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li quid t redesive wekhbaaiention, Sossonseffieiend, ipadBciont’ enedy Bsagey eafttychazards,
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mechanism that causes flow of the liquid. Where liquid transport pertains to a non-

20  spontaneous liquid flow regime wherein the liquid flow results, for the most par, from an
external force applied to the structured surface, such a liqﬁid transport mechanism is
considered “active”. On the other hand, where the ]iquid-trahsport pertains to a
spontaneous flow regime wherein the liquid movement results without the introduction of
external forces, such a liquid transport mechanism is considered “passive”.

25 Active liquid transport products have been developed based upon specific
applications, includiﬁg absorbent pads or a liquid pervious layer combined with liquid
transport devices. For example, mat products including active liquid transport and
absorbent pads or liquid pervious layers are described in U.S. Patent Nos. 5,437,651 to
Todd et al. and 5,349,965 to McCarver. In each case, channels are defined on a surface of

30 a substrate to direct liquid flow from substantially all of the area of a liguid pervious layer.
These products remove liquid while having the liquid pervious layer act as a liquid

adsorbing and storing layer and/or to define a liquid receiving layer. In Todd et al,, a
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use of a li qUA %ﬁ*@%ﬂﬂ]%”&él}.ce having an open structure surface for attachment to a fluid

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 channels and a slot for permitting
fluid communication between a distribution manifold and at least a plurality of the
channels. A fluid transport source, such as a vacuum generator, is connected to the
distribution manifold.

25 Examples of flexible fluid transport devices that utilize both active and passive
fluid transport are described in U.S. Patent Nos. 3,520,300 to Flower, 4,747,166 to Kuntz,
and 5,628,735 to Skow. Examples of other channeled mats for fluid removal are shown in
U.S. Patent Nos. 4,533,352 to Van Beek et al. and 4,679,590 to Hergenroeder. Examples
of passive fluid transport devices having channeled fluid transport structures are described

10 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
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A porous cap layer may be disposed over the landing zone on the top side of the
liquid control layer. Further, the channels on the microstructure-bearing surface have
channel ends, and the removing means preferably withdraws the liquid from the channels
adjacent one of the channel ends thereof. In another embodiment, the ren'ioving means

25 withdraws the liquid from the channels adjacent both channel ends thereof. The removing
means may include an absorbent material disposed in communication with the liquid
removal zone. The removing means may also include a fluid collection manifold in
communication with the channels in the liquid removal zone, and the removing means
may further include a vacuum generator in fluid communication with the fluid collection

30 manifold. In one embodiment, the removing means includes a liguid drip collector. Ina

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

characteristic altering additive or surface coating. That additive may be selected from the
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channel and the moving means. In another preferred embodiment, a plurality of cross-

channels are formed in the top side of the liquid control layer to facilitate liquid flow

between the channels, and the liquid control layer has a plurality of liquid removal

25  apertures therethrough with each liquid removal aperture being in communication with

one of the cross-channels and the moving means. In a preferred embodiment, 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. 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 inciude a
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a P e;:)er rtl?g 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 encugh 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 channeis. 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 liguid collection receptacle. In a preferred embodiment,
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form ng i scus. hei ght,. variations of the Liquid in,each _gh i he
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m crostructure-bearing surface to anbient air. In a preferred enbodi nent,

t he i nvewtlodefurben odludes | exdesng tho bicnepsedh evapiomtively aétéysosustrcerarenef the
m crostucture-bearing surface to ving.air. stream Preferably, the
i nvEnt i YaUIRAndbe Mo “fie“rFaﬂUB%§“'?"rFFn38&U@’i'%aﬁ- sufficient quantity of

liquid onto ghe ngﬂl[ryeaeis@somn@%heLsﬁwtﬁ;ebﬁafhbaginé}r?a&@%ﬁ dsnglehd NguAl

conti nuous flow I qui'd over tthe 20 surface. Further, the inventive

met hod dBposedodiude midrbsintciurg-beannge nafareao v exavingiay stieam. Peeferablynthe
over the surface, fter fyrther processi .of the.liquid,.

reci r culYePRYe ﬂféh‘a]?'ﬂﬂ'le& ‘EB‘I“H%H’@EP"BF'S& ? ﬁgﬂ&éﬂ?f%@'*yogyrj'@}'m PBSLLE on
ther eonyg ?ne?ic%?cfr&%%lr&ﬁ‘%m face tb RAAELNALIWIGHUASS SRR RFedthe

| east a portion of the liquid Tlow ng over the surface to a

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
n{oving 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



noving air stream which may be noving in the general ly opposiG AUG 2009
direction#@sth&skd quid 25 flow direction across the surfacgct/uSoirzi769

Al ternatively, the air streamnay be noving in a direction generally
perpendicular to the direction that the liquid is flow ng across the
surface. In alternate enbodi ments, the projections are ridges and/or may
be di sconpigapédy vahiabplhhe. Clianinedive method mayifodhdardndludé Hefipog nddtinoal
m crostructure-bearing surface has 30 _first and second endr?, and the
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face ”ayb&@bbl?ﬁﬁ:ﬁc%ic@oitm%r@%é&ﬁ@ﬁﬁf&@%d@z@ﬁ&alI?CﬁyrilﬂelQifaﬂﬁﬂﬁ&x&nding
general |y vertrcal plane). The inventive nmethod may further .include |
def i ning betsieen distl andssacérabends ehereo ahd euingentiys méthod Sirthes ipgudes aligning
m crostructure-bearing surface in order.to  increase.the surface area

t her eon f B¢ ¥EBF5? £ Of‘ﬁé“q?qu‘ﬁed’.haﬁ“?’?'%ﬁet“%?eé%’ﬁgd °&%86€-w§l erneat'tv %lg the
pol ymeric_n CledFifip ¢ ‘Ufﬂﬁ‘ﬁe@%‘ét%%riﬁ{érme@@f@ biglon Ghereselss
ext endi ng"ﬁlr(éé{}gv\%g#cé#{r:@%%gﬁg seggng ends thereof, and the anenti ve

met hod f ufgvgr thamdisufites aad isscindgendshin 8 préfaoed smbodaterontheeinarentivet method
channel s is higher than the other_end. Alternativel

[ ] é t he .

mi cr ost r uarthes-1nelEdesnBroyifing@e addiivseinatheprigmerc mgtosuHctirR Basiog; syrface.
portion thereof | hap.l bist COAisERES of | flarfle PretdrBidAtEd
enbodi ren %qeﬁ% éh%vglrilﬁ@é %%e? Sggﬁfﬁﬂpﬁép@i %gl Edes lpsr ogi 8i r]gaa%_addri tive
in the pohydmphébits, Chiyalbphidicsr entireizritig sgemtsacieorgaficwheresilhc tiaeticlerdiglasse
is selected fromthe group consisting of flame retardants, hydrophobics,
hydr ophy| fibgrs, BHemsnf1aYANdNNaBRHESS i nor gani cs, metal lic particles, glass
fibers, fillers, clays and nangpaith&cFRitioRldréhe PPSGinget i On of the

Drawings FIGs. la and |b are schenatic diagrams used to illustrate |
interaction of F(si taked Ob arelshemstic diagmmskis@bto Plastrdie duglactian af & liquid on
cross-sectional cutaway views of illustrative enbodinments of fluid

controf fRisHEaet the present invention. FIG 3a is a perspective view of

an active flui ﬁﬂ%af?Bgéé%ﬁiﬁygﬁgzriaﬂ—s@&?&{aﬂaﬂﬁﬁfﬂﬁe@s of NfusB285€Bbodiments

i nvention whic §7a’s cture ayer, a cap layer nmounted over the
st ruct ur edfAQid enerol fitmPoDHIkie peesentl ihvepitondi scret e channel s that are in

communi caton whtha vacuum cource,  and an adneslve | AVer bond el Wi

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 Fi1G. 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.



FIG 3b illustrates, in partial sectional view, a stacked arreﬁ&ﬁ\j&ﬂﬂﬂﬁof
structured |ayers nmade according to the present invention. FIG 4 is a
prospectwye/nvdzeyg of an alternative active fluid transport paexiseg2ime 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

al ternative di@ i is agflanidewrafshe daticeefyFIKe Tas adthi the aap layet pastigliyubrgken
transport devigce in accordance with the 30 present invention. FIG 7a is
a schemaviay o1 llystratiie BIEPY¥ES.an al ternative active fluid transport device

of the pres igvent ; 3 9
PG 7 1o a0 SR d e Susraich i EARe ARy thupoip feridé oF
parti al kive presés@inveation. for illustrative purposes. FIG 8a is a schematic
illustration of an alternative active fluid transport device of th
present i nverRGor8b is aplan vigw af shedesieaof iy &% withdhegan layepparially b"QE‘?“ with
the cap |ayer partially broken away for illustrative purposes. FIG 9 is
a pl an \?l‘”@&ﬁ%‘i @PF‘&?"‘?CJ}{'IEPﬁeS'Bb, with absorbent strips aligned between
apertures, an@Vd [y & pfanCvibw diflar BRFIGABbY withalbeorbenestrips lighddubdtvets ve
purposes. FIG 10 is a plan viewsimlar to FIG_ _8b, with cross-channels
forned apenwes, andovitipthetcap dayer partially broken awey fon illstratiy§rRure@seys br oken away

f il lustraty . FlLG. 11 ' f | t ' ti
[ ui d tr anspddBb e P VY SrUee it FIGhginpihriofoiflph (SR beGepf] @
col hgct ia?@m%@,i drid! Whth ﬁf&g:lagléﬂr biRiaR@Brdlay Qkvap 36 fllakirtivelpuppesas. avay for

illustrative purposes. . "12a is schematic illustration of a test
assenmbl y usedKarlleisal plan viey ofan altegnatiyelastive Snidatnansperisigxice &f the pasedt of

assenl ymgeRGemplyigep gida Juits cOUHRR IRBRIS o Euf Biih e Cie bV, bETRY ,
for evalyatdindy r ANAPRALA h)rosa@t tributes of the present invention. FIG.
14 is a gr art)lh O%J]{Best eggeva%o'?at lon rates.
FIG. 12a is schematic illustration of a test assembly used for evaluating the
15 collection and removal attributes of the présent invention.
FIG. 12b is a schematic plan view of the test assembly of FIG. 12a.
FIG. 13 is a perspective view of a test assembly for evaluating the evaporative
attributes of the present invention. ‘
FIG. 14 is a graph of tested evaporation rates.
20 FIG. 15 is a graph of tested evaporation rates.
FIG. 16a is a schematic illustration of a channeled microstructured surface of the
present invention with a quantity of liquid thereon.
FIG. 16b is a schematic sectional view as taken along line 16b - 16b in FIG. 16a.
FIG. 17a is a schematic illustration of a test assembly used in evaluating the heat
25 and mass transfer attributes of the present invention.
| FIG. 17b is a schematic sectional view as taken alang line 17b-17b in FIG. 17a.
FIG. 18 is a cross-sectional cutaway view of the fluid control film of Example 15.
F1G. 18a is a blow-up of a portion of the fluid control film of FIG. 18.
While several preferred embodiments are set forth in the above drawings,
30 other embodiments are also contemplated, some of which are noted in the following
discussion. In all cases, this disclosure presents the illustrated embodiments of the

invention as representations, not limitations of the present invention. It is understood that



20 FIG 15 is a graph of tested evaporation rates. FIG 16a isU? Aur? 2005
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schematic illustration of a channeled m crostructured surface

present iWMOIROPHEB Wi th a quantity of liquid thereon. FIG REHUSEIA769
schematic sectional view as taken along line 16b - I6b in FIG 16a. FIG
17a is a schematic illustration of a test assenbly used in evaluating the

heat 25 and mass transfer attributes of %ﬂ res?n%i nvenfi on.,. Fl Gi? ’117b
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Exanpl e oW u a portion of the fluid control film
of FIG 18. Wil e several preferredDufinitionsents are set forth in the
above drawi ngs, 30 other enbodinents are al so co t%npl'at ed,,.sone qf

whi ch are not ddnless atherwiss specifisg, thefellqyaag &rms;s O'QFH eCoasizued ip;agcordance

di scl sure}ﬁ%'ez.ell?t S. 1 iJiI 5 trated enbodi nents of the invention as
repre entdt1 Yk olYoTE) eﬂﬂtg ‘ons of the present invention. It is

under st ood t haijyd MR HRZTBEFE) FefddGo20fm oPChédISD laPdrTIGSimnat kaitl dred
in the art could devise nunerous nodifications to the present.i nv%%i on

whi ch  wmdjor seifade E€amprising fai miemoeepbcaspd paiemseanable of ManePuiaingntEUHnE,

Definitions , Unl ess otherw se. specifie the fol ] rnms shoul d be
const r uedONtFiniBg SPATAREPUSY wicking, Hgnspg&ingv\?rn "@’8@"?‘% ?Iggildg: Fl uid control

film("FCF") rﬁﬁﬁrﬁaﬁsﬁoﬁ fllinl FOESREGE 104 fliAYer sHeaybniayat hawAg bt feast one
maj or surface conprising a mcroreplicated pattern capabl e of

mani pol atmdier syticeicomprismgnd aiicrioneplicatpd paters sapibje wf srRemianeoushy¥isking ¢fg,
or controlling, a ff'JHu' d. Fluid transport film ("FTF") refers to a filmor
sheet or UWAGRAUAG Y Ejl-at | east one to nmmjor surface conprising a

m croreplicat gﬁi%.maﬁérﬁgan‘i@é%kés o NST0AAOE LA Withsdiié Ribans fortadhesmptite ng

a fluid.  Flui ransport tiape refers to fluid controf filmwth sonme
means f orfilmctoer subgtrithen itsiother nmijer sucfaee.rate on its other mmjor surface.

