defineribs croswehanng)andislering 2 usaos 197 coatpile ipid flo% 26503, 85 ) es .
Exanpl e 5.4 nfl\élfs 891 i thEGRIERIred ¥aTRET62NRLHE b_ré(férPéf?llr %ﬂﬂ%ﬁggﬁtgfﬁe%gr %ﬁﬁioﬁ or

use in 5 collecting, transporting and renoving fl efine
adheri ng #20 bféadh highespmki90aapformed fror Gmatetipl haying & lower melting tempedtisan) .

The t 90 t he, t he .t 17 f Ex I it h A

apor t ur esteRan@vsA R 1 theBons i and e BtnriF e Ci Fora B P e g

sui ta?&g e &Y Rl %un(eihiﬁ? enduighab M thé@pp&gairtion BiToforhe peil80d, Ibut ot malws por t
. e

t ape In this exanp no apertures are provided through the fluid

t ranspor t its fyveer potionEA eWhilg at eapdayer wanichtypitally besmpleyedrigthe pativediidg one

edge of the fluyid trapsport, & 9 i I ( cat i e

channel s Y?@Sp{jﬁe‘&&?ﬁ)'nlészﬁ%eéj Vacuti ﬁ/?‘a"s(f gptiﬂ*:'iléé lagyi%n %l ?%@téogﬁh%hg??%ew?).
‘The vaCUUNF@,JegQd(yspufrg{segmnhgtmidndesi ccation of the area under the |inoleum
(cover 194) and aids in collecting fluids spi ill tests were

Il's ile s
conduct ed on t Néhilecpasallel shangglsde. g S "@V%ﬁ@’%f&ﬁ\é%iatlﬁewpel@‘aﬂﬁ‘? Datgws
.collected, |t : , t L (el iteat ed
cinder 30 he e spalbIEE8 o ffdioREY TR, FICR: o4 33 AP scHoRRLLAY Nidyhite aferhice
col | ect i oghanebupnfiguratidiasiai plan Miews that tmax defecs structured surface in a fluid

transport device of the present invention. As shown in FIG. 6a, the structured surface
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20 Afluid transport filmadhered to a substrate was evaluated for use in
collecting, transporting and renoving |liquids. The systens eval uated were

desi gned {QyogssekN | aptop conputers, and specifically to gadshieed
underneath the conputer's keyboard to protect the hard goods of the

conputer fromliquid spills and contam nation. A side view schematic of the
systemis illustrated in FIG 12a. A netal keyboard support plate 202 25
has a t opmay dieavancudtigié udistretey nofi-phrajel 20nvesgingndhangelsr 430 atobpravide Sode

th f. The | 204 .t ted. trat t
hous: ng. 20rmadia (Pllserober diduldho aPeBhEony et e PRLEFfeiclo.E SRS b
netal pl adigcrédfdZhamfel W82 WhidkemaRtituml Bé ondiéetedtél am olidtipod &1l Ii@idfenidial

‘keyboard 208. A spill test conducted on this assenbly was eval uated using

absor bent apestper (ndbstiowmd! As showann FAG. pbypesentralehannel d3dtsopneststogopliralitned

bet t bstrate 20 d, th tal. pl 202, h t I bl
210, & aeolgne, rare oDl o, B8 BraRelle 87 o prGE” 4 T NE o
the metal repiake %ﬂm. %e’heﬁahl? SiyosHanaélepatetn isREdaterplbtet] Sin chbrdinodSwith 2

02/ 0&2568 PCT/ USOL/ 21769 view of this arrangenent, as viewed froma top

surface 2présest invienticesslong ds 2 pBiralithiof disgretq eiannels anecprovided gusri aartian of op

f L i qui il d : 206
keowi oo fhaatSyR suifies SHATEERTREN I0R EENBRRA, {1Re 1 MoDE LHERARAGD
fzg)gm ][ he ihg)ﬂgﬁa’héd Bﬁlﬁnaldhoﬁdjimt?gﬂ?._ Gamnd dasb mtmel:fbmg@ cdvetddawi;dolhy:a%llaysheet

, | ) . -, y oL
ol ynit "sfhe durthgclefiing 4 paste St CheATGIedhit BIopE CrecpoleHish o BF SRRBROBE hoen
the bott Om)ﬁ%% Pgﬁcgﬁy apand e%%glfié‘lrlvintdgﬁenﬂ&ﬂ &?Etsinﬁ@hﬂ@rtil?é[ cHahadle 202. The

pol.yester s ad sever al es’ pre-punche reirn to acconmmodat e
attachnent scr awso any ohthedhagnd heortaypiated db&dBartdoint dveondence! with fheapresept at e

202. to Ex | 7 - | | 7). the, | t, 206 i fl] ui
£ ans por {WPRiA BAhRIaBnelt Fe enbWadin e Btren fyet b bt staichired:fhisface of
transport, fid rﬂ\%ﬁ‘@s?utrﬂ@e bF gieﬂaﬁr?”ﬁf%ocrhtanﬁél’@ﬁl Rlcof@AGPWRN 2hd prasknk ifventiba -

with its channe ongl tudinal 'y extending under the keyboard 208. The
f1 ui di1t r anemonfigired to hé discieteitoablorpsanyr enepihanied do révevediquid from the embiastiat e

the fastener, screws psed, tQ cqnnect,the keyboa 208 to the ,netal ~support
bl at e 20pemisonmeaipdspgently, G otbéra St S ke AV GIHRARINFS of LR s
used as tBe el ¥ilragbe SingR0fhads flow BRAGWHACn/ bulRxastidthes. haWithidi® Hablngdair
transport filmdid not have any hol es prepunched or cut in it. The screws
used to hedtehinddeinktheHipmidi mi® generation ripsignifinantly robreduand lessrsigsdcan ot

Scrovs. 2Bioef o1 e ARG s diool(sh B andiie e i dRBln3ee ) VT 0P

Exanpbgs 6, 7 FRéifdividuddidw chamiels\sFihe aiidrostimtureserfaues of tHeaippemionnat el y
30 mlliliters) of water bearing.red food colqring was deposited gln ',éhe
keyboar d' subs@ntipldy diserateal Thatusqliquid san moye thropgh g Ghangels PE@@E“P 1qyi
mddle ra . p Y, 8 was
25 t1 pped it {<HE RAHET YRR, HlEpHERI L RRAREN e MR R0,
fluid absendasbtidr té Hizes ddigsidhalongiodthrough talpattivelak ehbwal ndegadensof adjpcentded.
The paper towels 21?, %12,anﬂ £14 wer e used a% a%‘\% to dgterm‘ ne .uwhere the
wat er was channgls. Preferablycliquip tByneRiers;ofe Ghaafiel figes npt 4o any, SWnGHY ¢
not b?s praﬁ%é,'en ‘ﬁﬁ‘éﬁfacerﬁ%ﬂ%ﬁe}fr&ﬁhéﬁghq{%t‘e%y' B sonfVdiffsibR Yetieh agjdcémr a
conpuf'er keyboard application, such as sone type of reservoir, 3o absorbent
or other ohgmmels. tibissepeaartdozffectivelsc maimtain the %ecret@nessimﬁthedmrcmrpbwrel,s 1any

collected | jquid , he conveyed to the edge ot the co r d_al dto
be absor b@béegrmt ﬁ%&@/yoﬁf%spﬂé tg? ligwd 2n ?‘8&"}138&"%3@%@ S% 6%"5%%68
PCT/ USQL/ ﬁ?&ﬁ&. ! no{)m oB el dhah@Rd, hwev&xﬂ\ﬁ?lr@e&to p@gisciefe foallwaibedimeits.ect ed
under neat h t he keyboard 208 and netal plate 202. Water poured out of the

front and Soaeichafinelswmak by disarete whide others are nefasAdditienally, chapeq! “dissretengssd on

‘both the top .and bottom of the .vester {1 ) s found on
Dhe t OB R P opiaDy hiingimene R fHiVeEE 5 xbihpf® B Ruciifiinglifbsinelas | 010 00
wat er col | ect edhersthiiefured dedacenid andiraseactoredl sirfuee that defines discrete flow

channels with each channel having a minimum aspect ratio (length/hydraulic radius) of
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keyboard 208 and netal plate 202. Water was able to get underneath the
netal plate 202 because it was transported to the holes that were provi ded
in the filyp @Afees cl earance for the screws. No water pourger/ @t/ 29feot he
front or the back of the keyboard 208 when tilted. Water was found on both
the top and bottom sides of the film 206, and water was found on 1o the top
surface of the netal plate 202. In the spill test for Exanple .8, nost of
the wat erl0ahsinsoik @attediments exsebdiog approximsately 188y andsotheioembadiments at ed

out of the front he ck of ,the keyboard n.i klted. [ was

only fou Haséﬁgquﬁé(a{)%:é' &tqﬁ%@pﬁf‘g'rtggﬁpﬁér 5%8"%&1'%{9&%%%%\&%‘%@? exéw%und

on the topoglde 165 thdhabdal ROOMDET: & The Bydiamll rdive oAk SRarmiel isho grédteahay e

seal around 15 the screws resulti ng fromthe absence opro[e; punched hol es
@

around t habost3@@wmjcromisters. elumary embedimertssibicen be dass shagy OO missometets, apd Tabl e

1 below. The .ampunt.s indica in Ta r ent n

wei ghtd) omawegres%&ﬁ?%gt%e@'ﬁsrg%ﬁ#e? e @é&?@ﬂssg%ﬁe?cgsg%n%@@atﬁ Eeigé.1l fIOZB%EXy_L

Vat er Col {p6itibnk {ampafi Meirdiliznagios cobdaepiibniipion! in Tes),sthe by dumligradiug n
grans) ,On Metal Plate and Fi| mOn Side Paper Towel gl On Bottom Paper Towel
2100n" Si depioalhe wopldhapt be lask han b!@&@fﬂﬁgﬂfpm@st?s'g%fﬁmwféx F‘E’%%Q“Y,l 14
20 In the,f]l ectl dewd : 7 ffrcddnt | r was
provi ded ‘{eéf'!t’ﬁ?gugﬁl’%” %hé’g{&lss gégtpn%ﬁzvgﬁmgp I Fﬁp@%@c@ggaﬁ?@uﬁ In It atg%ngp
appl i cat i jisd srdsdportshrough aBdctive\DidRABHAGEBVIPET/ USOL/ 21769 exanpl e, a

nonwoven porous filter adhered over .the stryuctured surface). evi denced
by th spill tEhg StB{S%‘HP&lé‘t' 3gRLan 3 °d’§tp<£?v‘fiﬁgwt‘f§@ Yﬁ%llf%‘?’é’ﬁ?i%lﬁ'aﬁzlﬂs’sﬁcﬂﬁﬁt ur ed

surfaces ﬁ@a e(g@&sgsnC&v'ic%gtdre%mﬂlgiﬁé@wer@m %erélhtfehcﬁdl?ﬂn)éri& ilgyer fiddea
exposure of adjacent conponents to noisture. In the spill test for Exanple
8, where thivknessafdessithet 3008dnicrdmeteradandpossiblyylessuthah &30 hmiasemetiges: el hilo no

t f d the t i.d f ot t al |, at i h t
wont "t b ot s hanndts ey e e By apaic B Have B tebt o R el 5 18288 oo
diverted. plhofe Fh}[ﬂ?ilﬂrtﬁétﬂav@a??éa{kcdi&th% dFlabbii€101t8 2000 v ometeedTbl y, the

m crostructrure II'mis preferably affixed to its support substrate by a
pressus e sensi Miwestadiwrsil \sarfaces itragegrdance withrthe presentvieveniioanremdatflow

Utilizing Mcrostructured terial s | n_another, t . ev. e .

i nvent i veSYSIRS!n P’ﬁﬁé‘p tV %g)ofghe éﬁ%’?o‘ﬁr%%‘f‘gl(ﬁ@éﬂs’%t%g'ed?hggg’ctrhtggit?%uddt 0
measure t{guie it pRSE Hrowgh SuclPNfldvesystemic tisirdistribubed aceeroh lange tange due
to evaporation. The nmmjor conponents of this test system ar ebé)i | 1 @ rated in