M croreplication neaps fhe production of a picr

through a 15 W%ﬁ'@?gcmr E‘e?%ﬂkﬁt PW@P&H’O@dOE&r f"g%}é’%{géﬁggsﬁﬁée{ gﬁrﬁuglﬁa
i ndi vigdug). featiie. fHedghichied Yhiae feaRiney REiM a8 individubfdaandifidglizoheing
refers to any area or portion of a structured surface that is

manufacture.
Liquid landing zone refers to any area or portion of a structured surface that is
aligned for initially receiving liquid thereon.
Liquid removal zone refers to any area or portion of a structured surface that
20 facilitates the transport of liquid over the structured surface and away from the liquid
landing zone.
Aspect ratio is the ratio of a channel’s length to its hydraulic radius.
Hydraulic radius is the wettable cross-sectional area of a channe! 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



aligned for initially receiving liquid thereon. Liquid rermval UZSOWE 2009
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channels of fluid control films of the invention gfer%e 'l%o‘%sP |de nor e
ef f ect i slongsi ayuajorf sxufacpha?ihtr—sg misnokspbiented chanpelssformg e 1nt% AHed

fromfibers nnel f biy

rel ati vBT?e'FBde'#a"BnMﬁ affg% %ﬁﬁ@&tiaﬂ {)"q{:%h%# ]%ﬁ%h erFS Do
f 1 oyp OF plefetdbl fr&Qihdhing fie cﬁmﬁnepﬁeferalblg arhta Bilh or sheet ihwhin dlexitile; dose
present invention are precisely replicated froma_  predeterm ned paé der n

and f or effectiertoggodice nati be fraled dp possespdesirgd ynatery r%PEe"E'?ﬁafOf atsiplgpde

| f Th | h
FITng 2 apicRlioR and 85 rans b friedy ot R EREheRRC LN s AR B dassde o
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Prefera such a filmor sheet is thin, flexible, cost effective to
produce;tnsmnﬂompiamcdr&dtﬂwfﬂmeﬁbed‘ébwm materl al properties for its

s Hinesi ve) A&t ftro M ceBgp trsePhs b rersaftaAPRITRR, FRAE ofueh
(T T AR e SR T S U aehl g
pr esent faonme%atmmﬂaemecﬁxpabﬂ&y@f ﬂund control films to spontaneously transport liquids
(e.g., water, beverages, condensate, cleaning solutions, etc..) are (i) the geometry or
topography of the surface (capillarity, size and shape of the channels) and (i1} 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 madc 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,

10



spdnt aneously and uniformy transporting liquids along the fil{quani0sl s.
Two general factors that. influence the ability of fluid Llnms to
spont anedtiRf %f(’tzP%?nsport liquids (e.g., water, beverages, Clp(gﬁggdﬂ"szﬁdg
cl.eaning solutions, etc..) are (i) the georretry or topography of the
surface (capill arity, si ze and shape of the channels) and (ii) the nature
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i ncl udi ng, Tor exanple ol'efins esters pol yam des, (vinyl
chl ori depr epdbyeid Process. digdrophiliyi palylesthanes gresiles pméfdred Hor vlmuoa MGB
05AUGR2005 PCT/ USO /21769 yacryl at es vi nyl ac te, ze
der i Wt i vwemes #o8 yiphergnt! hg&hai%fac'éteeerg}’Poﬂ%P ‘ifg W&Pﬁg e

parti cul ard grCopo%mmg.fasien%!nﬁ%&em amhbise@tﬂg%ﬁn%w achylies, yéﬁekﬁs

t her eof ymars propyl ene and/ or eth e wth mnor

proporti ﬂﬁus siliebnéyt aad cﬁfHﬂIOBSEFeSposmE raditioni (eyd.. thearhalt U\brora&bgarmrabatwch
as net hyl and butyl acrylate. 5 Polyolefins are eferre ecau e of thelr
excel | enﬁtcﬁﬁysln@aﬂu“br’éé@Fﬂ“ﬁ%ﬂaléﬁ@ﬁ coptagy W&’él 't‘Ve%H‘&

cost than eé% a‘fs‘n"ﬁ‘r p%mac aq.t{%e,m 3 rhﬁé,“ﬁtgyrﬁm? Bfasﬁé]ﬁér@chﬁtﬁd:éﬂdrﬁéi

Polyolefﬂ‘? Re o3 cas i hg or embossing roll.
They j&r e pldahtits, rel@hﬁe&iﬁeﬁtsaﬁﬁhéilﬂldagdﬂ&l alndStfharlﬂceweSmtabtdlﬂsldanImbfhuthISO
filns easyto handl e after the casting, rrbossm i e Hydroplllc
‘pol yuret lam s maEU&P%léeqoﬁémErFf@@FUf%ﬁe‘E%‘fer aggsuiec g1ate] @ Spclapé‘}”f"? S&Seynfe
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cast fro eS| nateri a s pol yuret hanes,

acryl at e?ref@:ﬁﬁ?éﬂ ethe JMsd Stdﬂtfiﬂ)nﬁhn autdtantiakyl tryammpltmgeemeam and osurfaseq. |
thermal, Wor beamradiation,, etc.) or noisture. These nmaterials my

contain @h@rﬁ@eﬂst&‘ddwpﬂ%@,osi’ﬁ’c@dﬂi“ﬁ& surface energy
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 surface afier being
depasited on the horizontally disposed surface and allowed to stabilize thereon. It is
sometimes referred to as the “static equilibrium contact angle”, sometimes referred to
herein merely as “contact angle”

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. la, 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,

1
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polyolefin fim such as polyethyl ene or pol yprop;yl ene, With water is
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surfaceeankciig fhe! Metting and liquid transport properties of the fluid control film. Suitable
20  methods of making the surface hydrophilic include: (i) incorporation of a surfactant; (i)
incorporation or surface coating with a hydrophilic polymer; and (iii) treatment with a
hydrophilic silane. Other methods are also envisioned. _
The fluid control films of the invention may have a variety of 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 contro! 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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in order to ensure sufficient capillary forces of the article. MAUB'ZD%
exanpl e, the surface of the fluid control filmmy be nodified in_order
to ensur QP25 fficiently hydrophilic. Body Iiquids tREtVHPY21E8ne
into contact with the fluid control filns of the present invention are 15
aqueous. Thus, if fluid control filnms of the invention are to be used in
applications ,involving such |jquid i -gen S
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fluid cor-]trol filns of the present invention. Surfpiﬁ% f@iﬁnt]s lma be
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filmis on of a surfactant
coating, g¢i nce topically applied coatings may tend to fill in (i.e.,
blunt), the
_CH3CH,
c, F So,N
nT2n+ln 2 S (CH,CH,0) , CHy
Formula |
| 20 wherein n=8 (97 percent), n=7 (3 percent), and 10 weight percent or less of:

CH.,CH

2 k]
N/
\H

C 50

nF2n+1 2

Formula 2

wherein n=8 (97 percent), n=7 (3 percent). Preparation of such agents is disclosed in U.5.

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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to notches of the channel s, thereby interfering with the desir 9‘?0[]?
flow to which the invention is directed. Wen a coating is app |e(g
is pref wablms2sdsin to facilitate a uniform thin |ayer onpChwSet/ziges ur ed

surface. An illustrative exanple of a surfactant that can be

i ncorporated in polyethylene fluid control fil ms i s TRITON?"' X-100
(avai l able from Union Carbide Corp., Danbur , an :
oct yl ph&tepay fConperyp Noathfeehd) | 1) camd SRR QIS ™ @%/ ﬁé({ﬂ‘amtableefrgm Uniad Carbide

bet ween _about 0.1 and 0.5 weight percent. An illustrative nethod for
surfacecr?ﬂi‘ii]fs?’étéﬁry»o(gﬁf the filnms of the present invention is the topical

appl i cation 8Is (?iscdﬁ BEEEE 3RO §P}n54th&nof')§ur}"a}&?aniseﬁ9§'Hl%ﬁ)%‘[i@@@@tthe
wel g f fa 2n+l1 2

conprising 9 perceh nore of CF

CH2CH2O0purfieet6E fher fﬂxlilclacdnt&Q ﬂVﬁebenmpfegBateeﬁnmeﬂmem:)cle n=crdeS tpadpshithe
and 10 weight percent or less of CH 2

For n?l apmngnms@f heAgid gmt{sérfdmr)amﬁe71‘“?f3@$3€ri$%g% Qﬂym%eq;a}%aﬁi %‘bm!sé t@h? h
agents IS
o her s vtk aine akich Pt s otk hydfphifip thaly e int WoBICE bithbyEhuch #°

r equi reggﬁf,&wntor i ndustrial applicati ons of the present invention
i ncl ude Polystep(r) B22 (available from13 0 5 AUG 2005 WD (121062568
PCT/ USQl / 217@9ef6tre¢)ambcdmn§' of Kl pries¢nslinivention ratain T desiénfleid sransport

(avail aglroepe}c't{e%mth?&llg oui?at € ﬁitec oPoti'xQ ;irogl)x?& it wg:T)\ the fluid control film is

10  incorporated. In order to ensure the surfactant is available throughout the life of the fluid
control film the surfactant preferably is ave;ilable in sufficient quantity in the article
throughout the life of the article or is immobilized at the surface of tﬁe fluid control film.
For example, a hydroxyl functional surfactant can be immobilized to a fluid control film
by functionalizing the surfactant with a di- or tri-alkoxy silane functional group. The

15  surfactant could then be applied to the surface of the fluid control film or impregnated into
the article with the article subsequently exposed to moisture. The moisture would result in
hydrolysis and subéequent condensation to a polysiloxane. Hydroxy functional surfactants,
(especially 1,2 diol surfactants), may also be immobilized by association with borate ion.
Suitable surfactants include anionic, cationic, and non—ionic surfactants, however,

20  nonionic surfactants may be preferred due to their relatively low irritation potential.
Polyethoxylated and polyglucoside surfactants are particularly preferred | including
polyethoxylated alkyl, aralkyl, and alkeny! alcohols, ethylene oxide and propylene oxide
copolymers such as “Pluronic” and “Tetronic”, alkylpolyglucosides, polyglyceryl esters,
and the like. Other suitable surfactants are disclosed in Serial No. 08/576,255.

25 As discussed above, a surfactant such as a hydrophilic polymer or mixture of
polymers may be applied to the surface of the fluid control film or impregnated into the
article in order to adjust the properties of the fluid control film or article. Alternatively, a
hydrophilic 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 hydrobhilic polymers include: homo and copolymers of ethylene oxide;

hydrophilic polymers incorporating vinyl unsaturated monomers such as vinylpyrrolidone,



As di scussed above, a surfactant or m xture of surfactants nay SogeE30y i ed
to the surface of the fluid control filmor inpregnated into the article

in order wiwoasiesst the 5 properties of the fluid control Hdl/vscor1meticl e.
For exanple, it may be desired to nmake the surface of the fluid control
filmnmore hydrophilic than the filmwould be wi thout such a conponent.
Preferred enbodi ments of the present invention retain the desired fluid
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control  tidbeukentsiefndtcottrohfin wik haver primhry ¢haneglsien only ensj major syréace

properties of the fluid contraol filmor article. ter.nativegl :
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forman _i.nterpenet i t ERIFIEK: g.2ka hydrophilic
“acryl at e PHATY EF*{'\"&{S?,’&‘ b%ﬁ%j&ggﬁgéﬁhﬁgwgr:d pol ;alz}ﬁgrr‘ i zed by heat or
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AT N TR SR R R
02/ 0625685ur|?'%|;/sp SHIC/ ?a%,ZP 92 includes a body layer 26 from which the structured surface 24
20  projects. The body layer 26 serves to support the structured surface 24 in order to retain

the individual structured features together in layer 22. -

As showrlllin F1G. 2a, channels 30 can be defined within the layer 22 in accordance

with the illustrated embodiment by a series of v-shaped sidewalls 34 and peaks 36. Each

peak or projection may define a continuous ridge running along each channel, or the 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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car boxylic acid, sul fonic acid, or phosphoni ¢ acid functi onal @grmlﬁ%[ﬁs
such as acrylic acid, hydroxy functional acrylates such as

hydr oxygydwhagisyd ate, vinyl acetate and its hydrolyzed decrasbiyese(e. g
pol yvi nyl al cohol ),, acryl am des, pol yethoxylated acrylates, and the |iKke;
hydrophilic nodified cellul oses, as well as pol ysaccharides such as starch
5 and nodified starches, dextran, and the like. As discussed above, a
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t hese anes are |eved to have antim crobial properties. As
pr evs ousiayerigbnt i oned, the channels of fluid control filns of the present
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however drarcont have primary channels on” both major

sur f acegjigiafy AAreened ipBals 365, Like tha#IGk2a émbe&mmt,mcaﬁll@cr:(aot shotmMnjicah be
control f| | m 20 of the present invention incl &ldes a, layer, 22 of E)olsyrrerl o

mat er | alsecmed along caegur et dbe Bealsaife todelie sgets chapgels 30 - Hpis ¢
S”rf ETE'S S{ﬁ%‘]eécﬁ xB%ih ”g&‘%} @T b&q}{niéaé’ iBewafs b0 WSl e FaGuCiar ed

surfl ayer 6 serves to support the struct ured

surf ace e%{boldnn&ftdﬁae\bﬂlsrﬂ@:ldﬂectttbgethachlwgdu&k 43tructured features together
in layer 22. As shown in FIG 2a, channels 30 canb defl Fg‘wlthlgthe
| ayer 22 in d0€britabustraips amakersatelfluid contrdddlenddy; b{} agpgls 4

v-shaped, si d s 34 rafr [ e a
cont 1 nudlsnes dEeemAry o oy areE AL hrapaRts 104 91""3%5 Eafisd yi
as di scQpiewaneus, &lphirant of(sﬁnﬂler pBakis44 frenscared Bet)veudﬂ Illiehsndéwills 40' of the
functionally servé to define the channels therebetween. In sone

embadi ngreaks 36"c a"ﬂ)e:tiayma“t(rnp@aks Hnthusi defmecsecondary schaprgls (qthsoebetwesn.

structured surface 24 to aid in.ch anne efin S e
si dewal IReaks 44 mpY ey 38t HSS 1 e e ﬁf‘ﬁraél Vaﬁ g?n" oAn"g ® ﬂ%r#}g?% %atger
22 to ang g"%de%ﬂamat 4R5dRidhd @ﬁ.ane;aéﬂahﬁasfu disribarea marein Chi qesks B6" may
be desirable to shorten the sidewalls 34 and thus extend the peaks 36

only al cing 44 reed novbe efenhyndistributedovith eadpest td themselves greachiotherchannel s 30
(nat e et R BGLHE SRR MR s 8 ORGP o
2005 the present invention. Although FIGs. 2a-2Kk illustrate elongated, lmearly-conﬁ gured
channels, the channels may be provided in other configurations. For example, the
channels could have varying cross-sectional widths along the channel length - that is, the
channels could diverge and/or converge along the length of the channel. The channel
sidewalls could also be contoured rather than being straight in the direction of extension of
25  the channel, or in the channel height. Generally, any channel configuration that can
provide at least multiple discrete channel portions that extend from a first point to a second
point within the fluid transport device are contemplated. The channels may be configured
to remain discrete along their whole length if desired. -
With reference to FIG. 2g, one preferred geometry is a rectilinear primary channel
30 48 in a flat film 50. The primary channel 48 has included secondary channels 52 which
forms a multitude of notches 54. The notches 54 (DI; secondary channels 52, where the

secondary channels 52 are V-shaped and have substantially straight sidewalls) have a
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WO 02/ 062568 PCT/ US01/ 21769 defined to extend over a portion Ofrsh mer
22. Channels 30 that extend only over a portion may begin at 59 é@rb f

t he | ayer -4 hey may begin and end internediately w {hi
st.ruct ur evgaéal#)%g% 24 of the layer 22. The channels 30 ar eﬁgiéfﬂlséllzlﬁmlgn a

predeterm ned, preferably ordered arrangenent over a continuous surface
of polynmeric 5 material. Qther channel configurations are contenpl ated.
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al ong one qr re.of the aks 36' to define_discrete channels 30'.
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3 oy ob g Veptd Bkl iR RORRYer W ANl g iR TR racRAl:
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therein. The peaks 36" and 44 need not be evenly distributed with

respect topravedesddsired winkirngiagtiont Hay Alpbp @sts mgomver, the gentpeitasgle-afithe iquid

I ' di f the flui |
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channel s or thhnelyamnchighérangtiRr pighs.ded in ot her configurations. For
exanpl e, the channels could have varying cross-sectional, w dths al ong

the channel | dhgtpmimary ghannekinctused apgigineotcrigisal excaptiatat iaHgpll natdgser ge
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configuration that can provide at |least nultiple discrete channel
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fluid t t ' | . h i d
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52 whi ch bafeoscnthatitris icapablel ef a¢comanedatioz 5w, adegeats suathes of seqogdary chanerds. y

charne! s aplch S Whred BRI RREANGE TR A SURRTLC IR e

20  included angle of the secondary channels so as to accommodate the two or more

secondary channels at the base of the primary channel. Generally, the secondary channels

have an included angle at least 20 percent smaller than the included angle of the primary
channel (for V-shaped primhary channels).

With reference to FIGs. 2g and 2j, the depth of the primary channels (48, 56) (the

25  height of the peaks or tops above the lowermost channel notch), “d”, is substantially

uniform. Preferably, the height “d” ranges from about 5 to about 3000 microns, more

preferably from about 25 to about 1500 microns, even more preferably from about 50 to

about 1000 microns, and most preferably from about 50 to about 350 microns. 1t will be

understood that in some embodiments films with channels (48, 56) having depths larger

30  than the indicated ranges may be used. If the channels are unduly deep, the overall

thickness of the fluid control film will be unnecessarily high and the film may tend to be
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0 5 AUG 2005 WD 02/ 062568 PCT/USO /21769 notch included angl ) biUi2008. |
angl e Al pha) from about 10 to about 1200, preferably from about 10 to
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20  secondary channel will generally have only one notch, but a secondary channel will have
twc notches if the secondary channel is rectangular. The secondary peak (64, 66) for V-
channel shaped secondary channels is generally characterized by an included angle B
which is generally equal to (o' + «*y/2 where o’ and a? are the included angles of the two
a&jacent V-channel shabed secondary channels (52, 60), assuming that the two sidewalls
25  forming each secondary channel are symmetrical and not curved. Generally, the angle B
would be from about 10° to about 120°, preferably from about 10° to about 110°, and most
prcf;erably from about 20° to about 100°. The secondary peak could also be flat (in which
case the included angle would theoretically be 0°) or even curved, e.g., convex or concave,
with no distinct top or included angle. Preferably, there are at least three secondary
30  channels (52, 60) and/or at least three notches for each primary 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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pri mary channdlayed® mag)be comprised of flexible, semi-rigid, o rigid material, which may be

20  chosen depending on the particular application of the active fluid transport device 74. The

layer 75 comprises a polymeric material because such materials can be accurately formed

to create a microstructured surface 76,  Substantial versatility is available because

polymeric materials possess many different properties suitable for various needs.

Pblymeric materials may be chosen, for example, based on flexibility, rigidity,

25  permeability, etc. The use of a polymeric layer 75 also allows a structured surface to be

consistently manufactured to produce a large number of high density of channels, that

when capped, form discrete liquid flow channels 82. Thus, a highly distributed liquid

transport system (i.e., one that has many channels that distribute the potential along the

face of the structured surface) can be provided that is amenable to being manufactured at a

30  high level of accuracy and economy. The structured polymeric surface 76 may be made

from the same or different materials of the body layer 75.
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20 Iower potential from the surrounding environment - are contemplated for use in this
invention. The connector could also include capilltary fibers, for example, less than 10 pm
in inner diameter, each in fluid communication with an individual channel to allow
individual liquids to flow discretely through separate channels. The connector could also
be one or more molded chambers, a microstructured fluid conduit integrally or
25  nonintegrally disposed relative to the discrete flow channels, or for example, a system or
mechanism that allows the discrete microstructured flow channels to be seated in a
centrifuge or that allows a flow stream such as a jet to be directed at channel inlets or

outlets.
To close off or enclose at least part of the channels 82 along peaks 90 thereof, a
30 cap layer 92 may be juxtaposed against 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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20 Cap layer 92 may be made from a polymeric material such as the polymers
described herein for the structured polymeric layer. Optionally, cap layer 724 may be a
material such as a spunlaced, spunbond, blown microfiber or carded nonwoven. Polymers
may be chosen such that the cap iayer 92 can be secured to the structured surface 76
without using an adhesive. Such a polymer could be chosen such that the cap layer

25  becomes securely welded to the structured surface by applying heat, for example, as from
an ultrasonic welding operation. In some applications, the cap layer may be formed from
more than one layer (e.g., an initial nonwoven layer covered by a linoleum layer). In this
situation, the nonwoven layer may act as a debris filter above the structured surface, 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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20  comprises a vacuum generator, manifold 88 need not be sealed to channels 82 but may be
simply placed adjacent an open section of channels 82.

Connection between a microstructure-bearing surface, or capillary module, to a
fluid conveyance or potential source can be achieved through a detachable or affixed
manifold or manifolds as required. Multiple potential sources may also be employed

25 depending on the particular adaptation or application. Pressure differential is an efficient
liquid flow motivation method or potential that may be used to drive flow across a
microstructure-bearing surface. Pressure differential can be established readily through
use of a pumping system and applied either in the form of positive or negative pressure.

_ Other potential sources 78 may be used in the present invention instead of or in

30 conjunction with a vacuum generation device (V). Essentially any manner of causing or
encouraging liquid flow through the channels 82, is contemplated for using this invention.

The potential source is separate from the channeled structure and/or capillary module, or
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20  embodiments, two or more structured surfaces may be overlaid to increase ﬂow capacity
(see, e.g., FIG. 3b). Such an arrangement likewise multiplies the possible configurations
for relative channel orientation among the stacked layers of structured surfaces, as well as
the possible arrangements for application of a potential to one or more of the layers. The
stacked layers may comprise different channel configurations and/or numbers of channels,
25  depending on a particular application. Furthermore, this type of stacked construction can
be particularly suitable for applications that are restricted in width and therefore require a
relatively narrow fluid transport device from which a certain fluid transfer capacity is
desired. Thus, a narrow device can be made having increased flow capacity. The layers in
the stack may be bonded to one another in any number of conventional ways as described
30 herein, or they may simply be stacked upon one another such that the structural integrity
of the stack can adequately define discrete flow channels. This ability may be enhanced,

as described above, when a vacuum is utilized as the potential source. The stack could
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(e:g., as shown in FIG 2a), other to grapgé uratloqs fordtir;eed
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mul topl | §e ﬁrmaad}%%ﬁ'ehh@m@ qQobic@utsidtensside. The structured surface 76 has a plurality

of channels 82 therein (shown as parallel linear channcls in FIG. 4). One or more cross-

channels are formed in the structured surface 76, such as cross-channels 105, 106, 107 and

' 108. The cross-channels are added to the structured surface 76 after its initial formation

(e.g., afier 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 2 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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for relative channel orientation anong the stacked | ayers of st ﬁtscéwmg
surfaces, as well as the possible arrangenents 'for.application of a

pot ent i awa® o2/e02e680r nore of the |layers. The stacked | ayerscmesnieng@ri se
di-fferent channel configurations and/or nunbers of channels, 25 depending
on a particular application. Furthernore, this type of stacked
construction can be particularly suitable for applications that are
restri ctlighid comindiricaiod tehesenfibe eharaglsi §2etozexistiop ar ingefly defaraddiguid ahtdets
transport deyice fraomwhich a certain fluid transfer, capagity .is

desi T ed. IapRLicatipr » ShehA ligbideuleh ay dnchudid ReriiEh BavidaFEREdAoFtfE 110 (as
capaci t yeeef Rt FIGY 9?)%1' iR the Eife %\Fk@%‘th@%\‘t}ﬁﬂ:}xw&b hét 19RPseRt) Al fephrate i@RY
nunber ol -convent i ONAl ways as described 30 herein, or they nay sinply be
st acked- tepguvabaperare tfbe eachunrbss-¢hatindl h eEachr lupiidi rethovah tapertireyextenids through ack
can adequately define di scrég‘ie fl ow chil'g‘gel s. This ability may be
enharfcedthe layer J8sedheping 18 and the psirate uumis utilized as the potenti al

source. The S%@ghuéipa%&jnzﬁl@ ® %a%gﬁFWg%/SQWQQ? aelcﬁ_diﬂﬁlné’e Yeg?to the

i nclude mul ti connectors ta w nu pot enti sodrc
varyi ng gsrené ia). 16 sbfe applieativas, the higsidscdiketss may inchidstardservds 1d2efori n
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| ayer of 1H),sonduiv1bdipsthe reservaimbd) v Ehergserrord 12dmy Himplsbeog collector site or

di sconti nuous, ,or the Lve, A r.aed
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adhesi veqgRyib&® hbRIfTEdn lappiidaihé vitieed urdtiflbapkayes 110 Bedrotided (¢ig.ebne

surface 76 thereon. The substrate 100 nmay assune ani{kfo_rm suitable for
1

support afertune foragash Goss-chadneljeypulbipler emmeps Al may likewige batrepyded.omith
flexible terial ., ,For ex le, the su ra I
formdd f§ %’"HB“Mrmﬂﬁ‘fcg’ggﬁnf oL TP %@ee?é/egtuéé?‘l?ﬂ‘t}grt?? ?)%CB\%O\{QP%S@TSM ,

wal | or aiaeat fdskRhir@), i nterior machine or structure surface. Depending
upon the éesi red application, the fluid transport device 74 _rrai;ﬁiéncl ude
a cap |ayer 9ZAsalsh seen iodfifect ohe seuctwed swifacecit mgy Italsus dorm siny o that

Fiaben e MUPRULESHTRCEEMNIFRE P e g T e
struct ur 5¢b1 S WobaCPhusSwhen rdroViRP peak material to define a cross-channel (such as cross-
20  channel 105 in FIG. 5), only an upper portion 120 of each peak 90a need be removed in
order to define the cross-channel and define a means for controlled liquid flow across the
channels 82 of the structured surface 76. In one preferred embodiment, the upper portion
120 of each higher peak 90a is formed from a material having a lower melting temperature
than a lower portion 122 of the peak 90a, and the cross-channel is formed by applying heat
25 to a temperature high enough to melt the upper portion 120 of the peak 90a, but not melt
its lower portion 122. While a cap layer would typically be employed in the active fluid
transport device illustrated in FIGS. 4 and 5, the cap layer has been not shown in those

figures for purposes of illustration.
While parallel channeis (e.g.. FIG. 5) may be preferred, alternate channel patterns
30  are contemplated, as mentioned above. FIGs. 6a and 6b schematically illustrate alternate
channel configurations in plan views that may define a structured surface in a fluid

transport device of the present invention. As shown in FIG. 6a, the structured surface
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form si Hialcgc{ o ﬂqﬁlla@tthat are transported through the active fluid transport device.

20 The individual flow channels of the microstructured surfaces of the invention are |
substantially discrete. That is, liquid can move through the channels independent of liquid
in adjacent channels. The channels independently accommodate the potential relative to
one another to direct a liquid along or through a particular channel independent of adjacent
channels. Preferably, liquid that enters one flow channel does not, to any significant

25  degree, enter an adjacent channel, although there may be some diffusion between adjacent
channels. It is important to effectively maintain the discreteness of the micro-channels in
order to effectively transport the liquid and maintain advantages that such channels
provide. Not all of the channels, however, may need to be discrete for all embodiments.
Some channels may be discrete while others are not. Additionally, channel “discreteness”™

30 may be a temporary phenomenon driven, for example, by fluctuating pressures.