FIG 13, Micrasteudtyre| dhaenel deasityi fromnahouh 10 pspdinedl g5pand g tojabout IR0 pegyi ¢
reservoir,.230, an I St : ql bo
225 was P dulbebed, AESY, B' HBinG® pRAL Tor T Rhuiq) BanGR EEs DOV,
of tramnspGensthlly,ewhen pl matifald tsaclhaseshowe iioFl@wBmds dinpbrysidorach individuali de
by 1Z2 cmlong by 41 cm deep., The gox q§& end tgéanel S 232 and %@4 si d

panel s 20¢iEsgelahag apaaspectatioy thay is 9 R 429 peropmeBToalfe (A0¢ IRY'E PS 81*‘85’_ ‘fsd"get her
al ong the'e&ggégat;{e%éﬂp reffPfRin #nsiloldtiat isrﬁiﬁosg@%tﬁtgggﬁadf@ﬁni?é ERFoutletd. he

si de pane wenty cmup fromthe bottom o ox and five cmfrom

the end pThslsigh¥fcanfincedase mashedt rétiml disttiutesthe fotentials ¢ffect recantiihutetnédie 238
inalikew sg Q&ﬁjti&g relative to the end panel 234. Dry air was provided
to the boRotgdBenghits,0f the dnVEptOl, cubic feet per ninute by connecting a |ab

air 23ssupply Eeit@oléﬁampaﬁhnapkmve iANfe HRABnICRARARRNI gy e oFaimgUuitableat
colum to the box 225, via inlet hole 242. The outlet hole 244 was | eft at

anbi ent pgewsetrebutaregenealiyorectongwian @ypically| hawingdspthsif S9d% 3998 migrea and i d

reservoir 2 ortred t o defdipe it f 24 lsgppi ng
upwar dl y &'ﬁ%g%l&gio For %@erglgﬁono rhe\{J .Ch?ﬁﬁe)el &’géémgggplf %’l oﬁ%lggemfég%ﬁ tsigons
of t hef 30 %clf BOOEIMIRS® hYPhéights 08 5O @6 3BOD fnf@om)Ghvith brh (XAR1dea hiniglel ofgeneratty gt
aircraft oorin
to 120 degrees and preferably about 45 degrees. The presently preferred structure has a
30  nested construction wherein the master channels are 200 micron deep and repeat every 225

microns with three equally spaced channels in the base, each 40 microns deep. Compound
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panel s, available fromMC G| Corporation, EIl Monte, CA The floors 246
and 248 were snooth and flat, and were supported by end panels 250 and 252,
and side pa@l%84 38 WO 02/ 062568 PCT/ USOL/ 21769 and ZFerydisefhr al

| at eral panel 258 ran across the "V'-groove to divide the fluid reservoir
into two side-by-side, mrror image reservoirs 230a and 230b. The fluid
reservoir 230 was 76 cmlong, 44 cmw de and aligned wth each floor 246
and 248 acharmebl wpalsefpossible and) Cé’tqnvmeietﬁbllﬁbﬁ‘llci‘o#fitf&ﬂaﬂwl%l‘nc@ﬂﬂ@bfhﬂ &entainght cm
adj acent ﬁ centralﬂpane), 60n @rﬂd a depth of zero cm adjacent the end
panel s 2§5’ RifecteBBup A m™ ¢ eWP wat er was poured into each reservoir

230a and 230b @ie preterfedaéhbsfimencof & \fRidraniport fkp et the presedihimventians of
wat er was neasured out to be 100 cubic centineters, 50 cc for eaﬁh of the

two si deJW@I@enrlﬂ%ﬂvei» alternatp flufd gondrol Sikm 198; Thedim k38 hasyidg chantnels
si nul B%eﬁ @F%n epétaos gﬂ} ‘#{\ ol %—Q‘l d;& o\f"'s Al ehks Péﬁl zﬁ'g f‘edsblémgeﬁtm&e

'COrro cause col ectlon ) ds Decause  of
their COWI@MV&‘ the gesksopaad Trosimdller psaksviwicthus deﬁh&f secdmdarylehmn\dlssr@ped

sunp). The data acqul SItI on system was based upgn 0

bal ance Wherpbesvyesas- Dhesmaller peaks Jdd rare et asqiygh ﬁgg’g HS’&‘I‘%\ aqﬂags ﬁﬁ’ﬁ ed to
a person appllcatlon
was used%%%?%g?ﬁ%%%ea#@yﬁgag?;ﬁ dthli:dm %illeréhwgsg?g\ééﬁ &ktgfg’r%(kj&? he readi ng

on the conput @refefdbly, thé eenter-toccenteadisthnok datweee pebks tHQ issaboubp nm\l&a.sarpl aced
upon it, and then the ter added ag{g 33’ ?iu a r}11 S werg cor ded

unt i 110t hdh %\/&F'@Fr'%%e“%%t@icé t%?ﬁé‘pB‘?“&f 113 abpylh H AR SR ‘Pﬁc‘(’ﬂ Py and
t enper at %ﬁarﬂ%srﬂeehg%éggﬁ BNt FakyVRPo BAAELLid dboube. sclan.?r ofhebmmst 6X the q;\éalebe

val ues for t |ons during the experinent anple 9 -
Exper i menaped at hrhebom%Eltm B&ch/pdakns pleteaunsi atutselppaxstope’oﬂra:ﬂabbralomdﬂh& fluid

reservoir 230 when cont ai n i the ¢ bo starti vmth an
initial \ASPWnEMEE At B %Feo? eIR? ggh%‘i‘“ﬂ P‘é‘c%sé'ilgsasa"f;fat ftF ff’ the

transpor to tARC AR {41300 a 'ﬁgtméb%t f b%.% r?ﬁ@ﬁé{gwome &Ik 4b iPabidug 7tsape

wi dt h-wi S8 aRdPFunni ng it fromone end along the floors 246 and 248 down
the nisddlmilof whike thefHegght of thequmubsmbpal 1.panidd. Adwdy daysnonbadking layer s

respective end an sen f.or .the f|UI ere
zero (no lr44|stp \%F’F%%se]ey 331 Hseg’agﬁ&f}he§afrﬁc'ﬂ%§"al'alsn‘%&g%lﬁgoﬁft| on and
t opogr aphy étrubiBh pfdceésd THeaNMmPIBBlofIFIGI2IMB Foihed ﬁ:@merehm sigethylehe 18BOA
experinental runs, and was the sane as used in Examp FIG _2i). The

pressur e (geaikblei ﬁ'@nalﬁimsaméhmled @@rpatﬁﬁl@ﬁeKtﬂSéPCfl’le Wlth Hee TBITOPEY X4 oor

was al so .fhe sane as rt I3

evapor at i o ¥ar et F‘I‘Ffadf %rﬁeﬁﬁ?dq?(%é't fayr ﬁlé% ? grgn%eggd%%dﬁ) Yt‘% ﬁ&%@gﬁg?\}t‘e film
conf igur ajokeRssiie of esb ba%kﬁigglay&rtﬂztt Ehd Sdcohdibody tayler nas ig ﬁmﬁaalﬂy doasednd
hum dity. The actual mass loss for each film cogl guratio B‘lorded and

i s shown fremRE Easpman Tenite poigethiene S8R 0A only (with; nojsurfagian nBr &ke of
the evapqp %lhﬁnoJeﬁlﬁpglgeglgFﬁlﬁcﬁﬁﬁl @twmr?ﬁ seypRals awlmnth@a&egm Bethe form

of wei ght 0SS over erinmental Data tor Varyin | m W dt hs
and a Cortiacking ¢aleEn¥d bangnapprsxllmatw ﬁellng i mllahnd-ltlmdtpﬁmmhmmcond layer 145

Hum di t y/ Eyapor ati,on Te Filmil % a 4 0

g/ nin. Oelbﬁ%awf%‘g’?@g? "ﬁs%nﬂwaﬂaéwef fdbﬂﬂéﬁﬁgsal Pper e‘g of the

g/ m n,sCel | YonandwifiGRe 48dI6ha? RRigROD ided b

g/ m rrlhéel s@dg&gﬁééu@%pisngﬁgggg% elmoéﬁ24g§tﬂ% and 220. 57g em%grosvll ues Ce)i si us

5 Exanpl efoifling the pEakser40nterle taber. t eadditinm, ithes Buidesostrsl ﬁmr@aamchuc,le@rt@md for
the fluid reservoir 238% but .t he control box 225 was not used. In other
wor ds, t aY4T| % aPtomL§t gh[e e‘?§0 was tested in the open air environnment of a

iab. An initiaks lnldatibakd’ gt evmslgxsda%mcgumasomm TRUEARpNRhS dfhie fredenit
reservoir 230 as described in 9 above, ~and the evapor ation rate was

measur ed inverttios meayskee madentbrdugh mweqeswch ap exrysioh injp@ionimolding, embossing,
' 30 hot stamping, etc. In embossing, a substrate (e.g., a thermoplastic material) is deformed or

molded. This process is usually performed at an elevated temperature and perhaps under

pressure. The substrate or material is préferably made to replicate or approximately
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10 Tenperature and hum dity conditions were not recorded because the
environment could not be controlled, but the tests of these two film

condi ti onwomroe2eyal uat ed on the same day to mnimze nMacrRSGHMS1760
differences. FIG 15 illustrates the data coll ected regardi ng wei ght | oss
of liquid over tinme. An evaporation rate of 0.041 grans/mn. was achieved
inthe no filmcondition, while an evaporation rate of 0.24 granms/mn. was
achi eved replicatg the'suifacel Structote ofi @ enaster todle aSinog) this proaess prosldcesurelaively These

experinments thus confirmthe.remarkable i nprovenent. in the.evaporatiion rate
I the. pAR{\AUSHER 047 SHBHMEEPRTIGH A A G EhEBIOEES i EITRLi e |
i nventi omicddreplivatiéi.| SuREbIE PRdceR¥A RSH MickSrapliasioh Red 8eABed 0TI S.iFaTNbY
‘because the surface area of the liquid exposed to the atnosphere is

si gni fi c&fildylZ0ncr eased on a structured surface having channels. The liquid

curtage can dp o, SERSAENT Pt G in fel 08 bRyl BOAR "Ml T
be ot her jAdompbratermii@icoatrsl filaP e Microeplicatétewiiks) tocmoveliquiddromonerés t he

liquid could be ink or |ubricants) or the liquid could be a fragrance or a
fuel , or andyrapsfanit temnetherof.g. hysapillapeaction. |'ﬁamra$namf tedhuid centraliles. 5

" st 7 uct aGHS o § aRfoek shifah TS gty (e dobcH) Feb b 1SRl FohC€ O

speci fi capilly, leaks, el icondensate, thas @rpamedg fdomosion usfl agporr beanac baused bywhen a
liquid is disposed on the structured surface (gf t he present 8;_nventi on. . A

st r udfur aadesisablec Havidp h8pesficallypthe diapid, centrel pfilm sfompegentjax ithe PreshRl eon
has a |i guid.i ' I ' t L QR to
ot uct ur AV BHbR LR EERAIRATE Rauchis SPI) FRBR piakrilon &7 et ey s 1o
peaks 254wapdrombhaymeddSia.orderlto graventx@rosion (od e@doomve lavetorytfuids inrard
surface 250, The channel s ZS@ are foyned toeéﬁpont ane)ously wick the liquid
al ong eaéﬁpl?ﬁﬁllﬂi’éfo%feéﬁ‘_’ A&eeTAREdn Pf‘{f_ﬁfchprf’?‘l &PHPYYVi nerease the spati al
di stribution Cﬁxeﬁgb‘?ar%'ﬂlﬂﬂdtrédl S0 Sy Xefil F SICHHI O Taveffion Ne |destitidd 2RPeihi dddS

, each channel 252) 1ts spati al di 3tribut ion is also increased in the

y- di rigct iilbusttafe bartaive featurbe of thdgweseof invantiorc himord prefaredaarntive fidvtransfetus

hei ght of the.liquid 2b0 ies in.t - di ' i Lhi.n_each, ch | 252

ne Seen iemtodimenthe saem: BhinPaEna BTG S dn bl of oS 3 205

i's hi gherytadiifeR tREERS 1aS cdp) lalyBr: @evabulRNGH ?O&nﬁzﬂrs)b@rde@ and oy Hawid doiectiorposed
i g

evaporarively active surface area of the uid 260) which, in turn, . has
the ef f eaneans. dmpagprefriredrrassiveiflviddransier empadigrent e systgm compsises: r dfiuidhe
structured_su c . 20 t [Welgl
Cate i areLRG SuagRe 2 aff o SRBaltal AchBhn hERHL e doRPORUAPEI BhC,

t he ldoquisgstemstaie vatiid@sahasopare disclisedfin il lherpin dnd fatiteailastraled inithki ng
al ong the mcro-structured channel s) and ,bx the further ar‘g)l i.fi.cation of

t he meni dacludest examples. gWhaleja,spsgitig ‘)@Hﬁ’i‘fﬁé‘lo. ofifempRAeTHE Sy be disclosed A8 o
exposure rea;of [+ E ' alriRsRyest Gari
conditio g.gfel?ﬂg g@%@@%ﬁa? i (l)sg cr0 g{é@ﬂ&%ﬁ&btgaé Sp?géaggﬁﬁanced by i ntapggﬁjci ng
a nmovi ng,embodiménte any bercosbired o schpevefthe blgettivgspfith@athimad inventiest. ur ed

surface 250. Although not tested ecifically aboye above, the inventive
mi crostructur eﬁ“ﬂpf‘gﬁ‘ﬁtﬂ%ﬁ%’éénta@%?’ﬁﬁe é%éftf%‘?sa&o&fﬁgﬁstegt f'B’Fmé%aee%s; i on
appl i gat i @QR% {3 Aldbrvbitdo ¥BIIEL Uigid! mevededH bf Rivay SroRP BRSRMI bPleak 3iey, aThon,
where noisture IS released to anbient). Both 30 phenonena include a thermal
energy carpdereof thisdoventiondens theiadvantagenf allowingrewideguarigty ofiipdigt designson t he
mcrostructured fi.lmsurface is.at a t at ur [ Cil an
o ot (E7elegd depiglh £af inSiBotat el STREC A FrapY ebiebeBetesl ety
has so 4 I MGefh Al oSluaredensed, the channels then serve
to contr(l)ﬁ“o%?g flogvgm;%d di%fgrt ﬁ{z cgllected liquid to a suitacilﬁg liquid

removal zone fSuitabld labsarbent waterials : melude ofibrous gextide olype | materiglg.a inchiingms s
Transfer Enhancenent Via. { . t i S i

not ed%o t NECY e P8g’t‘¥°l)'89’u|?ne'g%s% Eﬁ%h (ei)g ﬁ%‘%\q ?‘%{e&%{slebg ean% Sﬁbgveﬁé%@%ngg%# ?@eﬁz ed to
enhance n@gabkdrbaafqan cduiprisg an\abspebért ipplymerssuvkelal astsyddenvilog aomdizoshilic on.
These exanples illustrate how the rat&@f, evapor at 'éonaé.? c?ngﬁﬂced @g.usi ng
a m cr ostpalymer sghtas agyperserber. | Tha hydseqalioid (&, $HpbBadfIEd FEHAe, BEEUR ed
material surfaces in the case of active fluid flow and also in the presence
of active air flow over the surfaces. The fluid transport
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filmcan be presented to the liquid flow by any neans, including on a
support structure or any self supported assenbly. The resulting noted
benefits Wwecdudesegvaporati ve cooling effects, hum difi catipgyusyapesati on,
as well as condensation renoval froma gas stream 15 In evaporative

cool ing, many net hods have been enployed to et~~ciently cool water through
evaporation. The main industrial application for evaporative cooling is

ai rwat er arostherc pmtein, polybackharile, gteiner supsesogier (giger modifigd estarglhy agiylstess ses

require a cool ant , at a fenperatyre. bel t r il ry t tures
of avai | S §W'ItﬂtafCe°‘\R/8{y8{%’ %@H%ﬂ’l‘@%l %\{&sngﬁ?rpammpg%é%a%f arﬁgpg%%l ed
by spray ippiibilizedNin § marigeiuchnRUAtdrdphobie RatrkO0f @BRAveptibhansydmosullor] are
cooled in cooling towers. In a cooling tower, water cascades_downwardly
over a fidressimgsior myi alternativelysher past of @ hydropbiie el Batripteke. @ kY ar % 2l |
anbi ortc, SHEERTBYR BhE ababRirRS Fy oS, Qs e Bol £ Boflus WIS B SRBARRE (©
provi ded gdlyrhéte Fhieldbsdrbertpaill ataytopeiondllyveontaiman atinsicrabied agerposed sur f ace
GUrrent ot heRelEFa 18egto §iCa 28ofhsi IURTNe SLTBEN. (hFFYer o RENKBY 1Bk
current to th g 3838\ a [ 1. F C of
wood sl atg,,cpl D94 Bha e irdADEY HOBD I:8lck 6. ThEIaRRYE RRCINEE End Br
spread oui Fﬁ‘e als'ﬁ-’a?l quid inter age to bot'h I nprove the nmass transfer rate
as wel | afiofeCadditional Layetsi oftindtecial (sachnae iayerm2éa oh@6h) pnstsrsidepppasite the
evaporat ors, vacuuns and pl ates, have been used to increase thedrglt tC)f
evapolat i sctured susfase 3@’6&5@?“‘31 # ’WEP@!F}? or Qa'ief H\E&(ﬁ'a Ss'“éﬁ%%%edt 5 ?ﬁ hbr} oduce
more int ' hdy RYA {1k dddinenA IsyerFHiemieAsls Slergin) Or
art, gas%?%ﬁpgigﬁﬁﬁagﬁé gés@e%gﬁ%séagi?g?éﬁggor at?vgﬁg)ol ers, h;meéi f?er S,
heat exchengttus) baekingy fot2he stiOuged 0686634 POItaldobickinpsdoryss in fluidkeansiokd i n
I'n i hi o ekt PEite AP BveRioRdngnas peerdoral bRk dopydn 0 elbing vy
out of the 6t& GRE iwaeROfibrols wesf ahs, B, tfbemerand adthere fimitiar bhekihg qui d
phase in the gas streamis 5 minimzed due to increased surface aft ?hrrents
(i .e.15 t hmaferislse dyeférred hackingsainelude diinde ., dess than thoutid 258 andePrE e&ﬁa ¥).

Experinments showed t in .S , % i W er
oah be ackrtan aogu s i B FiataraR pateh | TRERIGHER baBAESRelp AT 2
added sol j&lehintubilslyi 4tide pighcaitiegion | sfethef mwendideuid crangpoett tagerh b rand véwee h
wi Il decrease the ?'i kel i hood of air entrainnment o t her

the liqguid., |
appl i cat i sibstrate. syrfpcehirragularitient Peafsrred bamrma%ﬁﬁ'a{f*f 'Pg(f‘%{gggfw%‘aﬁ’\g? Z&gﬂ ke

| eat ed rs.ar e t LQu| a
gppl i cat ngwgtﬁ(ﬁyén%&o& l%%gqu?/gﬁs%t ?ﬁﬁ:@n‘k@%gﬁﬁg%ifﬁ?g T 3)% %ﬁ*ﬁiaﬁg%gn t he
sur f age, myéhﬁhﬁe&@., ENGAGE 1w densitygiolyetindened ninatier dsafuldmskiog would also
hum di fi cation performance, Using, the mcrostructured filmof, .th ent
i nvent i oninGQ[R?ﬁ‘%éeﬂamfg'e%ﬁ‘?“b@“é%?s'l 3'3?@'5%’88 agfirpachy © i%?/g%f.d t%\i’ptef\%‘%ggpect
to the gr ﬂlﬁéljlﬂheﬁ)ic?%gﬁﬁp i%?ndé&&trgﬁﬁ 6{ inditipiéfalyerk Son¥ ¢ hdredeinadbinisretadariie

i npregnat e material to prevent the growmh thereof. In the
case wher ¢uah agdisclasenl Kolkja eirali BET nteroatisaalRuhlicatieniNot WO Bp/@§ k3 and
i nvention presents rreby a liquid encounters a high surface area

?frreﬁ Vf@le
medi a whi ERIHPPEESUFIREE PYARRYENopl ets to attach to the surface nore

ef fechivel y thagithile dhBRAlshfor Wiseaine fluldl e4hsportaatticles fl tegprekent Sivémioa of
the mcrostructured nedia facilitates liquid, fl ow, w thout 20 (ﬁbstru?ti ng

the flow dfclidemyadhesivathat providecaraentable adkesiande @i vaHeripoky and, Bprsiplar

mnimzin ressur op,actoss. th I : ichent| a i; ter

in a desi g\élg“rﬁﬁ'ﬁne r(?j%"gd &?@?ﬁ"é“& F%cgfeg%ﬁ.e a%l-ﬂs@pé ag‘IrCie erc}éggmeﬁl‘gggtihnngﬂ?? t he

dnventi on i sembly2fspeMabiorptisn 60 Agiedus gmatetials adrd a6 rev apotribuieoto ebrrasibi.qui d
i gr a surface which conprises &dfilmh vingfirs} and

novi ng ov cCl . FS %cond
surfaces Suitablespressner sensitive ghesives) Ingluda theseBled Q1 ae¥latese PPIYRLENANT s ace

.of the fil S f ' bberbAEP A Rey (iAclDEMg natural
surf ac® hé@%‘ﬂéﬁc ngnd%@%rsﬁ%ec?@gl aﬁ%sﬁgbg éﬁdtbgﬁ for supSorti(l.n%.a %Dvi ng
li quid t hesten, polyisopréssen pelyisohntylatef butpldubbergie 2 pnvel) as sembinations of these

t [ i.th || th bet t hat .t '
Bet i vo. suembasves, ool SRIRSIE] ERPCORSHL (Y (<Oreln JATIRe PesiaRe, Beoly

meni scus 30 height variations of the nmoving liquid in each channel. The
means for causing the liquid to nove nmay conprise any suitable potential
generating structure or system such as a punp) pressure differential,
gravity, etc., or any conbination thereof. d3 WO 02/ O&R5G PCT/ OsOL/ 2179
In the foll owi ng exanples, the channel s3%n the fluid transport filmwere
parallel and orientated in the direction of liquid flow However, this need
not al ways be the case. Additional options for relative channel and |iquid
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replicated surface to provide for increased interfacial surface area. The
evaporation or cooling rate of this group of experinents was determ ned
usi ng an axpRlcIset al set-up that incorporated a 45E i ncl ipggdysgehanRe
substrate 280, as seen in F1G 17a. The substrate 280 has a pl anar upper
surface 282 with an upper end 284 and a 10 | ower end 286. A | ayer of '
pol ythene film 290 is aligned on the upper surface 282 of the substrate
280. | n tmedifiersxasevélhanaetjvetdompooents isegheas ary antimigobigl agaw:  Kdhamtiapated ¢ he

upper surface 282: .t was j,ust i d t..on I 282. A water
source 2 S}HS'E?O&%(!%‘{WF{“ 95 u&?c@’c‘fr %&ttggag%cg)@le#Bl&g{eeoﬁhﬁg@ﬁ%ht o the film
290 adj acent tie priferfeddpréSdir®iserisievesadirsives eviediD canlibe wsetlein tAOadhksived
‘down the film 15 290) was col |l ected adj acent the bottomend 286 in a

col | ect i coompasitgsrafithe prossnt inveation ap the Bpranal adhesivies avhich are appliad tocarigus

reservoir_296. The film?2 I i i A d e

t emperar rEGHes dach,an Bty EBENaS ORiReY T Uis' PR Yo e 248 akd

agai n at gaigeul@lyt #97:9fisd-bety¥ ddrytateMictyldrhide copelymeh e Atsoqrefetred it am 650350+ f ace
of the film 290 was provided using a ﬁt andar 'crﬁrzlpeﬁ1 f,anst29 .posi ti oned

adj acent ethdheel enylatiisobaaylaeriiafe corplkmpis APGYE i) CHREESIADWD PURRSEHT 11 ow
fromthe faNua3an478 PhERNED s1s041616 3APBA3LO8 IARGE! e adhie AR bd | OW

on'the fi alr speed provided by the fan 298 was controlled by
l i miting 4 fsmenétamianeadhesise.t The limclision @OStinsincbbivh agents s thedadhesiveyisaalbmt