The structured surface is a microstructured surface that defines discrete flow

channels with each channel having a minimum aspect ratio (length/hydraulic radius) of
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20 Generally, when a manifold such as shown in FIG. 3a is employed, each individual
channel has an aspect ratio that is at least 400 percent greater, and more prcferably is at
least 900 percent greater than a manifold that is disposed at the channel inlets and outlets.
This significant increase in aspect ratio distributes the potential's effect to contribute to the
noted benefits of the invention. |

25 Suitable liquid channels for use in the present invention may be of any suitable
geometry but are generally rectangular (typically having depths of 50 to 3000 micron and
widths of 50 to 3000 micron or “V” channel patterns (typically having depths of about 50
to 3000 micron and heights of 50 to 3000 micron) with an included anglie of generally 20
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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envi ronment independently of the other channels. The nicrostrudtuAEE 20§ ze
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20 bottom side of the backing layer 144. The second body layer 145 is preferably formed
from PE Eastman Tenite polyethylene 18BOA only (with.no surfactant). Preferably, the
nominal overall height of the fluid control film 138 is 11 mils, with the depth of the
backing layer 144 being approximately being 1 mil., and the depth of the second layer 145
being approximately 2 mil. In an alternative embodiment, the total caliper (height) of the
25  fluid control film 138 of FIG. 2i is 15 mil., with the additional height being provided by
forming the peaks 140 to be taller. In addition, the fluid control film may include a tie
layer on a bottom side thereof. _
As mentioned previously, suitable fluid control film components of the present
invention may be made through a process such as extrusion, injection molding, embossing,
30  hot stamping, ctc.. 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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mcrometers and that have a peak distance of about 10 to 2000 (M gppaesers.
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nested CgAL T Waks Oandveendinsateh ehusesiceenttigacoredsiorané sBOPonti tpamy epusgsl dird
repeat every 225 mcrons wth three equally s ed channels in th se,
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channel s. are,.al so ' . e ; F eflimealledr
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pref er r egw@piFRth BRIH arefs @ dridui @ prewaens pardsidi (an of., theope doatary ifwdsiniaon i s
illustrated in FIG 2i as alternate fluid control film138. The film 138
has wi deairhlanaéivators anedo deollpaer B dfrde PFRYSRSCOIIGIONX plurality of smaller
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10" 1 o SRR of SahaRn hepet o ) e PER S e Tho
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at | tzg b%?fftémts ha%d variations thereof are discussed in detail herein and further illustrated in the
included examples. While a specific combination of components may be disclosed as a
preferred embodiment, it is contemplated that the disclosed features of various
embodiments may be combined to achieve the objectives of the claimed invention.
An optional absorbent may be used in articles of the present invention, e.g., to
25 serve as a reservoir to collect liquid moved off or away from the spill or leak sites. The
articles of this invention have the advantage of allowing a wide variety of product designs.
Preferred designs can incorporate increased surface area of the absorbent material, thereby
allowing for management of higher liquid volumes.
Suitable absorbent materials include fibrous textile type materials, including
30 woven, non-woven, knit, and stitch bonded materials or absorbent foams. Alternatively,

the absorbent can comprise an absorbent polymer such as a hydrocolloid or hydrophilic

polymer such as a supersorber. The hydrocolloid (e.g., starch, modified cellulose, gelatin
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spills) E%?ANI%O%OB&:%? @We?t@rso(e é’" f—llY'l'ﬁﬁ,)Qﬁbllyﬁﬁhelaﬁﬁﬂﬁzs (e.g., PEBAX) as well as

20 polyolefins (e.g.. ENGAGE, low density polyethylene}. Another useful backing would also
incorporate a flame retardant material. A multilayer approach could be used to provide a
microreplicated film by coextrusion of multiple layers, one or more being flame retardant
(such as disclosed in Kollaja et al., PCT International Publication No. WO 99/28128) and
maintaining surface hydrophilicity.

25 _ Suitable adhesives for use in fluid transport articles of the present invention
include any adhesive that provides acceptable adhesion to a variety or polar and non- polar
substrates. Preferred adhesives are pressure sensitive and in certain embodiments
preferably repel absorption of agueous materials and do not contribute to corrosion.
Sujtable pressure sensitive adhesives include those based on acrylates, polyurethanes,

30  KRATON and other Block copolymers, silicones, rubber based adhesives (including natural
rubber, polyisoprene, polyisobutylene, butyl rubber etc.) as well as combinations of these

adhesives. The adhesive component may contain tackifiers, plasticizers, rheology
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or  ore g SRS EoR R e e e yer s zon of 26D on i s
si de oppasimpesitése of the present invention can be made of "kraft papers, polyethylene,

20 polypropylene, polyester or composites of any of these materials.

The liners are preferably coated with release agents such as fluorochemicals or
silicones.  For example, U.S. Pat. No. 4,472,480 describes low surface energy
perfluorochemical liners. “The preferred liners are papers, polyolefin films, or polyester
films coated with silicone release materials. Examples of commercially available silicone

25  coated release papers are POLYSLIK™ silicone release papers available from James

River Co., H.P. Smith Division (Bedford Park, IL.) and silicone release papers supplied by

| Daubert Chemical Co. (Dixon, IL.). The most preferred liner is 1-60BKG-157 paper liner

available from Daubert, which is a super calendared Kraft paper with a water-based
silicone release surface.

30 Various modifications and alterations of this invention will become apparent to

those skilled in the art without depanting from the scope and spirit of this invention. Fluid

transport devices of the present invention are applicable in numerous industrial and
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articl eaﬁ,‘)gxgﬁﬁg R esent invention include any adhesive that provides
accepta gl on to a-variety or polar and non- polar substrates.
Prefjgrred adhesives are pressure sensitive and in certain enbodi nents
preferably repel absorption of aqueous materials and do not contribute to
COr I 0Si dﬁroullsﬁ'r Astive Typaspont Exawplest j ve adhesi ves i ncl ude those based on
acryl ates, polyurethanes, 30 KRATON and ot her bl ock copol yners,
silicones, rubber based adhesives (including natural rubber,
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COp02|0y nec;r;aw;irlr]gda uvsagl]:uurln (?i?(hiig}liée;eic%:'y)t trllllr(?ug%ug F\)/ggu%n? rs?stem 156 which included
apertures 158, conduits 160, aﬁd a collection reservoir 162 and a vacuum pump 164. The
vacuum allowed for continuous desiccation of the area under the film 150 to aid in
collecting fluids spills thereon. The area tested was approximately 18 inches 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 ID of 0.375 inch. The distance between apertures and the size of the apertures can
be maximized, depending on the strength of the vacuum potential applied.

The system of FIGs. 7a and 7b was tested by atigning the film 150 horizontally,
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

32
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in 5 fl ot arga apgrritbatindremicscaepeuandiaidson colgctingntlnigs seiflss giis gdtem @si ds,
thereby ggﬁﬁ/geu%cl v tested, is illustrated in FIGS. 8a and 8b. |
20 Fluid transport tape 170 was adhered to the flooring substrate 172 by the pressure
sensitive adhesive, and covered by the cover 174. A liquid removal system 176 had
apertures 178 in the fluid transport tape 170 and the substrate 172, fluidly connected to
conduits 180, which in turn were connected to a liquid reservoir 182 and vacuum pump
184. The structured surface of the tape 170 included a plurality of grooves or channels
25 175 (F1G. 8b), wherein at least some of the channels 175 were in fluid communication
with the apertures 178.

“The Example 2 system was tested for fluid removal by aligning it horizontally and
spilling 200 milliliters of red water on the system. The system was again briefly tipped,
such as toward side 174a, and in 10 minutes, 170 ml. of the water was collected in the

30 liquid reservoir 182 (an 85% removal and collection rate).

Example 3 - The fluid removal system illustrated in FIGs. 8a and 8b was

modified by applying absorbent strips on top of the microstructured film and
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were no holes 1n 32 0 5 AUG 2005 WD 02/ 062568 PCT/ USOL/ 21769 the 1inol eum
cap | ayeste}l54, so water disposed thereon went under the linoleumat its

Feattvoir 1 ampirchs A Tt feaob eIt R et raroup af FIE Bye GE
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syst em surface of the fluid transport tape. The cross-channels were formed using the edge of a
heated metal plate of 0.1875 inch thickness (resulting in cross-channels approximately
0.125 inch wide), although a heated wire, hot knife or some other means for melting or
20  embossing a cross-channel 187 (FIG. 10) in the structured surface 170 would suffice. The
cross-channels 187 were formed afier the fluid transport tape 170 was adhered to' the
substrate 172, and the cross-channels 187 extended perpendicular to the liquid transport
film channels 175, as seeri in FIG. 10. The purpose of the cross-channels 187 is to carry
liquid to the apertures 178 from the channels 175 adjacent to each aperture 178.
25 The fluid removal system of Example 4 (FIG. 10) was tested for fluid removal by
aligning it horizontally, spilling 200 milliliters of red water on the system and briefly
tipping it. In 10 minutes, 190 ml. of water was collected in the liquid reservoir 182 (a 95%
removal and collection rate).
As evidenced by a comparison of the removal and collection rates of Examples 1-
30 4, providing. apertures‘in communication with channels and then defining cross-channels

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

surface. The microreplicated channels capture the water and provide a means for directing
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the substrate 172, fluidly connected to ,conduis. i [ r figiger e
connixt edrain manifol 19p pas érﬁ"g{ga ] ‘&'?'?de%c‘ﬂﬂﬁ% Fﬁ?ﬁgﬁgﬁp\éﬁh@% tlggtéiﬁu@uelge

surface of Lhe.l LRALAMHREE0 B ihekton) Aidva Oicughpwdesppliedoradnedton2g 175
(FI G 8bf?"\ﬂ¥é‘?°§?§ﬁgﬁ&lotggst sonme of the jchannel s 175 were in f

uj.d
conmuni Cgkb@M9M tihetvaeuapeilows ésr dngnuathdesibeatipn ef theayea BM%&E l’%‘%‘f’\é‘a f or
fluid renoval % al i gni.ng ht ho;dz ntalbly and spilling 200 mlliliters of
red wat efcoer #98 anddsin CoRECMGIUG IS again briefly tipped, such as

toward side 17 B 4 BHEESed dd theNdons@fctioReofVBiagiplwas no qubstitived i n
the 30 liquid ggg i\?Ioilcgtsjl"g?’zrgn(cgn 85%A) renoval and coll ection rat et)ewgﬁ?arrrpl e
i ed

3 - The fats Wag esieerd. dy siaswbbdrieds thostewer, that Fregillghligid Vgt AtRY3

by appl yi ng absorbent. strjips a of .the m crostr d filmand 33 WO
02/ 06256 8hQEVERDEPITY ﬂmdrf/ﬂwst'j"}'g)ié/g‘g sy B‘H&F'Bﬁ'i"a"‘r“dt"%‘ﬁ{e"%c hannel s. The

system was ot herwi se as shown in FIG 82, and as nodified in FIG 9.
Absorbent strips 185 were placed on top of the structured surface of the

M crost r uGkedetll £ Passive Tragspeis Examplesap | ayer 174) and perpendicul ar to
t he channel s

20 A fluid transport film adhered to a substrate was evaluated for use in collecting,
transporting and removing .quuids. 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
paper towel assembly was positioned between the substrate 205 and the

30 towels. A central

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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175 thereon. The absorbent stri ps 185 connected the apertureﬁ 1@% @@d
allowed liquid to 5 flowto the apertures from adjacent chan él 175.

Each st rwp onas2sepproxi mately 0.5 inch by 16 inches, and tplaa/msierical
used in this exanple to connect the apertures was a paper cloth
avai l abl e from Ki nberly-C ark Corporation, Irving, TX under the nane
WYPALL(r). However, each strip could be fornmed from anot her paper

product vies 6f this Bramenas dsividvasd fromange, susipean2 Boofihe kepbyard 208oThetbpr
simlar material (i.e., any material . 10 thﬁt hag sufficign%{g@l gore
si ze t osurkarec2l Gthsidefings aidesn mepeofor diguid srills. dynderpeatl ghe kexbopra-tld, the a5
tested for fluid.r vial - | gni.ng 4L ty-hor| Vi L .

il il P8{Y?%f3h%mﬂ%ﬁ'§%hﬁéeg@€s Jhhdifie Zgﬁgﬁﬁfhtff’{)bﬁél"}fﬂttml o idyid

M nut es gond e Rbybolfd 208 @hd \afacefl bRE beBoihnerids cofl the Pollyrérsshiew206, TR a
91% renoval and collection rate). 15 Exanple 4 - A fluid renoval system

set sip sembvalzosdsamm defingd)G 8a was again tested, except that

Dor T abe of t HERmBlect ¢ FAESHBPE &.aBepotyins? SPeet 206 TER Al uhiifucibipl PhlESle,
the edgehgh dfsgo&%aﬂa@m'bo&bﬁ%@mé kEybbarb20615rt theitejs BEMHE hétabplatei202. i n

Cross-channe approximately 0.125 inch wide), although a heated wre,
hot kni fhegpolpester shebtchadrsevesalf olesiprerpunghed tikpeiantsoaesomgnagdate adachsreahnel