W re anenoneter adjacent. the ace. of j | e experinents usin
thi s Yysteomemplaty !taé(ﬂ’e%ﬁ"rbegﬂbg$ i’]"?'zﬂf’t"’s‘f’sﬂi§@raﬁ%3ﬁr%ﬁ andp25 film °

surface microt A dlso B BeBRjoRfeditd AR A0RESVe lal9BDCAtHIS ©
ST arent ol CpERe girdditd s??ﬁ“‘ﬁf S SR A m  wher e

t he tenpecast threcaditesive enusteitherdecsuppertell b azmictareplicateddliner thaviag 4o mitroon

rate and ,associ.ated | atent heat of, the water. The ait . S dar

| abor at or'?‘agﬁtoéﬁf‘%%“éﬂa?",wknmeﬁhﬂ Veaﬁﬁ'%ﬁ: "&ﬁhh%/glifgf"\é\ﬁf?}'ghﬁ{kﬁsﬁg? 9’.‘” The
fol | owi ngcbdyvRsiiBings tbeviR v 88d RS oBtheladeRl Qurind stordge S TRwéRe PRlyidldiene
filmcontains a 0 5% TRITON "' X-100 additive b ht. 44 WD 02/ 062568

[ Wei :
PCT/ USOL/ 20361 nExsd epheeniedtly apcqmliﬁhﬁbbneslightlmqﬁwﬁnlgn& adhesive (fcg-upsog

channel surface w,th |linear.channels, .The it he i i . 5%
R o - Covalt e epls TRl Beoxibie RESUE AR dd el (S, Asg. P
the film gndiseddisthtf e adHESi RCRy&Rla@ b discoiitinubas eiaf the retle tmoethiefs| fiealidvannel s

w th 45 degree groove angles 3, 20 m | de,e% (see, 5 e,g., FIG 17ph).. The
channel s foseesyabukhlefiee appligatioown Linersi whichnare switable ofon uisepia g‘ﬁb%dﬁ‘(a%ﬁ’% 280.

Exanpl e 14 - A. pol ne fol.hm Al appi t a ce
w1 ncSrndReBl qf BETRGbAT ARG fanT 08 P 01 Nl S ERE BT 0o
addi tave potymwepgene, pohyestenbdcopgiositesroftaopbf thgsemetdrials. nake the films

deor o0 o1 aove ANGIReTS a0 HAFITAYBE Rosteh T At B6onts 85 A SRR Hum
the incligg.deli neghb¥xdhifie SUPS! ri € N304, 472380 Gestfibes AowOkirfdtenendrpy M

having a mcrostructured channel surface with . linear channels. The
pol yt henepérfluonochemisalnkners ‘Ths grafuraiohers are pageraduplydlelin Bimswardrolyestere

15 pat tcr A Bed i ST Eone BIoF meledfinciEadmplel FeBFble AN niabiel Aindlc, <)

8 m | zﬁeeeoatémraédaaspa?a%t 4r8DOLVSEIK™ siliberk aelmén(‘fagerrsadxiaﬁmblbiﬂ«mtllameﬁi I'm
of FIG 18, and with four snall rectangul ar shaped channel s at thg Egs'e of
a | arger Revet Eogd.Br Swith Pivisieni(Bedfned sk, WikandsHirone srleasy RrRATS SHPPHEI Pt t er n

anol s opathed Ghepisat Ch Bl SrEmbdidnict B8 il ELOGROTRITABAARL,

.20 fol | oWgyailableNBbih Dagsere whighligra Wipd kaRadared JOEfR papenswith grwateebaspdici ng
332 = 229 microns, pripmary groove depth 333 = 203 microns, notch included
angl e 334silisens release sugldye.— 95F) secondary groove angul ar width 335 = 10E,

.secongary groo c{lﬁlf 3 LGl QRS RARERtoh FHIPBYEomEE ént fo= 41
m cr ogdg, pri mﬁ&f%gg% o;')gﬁ\?\hgast ﬁécgggl@r'% %‘@rfsgns, secondary pegﬁ{ﬁhtro .Svi dth
339 = 29 ¢hosé skilled prtheartywithonodepantirgefrovm dhédsc@pe and spirit of this invention. luid

transport devices of the present invention are applicable in numerous industrial and
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25 163 microns, secondary groove base width 341 = 13 microns, and primary
groove wall angular width 342 = 10E. The channels were aligned to run down
the inclige Aakisggd by the substrate 280. Exanple 16 - A pRlyideRapehi | m
having a m crostructured channel surface with |linear channels. The

pol ythene filmcontained a 0.5% TRITON '"' X-100 additive by 30 weight. The
mol d pattern tooling used to nake the films mcrostured surface had a
pattern foaaméroiahepplicationst | Bruchred murfacesi havingoneleap dayey (exppsedatoypmbienys nj |

deep. Th | aligned . q he ingl i i :
o obt b Goppbonss e ypsryoulenp o culable BedFRriG (At [BidRaar et
of pol yt gh?'aﬁﬂtfolng‘ sesrlll REGrab anAd WRhsistioat afll vemisval ta?Fﬁ@tidMﬂarﬂ"lm #luid

f1 ow wat ow conditions) as follows: Case 1 - air ow at 152

met er s/ mitransporadeviemmeth &lcaps layer tas bgermeundnte; be partisularly syitable ferusg in 5o

meters/ mpute and.water flow at..330 ga ] nut_e: 3 | : 305
met er 8/ mi gaml%c’é‘rs r&ﬁﬂ‘é{f“'?,%d’"ga‘%%r@fﬂ %ﬁtsg‘]@ﬁgﬁﬁl z%sult{‘%r%c?; p]:-thgK‘hﬁé

eval uat i qiRkiohh8 thd ¥RleEREtREtuEe- Fbrtherdpecifibapglivadons ambstnfctCess the 2
and 3 are detailed in Table 3 below TABLE 3 Active Evaporation Testing
Resul ts (mEesentjmventionare illustrated imthgfallquing exampledyr ees Farenheit)) Case 1Case
2Case 3Exanpl e 120.70. 651. OExanpl e 131.81.2 ~1. 7Exanpl e 141. 81. 41. 4Exanpl e
151. 91. 51. 3Exanpl e 161.60.61.3 1o As seen by a conparison of Exanple 12
(flat fil pgkamPoES<anpl es 13-16 (mcrostructured film, the use of the

m croreplicated structured surface in connection with active fluid and air
fl ow 10f or enhanci ng evaporation very significantly affects the rate of

evapor at i e}gvé?i'\?le&'?gt“m‘%%’g?ﬁ&?'ﬁfm) the evaporative rate is significantly

i ncreasedr 0 as m surface under the same conditions. The
rel ati onship of opposed air flow 15 and water flow rates is also

illustrated, as wel s a consi derat,ion of .t he topqg J .

mi crorepl i cat e§%8 "aie’ oApth“ﬁ‘?iﬁrf’%ﬂ Pt £or 456, lrggﬁggc?{ﬂéhg;an.'@:&&ngl%d

i Il ustrat ;%?notvh% agRdivhs I9rmdICEBm: B erd husdemeased filth hihkied uioda 386strare. t he
m crostructuredfiI msurface290 is greater than the deé)t h of thechannel s,

t hus conmupotestial vpshapplied o conbaned] ligiichmavemgaisacrpss thei il with @ eayer layer
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enough that it "sees" the filmsurface topography, and thli% trhe 4Gl WO
021 062568sigaiptesure samsverdbesive ansteqviersd B4 finRleum£ap dayesAPdthe sap layer
(enl arges he surf r [(eIN] Rat A i BPSAY proviidE b
anbi ent . ig‘{ tYp8 1O &gﬁ%eglﬁ?gkér)\fg@hﬁ#éH%gggg%hgt?unﬁtﬁ% éﬁlgniﬁar_pg !less y
pr onoycediavang admcaurh a8l inchdshmeretifyy ahroogh taheactiemosysteph ¥ 5@ vhicheinshysisd e d
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condi tion ustrated in FIG 16b. In either event, as |l ong as
the t hi ckoelbestiog fiurds spillythereos The hren hestedtwias appprydmaishy 1 SHinchesex 36 inches,

i crostruct yred surface affects th , iauid (b
T f oot noNeh ST o Grerihheh Aige TR Thl hE facal EfyBkiniafly v\ fithdl, (Y
| i qui 9%9"63@8; f& Eagfntﬁbal. eBachi dpertiie ESBRACETS ifoh ihiarmetes extile the eanduits 160
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descri ransport mcrostructured tape assenbly. The
mi cr ost r ubhd pe @ F0FFS5dngh. cUheidistanceatveen aperiirer apd thecize ¢fdhe apertuses @us or

nonaqueous in nature The surfac j 6l apg@pt acrylic resin
(for dur a%FI"?W)“ZS?’ dfpfﬁ'bq‘?%#'éher‘f rg@ﬁf)?g}e%%ﬂ\ ggﬁgsé &gppr ovi des a nmeans to
.mount the tape i @sehi UEFIGSE Tarand TRwaetestetidly dligningribe $imnkS0viiorizonteBy.r ed
fluid flow. The tape can be nmde vvithavarietdy of, .
and then by spilling 200 milliliters of water bearing red food coloring thereon. The system
30  (substrate 152, film 150 and cap layer 154) was intended to simulate a flooring assembly
on an airplane, and was tipped to one side for a short time period (such as side 154a) to

simulate its orientation during landing or take-off of the airplane. There were no holes in
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15 additives that, for exanple, nmake the tape flane retardant,

hydrophillic, germ cidal, hydrophobic, or capable of w cking acidic, basic
or oily nWedinehss The tape can utilize "V'-shaped or "U' - ap&ad2efso
rectangul ar shaped mcro structures (or conbinations thereof) that are
aligned in a radial intersecting) |inear or any other custom or random zed
pattern that is desired for optimal fluid flowin an industrial design. The
t ape can the linoledm2capi fayerc il 54;,escowatea shispeeedatherdonawentnender e Hinelewm atyits ens

and- becorrees I Gmiteb, 80" nf ofThy Walef orls esMRRCA TEAR TR bR P B C L0

be desi gnaY, flaidremibRali dmdicoRéSionirite).a mani fol d or other device that applies
a potential across the tape surface) or can be placed to utilize, existing