187 (FIG 10 th t t 70 l,d fice. Th
cr osg- cﬁ‘é’ﬁﬂ@l)fg} E‘@‘f‘ﬂ%éﬁ%{‘wqﬂﬁs&%é}'gce lff'r"lﬁm'ﬁ‘ul?‘?‘a? olrtC et ape6170 was
adhgged to t hﬁf%‘ﬁw}? lffrf Ex%ﬂ@rt_: 728HE &' heerWeanagiuid rdrspoitMarRaing a

per pendi cul ar I qui ahsport™ filmchannels 175, "as seen in FIG
10. The spuctuestsupface ba its upper fatem e Suid 8/ansport Hlne avas yhe fliiddranspaert tape of

apertures 178 fromthe channels 175 adjacent..to each erture. 178.. 25.The
TPl o' r Evamnle 2y@ndRIG: 45 avih s Ahanorie loT gy SRPts e it derdibe
by al i gaingr g by R oS ) o 188
The oysos IThd QRATARBA ok aiPhad hites gilpdichtd b8 it deSehmiiaiie 198
col | ect dastemertsbewsiuged th ccamectibe keyt®ard 208x63be metab supposhplaie@02ect i on

of Btanpl oo, 1E18WPl SpAGERGTIRE SidF e DUt fraBRue i earrostien e Rafver <
o0, AR A AT RS SN GARELN AFET it -2
ni cr or ePuinehéd=0r clainnie! Q‘}ﬁaqmameuseﬂetovlumbuhcaknybpatd/z%ttathteanﬁl piate 202
O ek b oo 30 TV VPEh S a8
post those screws. '
20  Spill Test
In order to evaluate the fluid removal systems of Examples 6, 7 and 8, a spill test
was performed. One ounce (approximately 30 milliliters) of water beaning red food
coloring was deposited on the keyboard’s “G” key and allowed to sit for two minutes. The
keys in the middle row of the laptop keyboard 208 were pressed and the keyboard 208 was
25  tipped and lightly shaken. Observations were made and the amounts of fluid absorbed at
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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enbossed cross-channels proved to be extrenely effective in ﬁﬁﬂ iwhzmand
removing spills, with all other conditions being constant a

t est ed exwipizds2scExanple 5 - A fluid renoval system (anot h&CTIUSHbE1ThY
system nock-up) for use.in 5 collecting, transporting and renoving fluid
was defined by adhering a fluid transport tape 190 (FIG 11) to a

substrate (not shown). The tape 190 was the ne as the tape 170 0o
A L

Exanpl e 2, withothe spill tgskferEsample Petish al @' She® | yideineath e
~to the sybsirate A suitable, c r i i n@l agaiknof
over ¢ ho KevbPad 798, ah A opB S BHE" | Wier{foufed ot B! Mot omBRINof e

provi ded }éeglswahwtsh@héd HiWad HROGDWitet aae fa8el oRbbtiethe @pl Sddrattom of the
mani fold 195 was installed al ong one ed he f| uid transp%; tape 190
'C

ft
(in flui golyestemfiin286; and mmnwah&wﬁmﬁgqe@%ﬁvs'a%@ﬁ%met%lrpéﬁta uum Was
lied (in direction of . 97).. .Th LI '
G0t céat i on of e SRSt B ENSTE 1ol eeE i Pe ;B ah@imafkai 4 the
col | ect i g, fLitaSha SRk lncta) MANE! 2025 Pihler 1S bBleWaIger antsiueiethedmetahplate 202
0 anple 5,

const ur ction no quantitive 15 data was col|lected. It was
obser ved,bebguevewas trivaspottie tohie Hoba thitquérd prewidedsisi thafide 20emsiclearpsedpyer

toward the drain manifold for |iquid d.call ect | Al -
o B! .58 ol Y ST B0 RS g ol
subst 1 at Quuas BXRHR'AELERnSB sl b6RbLMARIcS BOthe AP EAE Wageran foembor ng

| i qui ds. i systens eval uat wer e designed for use in. |aptop
conpuper She afidsusfeeof theahdryl flatel?82i nst al | ed underneath the conputer's

keyboard t tect .th ds of t ter framli-ouwi c Spi
A cont am nat Bofhe Al Ao XA RoaEd o Y NARS Cir LRl iiltihaR e,

FIG 12a., A k Q% 1B bhasofthe dRpyboAie valted inwas
pl urali t;)‘eéPg%‘Sisﬂsz @%E%r@iuﬁgoﬁt%@éﬁgﬁ ont1 si de (t)hereo%’. The legs 204

are in tugireds Uphedrtvest andp foundsor titer mpeofdhe overpsinestuned f8mnfR0N0 ateh s

pol yester sheet 206 extends over the, top si of th

bet ween tfoundenghe fapatide 26@%‘%‘3{ gl2 W‘E?ﬁ{"gi’fjgbegfmﬁeh% tgg%?ggr 56{53%32%“

spi || tes&e%@&%%&ﬂi%ﬁ&gitﬁe ﬁ?ﬁ%ﬁé@éﬂpr@?ﬁn&%ﬂ'ﬂéﬁs%uﬁi thg sakas)y. bent paper
ap

30 tolel s centra er towel assenbly was positioned_between the
substrate 205 @helrdstiles offhes! spill st apo@pulstedtin gbleohkglows JEFBMPUSED. Si de

‘paper towel assenbljes 212 and 214 were,ali th nmet al
pl at e 202indisatedia T§B’Bs‘tfreafeée’?é]?i‘?selﬂlnﬁungsz(lgyi‘%eg%%g?gnatﬁggﬂﬁggﬂ%rﬂ%% W
02/ 062568 PCT/. 2% view of this arrangenent, as viewed froma top
surface ZE%S()ETSJS#%%%&%%%FH 208. The top

TABLE 1
Water Coltected 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 - 93 8.7 2
Example 8 4 2 1 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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surface 216 thus defines a drop zone for liquid spills, (underné%?ﬁupﬂ@ﬁ
keyboard 208, the polynmer sheet 206 |i kew se has a drop or |anding zone
al i gned wom2néps68 eception of liquid fromthe keyboard 208CaviiRoL) cent
one or both ends of the polynmer sheet 206, liquid 5 renoval zones are
defined). Exanple 6 - In Exanple 6, the polynmer sheet 206 is a flat
unstructured pol yester sheet disposed between the botto f the keyboard
206 andesdreplepp nohwpken pesous ﬁbpmcﬁﬂe;z@mverweswv%ﬁ acg egﬁ "Hh‘@"%@‘& al
hol es pre-pupched.therein to, acco leP 0
the. ey B-oRil 368 BsepEoTeth S TEEE picRitBfE Nruphieaparices (vl
7, the pohydieh MERMmARS dafi siorifibdrilyt Kimfisther éxpbburen dfeadjacgna cosiponatsited
surface on 1ts upper face. The fluid transport filmwas the fluid

t r anspomioistagee b thespitiplest for(Bxampie @, vehiere the microstsucprgd el had no pre-

I I tudi nal | t endi d the keyb 208 hd.t fil
a1 555 hagungheehofsetRERFHb RECIIEY BELIPun SR e oo oL iFE et it PEMEREDar | M
used 10 ,60000e ydR ek SIBORmAIBshRyrl SUFha) - SHBRG Al Raptuced? Bkredtd and

-1’ Exanpl e -8,

Exanpl e the same fluid transport filmwas used as_the
pol yner divened! 1Ra@oasnéroiaEapptizhtion of the dreyentive assembly, themeerpst filg | m
did not have any holes pre- punched or, cut in it. .Ihe used to hold
the keyisopicfersny aflixed {9 115:R °'§F‘é§%"§d’2’a9\7ﬁ%’"’s%ﬁ"§&é’ﬁ arﬁﬁ%% "t hrough t he

pol yner sheet 206, which resulted in a good seal around those screws. 20

Spill Test In order to evaluate the fluid renoval systens of Exanples 6, 7
and 18, Gdip 1T t EvapovetiveEnliavoratnt DtidizingWhcroaiyprsrediM ateyiaby
mlliliters) of water bearing red food coloring was deposited on the

keyboard's "G' key and allowed to sit for two mnutes. The keys in the

i dl e row ofy{ ol ARLER, keHARRR ARBNI RuilipaSRsh B, imeniayirata] 1208
was 25 tipped an I ghtl'y shaken. servations were nade and the anounts
of fl ui hedhssy Gestedito nidasuredbe sveightl lass dé wasert on thestiuetpseshsurfaze ®f s tape
recorded. The paper. towels 210, 212 and 14 were used.as

det er ni riveiReavapeatoRatlBe mgEer Wﬁ‘ﬂ!enfsrpféﬁ’ sa‘Eftuc’aPe@oﬁﬁéﬁ%ﬁt%téwép%ﬁ'cg’i on,
t heslg t ol Bciiak -4 é?\%ronﬁreﬂ{??ﬁ Rtrol HARVENE . sISRARiquid fesefvain 3@ cindandatavi ce
may be fEedFor - a conmput er keyboard application, such as sone type of

reser VOiz’Icguﬁﬁioant@@fehe(ﬁotelﬁom)her object to serve as a collection device
for liquid:

t he conputer F’E\;éj ggf"@ﬁ\géx fg%g%??g&” %_ég]%g?cqntgyw%&eﬂﬁc Bg%f(éﬁogoext g‘f'&{]ﬁ%e&%ﬁ °
comput erbo%lgns)i Mdde %Qt Xﬂr%!p%%? 28xdh ﬁaﬁt@t@gﬁé the following dimensions: 76 cm :
wide by 122 cm long by 41 cm deep. The box had end panels 232 and 234, side panels
20 236 and 238, and a top panel 240. The panels were sealed together along their contiguous
edges. A dry air inlet hole 242 was formed in the sidc panel 236, twenty cm up from the
bottom of the box and five cm from the end panel 232. An air outlet hole 244 was formed
in the side panel 238 in a likewise position relative to the end panel 234. Dry air was
provided to the box 225 at a rate of two cubic feet per minute by connecting 2 lab air
25 - supply to a desiccant column, and then connecting by conduit that column to the box 225,
via inlet hole 242. The outlet hole 244 was left at ambient pressure to allow for outward
airflow from the box 225. ,
The fluid reservoir 230 was formed to define two test bed floors 246 and 248
slopping upwardly and away from each other. The test bed floors and other portions of the
30 fluid reservoir were formed from GILLFLOOR® 4017T light weight aircraft flooring
panels, available from M.C. Gill Corporation, E!l Monte, CA. The floors 246 and 248
were smooth and flat, and were supported by end panels 250 and 252, and side panels 254
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PCf/ USOL/ 21769 In the spill test for Exanple 6, nost of the wat
col | ected Hnd/err%gath the . keyboard 208 and netal plate 202, g’r& AUlﬁjrll(laﬂg
out of tREOLFEH™Nnd back of the keyboard 208 when it vvasP‘f%%(él&l ter

was found on both the top and bottom of the polyester film 206, and water
was found on the top surface of the netal plate 202. 5 In the spill test

for Exanpl t [l d ' . . .
eyboar 4@ End At Jeirel Brssl 20gcia iR o GEigRFe 1B Blidt Hhe fuid
metal pl adserRf2inth AeRt Silleltly-HBE irdoYs Rfddee festvoirie230al osd 238b. Wahe fluid

provided in the film 206 as clearance for the screws, No water poured
of the fresatvoor23thwabi6icmolonghéd keywisterand xdignedh sith: sach dlpor 2¢4 aad E)’-chﬁ@ Poﬁgg

on both the t d ' '

Lot ﬁet t éyfgﬁtg ﬁ(f) A8 aelate \echarzontal gy & dsesh of Fight o SBepChE bl pid{ 3807 ¢
, nhD o] . |

wat or? podpea altPOF st (ARl B do, fefls 250 e 220 RO RRBE D Bt

tilted. \Wak@buMdsn@each FeendioIslahmdt23pbat tiertartiofeanhteveparatiestexperimens.

No water was found on the top side of the tal plate e bl
of the efTheoolume abwateswasmeasunsd oybtashs KfLC W’@ﬁ%efﬁﬁ%sﬁg&ﬁﬁ Cag? ©

pre-punched hol es _around th e '
t abul at ed™? ﬁ'&éﬁ*’éﬁf %?rgwrgTﬁgﬂea\r@Ldn{ %Qﬁo?}rg?%%bia O{:Onﬁft#gﬁfje?%ir@g?%?e}%t e
those ampymbendrdy iNveindbirdraftl wivsi evellc abhiele taeel sibjeon tdeormesion ocanseb by ctbe

i ndi cated. TABLE | Water Col|lected In Passive Transport anpl e. Spi |}
galsts 'S((}j ( bypgnmryhd golltn:tlgn fbiuids breause Oﬁhakéwrﬁiwrﬁéwﬁgx@?gﬁsﬂ% M&fber

i de Paper Fil mowel 212Towel 210Towel 214 Exanple 640144 Exanpl e
759.38. 7, E?’éﬂf)aﬁ'ée% z%aé'@ﬁ’ﬁ‘ “the fluid collection devices of Exarrplme)s 6,

7 and 8, no Caphel RyLicqiRRIdH S¥ichtdas badet hpughn Shaos GIs4808pmisaybalanoe withl t er
may be useful in |aptop applications such as, for 37 )

an RS-232 serial interface. The mass balance was connected to a personal computer via

the serial port. A custom Visual Basic application was used to periodically query the mass

15 balance and record the reading on the computer. The balance was tared when the fluid
reservoir was placed upon it, and then the water was added and mass measurements were
recorded until the water was completely evaporated. A small, hand-held humidity and
temperature monitoring device was placed in the control box to provide values for those
conditions during the experiment.

20 Example 9 - In Experiment 9, the mass loss of water versus time was recorded for
the fluid rescfvoir 230 when contained inside the control box 225, starting with an initial
volume of liquid of 100 c¢. Various surface areas of fluid transport tape were apphed to
the fluid reservoir by centering the tape width-wise and running it from one end along the
floors 246 and 248 down the middle of each floor, from the central panel 262 to each

25 floor’s respective end panel. The widths chosen for the fluid transport tape were zero (no
film), five inches, ten inches and 15 inches. The composition and topography of the fluid
transport film was the same for each of these experimental runs, and was the same as used
in Example 2 (FIG. 2i). The pressure sensitive adhesive used to adhere the film to the test
bed floor was also the same as set forth in Example 2.

30 Table 2 presents the evaporation rate (in grams/minute) attained for each of the
different film configurations tested, along with the initial and final temperatures and

humidity. The actual mass loss for each film configuration was recorded and is shown in
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si des panel s Xxénffe 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 humidity conditions were not recorded because the environment could

not 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 fimd

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 1S

significantly increased on a structured surface having channels. The liquid evaporated
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devilve vetmicpired ewrfaoe hasea tapography similarctopFlig: 2 With aBernating psalse?d

condi tionsg, during,.the. r.i t. 20 - ri

s | ootlsys AE2A (8 A0 iR st PP aBUEHRS s ot PBE TREThatheld 290
when confgifged B isPnthhtBusigWick! thd diqui Blong teath ichgnnst tobhietn rédeives diquid
volunme of liquid of 100 cc. Various, surface areas of fluid tranﬁ_‘p\(l)krt .1 ape
ver e appthersin tainctdase theusmaciabdistrinitionof the hgwid; indhe pedifeshansiAg Hie and

i |3 f d g the . fl 24 . i ddl:e. of
Cach o0 GIF GhER reie A s arabaBRigegl ds 30 Ftbatetlh ey Bitelion 0,
panels.  THGwebEiHS 420 D RaIPEhdnRi8l 92UiaRd tHemeRisss Height ofelieligaid R60naries

film, five inches, ten Inches and 15 i nches. The conpasition an,(a
t opogr apinythet-difeetibn within cachrebponel 262, an skew in FIGsHke Adiaceni@ichndgndbe

or essur drarsierpoidRrat: 26 ROURTo e Y SRS o Flolegsd e
s O Sy L s L 2] e
di f f er enefFédt lofrentamicing tha evapesationsnatedof the GAuidf60Hrem ahe sirygtuned sHeags 3nd
terrpl%r atxgesseeg nlgjy 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
ex:.posure of the surface area of the liquid to ambient atmosPheric conditions. The
25  evaporation rate can be further enhanced by introducing a moving air stream across the top

of the liquid 260 and stnuctured surface 250.

* Although not tested specifically above above, the inventive microstructured film
Surface als-o has beneficial effects for condensation applications (acquiring moisture from
ambient as opposed to evaporation, where moisture is released to ambient). Both
30  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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hum dity. The actual mass |oss for each filmconfiguration was ggq;?]ﬁcm{g
and is shown in 39 WO 02/062568 0 5 AU6 2005 PCT/USO /21769 FI G

whi ch | sy@opd@tesof the evaporation rate curves actual |y np@EmSen217s9
(evaporation rate in the formof weight |oss over tine). TABLE 2
Experinmental Data for Varying FilmWdths and a Controlled Envi ronrrent
FilmWdthlinitial Hum dity/Final Hum dity/Evaporation Rate TenpTenp

Fi | Ml Sndenkeddthe d}iaamds fed. smegb wontroldisjuid fowednd;diversthefolected h%"érfe 2431
% and 230. 23

i us s 10 i % and 2462 % and 230. 36
g/ min @eﬂé‘iah@?‘!&"é‘i‘ tﬁ%m‘l‘@ iZABH %‘QH&";‘A‘E‘% 3 # '8220. 57 g/ nin

Cel siusCel sius 5 Exanple 10 - In Experinent 10, the mass | oss versus tine
was recorded for the fluid reservoir 230, but the control box 225 was not
used. In ot hgrodpTVs. Héae fdud d MagseTvmisfe23Enlancemented Via tPalywgeie ai r
environment of a lab. An initial uid_volunme of 100 cc was introduced
ontd the fluid reservoir 23@’13130316%%!'%53"! Asseblisse 9 above, and the
evaporation rate was neasured in the case of no filmversus a 15 inch w de
film 10 Tenperature and hum dity conditions were not recorded because the

envi ronnent  aQuidled, rmte HARrePRtfpd Sstfadesitoftthe presshs imfentioresen theoused| to
conditions were evaluated on the sane day to nminimze Croscopi

di f f er eendhmsce Eil&s ﬂrﬁnsﬂ:ﬂ detingt @@pontonaes well |asc dwing SQAFENAYEN- V\B?B?ﬁg | oss
of liquid o er

d
o 104 Al R SHEE A Shp i e B D et

of 70. 24 grans/ m n.

was AchL prRd fH J&Qerﬁbﬂﬁ ad 8ppdied td\h&ﬁsti'lhdtﬁﬂebeﬁdterm sarfades e ther Me sfiadtace.
These experinents thus con;fjl rmthe remarkabl e inprovene

evapor afluidrflow aed alsotih ¢hepresinge Oépgwecﬁalt flow aqyer thesurfpggsy %hFrrEWi HarsPotpe

ol gni 11 By be aesusiecnsne igid B PEARE peARL 1FIGRRESL 1 ebER shgfRP6eC

2}12‘;ﬁ gr‘gﬁﬁ?ﬁﬁsﬁ% u. f%{/&gxggir gt g‘ne reaPthk Abted enefittintiede evaparatveravolitg
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,

gasfliquid contact assemblies (for evaporative coolers, humidifiers, heat exchangers, etc.)
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- 40 WD 021062568 0 5 AUG 2005 PCT/ USQJ/ 21769 from the nicrostrugfu§dlfi | m
surface _gourse, be water (as in the above exanple ) SO can
&ﬁ'};&d@gﬁg . . _exar %}z"rms‘a&‘/&]@

be ot her terials dependi ng upon the application. For exanple, the
li-quid could be ink or lubricants, or the liquid could be a fragrance or a
fuel, or any conbi nati on of these types of liquids and characteristics. 5

FI Gs. 16a a byareyjédl tNrye syl d FdsozelS od 615C5055,28Dearddace
of a stHud H?t Bgedsulpf cée lr%{/e:hﬁgwg %ﬁ%ga ity of paral'lel channel's, and

speci fi opdfiye3pf the increase in exposed fluid surface area achr eved when

a liquid’is disposed on the structured, surfa of the res | on.
A struct ur ed lsghisdoeent®o, thavntrrg’aaalparea B ‘F?Wa%ﬁ baped-g ?‘fqﬁ"zgﬁ

thereon has a i i nt roduce ther Vihk | yg{ré;ﬁﬁlpn
the to é'f"rc[RfFEllr"@gadsﬂW% ??agn the %‘(t)gr ApA “31‘/%5“% ﬁ%\lﬁéﬁ E nthb g'a I

al ternatg, '%ﬁ.e%§4n@re£ked\satfhwata%ﬁﬁ.en@ @ik qms:lmae@semtmmmm hmwoen he
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the |i quhé simhang andcthe hhwdmeﬁxmlmwt!r shoawyegddtball ingamg casgse | €94 1MPTQYS
the spacial distrjbuti Ln t i d
260 fill® @@éﬁraélﬁfétﬁﬁéﬂ' 32512{“6 “E E“"glmd"”s"t’ﬁ“")é’ ﬂ*‘é‘ﬁp‘%ds S%S |ahag?éd§§gﬁ in

the y- dl dRU IRAAD atikiieat “%azwahdemme the
meni scus® e| g ﬁu{aﬁ;e] Pﬂﬁ'ldésq\gﬁ?l es 1In ?he z-di rect ion w {ﬂatlg'%

channel 13&%ho6d oseenentm.ﬁhen dfoihe lm;chcémtoﬂmaﬁphmg’és (e:8e humig

exposed surface 262 is highe ffects i ngthr i to
oo conth andh Ebiws ST like BNcaied, prosss e PREN 36 dsTHEXART saBpcte L0
whi ch, i gL 1n PRke p .ca%taeg;u @mﬁaﬂ%laﬁletdm;ﬁmamrtwwﬂfy builds upfom he

Irqurd romthes ucture ace 250. 20 As seen byth‘1 ﬁﬁ't
resul ts, thehurficaportitli deadsatee thes grmmheagwgmrgm fang apeqreasgd hympidification

arrpllflcatlon of the ' vvettln of t I gw d on t of
the |i quperforsiasss. aHé'aﬁéwmrﬁf H?&"st? § 0?%% %1"'%‘3"‘ k}’S’Fﬁﬂ‘é f}?@b 'g EI’%FEL aﬁd

by the f‘”ﬂg%’ie Vel .%,J eVl Winh ha éEQrtbfiwgronth toh@!dae quilkdr i bacteaa:,rnnu-

channel . “f resu I'S a superi or exposure of the surface e f the
i quigl t pricBbiabagenes cantpehiempregnatedditoitbmBim Materizb taprgyentdbe gowthinereodn pe
further enhanced by introducin I ng. ai.r. s t t he
[ 'qui d 260 anin thertace Hhess A p e85 OoRTbUERE FORpEL tiEPirEni e%‘?j&
above aboy tdts 8% H:iuffff Sufefaaﬁe:hal\aﬁmcrhdk)wst e
benefi ci Eﬁegee'tt# e?'t'ésa“}[cw{et%ﬁdﬂ @‘g??gétd‘l@ppl | ca | onsac( acquiri n Mﬁ% from
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20 obstructing the flow of liquid through the condensate collection dev:ce, 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

25  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

30  height variations of the moving liquid in each channel. The means for causing the liquid
to move may comprise an_y suitable potential generating structure or system, such as a

pump, pressure differential, gravity, etc., or any combination thereof.
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| andi ng zone on the microstructured filmsurface is at a tenper@d e 2005
sufficiently lower than anbient to cause liquid to condense on the
channel wo bpe@eés Once |iquid has so 41 U5 AUG 2005 WO OPCOABBGH 769

PCT/ USO01/ 21769 condensed, the channels then serve to control liquid flow
and divert the collected liquid to a suitable liquid renoval zone for
collection or further handling. Goup IV - Beat and Mass Transfer
Enhancenent 4 shePfillpwing exarbples,cthe channsluee thg flnidatrarsporti ftlen mere, geralle! t ne

s L r Lo ghesberstPn ol JAUIs e oMok P el BRRNaE: Phfhe FRECS"®
exanpl egdailtilouingﬁ%%s %Wemﬁlfe ifci’flarﬁae%n& 'amrmw} BRentatiGI AL pBSkitlY, Mehidihga

)1
m crostructure surface m assenbl'y, as opposed to non-structured
mat er i aghankélsahasextendidrtholagicaliyfremdve wetheffluid flow, owaembiasadgelakive thBuid
presence of active air _flow over the surf fesénghe fluid transpgort. film

can Sbe flewgliractian; as welb as thppessivilgy, afyprayi er projsctigns Goghthe BEEGr t

structure,or, .any self- . : ting noted benefits
i ncl uderRYsae? é’t‘?@ﬁe"%é’é‘?‘.}*g‘g%t&?&@g Htgér:ﬁl%};gp ﬁggfiﬁg%f, evaporation, as
wel | as Cond?ﬂﬁiwﬁﬂaﬁtﬁw&iolihg@m@f g4s griuparfexpdriments evas pieteatnined using
cool i ng, many net hods have been enployed to efficiently cool water |,

t hr oughareeapaimentahsetTipethatiincoipedated i 45E mshned plangrsubgtrate 2o paSPERIN
cooling is air-_water contacis to cool |ar tities of wa 4 Siince
many pr BMesi?a Tbespbstrate i@)#‘%{‘rﬂ plapar %W%ﬂ‘ﬁﬁq‘g%?e‘w&%w PHE "@f’?\‘/‘ aaﬁ.'fjin"ng
SUMTET { IR Snata46eSA QL e@‘@iﬁo@%&esﬁlm 89\ gdeé on theLippérvstirfice B2 bof the
anounts of water are c)(’)ole y spray ponds, Wwhile [arger anmounts, up to
20 100, esH3tigad 28 sinthesetexpedments oibik eolyitenedayer 290 tveasetos adhered ta the|UPRET

tower, water cascades 3Q\3nwardl over a,.fi Il8 pack, which is a structure
desi gnedurfase;283eHavasiustdrid Qut op tie upper sUTEACE 284+t r cams and to i ncrease t he

surface area o, §aoIRko RIS EshuR 3ARURRIed (§1deBBPKarcPOBIGRG HerTnhe

wat er into' drops. en passages are provi e | I packs for_the
flow of9aiadjacemrthehep end @84 df sher Substratar288. oFhet Watendds flowrdedown thel fHm may

be cross-w se, upward 25 an ounter curr.ent to the water, flow, 0O

conbi na2PBwag C‘H@ﬂfd qﬂ%“}qe“‘p‘g‘éﬁ’émf’@r‘??goﬁéfm %\E?@Gc‘écl"h?%'? (B?‘ai“é?_%""Aﬂa‘i 87% astic
honeyco m)er? tdE[E&sﬁtHE fiito 1260 e&ﬁﬁﬂe’s&?@gr 596 SPhEfifln 890 ih Bsch iRitahdd WaK 4linches
interface To DO I'nprove the mass transfer rate as well as to mnim ze
liquid vwadd,aAdnhemperitored dfehaivates twasameastred ey thedopiof the, filmm eod thereggain

pl ates have been used to increase the rate of evaporati I
evapor a@t the bertane Rf thealilmg.q g lpw axss ’E?“’c’B“%l?"‘BF%&'ﬂfg enfgf?tge itﬂ‘["e acral

area par;)%vsihgd.'hﬂggtahﬁallnda%’ e GrpR0 fandRsB pmhea?ij&t:npme$otﬁfrﬁ 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 299. The air speed provided by the fan 298 was
controlied 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 experiments 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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gas/liquid contact assenblies (for evaporative cool ers, hum di []ise:(l!ﬁ'lﬂmieat

exchangers, etc.) 42 WO 02/062568 0 5 AUG 2005 PCT/ USOL/ gég_ﬁgﬂﬁgﬁ

i 11 ust ra@d2%28s. Patent No. 3,792,841, 3,395 903, 3,5000615 V8855 239

and 5,811,035. In this invention, the interfacial area is increased based
upon the wetting out of the mcroreplicated filmsurface, and the

on the wetting out of rorepl icated filmsurface, an t
ncr eased suntambis HIE A oRRARGe i AR HhGE8Rred UMY Suffite NI 1 °

the strygeat BhAmelst NThE ifdWtHine FiReohfERRISa SIEGEIRITGN™ X-300rmdddivesy 100%
i nprovenent in mass transfer can be achi eved, gg.rrpa_r ed to
non- i cvesghtucTbe goldupdttere doolingdusedato make the) fm's splarestured juafarsfad race