"sources of pot Example 2i- & fluid remeyval systemyfas wsef meeelincting,) transpartingpand: an
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att achmenf sans eoutd be & y mean or attachnment such as~adhesi ve,

mechani caflat pellyetliyle@mt ilm d 50 neBecfluid, transpove adpef adce satictadnamfaceremdswas f  t he
attachnment neans is an.adhesive, the aghesive | d be MO, 02/ 062568
T B0 Aot e eigra g copr uation OE Hiecd it 448 Sfer T E1Gu2  AdSHSIAL
class of @%r yﬂﬁi@&%crd‘ss)rﬂheoghﬁrtrﬁﬁguh%;%m SRhELqSd bR ent, PRkYPk@fably o
natural rubber. Mechani cal attachnent neans coul d i nclude plastiform

| ocki ng tamver was placétbover dheimicrogrusturkd surface THheiflwid transpertt tapewes adiseedised
inawd varieté/ of .1 ndustr.i al %ﬁeolications 'cp benﬁfig f mfhui.dGS
nanagemeﬁ{x PSR sEnsitiveqadiissiye (o the pasSenget Jovst, Tlopripe sposteals, g@ee@g Bt ve
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i nprovenent i n condensation knockout efficiency), oil separation in

i ndustsri aof ghast ek guis, thickngesnsakhe puitablearoves wes @gyjar atcepnlpyerontidineleua

col lection efficien i n Liance appki i il i

P b oSG e RS GhoT PRI IRRESy spBkle SORL Al and o,
(e oo e T e e d T oo hagl e medl 2) . del Lvery
of fl ui dstheiares undei thedisaleuny presasprtyandeids in qollpatingfnds spils. Fhiéw&?tem» as
fragrance ) val: i Welvl (e.g., water, inks or other
fluid spr%%?ﬁﬁpgpﬁg&ggg? Ea{g‘g%traanﬁﬁggpgéﬁgﬁi of" hazardous or non hazardous
f1 ui dm by conbFluid tramspoitttipedEl0ewhs atherbd\to chsflooring substnite 1@2 by Ithsspressusever al

alternative .enbodj nents of the, invention disclosed. It is ungerstpod
Chat  t he TeGHIER GANGIve RS CoVSIER s MESOEY Mt <h B b Eoraasabibe B oa e
desired cgyri,pati78Nn tﬁeglgicgﬁéﬁgglgﬁaﬁg 1785 &R MHeYsub§ieR€ 192 NBuidROébnnb@ed kdii d

fl ow appli°cation invo , various nodifications and alterations
of this icondnits $80,whith fre bomevesp panneatedito at lipd reseivioirelB2i and YasuamtPUmR hout

e S A R e R NG A AT

conprissi NP5 EFIG. @b) dwherein' &l leds¥6ime b \the ehaantlo N 7Si Wiere dndluid bomimanicaticle) t he
top side having a mcrostructure-bearing surface with a plurality of
channel s withtheoapertuees 178cilitate directional flow control of a liquid

di sposed t heregy; " Luadhach tom
side of the Iig.ﬁf: ﬁ%@h@%fﬁ#’g’f/%ﬁ"g‘eb %%’quflgg?ﬂ é\ﬁ%%yra gg%‘“?g{){g??o‘tggg%gﬁ) ayer
.having a §hmingi2de miMelitersstire® Watdrdm thé bgstaint (Thesyitem wis ddain bdefly tyeed, bei ng
pl aced over the top side of the liquid control ‘Iéfﬁ er to defi F a rel ﬁtively
encl osed sishrasapward side d74a. andreJO: miswtes, L mieef Ge rvptenygs F@ ecieduindhal ong
.the channgl . i . i de of the liquid control

I ayergb:ndﬁ?tﬂég{)sgﬁ{ogjnﬁsziqgﬁebtg)‘%qfﬁgz'%gg@Iczélghgpgﬁ)%té)"l'he | am nate fl oor assenbly
of claim1l wheBxamplé& eHErenfbid haneval isysemaitiissaedrid Elitesarfal anth @b, wasd
wherein the npving rrea‘ns W hhd‘;aws the liquid frgmthe chaanel S i’:ldj ac(int
the firstmeddicdebYcapplying phsorbent; steips o1 olop QL <M mycroptrugtured, Slmyapd;

t he nmoving neans creates a potential which causes the liquid to nove toward’
the first channel end for withdrawal. 4. The |am nate floor assenbly of
claim1l, wherein the cap |ayer conprises: a floor covering. 5. The |am nate
fl oor assenbly of claim4 wherein the floor covering is selected fromthe
group consisting of carpet, tile, linol3un) wood) concrete, netal or
fatigue matting. 6. The lam nate fl oor assenbly of claim1l wherein the
channel s are defined by generally parallel ridges including a first set of
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7. The lam nate floor assenbly of claimb wherein an upper portion of each
ridge of the second set of ridges has a |lower nelting tenperature than a

| ower por {(higpsrdshgeof . 49 WO 02/ 062568 PCT/ USQL/ ?. 17D Serlidhipfgonat e

fl oor assenbly of claim1 wherein the liquid control layer 1s a polyneric
film 9. The lam nate floor assenbly of claim1l wherein the

m crostructure-bearing surface of the liquid control |layer has a
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a1 oup corates g beiien SA St ol 175, ol SRR shordifeeRo i) | "
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| anmi nat e gdro@y filtérs sgongkyspah bouad, Mmohwolven ef othehsindlar awtérind (neaany nsteaial
pressure sensitive, adhesiye. 17. The, | am n@t e f.l.qor ?'&sgnbl of claim1l
wher elon tthat hasseifigiantlx saall pers size tg 1pduce copillary wigh1gg of thediidne channel
structure. 18. ' f I i@frembadl Aglithdri@nt0ly, Si de
of "the l tquid TRESyfH kR, 9 a0k RSP Huidlref ogés%yﬁg%\gn}gj B red " he% i n
to facilidpiling 17qunitlilitbrsvofired weer dnhtbe shistemeind . brig@ly tippdeor/ de A96@inutes,

PCT/ US01/ 2176 9. The |am nate floor.assenbl vy of ¢l.aim18 er ein .k

li quid coht 6‘?- q]fggpé?r wasscojlepteq p H‘Cﬁéq%%éqse'a'ﬁgrltsgr(g%g%eFe&%?iémﬂ%g%F%ﬁ?i s in
comuni ca,tairtgn wi th the cross-channel and the noving neans. 24. The | am nate
fl oor assenbly of claim 1l wherein the top side of the Ijquid control |ayer
has alpl ural i t Exemplr s Suidhrestoyak systeuiset v seethay showacin FiGpida wagagan £ ow

bet the ch | d in_the Liqui | , it
of 1 aui dieReAarotp DA e drThPSisti e ShER s Phre KGR IB 3 Srildttd | Y
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21. A nethod of defining an aljterna_teli(zuid,flowpath on ol rrericf

mi cr ost r ubtatedethetal platel of G H§oineh Shigkngse (kpsulting 18 \FHRSS1EHANNG Pﬁg’ﬂf“&m Yy of
channel s heh are. for i - AN IR i | £t b hed
ci'rocti ondn2pandt idsFATREub0s SedtEd bifh, Wokiife bR B miahd fof mElRk ofd
evapop@t i @bedsing d drass-chadiel 183 ¢RIGNLK) vethestrictueey sutfecentiOhwobld suflice s They:

form ng at | east one cross-channel, on the ,pol yneri,c m gt ostruetured kiquid
transpgrtc@éﬁ%?é'éflﬁol_aj"o}"'ﬁ’ea rmg @ef\%ﬁ’ Eﬂ'fig'(f@ﬁ?c’%ﬁ% f{g Vif atldﬁgeSFtﬁrthFiqty
O cChamnelsosflfe 17204hd!ld Qs HRRANC1YP QRrendes petnditidrad (hE lighial mrdport

wherein the Tormng step conprises: applying heat to the polyneric
ni cr ost r ufitmchanrelsul 25, as seesipn RIGs 495 dde putpade pf the aress-chprnels Ealsitacarry

appl yi ng BAGAaRE aPEriRs 198 SNt Eoaine 2o paeralf s ST P ARE OTT o ace

to defz%”e the cfiRshid PaneVal sysién SPExarRHﬂe ATIFGIed)wsk t@ted kori flui@ terbvent byn t he
channel's are defined by generallg@para | el ridges including a firi)téiééet of

ri dges haulignjng it horizontedlygispillingd2Q0 suldiditers & redvager Rjb thengysiedy agd Hd,
taller height, .wherein a er j L : t has
271 over PP tE B anRl R, BEMD BaS tolfeBellif R retiCoif 82 (K0 9R,

Jorm ng st&RovabaRd LSRG tioRfadd)yi Nng heat to the polyneric mcrostructured
.surface along a |iner cross-channel segrrent tEertgofl to a te ratpEre1 hi gh
enough to melt Anevidensed bysrcompagsqs ofithe remeyghand,eolleqion fat Gt not

high %gou%t] p;o%idmé tapérnﬁeJ AT MM RASwit €h&Rkls and then defining cross-channels

significantly increases the removal and collection rate of water disposed on a horizontal

surface. The microreplicated channels capture the water and provide a means for directing
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WO 02/ 062568 PCT/ USOL/ 21769 25. The method of claim21 wherein the channels
are defined by generally parallel ridges with liquid flow valleys

t her ebet wagyp2/0epsésWherei n the formng step conprises: cuttidguaMpyreeortions
of the ridges between adjacent channels. 26. The nethod of claim 21 wherein
the polyneric mcrostructured liquid transport surface defines a top side
of a layer having top and bottom opposite sides) and further conprising:
form ng dt ite th arasewebaraielsapehichuiire tumnr aregdiracted toashﬂ apefriuees t Bpoviding cuasbm

si des ther whi ch n _co at t Gl 0SS-.ch The
ot hod ofertiosted Ges ctingiD FRU(Y B2 ety HrdciGe S RIHEAGHG. cemdiing

pol ynmeri CspmsCMlﬁtaflMdﬂb@ﬁhlimlﬁw&gtdoaﬁﬁwrﬁo@uhé %&dteﬂmpl@st he liquid
+«renmoval aperture. 28. The nmethod of claim 27, and further corrprl si ng

coupling the |Eqmnler5en6\1hnd eqveovelisystany (another dpering systes mos wa):@muaenb 29.

the pal yronFinh RpfRebfingli chMohgineE WS uBhi o gIRkhEY (Rid RoorBHhpd” 7

cl ai ?b I29 MOFREG 11)1@ &Cﬁjl:bsirﬁigﬁotl s‘hom{ olmhe tape. h19£k warthé sdme hs thei tpelt Bpos al
assenbly corrpr|S| n aliquid contro ayer. havin S|de and a bottom
si de) t heExaspple 2w mthfgap&rtweqeheaetmwrﬁy z‘ﬁ‘ﬁe‘“ma?”)f mﬁ taghe synstrate.

t hereon a

m crostru‘ggﬂ&dl%g&e?%%ﬁg’?g@elew ﬁas %i utrlgﬁloﬁl ?fﬂ]ﬁanne p'BQt eer é%% % at
facilit atthisdéxamplé, mnedpeft{nwawptavuledahrwgh the Quncﬁtrmposstapehwﬁ oRathiedea f r om

means!of ordrain T Tk aves rtalactehs ene €dRe 4t AL sihspoe oy LD U6 ke

substr at echolnﬁif&{lcat gq’vxﬂ?ﬁt@%hﬁﬂ{elé' /R hERENn) m d Vatubfh \i/ﬁsozil'ﬁpllg@ (in! dirécHon sfoval
zone of the top si l'iquid control |ayer. |l am nate |iquid

EI) IC?‘ P?J% ?)ll /&mwe k9T)y Tife vacwarmalioys fordcantinuddedesicoatpon eff thg are@ uinden/the dimolGA668
rous. ca sed over the | andin f the t
averigh e SPear b Hud BRBRCY) o qui d di sposal assenbl y

side of t he lam nate |iquid disposal assenbly

of claim31l wheyiglensp Ilh&sﬁhﬁé?@%bﬁdd&?éd%rﬁih@%ﬁétu@ﬂéﬁ of@stdmwees qiongdantitive
rermw ng means w thdraws the liquid fromthe channels
data was collected. It was observed, however, that the spilled liquid was aspirated under

the cover toward the drain manifold for liquid movement and collection.
Group II - Passive Transport Examples

20 A fluid transport film adhered to a substrate was evaluated for use in collecting,
transporting and removing liquids. The systems evaluated were designed for use in laptop
computers, and specifically to be installed underneath the computer’s keyboard to protect
the hard goods of the computer from liquid spills and contamination. A side view
schematic of the system is illustrated in FIG. 12a. A metal keyboard support plate 202

25  has a top side and a plurality of legs 204 extending from a bottom side thereof. The legs
204 are in turn supported upon a substrate or computer housing 205. A thin polyester
sheet 206 extends over the top side of the metal plate 202, between the metal plate 202 and
a bottom side of the keyboard 208.

A spill test conducted on this assembly was evaluated using absorbent paper

30 towels. A central paper towel assembly was positioned between the substrate 205 and the
metal plate 202, such as towel assembly 210. Side paper towel assemblies 212 and 214
were aligned at the ends of the metal plate 202, on the substrate 205. FIG. 12b is a plan
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adj acent one of the channel ends thereof. 34. The lam nate |liquid disposal
assenbly of claim33 wherein the renoving neans withdraws the liquid from
t he chann@lgepadbggent both channel ends thereof. 35. The |@mi/p&hR11goqui d
di sposal assenbly of claim 31 wherein the renoving nmeans conprises: an
absorbent material disposed in comunication with the |iquid renmoval zone.
36. The lam nate |iquid disposal assenbly of claim31l wherein the channels
are substvewicflthiy aprangenient, dsviewegHfoorh atthpisurfdcer?d 6of theskeybdard 208ni Thettep

liquid di | ly of claim3 in th i hpe! ud
F1 U d ool #EGES 3AC Hutidedihes p drcroemms ioE AAre PPl Areheaan sPooaad el 0% qui a
removal ﬁgmeﬁﬁ.eﬂﬁ liledwibahs d bdpidt 15O seHe MphedRirthOtecepidribBSiiquilier ei n

the reno nmeans i ncludes neans Tor creati ng a pressure gradi ent along

t he channibm thedeyboaodi308 tahd, ddjacent onst prebeothendsrahitheopelymgo sheph 206.alidumdit e
liquid dis osgﬂ assenbly eﬁ% claim31 wherein the liquid control layer is'a
“pol ymer i cTeoVAl zoags argflefined) nat e | i quid di sposal assembly of claim 31

wherei n the m ghampldé Ve BRhmless! thapslymer bieat L0611 dfl@amistrobtutedymlydirs a
characteristic-altering coating thereon. e lamnate |iquid disposal

41. Th
assenbl y sheetcdispasedsbetwigen therbotthm qf dhe keyboardi306rand the taped the metl Bttt i ¢

| teri ditjve. 42.. The |ani i aui g di | f i m 41
wher ei -t R RolyFies, e, A se AP IRYIG blettibhod BRARE 1o IDRfHROLat? yihittheh
r et ar dant greviy fr Gplaat the keyhodrdI08/oithe meahsuppoarptdie 202.agent s, i nor gani cs,

netallic particles, glass fibers) fillers, clays.and nanopartjicles.. 53 WO
02/ oagiaaspPCTI/ @wmdg?/sb\ &Bé.mn*ﬁél? lhalrﬁo}m?é shees &ﬁglsoﬁ gwgéwg%ﬁmﬁw% aclaim

31 wherei %}Ir%cw 8@%}}&%@ IR gtsg@ggelsf +e§ 'f(’)\}qu.ﬁé ﬁ’dﬁéj)oﬁemﬁi WhstRie AdleSAnSBort fpe ofNeE

| am nat e sposal aim 43 wherein the pressure
sensi t i veERrathgiei2v@nd FIGoRie dvidsitachinoels songitwdinall g ekteading ginder thadeyba@d The

| am nate |i d di | | f claim31 in,t. i
RSN RIS AT E T SR S e
of claim ﬁhﬁWﬁlﬁ{c%w% B8 td Edhnkd théREbbsrd208 80 e AétaPsup S pladd 202

sufficien wer than anbient to“cause liquid to condense on the channels
therees. 47. TiExampie Batie BxaopleB, dhe sroseafluidseaspiry fils was abed ssithgipelyanei ¢ he

liquid i I d f $ St f t L I i

| avat ory Mot 406 Rym Bl eeertapetan B rone: Fa i pd ke P RSBl o1
enhanci ngpﬁﬁl@neﬁ%}%u@fn RV e fdvwaNusell thiteld theCkeybosie 2080 ahes uict£iqate 202
conprises. defining an exposed face of a filmas a p

ol yperic
M crost r ustets scréwed right thrauggh dke mlmeaslpﬂeh?%iWclbfeseh%#vmwe# €094, a3l grpundp e
channel s Qei ng defined by generally spaced apart projections with valleys
t her ebet w¥® 5¢"i¥¥-0ducing a i quid onto the pol yneric
n‘icrog@rugpmq‘eheari ng surface of the film wherein the channels are forned

to facilitate spontaneous w ckipg ,of the |iquid.al ong each channel..whi.ch
recei ves | i qui dntorderdp ﬁV%lBatFﬁl&qR‘E‘ﬁée@Q §¥ﬂe‘@§85§?‘5‘f‘8\%?y9§8g i%v@ SB\.]}\rIYE%fce
area of t liapid &S hact ' @illilite@) v bedtireNrddnfod
x-directi gﬁasaéegf%rqﬁie 9§ﬁ°|°§3€§e§fﬂpgg°g‘?ﬁ§‘ﬁ§ﬁﬁg|@"gg;ﬂ ?fs‘zigﬁ al ::hgg'{ ri bl.?ti on
in the y- dblosingwas depdsited on theckeybagrd'st iBrkey ofid abiewmedtoaitifer tve migites. gkhepy

meni scus height varjations.of the Jiquid.Jr each channel, i h ol £CLI ON;
and expos KA¥ inthe %%8?@\9&%‘?%{‘?)@8?‘3 i&@t"wg pgea?eﬁggg the Q%Ytofggrdtzﬁ 4 ﬁ&qui d
on t hgs m ‘Ei?ﬁéd Rt fidHR SMBREN. NOLSI ALRAS wePe Al @i thel dmouhfl of Tied ibsdrbed &d ai m
48 and further conpri'sing: 54
the edges and underneath the keyboard 208 were recorded. The paper towels 210, 212 and
214 were used as a way to determine where the water was going. In an actual commercial
application, these towels would not be present. However, some type of collection device
may be used for a computer keyboard application, such as some type of reservoir,
30  absorbent or other object to serve as a collection device for liquid. Further, any collected
liquid may be conveyed to the edge of the computer and allowed to be absorbed or to flow

outside of the computer housing.
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WO 02/ O&R5G& PCT/ USOL/ 21769 exposing the |iquid di sposed an the

m crostructure-bearing surface to a noving airstream 50. The nethod of

cl aim 49 whesaistseghe airstreamis noving in the x-directi gio/db1/277¢ net hod
of claim49 wherein the airstreamis nmoving in the y-direction. 52. The

met hod of claim48 wherein the exposed face is aligned on a generally
vertical plane. 53. The nethod claim48) and further conprising:

i ntroduci ng a butle spilintestyfieinEkamplef 6,1 mesi @f dhe ovatere cpldciadennderneath the
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surface frolyestsrfilm286candovateruassdonnd omthetap syrfach of thsrmetplplate 382. and furt her
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curtade to a nvPeARL sy PEEke el . Hebdh Blipdcfon RN fes arf trBEhoBiR e
ai r st r earkeéybo4F8\208@nd Mndtdleplgen62.aWaterowaoatilé to gétnumdérneathake inetal blatgi202 i s
flowi ng across the surface, 58. The nethod of, claim wher
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liquid onto the surface adjacen he first end thereof; and aligning the
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TABLE 1
Water Collected in Passive Transport Example Spill Tests
(by weight, in grams)

On Metal Plate | On Side Paper | On Bottom Paper | On Side Paper

and Film Towel 212 Towel 210 Towel 214
Example 6 4 0 14 4
Example 7 5 9.3 8.7 2
Example 8 4 2 11 4

20

In the fluid collection devices of Examples 6, 7 and 8, no cap layer was provided

(although a porous cap layer or filter may be useful in laptop applications such as, for
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Film Width Initial Humidity/ | Final Humidity/ Evaporation Rate
Temp Temp

No Film 41 % and 24|11 % and 24|0.10 g/min.
Celsius Celsius

Sinches 41 % and 24|31 % and 23023 g/min.
Celsius Celsius

10inches 62 % and 2462 % and 23|0.36g/min
Celsius Celsius

15 inches 62 % and 24|62 % and 22|0.57 g/min
Celsius Celsius

5 Example 10 - In Experiment 10, the mass loss versus time was recorded for the

fluid reservoir 230, but the control box 225 was not used. In other words, the fluid
reservoir 230 was tested in the open air environment of a lab. An initial liquid volume of
100 cc was introduced onto the fluid reservoir 230 as described in Example 9 above, and
the evaporation rate was measured in the case of no film versus a 15 inch wide film.
10 Temperature and humidit)" conditions were not recorded because the environment could
nbt be controlled, but the tests of these two film conditions were evaluated on the same
day to minimize macroscopic differences. FIG. 15 illustrates the data collected regarding
weight loss of liquid over time. An evaporation rate of 0.041 grams/min. was achieved in
the no film condition, while an evaporation rate of 0.24 grams/min, was achieved using a
15 15 inch wide film bearing a structured surface. These experiments thus confirm the
remarkable improvement in the evaporation rate in the passive application of the fluid
transport tape of the present invention. It is believed that evaporation has increased
significantly because the surface area of the liquid exposed to the atmosphere is

significantly increased on a structured surface having channels. The liquid evaporated
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structured surface having a plurality of parallel channels, and specifically, of the increase
in exposed fluid surface area achieved when a liquid is disposed on the structured surface

of the present invention. A structured surface 250 having a plurality of channels 252

defined thereon has a liquid introduced thereon. In this exemplary illustration, the

structured surface has a topography similar to FIG. 2a, with alternating peaks 254 and
valleys 256. A liquid 260 introduced onto the structured surface 250. The channels 252
are formed to spontaneously wick the liquid along each channel which receives liquid
therein to increase the spacial distribution of the liquid in the x-direction. As the liquid
260 fills each channel 252, Iits spacial distribution is also increased in the y-direction
between the ridges of each channel 252, and the meniscus height of the liquid 260 varies
in the z-direction within each channel 252, as seen in FIG. 16b. Adjacent each ridge, the
liquid’s exposed surface 262 is higher. These effects in three dimensions serve to increase
the exposed evaporatively active surface area of the liquid 260, which, in turn, has the
effect of enhancing the evaporation rate of the liquid 260 from the structured surface 250.
As seen by the test results, the evaporation rate is increased significantly by the
amplification of the “wetting” of the liquid on the surface as a result of the liquid
spontaneously wicking along the micro-structured channels, and by the further
amplification of the meniscus of the liquid in each channel. The end result is a superior
exposure of the surface area of the liquid to ambient atmospheric conditions. The
evaporation rate can be further enhanced by introducing a moving air stream across the top
of the liquid 260 and structured surface 250.

* Although not tested specifically above above, the inventive microstructured film
surface also has beneficial effects for condensation applications (acquiring moisture from
ambient as opposed to evaporation, where moisture is released to ambient). Both
phenomena include a thermal energy component. For condensation to occur, the liquid
landing zone on the microstructured film surface is at a temperature sufficiently lower than

ambient to cause liquid to condense on the channels thereof. Once liquid has so
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As noted, the micrbstructured surfaces of the present invention can be used to
enhance mass transfer during evaporation, as well as during condensation. These
examples illustrate how the rate of evaporation is enhanced by using a microstructured

10 surface film assembly, as opposed to non-structured material surfaces in the case of active
fluid flow and also in the presence of active air flow over the surfaces. The fluid transport
film can be presented to the liquid flow by any means, including on a support structure or
any self-supported assembly. The resulting noted benefits include evaporative cooling
effects, humidification, evaporation, as well as condensation removal from a gas stream.