Of i 1 @ARPaD MR RS ToHEERF SRS U Oh dpeip gro R4S % 2Ot debf tacsP O
huni if?c Uig9e) 1709, T PRdEhRaRLS Wéfeghl el taChi 86wh ithe ifdIRRt echinedpgy shar e

often .u *as the t'iquid support urtface. In these applications, scaling
of non- wghakdté 28®onponents typically builds up on the surface, which

| eads to the growth of organi sms gnd decreased hum dificatign : '
per f or mance. mple; Hb - o pplytheng Aoy erptang %%‘F’?sﬁ'@%’F é?‘i’t"n?ln@uéﬁatcfzc\)ﬂ,thsuch

scal i ng,can_ b Si 594 WRITOISWSC! 0b auddhRe W D
of al gaé‘"&ﬁﬁfﬁar"n%am g?jlegl,oqéﬁf&i% ?&{] n@%?aiﬁag%%ént S can be inpregnated into
the fil rydpheThaimdi pa@vesslinghmedomake thediims microsturetl sudacsehashrepastesh

entrained mst or fog is to be coal esced, the prese L.nyent i-Qn I nts
a melans fapeefostmed 40 |d'pgm°- ghansstsumitle BQ degige ng%’ﬁPB&'&é ‘gi@é! ‘Yﬁ%ﬂi é‘q\ﬁﬁ“gﬂ‘%z | ows
the liquid droplets t t . r ffectively than to a
smoot h gﬂ‘?’f’é‘ 8’.‘%&”&'?r@ﬁéé??%khgpémngdﬁéﬁgﬁﬁsggfgqg? t he nicrostructured
medi a facilitpiffipld 451-0Af polythend fibnavR@ obsicrasuctogedt chanielosuréice | Widyi-d

t hrough the condensate collectign device, thereb LM Zi ssu

drop acrlowsr channedsi mnﬁplmﬂ“cf’é‘ﬁtwtaéw‘élnﬁg%;’zgm&n?‘rﬁﬂ%gegdﬁlev& by
manner to .a, desjred,locati : B ROGb SRured RErfadkvigatt A on
is an as‘g'é‘ﬁm‘yﬂ'?f)l’"oéﬂWéﬁ%"ﬂ%ﬂ'ﬁ%uggﬁg%g%\éggorat ?(gg of a li qui d novi ng
over; Sphtfedt facofiied eTlEfiseshamntls witthasstelgreciangelanntiannes, $end ¢eRuAP aces

T e o o e 5L 658 oL 1 b W0 St
{her eon. TPRBERS AR PRI dedRap b B S R el ons

W th val s coiRueRRSNES Patiemthit Title 1[0 Sedatest MooSalZ84406). skhe relative
e s ang angios for e missosuttored polymer surfack B W52 T Raclifigh 351

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 graove angular width 335 = 10E, secondary groove spacing 336 =

50 microns, secondary grdove depth 337 = 41 microns, primary peak top width 338 = 29

m-icrcms, secondary peak top width 339 = 29 microns, primary groove base width 340 =

15 163 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 patten 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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30 height variations of the noving liquid in each channel. The neans for
causing the liquid to nove may conprise any suitable potential jgeibeliti ng
struct urwQa2/0sy®w8em such as a punp, pressure differenti &#CT/gs0ai116y,
etc., or any conbination thereof. 43 0 5 AUG 2005 WD 02/ 062568

PCT/USO /21769 In the foll ow ng exanples, the channels on the fluid
transport filmwere parallel and orientated in the direction of liquid

fl ow. HoweverThe ffive matedalnsamplésnaf polythenkfilon describedi aboveo megre agstedonrderor
rel ative ch?nel . and | ow or.i.ent at if@zos are possible, including

liquid ;
channel SIEa8AYTATIGHE IMHRIED WEPPYIIPRT. 25 fOMOWS, the fluid flow, or are
biased 1 el at | el . fit b a2 155 Arélbintfide ARd vifer TR sEF00 BEnRASRLEI | [ty of
provi ding further projections fromthe mcro- replicated surface to
provi de for iQssechssd/ flowtarlb2micndrsiminttaaad water.flobhet 330egramatmionteor cool i ng
rate of this group of experinpents s determ ned usin an experi nment al
set-fp that i %rﬁrﬂ‘hﬂ@‘d 3 305 metersimipgy aﬂﬁélﬁ’écf 9&%’%&%@?@&5&1@%% in
FIG 17am. The 1l PRTY| pper
end 284 TRTSIRPIRAE Buton e v LERRPIH B (e} ERopHGH b CRRs 1ERT
on the WY arsdefaited i BableB belav. substrate 280. In these experinents, the
pol yt hene | ayer 290 was not adhered to the upper surface 282; it was just
| ai d out on the upper surface 282. A water source 292 had a conduit 294
directed tra—g Ht—water—295—onto the 290 —=djacemt—the top end 284
of the sulgm 280. The water 295 flowed down the film 15 290, S
col |l ected @;&;@gg@hp@ﬂggmbm&gm@mdkg% in a collection dam (not sho and
fromtherg deposited into a collection reservoir 296. The film 290 ijp each
i nst ance W¢€hangerioWater eniperatmel(4Than degrees Barenheitdf t he wat er was nejasured
at the top of the film and then again at the bottomof the film r
fl ow over jthe mcrostructured surface of the film 290 was  provi ded usi ng
a standar ¢ carpet—fam 298 pos €d adj ace potfom e 6 of kthe 20
substrate|280. As shown, [ the gaFt'D?l ow flrom t aesre?:n 298 vvasrt%isfgct ed jn the
opposite |Exampld bn of the wat@7flow gn the .63 m 290 The al.0 speed .
provi ded Ry _the fan 298 has controlled by lipmitingt 1@_@%@@,@_@_@? to
the fan 29&xample Was neapured Us$ ng a Hot wiré2 anenofreter aH?acent he
sur f ace offgthe—t+4+m290+The—expertrnentfs—ustrg—this—s btblllblvﬁli vatred| air
speed effe@;’@f“ 12, flow rate ‘ahd 25 |film surface mcrotopdgraphy.| The
data is p %&H@?@ &S thelwater jignperatjure difkerenti gl  betpwgen thel top
of the filiman the bottpmof the film! where the tenperature of thel water
decreased |Example/b&t i on pf the levaporat|i on rabé and agsoci atkd Iatenlt heat
of the watler— The

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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air was 'standard | aboratory interior air, nomnally at 70EF ag@ @K
relative humdity. The following five materials were tested: 5 me 12

- A sno@idehsdaxdshene filmcontains a 0.5% TRI TONTm X- 100 pead@idiyfoby
wei ght. 44 WD 02/ 062568 0 5 AU6 2005 PCT/USQJ/ 21769 Exanple 13 - A
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channel s. The polythene filmcontained a 0.5% TRI TONT"' X-100 additive by
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patt er n thecdxposeduswdacecaremiof thedigaid (hysaffiectingsits wettingeoutseharateishsy ad 15

attern face fornmed to.defjne,channel i th. t t angul ar channel s, 8
Iron' | deep’T‘eF’ﬁcusc"r]'Bgaé’teéﬁﬁfﬁo quid ﬁY%"“ﬁqlerW\é\{a?a Wéﬁggﬁgﬁag“{?rg‘g't i o%ul i ke the fi |Sm

of FJqG 18, afe ?réé@mf %E%Wgéscrib@.@ﬁ FNeY tahsporeRgctostinaiiret Iapd adsemblhase

of a'larger rectangular shaped mai n channel (the same configuration as
Pat t er n ‘Fhé nmitadstmctured surfsce Pad\ades Romeansy 2@, wigk) fluidsethat| age j agueous or

di mensi ons and angles for, the_ m crostructur ol [ f i:S~Til

s Gor ) R HEO BN RBRITG Lhe BiFFATE Chr B SOTRER R R e Coripdtitisy L

groove sp h@gof&%ﬁ rﬁatgﬁ. The GERESve MbURIBS ¥ naRPNAmEeRtihe B8 te-a 2PGctiriedh ons,
u g

notch inc angl e (see FIG " 18a) = 95E, secondary groove angul ar
Wi dt h 335 mniE; thatis aodsistynigritidesireg doidhos 3 he taggocanibermide witlha yaaely Pl

ecotiar Sdite g faraptinue mag e cheh i Fath hyRbIE s iEALT,

S oecs RGO R g Nl b Th el
down t he“Vhahaped def'ilifeshapgd 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. Acti-ve 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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t he substrate 280. ‘Exarrpl e 16 - A polythene filmhaving a mcrostructured
channel surface with |inear channels. The pol ythene fil m cont(b A6l 2605

0. 5% TRhJERb/0er=$H0 additive by 30 weight. The nold patteparhmoliivgsy used
to make the films mcrostured surface had a pattern face forned to

define channels with 40 degree groove angles, 45 m| deep. The channels
were aligned to run down the incline defined by the substrate 280. 45 WO

02/ 062588, Qural A prRlite RRFHShAR IndEdeTke broml whserfadcrylates) @engfolar
pol ythene fil m descri bed above were tested ynder _ three '

dynamic air
f | ow watawlatésowynthetic nithes, palyolefon ervratuieh sebber. Mgchapicehdtiachimept means

met er s/ m nyt.e and .er flow. at, 10 ] 2 i

152" ot vdiinetie plistiton Mkt ppe. 50008 B e bobRREs " TocThledhairt |
at 305 pBf QLS4 Gid4h €, APfle WdrRity ffOWMdabtriaB Gepglicationsi which Bérefit efoint Suif
the evaluation of the five Exanples 12-15 under the conditions, of Cases

1, 2 apdndganentdaichidseerdspackabes ralustbnal camestien By sranofative AorliertoYe
Testing Results (Ch in Water, T t T. | i
Chse | Cmeehanizmse 107 | Briigh 50 ORPHSEIATHE mAOugRal GR chRIaRIRA ))
141.81. 41 1.94. : - fapval |
g‘a‘%&ﬁ@glﬁ‘%f‘éﬁl 20?% fs;ég%étfxiﬁ?‘%ﬁphﬂu%ﬁﬁl BRobeksex, Iddndensaeremyval in

conpari w th Exanples 13-16 . :
(i Cr ostéfrgkration, Eondehsaté keellertiencsfficiencyrin applénice appbeations.usnitraoatrebiit ace

in connection with actiye fluid and air . flqw for, enhanci i ton
very si glecirpaigrapplicatiansdt.s. FH@PPE’EE‘% oards), AFUE; by Mepns Sf?r%'gl“%% Bl
instances. the =\ ' h£Pd dsCAmES Xi.¢.Neslvanedhydrhatid Yieidsf 0 a
sm)i‘?h f?rr‘?rﬁ’a;iu{ﬁ%ga?l?ng'g\r(eﬁoﬂg&gognéf ?%%gﬁdisoﬁ%. g}Phe’ relati 'Qn%hi of _l ;
opposed agidic fhels by et inetia), ddlivery af dhids valhs incréaseds effizienty tesg.wenks, as

Opt i m 2 8Dares el SoEERC ich TUME! OFRECITENSFS (s Ap1Es DG SO
where t Qgrgygﬁ'gr@leas&rgce,t 08 det @b of B2zaPdbus¥f 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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m crostructured filmsurface 290 is greater than the depth of th‘?}ﬁAUG?ﬂUﬁ
channel s, thus comrunicating channels over adjacent ridges. In this
situation, the mcrostructured 20 surface of the film290 still affects

t he exposed surface area of the liquid, formng undulations therein as
the Iiquid 295 passes over the ridges. In this case, the thickness of

the liquid is thin enough that it "sees" the filmsurface topography, and
thus the 46 0 5 AU6 2005 WD 02/ 062568 PCT/ US01/21769 m crostructured

sur f ace WiAAT48 CEATMBD I8 (enl arges) the surface area of the liquid 295
that is exposed to the anbient. As the liquid thickness increases, the
undul ations are | ess pronounced, and as a result, the effect of the

t opogr aphy o f area of the liquid lessens. FIG 17b
 TTust r ot es gr!ghﬁ‘iaqui Bl BErBhE DL LI hoa 11 the Thow rate 5 s
| essened, t he lighidodontreklapér havingl d tppisile26id obottone sitle,| the 240sidt hhvidgar ease,
and event.uallg% agsume the condjti orl I'hke }_h%t iIIUﬁtrat ed in FIG 16b.
In ei t hEPCTRpRGure-gearing  surface  with g pluralitys oF fthappgls |theggeny that &agdiatehat ¢ he
t opogr apictiohaltfivey FontoPstt d ligilid IRFosed fHeRtoR; af fects the exposed surface
area of the liquid (by affecting its wetting out characteristics and

meni scus cha# deersubgitatelayer; | i qui d evaporation rates will be enhanced. 10

The present | i ihbes a.flud transport, m crostructured tape
assenbl y. g*ﬁn%“r%@?&ﬁ%ﬁ?rbé’ °’§‘&F‘{ea°?éh"p'r'%\'/‘r%‘8'g‘°y%éﬂ§het@0% ck fluids
t hat ar subamatedwysr;or nonaqueous in nature. The surface can be conprised

of a cast acrylic resin (for durabilité/ olyolefin material. The

) or a [
adhesi ve pro¥Fakeyer havings2 top sidsand a brstomragide.the bottam side f he eap layeranner
that i SpGROSI ' j frd Ui . ith a
vari ety ofé.'?lg%%cgg\?etr%%gp Sﬁ‘gelt ?ﬁggrlﬂqugcr?%}rgwax%rl}g d{eﬁggf" g{%gt "?ﬁ? %%%3&& dant,
hydr ophthanhel strgetnreitbéreldtweenhynlt ophobi ¢, or capabl e of wi cking acidic,
basic or oily materials. .The tape can utilize "V'-shaped or "U'-shaped
or rectangul éFar@ﬁ%rp‘Bﬂ“Hg &‘ﬂ‘b‘sé’lqnﬁé@qﬁ'é%“‘is structyrdeinad bsheeenithgstoside ¢ hat
are al i gnge libmid 2okl j i ' any other custom or
random zed ltL:I)attgr nt gghlimsﬁcéjggﬁdégﬂ?gt{hggtaé lrilgfr' fluid flowin an
i ndustrial design. The tape can be used 20 in active or passive

appl i cati ons, The .actiye syst onstitute a situatio ere a

pot ent i %‘I i sT}éequn?'B%te 3%s Sﬁg}t{s toid:éa‘@uﬁ rfiezen he 15 E’Hﬁg‘sﬂg""dgfsﬁaﬁﬁ force
for vol ssgend khintlel BRISS ARA twhef¥ih ItNE nfoX figeABarzaRitRRafl§ ThO NG A6A the |
applications with a manifold or other “device that applies a potenti al
across ¢hsanelapdiacent thg disst channgbendpe pl aced to utilize existing sources of
potential (i.e., wnd or pressure differential). The tape can transport
and 25 renove fluid through capillary action by conbination with a

col | ect B.on phhetaminachflas 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.
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drain, absorbent material or collection pan. The tape can al so he eﬂl@ﬁto
deliver fluids through the sane capillary nechanism The tape (9&315@

di sperse fluid through evaporative nechanisns. The inventive tape

provi des an attachnent neans that allows for negotiation over 30 conplex
structures wth mnimal noisture ingress. The attachnent nmeans coul d be
any neans for attachnent such as adhesive, nechanical, electrostatic,
magnetic, or weak force attachnent neans. |If the attachnment nmeans is an
adhesi v&, t hEheathnasate dflovo wsskniidy 47 clidiinOP MRS Ghe) chanfbls 426 QfefinddChy 11 SO