15 In evaporative cooling, many methods have been employed to efficiently cool
water through evaporation. The main industrial application for evaporative cooling is air-
water contacts to cool large quantities of water, since many processes require a coolant at
a temperature below the prevailing summer temperatures of available surface waters.
Relatively small amounts of water are cooled by spray ponds, while larger amounts, up to

20 100,000 gallons/minute, are cooled in cooling towers. In a cooling tower, water cascades
downwardly over a fill pack, which is a structure designed to impedg the direct fall of
water streams and to increase the surface area of the water exposed to ambient, often by -
breaking up the water into'drops. Open passages are provided in the fill packs for the flow
of air over the exposed surface area of the water. The air-flow may be cross-wise, upward

25  and counter current to the water flow, or a combination of both. Fill packs formed of
wood slats, plates and plastic honeycomb structures have been used to spread out the
air/liquid interface to both improve the mass transfer rate as well as to minimize liquid
entrainment into the air stream. In evaporators, vacuums and plates have been used to
increase the rate of evaporation. In some evaporative systems, a liquid is sprayed to

30 produce more interfacial area partitioning the liquid and gas. Examples of prior art,

gas/liquid contact assemblies (for evaporative coolers, humidifiers, heat exchangers, etc.)
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minimized due to increased surface attachments (i.e., the increased contact area between
the structure and the liquid). Experiments showed that in some cases, 100% improvement

in mass transfer can be achieved, compared to non-microstructured surfaces, and that the

* added solid/liquid interface provides for added liquid attachment which will decrease the

10

15

20

25

30

likelihood of air entrainment of the liquid. In other applications (e.g., humidification),
foams and fibrous structures like pleated papers are often used as the liquid support
surface. In these applications, scaling of non-volatile components typically builds up on
the surface, which leads to the growth of organisms and decreased humidification
performance. Using the microstructured film of the present invention, such scaling can be
easily cleaned off or removed. With respect to the growth of algae and/or bacteria, anti-
microbial agents can be impregnated into the film material to prevent the growth thereof.
In the case where an entrained mist or fog is to be coalesced, the present invention
presents a means whereby a liquid encounters a high surface area media which allows the
liquid droplets to attach to the surféce more effectively than to a smooth surface. Wicking
action along the surface of the microstructured media facilitates liquid flow, without
obstructing the flow of liquid through the condensate collection device, thereby
minimizing pressure drop across the media and efficiently channeling water in a desired
manner to a desired location.
| In one preferred embodiment, the invention is an assembly for enhancing the rate
of evaporation of a liquid moving over a surface which comprises a film having first and
second surfaces and means for causing the liquid to move across the first surface of the
film. The first surface is a polymeric microstructure-bearing surface having channels
thereon and is adapted for supporting a moving liquid thereon. The channels are defined
by generally spaced apart protrusions with valleys therebetween so that the exposed
evaporatively active surface area of the liquid on the first surface is increased by meniscus
height variations of the moving liquid in each channel. The means for causing the liquid
to move may comprise any suitable potential generating structure or system, such as a

pump, pressure differential, gravity, etc., or any combination thereof.
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channels that extend orthologically relative to the fluid flow, or are biased relative to fluid
5  flow direction, as well as the possibility of providing further projections from the micro-
replicated surface to provide for increased interfacial surface area.

The evaporation or cooling rate of this group of experiments was determined using
an experimental set-up that incorporated a 45E inclined plane substrate 280, as seen in
FIG. 17a. The substrate 280 has a planar upper surface 282 with an upper end 284 and a

10 lower end 286. A layer of polythene film 290 is aligned on the upper surface 282 of the
substrate 280. In these experiments, the polythene layer 290 was not adhered to the upper
surface 282; it was just laid out on the upper surface 282,
A water source 292 had a conduit 294 directed to deposit water 295 onto the film
290 adjacent the top end 284 of the substrate 280. The water 295 flowed down the film
15 290, was collected adjacent the bottom end 286 in a collection dam (not shown) and from
there deposited into a collection reservoir 296. The film 290 in each instance was 4 inches
wide, and the temperature of the water was measured at the top of the film, and then again
at the bottom of the film. Air flow over the microstructured surface of the film 290 was
provided using a standard carpet fan 298 positioned adjacent the bottom end 286 of the
20  substrate 280. As shown, the air flow from the fan 298 was directed in the opposite
direction of the water flow on the film 290. The air speed provided by the fan 298 was
controlled by limiting the entrance area to the fan 298, and was measured using a hot wire
anemometer adjacent the surface of the film 290.
The expenments using this system evaluated air speed effects, water flow rate and
25  film surface microtopography. The data is presented as the water temperature differential
between the top of the film and the bottom of the film, where the temperature of the water
decreased as a function of the evaporation rate and associated latent heat of the water. The
air was standard laboratory interior air, nominally at 70EF and 50% relative humidity.
The following five materials were tested:

30 Example 12 - A. smooth polythene film contains a 0.5% TRITON™ X-100
additive by weight.
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were aligned to run down the incline defined by the substrate 280.

Example 15 - A polythene film having a microstructured channel surface with -
iinear channels. The polythene film contained a 0.5% TRITON™ X-100 additive by
weight. The mold pattern tooling used to make the film's microstructured surface had a

15 pattern face formed to define channels with nested rectangular channels, 8 mil deep. In
cross section, this film had a configuration like the film of FIG. 18, and with four small
rectangular shaped channels at the base of a larger rectangular shaped main channel (the
same configuration as Pattern 5 in Table I of U.S. Patent No. 5,728,446). The relative
dimensions and angles for the microstructured polymer surface of this film is detailed as

20  follows: primary groove angular width 331 = 10E, primary groove spacing 332 = 229
microns, primary groove depth 333 = 203 microns, notch included angle 334 (see FIG.
18a) = 95E, secondary groove angular width 335 = 10E, secondary groove spacing 336 =
50 microns, secondary grdove depth 337 = 41 microns, primary peak top width 338 = 29
microns, secondary peak top width 339 = 29 microns, primary groove base width 340 =

25 163 microns, secondary groove base width 341 = 13 microns, and primary groove wall
angular width 342 = 10E. The channels were aligned to run down the incline defined by
the substrate 280.

Example 16 - A polythene film having a microstructured channel surface with
linear channels. The polythene film contained a 0.5% TRITON™ X-100 additive by

30 weight. The mold pattern tooling used to make the film's microstured surface had a
pattern face formed to define channels with 40 degree groove angles, 45 mil deep. The

channels were aligned to run down the incline defined by the substrate 280.
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TABLE 3

Active Evaporation Testing Results

(Change in Water Temperature (aT, in degrees Farenheit))

Case 1 Case 2 Case 3
Example 12 - 07 0.65 1.0
Example 13 1.8 1.2 ' 1.7
Example 14 1.8 1.4 1.4
Example 15 ' 1.9 1.5 1.3
Example 16 1.6 0.6 1.3
10 As seen by a comparison of Example 12 (flat film) with Examples 13-16

(microstructured film), the use of the microreplicated structured surface in connection with
active fluid and air flow for enhancing evaporation very significantly affects the rate of
evaporation. In almost all 'instances. the evaporative rate is significantly increased relative
to a smooth film surface under the same conditions. The relationship of opposed air flow

15  and water flow rates is also illustrated, as well as a consideration of the topography of the
microreplicated surface optimization for certain conditions.

FIG. 17b illustrates the condition where the thickness of the liquid 295 on the
microstructured film surface 290 is greater than the depth of the channels, thus
communicating channels over adjacent ridges. In this situation, the microstructured

20  surface of the film 290 still affects the exposed surface area of the liquid, forming
undulations therein as the liquid 295 passes over the ridges. In this case, the thickness of

the liquid is thin enough that it “sees” the film surface topography, and thus the
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the exposed surface area of the liquid (by affecting its wetting out characteristics and
meniscus characteristics), liquid evaporation rates will be enhanced.

10 The present invention describes a fluid transport microstructured tape assembly.
The microstructured surface provides a means to wick fluids that are aqueous or
nonaqueous in nature. The surface can be comprised of a cast acrylic resin (for durability)
or a polyolefin material. The adhesive provides a means to mount the tape to a structure in
a manner that is consistent with desired fluid flow. The tape can be made with a variety of

15 additives that, for example, make the tape flame retardant, hydrophillic, germicidal,
hydrophobic, or capable of wicking acidic, basic or oily materials. The tape can utilize
“V”-shaped or “U”-shaped or rectangular shaped micro structures (or combinations
thereof) that are aligned in a radial intersecting, linear or any other custom or randomized
pattern that is desired for optimal fluid flow in an industrial design. The tape can be used

20  in active or passive applications. The active systems constitute a situation where a

. potential is applied across the tape surface and becomes a driving force for volume fluid
movement. Active systems can be designed into applications with a manifold or other
device that applies a potential across the tape surface, or can be placed to utilize existing
sources of potential (i.e., wind or pressure differential). The tape can transport and

25 remove fluid through capillary action by combination with a collection point such as a
drain, absorbent material or collection pan. The tape can also be used to deliver fluids
through the same capillary mechanism. The tape can also disperse fluid through
evaporative mechanisms. _

The inventive tape provides an attachment means that allows for negotiation over

30  complex structures with minimal moisture ingress. The attachment means could be any
means for attachment such as adhesive, mechanical, electrostatic, magnetic, or weak force

attachment means. If the attachment means is an adhesive, the adhesive could be
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mechanisms for fluid), turbine air compressors (from improvement in condensation

knockout efficiency), oil separation in industrial processes, condensate removal in
refrigeration, condensate collection efficiency in appliance applications, spill control in
electronic applications (i.e., computer keyboards), deicing by means of continuous fluid

10 removal, removal and/or collection of hazardous fluids (i.e., solvents, hydraulic fluids,
acidic media or basic media), delivery of fluids with increased efficiency (e.g., inks,
coatings, fuels, fragrances, etc.), removal of specific liquids (e.g.. water, inks or other fluid
sprays) from a surface, and detection of hazardous or non hazardous fluids by combination
with detection devices.

15 In this disclosure several alternative embodiments of the invention are disclosed. It
is understood that the features of these various embodiments may be compiled in any
desired combination, configuration or assembly, depending upon the fluid flow application
involved. As such, various modifications and alterations of this invention will become
apparent to those skilled in the art without departing from the scope and spirit of the

20 invention.
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a liquid control layer having a top side and a bottom side, the top side
having a microstructure-bearing surface with a plurality of
channels thereon that facilitate directional flow control of a
liquid disposed thereon;

a floor substrate layer;

means for attaching the bottom side of the liquid control layer to the floor
substrate layer;

a cap layer having a top side and a bottom side, the bottom side of the cap
layer being placed over the top side of the liquid control
layer to define a relatively enclosed channel structure
therebetween; and

means for moving liquid along the channel structure defined between the
top side of the liquid control layer and the bottom side of the

cap layer.
2. The laminate floor assembly of claim 1 wherein the channels have first and second
channel ends, and wherein the moving means withdraws the liquid from the channels

adjacent the first channel end.

3. The laminate floor assembly of claim 2 wherein the moving means creates a
potential which causes the liquid to move toward the first channel end for withdrawal.

4, The laminate floor assembly of claim 1, wherein the cap layer comprises: '
a floor covering.

5. The laminate floor assembly of claim 4 wherein the floor covering is selected from

the group consisting of carpet, tile, linoleum, wood, concrete, metal or fatigue
matting.
6. The laminate floor assembly of claim 1 wherein the channels are defined by

generally parallel ridges including a first set of ridges having a first height and a second
set of ridges having a second, taller height.

7. The laminate floor assembly of claim 6 wherein an upper portion of each ridge of
the second set of ridges has a lower melting temperature than a lower portion thereof.
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10.  The laminate floor assembly of claim 8 wherein the polymeric film includes a
characteristic altering additive.

11.  The laminate floor assembly of claim 10 wherein the additive is selected from the
group consisting of flame retardants, hydrophobics, hydrophylics, antimicrobial agents,
inorganics, metallic particles, glass fibers, fillers, clays and nanoparticles.

12. The laminate floor assembly of claim 1 wherein the channels have a pattern
geometry selected from the group consisting of linear, curvilinear, radial, parallel, non-
parallel, random, or intersecting.

13.  The laminate floor assembly of claim 1 wherein the cap layer is porous.
14.  The laminate floor assembly of claim 13 wherein the cap layer is a non-woven.

15.  The laminate floor assembly of claim 1 wherein the bottom side of the cap layer is
affixed to the top side of the liquid control layer by a pressure sensitive adhesive.

16.  The laminate floor assembly of claim 1 wherein the attaching means is a pressure
sensitive adhesive.

17. The laminate floor assembly of claim 1 wherein the moving means creates a
pressure gradient along the channel structure.

18.  The laminate floor assembly of claim 1 wherein the top side of the liquid control

layer has at least one cross-channel formed therein to facilitate liquid flow between the

channels.

50



P($109&' ()- $10%&' ()- )!'+ '109%& ()-121456i 77t 8BwX6_=
2130;3281308% O)- 92;, ;4(3;/«;& En)l 12 1(();’/&' ()-'1"$10%& () - 3! 6$10%&' ()-3! (%109 ()- 3t 8w
x8y 8z 888RANa63H38 2S 0%m& ()- y@o%wr' ()-4"10%r& " & %R 10m 10
10m@>10%r& ()-99>:L;;; ?<aBbC 10! GL0%&' () - s10%r& (§) 1;(2)76_9 me
"10%r& ()-G' 10%®& ()-G &Y ' 10%& () -G 10%& () - ?<K=>>E??@[ <bC
%0! (F" O%m& ()-&& YI0%& ()- !'1$ $10%m& () -
"10%r' ( %4 9 !
Tom >10(y @rﬁ& %zﬁﬁa(gs/&. %E {g%f % Y@Bﬁom L )C(&v &Zm ﬂa@f&iu&%ﬁfﬁiﬁr&l)la&%@m
10! 1@s1d qzw )'emoval aperture therethrough which is in commumc tion wit Eﬁe cros -channel

@10%TE! (ght OOHYing OIS () - | * $LOYCCE' () - ! $109B5& () - KFFHI | JIKz X6eZ;

10! (0’ 10% ()-: ! 0~109% 1 & ()-: ! p@L0%: ()- '\ @LO0% ()- | @GEBLO%E ()-
@10%& ()- KsLvLwLxLyLLLj M- = 10! ! 1y ' 109%& ()- GA" 10%& ()- & 10%& ()- 10m
10m 10M@Z00 %8I He) faimidnatd Ador( 3ssermblyNgindZn Pherem fl@! top 4ide0sfghé Jiquid contro?

1L ST0%E () had @ orkiey b 00K chrinels TormdPMrdin to YaoiHRLiqlie RFBERIRPYRRE =
channels, and wherein the liquid control layer has a plurality of liquid removal apertures
therethrough with each liquid moving aperture being in communication with one of the
cross-channels and the moving means.

21. A method of defining an alternate liquid flow path on a polymeric microstructured
liquid transport surface of the type having a plurality of channels which are formed to
divert a liquid thereon in a first desired directional path and which are formed to control
the displacing or evaporating of a liquid disposed on the surface, the method comprising:
forming at least one cross-channe! on the polymeric microstructured liquid
transport surface to join at least two adjacent channels of the
plurality of channels for liquid flow therebetween.

22.  The method of claim 21 wherein the forming step comprises;
applying heat to the polymeric microstructured fluid transport surface to define the
cross-channel thereon.

23, The method of claim 21 wherein the forming step comprises:
applying pressure to the polymeric microstructured fluid transport surface to define
- . the cross-channel thereon.

24.  The method of claim 21 wherein the channels are defined by generally parallel
ridges including a first set of ridges having a first height and a second set of ridges having
a second, taller height, wherein an upper portion of each ridge of the second set has a
lower melting temperature than a lower portion thereof, and wherein the forming step
comprises:
applying heat to the polymeric microstructured surface along a liner cross-channel
segment thereof, to a temperature high enough to melt the
upper portions of the ridges of the second set but not high
enough to melt the lower portions thereof.
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26.  The method of claim 21 wherein the polymeric microstructured liquid transport

surface defines a top side of a layer having top and bottom opposite sides, and further
comprising:
forming a liquid removal aperture through the layer, from top to bottom sides
thereof, which is in communication with the cross-channel.

27.  The method of claim 26, and further comprising:
urging liquid across the polymeric microstructured liquid transport surface toward
the liquid removal aperture.

28.  The method of claim 27, and further comprising:
coupling the liquid removal aperture to a liquid collection receptacle.

29.  The method of claim 21, and further comprising:
adhering a cap layer onto the polymeric microstructured liquid transport surface.

30.  The method of claim 29 wherein the cap layer is porous.

31. A laminate liquid disposal assembly comprising:

a liquid control layer having a top side and a bottom side, the top side having a
liquid landing zone for receiving liquid thereon and a liquid
removal zone, and the top side having a microstructure-
bearing surface with a plurality of channels thereon that
facilitate directional flow control of the liquid across the top
side from the liquid landing zone to the liquid removal zone;

a substrate layer;

means for attaching the bottom side of the liquid control layer to the substrate
layer; and

means for removing the liquid from the liquid removal zone of the top side of the
liquid control layer.

32.  The laminate liquid disposal assembly of claim 31, and further comprising:
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channel ends and wherein the removing means withdraws the liquid from the channels
adjacent one of the channel ends thereof.

34. The laminate liquid disposal assembly of claim 33 wherein the removing means
withdraws the liquid from the channels adjacent both channel ends thereof.

35.  The laminate liquid disposal assembly of claim 31 wherein the removing means
comprises:
an absorbent material disposed in communication with the liquid removal zone.

36.  The laminate liquid disposal assembly of claim 31 wherein the channels are
substantially parallel throughout their lengths.

37.  The laminate liquid disposal assembly of claim 31 wherein the removing means
includes a fluid collection manifold in communication with the channels in the liquid

removal zone.

38. The laminate liquid disposal assembly of claim 37 wherein the removing means
includes means for creating a pressure gradient along the channels and through the
fluid collection manifold.

39, The laminate liquid disposal assembly of claim 31 wherein the liquid control layer
is'a polymeric film.

40.  The laminate liquid disposal assembly of claim 31 wherein the microstrucure-
being surface of the liquid control layer has a characteristic-altering coating thereon.

41.  The laminate liquid disposal assembly of claim 31 wherein the polymeric film
includes a characteristic altering additive.

42.  The laminate liquid disposal assembly of claim 41 wherein the additive is selected

from the groups consisting of flame retardants, hydrophobics, hydrophylics, antimicrobial
agents, inorganics, metallic particles, glass fibers, fillers, clays and nanoparticles.

53



CA{Mf{Nj{~ B@10% 10% 10%: ()-h %R 10%& ()-h 9% 10%& ()-h )?1 %2
NG SRR S A s R N Y s T
2026 () - () - ~ B@1 %' ()-h

% 10%& ()-h 9% 10%& ()-h )?1 9% 10%& ()-h tyé{ {18% ()-h@{??@%yﬁi%%} 10f(y3
374" 10" & ()- &310%x' C& ()-9% 10%&' ()-h )?1 % 10%&' ()-h % 10%&' ()-h
MP QR Slol}, wUs 10 s@ 10%$& ()-3 V*3$10%$& ()- C$109%R$& ()-h
s& 109°%$& ()-10x' 10x' 10x' - @10%' & ()-wE|[:vU4 10 Y"$10%R$& ()-V
rrfLO%>$& ()-C YI0%®$& ()- @Q3$10%@$ em% Y @$10923$&' ()-Y- | 109@$8& () -

W' %@/ [ :434107Bhe, labdnrsiuid disposa! gsemolyf(clain 31 wheggioghesattaching meags (o () -

7 $10%2 ()-& (D?bA410’?$ C109R & 109R &
Z" 109 &%?%SS%SEBW%%%&I 109 & ()-102$107$Lo" | [(L4109$ l\/$10((%2?‘ & ()-

yF'10R & ()- nlO%R & ()- yLIOYR & ()- s $10%R & ()-Y

;Ggigz/g 34(3 ﬁ‘lﬁﬁ%ﬁﬁna@é%@?ﬁ m%@ms&nﬁﬁli%f)c&nﬁﬂu?fg&r@ﬁr the préssdr@odenstive -
s& 10%' &dbswqwﬂm@ 1358 '2‘§£ Wt&’e('ieag B %&R & ()- 2°$10MR & ()-
y/ Z" 109 & () - OAKYZ[ kGbUA10 s& 10%#31) 4N RO 10%' & ()-O 10%' & ()-O

10%' & (5% 1008 %n%%ateﬂé%é/ gt o0 5 S0 BeA Do g

&

10%' & ()inélBdestiNigudl d6pedltector- O 10%' & ()- O 10%' & ()-_?bU410 O 10%' & ()-O
10%' & ()-0 10%" & ()-#31)4N O 10%' & ()-O 10%"' & () (*2 ?bU410 O

10%" & () -0 10%" & ()- O 10%: & ()-O 10% ()- 31

10%' & ()46234= ﬁma@m%%dﬁeﬁm%aﬁe"% M&J &‘?f eTm/g‘eéJ%‘jd landing zone

10%" & ()S%Qt‘éﬁp@é&}%ﬁsu@i&lém fosves tthAD kB RnOrol 08me Qiquid @ LORGENSE Oh -tk

10%' & ()-O eg )-#31) 4N O 10%' & ()-tu|\8bU410 #31)4N O 10%' & ()-O
10%" & ()<hepngys )-0 10%" & ()-#31) 4N dDbU410 #31)40 10%"' & ()- #31)4N O
10%" & ()40 10Pfke &n(uhat@lﬂqﬁ&bdn&bc(s}ﬂ- Bsanbly' & (13im 3 Phydetdin ti liguid'ig's¢lpctesl

0 o
“s10ve S0 b wiop S brQafodng (et )il Y RIG Badrance or
10%"' & I()ecﬁ@rtﬁwdﬂbh@thezécfoo/e & ()- s& 10%' & ()-10x" 10x' 10x' - @10%' & () -
10%" &) - A’ hOiHbd hikeARan@h) 2ht r#bbEQuapctdbreofdiuid c&ﬁ)oﬁ&fyﬁn& {urface
comprises:
defining an exposed face of a film as a polymeric microstructure-bearing surface
with a plurality of channels thereon, the channels being
defined by generally spaced apart projections with valleys
therebetween, '
introducing a liquid onto the polymeric microstructure-bearing surface of the film,
wherein the channels are formed to facilitate spontaneous
wicking of the liquid along each channel which receives
liquid therein so that the exposed evaporatively active -
surface area of the liquid is increased by its spatial
distribution in the x-direction along the valley of each
channel, by its spatial distribution in the y-direction between
the projections of each channel as well as by meniscus
height variations of the liquid in each channel in the z-
direction; and
exposing the increased evaporatively active surface area of the liquid on the
microstructure-bearing surface to ambient air.

49.  The method claim 48 and further comprising:
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comprising: ,
aligning the surface so that an mtermedlate portion thereof is lower than its first

and second ends.
65.  The method of claim 48 wherein the projections comprise ridges.

66. The method of claim 48 wherein the projections are discontinuous along the

channels.

67. The method of claim 48 wherein the microstructure-bearing surface of the film has

a characteristic altering coating thereon.
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68. A thin polymeric film having first and second major surfaces which is adapted to
enhance the rate of evaporation of a liquid disposed on the first surface thereof, the first
surface being defined by a microstructure-bearing surface having channels thereon, the
channels being defined by generally spaced apart projections with valleys therebetween
and formed to facilitate spontaneous wicking of the liquid along each channel which
receives liquid therein so that the exposed evaporatively active surface area of the liquid
on the first surface is increased by its spatial distribution in the x-direction along the valley
of each channel, by its spatial distribution in the y-direction between the projections of
each channel, and by meniscus height variations of the liquid in each channel.

69.  An assembly for enhancing the rate of evaporation of a liquid moving over a
surface, the asssembly comprising: '

a film having first and second major surfaces, the first surface being defined by a
polymeric microstructure-bearing surface having channels
thereon and adapted for supporting a moving liquid theroen,
the channels being defined by generally spaced apart
protrusions with valleys therebetween so that the exposed
evaporativley active surface area of the liquid on the first
surface is increased by meniscus height variaitons of the
moving liquid in each channel; and

means for causing the liquid to move across the first surface of the film.

70.  The assembly of claim 69, and further comprising:

means for directing a moving airstream over the exposed evaporatively active
surface of the liquid.
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