/21769 structural. or. pressure sensitive,, and i.nclyde the broad cl ass of
acryl at 84° BrPafﬁng?'dé%éde\"éF%gﬁﬂgﬁﬁtt?\fgrfqg(?s ﬁl‘ﬂﬁ%?%‘rﬁ&e Fé‘?qﬁ,s“@ﬁ‘?nat ur al
rubber . sdVBEAdR hdlingdh saoRdBMerMBRRS  coul d include plastiform |ocking

tapers, or hook and | oop backings. The inventive tape can be used in a
wi de variety of industrial applications which benefit fromfluid 5

managenent, such _as rospac i €. eduction of carrosion b

evapor afi ve 'glheglagng}afee 9\ Se"m#ézﬁql@rﬁswg%?mﬂ’ Hf’mr,poftlﬂntﬁ%lﬁéé}hri“ﬁe of

conpr esgRkéconll keBfiridpEshas AR erinielGRIERPERIUrOMan Kk Mo Pattichlthéredrency) . oi
separation in industrial processes, condensate renoval in refrigeration,
condensate collection efficiency in appliance applications, spill control
in elegtromn Lcat i [ 1o dei.cing by neans
of cont ?’nuoﬁsqﬁef lﬁr&ﬂ% kel@&drr%%\'}](gh ‘%‘rcéar'r@\?lgp H%ar%é/t lgerely@g(ﬂg(ﬂﬁoﬁ Wgro']S %hazar dous
f1ui ds pelymeeric 8led.vents, hydraulic fluids, acidic nedia or basic nedia),
delivery of fluids with increased efficiency (e.g., inks, coatings,
fuels, fragrances, etc.), renoval of specific liquids (e.g., water, inks
or otheg fl ui : ' zardous or non
hazar do%s fl E%?ﬁﬁ@@%gﬁ%{%gﬁ}%ﬁf‘%ﬁ l?ﬁﬁgg%gglttﬁgﬁ?%éé&%%@ b%g‘%?n this

di scl ossurfacseibe hfjuidlcbntroidayer basendhadiceeisticsalteting beatingieereoron ar e

di sclosed. It is understood that the features of these various

enbodi ments nay be conpiled in any desired conbination, configuration or
assenbl yg, depgaghiifht'ROG: ds&m}waaimvwaaein!tﬁ@{amgﬂerw ﬂmtn}eﬁpe 4's such,
various nodifications and alterations of this Invention wl %ecome

appar entharasterisie altesioglatlditivé.n the art without departing fromthe scope and
spirit of the 20 invention. 48 0 5 AUG 2005 WHAT IS CLAIMED | S:

11.  The laminate floor assembly of claim 10 wherein the additive is selected from the
group consisting of flame retardants, hydropbobics, 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
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. Alamnate floor assenbly conprising: a liquid control |ayer having a
top side and a bottom side, the top side having a mcrostruct uﬂé-mﬁaﬁ%ng
surface with a plurality of channels thereon that facilitate directional
flow control of a liquid disposed thereon; a floor substrate |ayer; neans
for attaching the bottomside of the liquid control |ayer 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 Baffixedlto RGP siH@oﬂm‘eiliqeid%omedla@evgw REGIOSAGitive Bk, structure

t her ebet ween; and neans for noving |iqui aFong t he channel structure
defined between the top side of the liquid control |ayer and the bottom
si de of 14 he r | anj_nat f ' wher ei n
he chaldiol < RnE NooP ssliiBly AR Rulcr P Ine ARATR, ells P8 BT "o ng
means wenkidvewdhesie | i quid fromthe channels adjacent the first channel
end. 3. The lam nate fl oor assenbly of claim2 wherein the noving neans
creates a potential which causes the liquid to nove toward the first
channel y£nd : : ! : [: f,claim1,
wher ei nlfhe 'f(;%:)laﬁmaﬁ;g“ %ﬁefn‘ggs&a&%#g%mégﬁeéﬁ%@ E’?Eq%?éyﬁt%rﬁ nate fl oor
assenbl pressuredradient4longehechantdi striidtarer covering is selected fromthe
group consisting of carpet, tile, linoleum wood, concrete, netal or
fatigue matting. 49 0 5 AUG 2005 6. The lam nate floor assenbly of claim
| wherei) t heheClamitaed focH Rsedftly BELaRY | vaRRSH el t¥p BRIE AF R liduid 8ol
including a first set of ridges having a first height and a second set

of ri dgleserHayiahlpast enscwess-chanriel dormiedithgrein t7 facilitatel laquich fow Hebwesn thesenbl y
of cl aiﬂ}G erein an upper portion of each ridge of the second set of
ridges 280 ower el ti ng tenperature than a | ower portion thereof. 8.
The lam nate fl oor assenbly of claim1l wherein the liquid control |ayer
is a polyneric film 9. The |am nate floor assenbly of claim1l wherein

t he m ctbst rThe laminate Spphessenblyfefcdaim 1§ wheneingihie diquisheonstol laygehashas a

h istic- ' oat | . The. | api nbl

oFGr o RGP o] RSO USASHbI MRED TP P gk Bl nf o701
and the moving means.

20.  The laminate floor assembly of claim 1 wherein the top side of the liquid control
layer has a plurality of cross-channels formed therein to facilitate liquid flow between the
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-channel on the polymeric microstructured liquid
transport surface to join at least two adjacent channels of the plurality of channels for

liquid flow therebetween.
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characteristic altering additive. 11. The |lam nate floor assenbly

claim 10 wherein the additive is selected fromthe group consi Qtﬁh@ﬁ?ﬁfﬁ
flame retardants, hydropbobics, hydrophylics, antim crobial agents,

i norganics, nmetallic particles, glass fibers, fillers, clays and
nanoparticles. 12. The lam nate floor assenbly of claim| wherein the
channel s have a pattern geonetry selected fromthe group consisting of

| inear, curvilinear, radial, parallel, non- parallel, random or

i nt er se22.i ngThelidethddof ¢laim Diatvhertinabe formingrstdpicomiprisdsaipplyingMear @ithe t he cap
| ayer is porous, 14. The amnate fl gor assenbly of claim 13 wherein the
cap | ayRYYMEricmigsostieEsg u'qga“S‘PH'é Sy, ﬁ%f'%fneﬂ%?m%ﬁs@@m ghestone| ai m 1
wherein the bottom side of the cap layer 50 0 5 AUG 2005 is affixed to
the top side of the liquid control |ayer by a pressure sensitive

adhesi v&3. 16Thamethiod of plaine 21 mWbereiratbe ﬁmnlir;g smefp @ingirised apphémgpmssuhﬂo

attachi ans i s a press senS|t|v e | am nate fl oor
assenbl{/ﬂ‘gggﬁmegf H?"iméﬁg?%?ﬂh‘f"ﬁéraﬁwrﬁﬂr ﬁ?ee@f’égoséc}‘ E<8EF gr adi ent
al ong the channel structure. 18. The | am nate floor asserrbly of claim!]
wherein_the top side of the liquid control |ayer has at |east one

cross- cihnnelh ef@ﬁﬂi‘@é Otfr?éﬂf"él A whereicibe ichannsls| are defingd bxveensrallyeparatieb

channel aim n.the liquid
control ﬁ?gg’%?ﬂd F%l qdi gdkegg% %ﬁgg’mﬁlﬁgmﬁn sreg?'?ﬂ?%\ghﬁr'%ﬁ bAvIRg
conmmuni g aédoAd), tallérfheﬁgm whersin- mh@paebomaﬁd)fteb@ flopt BOtheBREsnd 20 hasThe

| am nate floor assenbly of claiml wherein the top side of the liquid

cont r ol lowegnsitingtemperstuse shan 3, loyyer pogion. hemahand Whersiadhe famdngster
facilit dskguid flow between the channels, and wherein the liquid
control layer has a plurality of liquid rermval apertures therethrough
with each Iiapplyihgmm mghapelynmrienﬁabstglc'tuned:mnfamhloag hdmen/drbsh-ahmmebf t he
cross- channel t he nDV|n Teans. t hod of .definin

o or nat BT TFAOh 0, eoBRErAE MY el e BBt eI he dgee af

t r anspojhk s&lehd %%u@ﬁot%‘?@ én)éﬁ%m ﬂ%ﬁﬁélﬂﬁﬂeﬁn@r%ﬂioﬁ heRlbrchannel s which are
formed to divert a liquid thereon in a first desired directional path

and whi ch are formed to control the displacing or evaporatl ng of a

l'iquid gl h ur f th hod f | t
one. or otk CrainBRtgh o kBT Ryt HF EPRUEIS AR BF O Wogrralb elshr ¢
sur f aCerld slvﬂt}ﬂllq*thd'fﬁﬁﬁﬁlal‘lé&@ tREHEIREREEN, GRd Whetesn fHe fahﬁm@' spAtdrhprised

channel s for
cutting away portions of the ridges between adjacent channels.

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.
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liquid flow therebetween. 51 0 5 AUG 2005 22. The met hod of cl aiﬁ%&jﬁ 2005
wherein the formng step conprises applying heat to the polynert

m crostructured fluid transport surface to define the cross-channel

t hereon. 23. The nethod of claim 21 wherein the form ng step conpri ses
appl ying pressure to the polymeric mcrostructured fluid transport
surface to define the cross-channel thereon. 24. The nmethod of claim?21
wherein the channels are defined by generally parallel ridges including
a firstagmet Tok nidttgiRs ciami2gard futthérlcoPrisiRg adtiteing a2es Riyer Gitd thief 1 dges
having a second, taller height, wherein an upper portion of each ridge
of the BAYBENF Misfosiyetuged ll%wgtfa"ﬁﬁqfﬁ%@c‘%-errperature than a | ower portion
t hereof, and wherein the formng step conprises: applying heat to the
pol ynmeric mcrostructured surface along a |iner cross-channel segment

t her eof 30.t 0 &he emapleydadficladmliPOghheedin tigleap tayeels pofone upper portions of the
ridges of the second set but not high enough to nelt the | ower portions
t hereof. 25. The nethod of claim 21 wherein the channels are defined by
gener al p ; £ 1 i G ] val | eys therebetween, and
wher ei nj]%(he gdrnllrﬁﬁ!rl\tg "5?@?%8%?%5@5%8& Inlsﬁ “away portions of the ridges
bet ween adj achqiid chetroldhyer hading Thep st haod adfottonaside, 2e twipesidy mavirpea

pol ynerj.c.m crostructured . ljqyjd. transpor surface defines a top side of
D1 ayer Giid taRgmectsme 0 st i i9pisbbPteah andiadiauid oy et 700k, ancohB VR ng
for m ngside havihg 4 hREMBLARSAHE SulfiteOVRE al SIGraliBY §f chdnh@th&Bor thaPOt t oM
sides thereof; which is in conmrunication wth tthe cross-channel. 27. The
met hod f@tilitateadinecAnal £loov €antrioh ef the diqpidi astasg thertgp sige lfiogquihe liquiddssdinghe
polynmeric mgerostructured |iquid transport surface toward the |iquid
renoval Zo&ﬁé?ﬁ'ﬁ?'@?”digno‘ﬁﬁéo?‘reet hod of claim 27, and further conprising
coupling the sidbﬁtkﬁt@laf]iéﬁfﬁméﬂein A QUbistaLe dver B stleéted flomhé Bolp evhsiseipgPt acl e.
52 U 5 AUG 2005 29. The nethod of claim 21, and further conprising

adher i ngf walls pompyter keyheasds, lexteriprongakine surfagesrexsarion struaterd suifapgs,andr anspor t
surface . thod of claim29 wherein the cap |ayer is porous. 31.
A | am nczaq["goqu‘ﬁn%?@g%f)gposal assenbly conprising: a liquid control |ayer
havi ng a t opmé&ind foradchindtk bofdi isidie of tHediquidohitroElalia o the sabstiatequi d

| andi ng, zone for receiving liquid thereon and a |liquid renoval zone, and
the t Oplayer; 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 a

porous cap layer disposed over the landing zone of the top side of the liquid control layer.
33. The laminate liquid disposal assembly of claim 31 wherein the channels have
channel ends, and wherein the removing means withdraws the liquid from the channels

adjjacent 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.
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side having a mcrostructure-bearing surface with a plurality of channels
thereon that facilitate directional flow control of the |iqui cq?%ﬁzmﬁ
the top side fromthe liquid |landing zone to the liquid renova o a
substrate | ayer, wherein the substrate layer is selected fromthe group
consisting o f walls, conputer keyboards, exterior machine surfaces,
exterior structure surfaces, and conbinations thereof; neans for
attaching the bottomside of the liquid control layer to the substrate
llayer; 3d rMEwrNsminete ligaidndispegaltabenblpion dhaim AnWiidiéin thereindvingidaas zone of
the top side of the |Iiquid control |ayer. 32. The lamnate |liquid

di sposafompyisend apserbery matenial dispased in commenicationyyithstha diquid rgmpvls cap | ayer
di sposeg0 gver the landing zone of the top side of the liquid control

| ayer. 2 The laninate i qui d di sposal assenbly of claim 31 wherein the
channel s have channel ends, and wherein the renoving neans w thdraws the

liquid om t.he channel s. adjacent qgne_of, the channel ends thereof. 34.
The Ian%\at e+tfqelﬁ|tﬂf'@t f%%gléll"!'sé's"’@m%of)‘fla‘& 3 whersintheshanpels g% r enovi ng

means %&M@rgﬁa} el thidlighdhit thedme channel s adj acent both channel ends
thereof. 53 0 ASG 2005735, The +é§% nate |iquid disposal assenbly of

claim 31 wherein the renoving neans conprises an absorbent materi al

di sposed, i.n communi cation with the liquid r val . zone. 36. The | am nate
ot Thss it SRt ispbst aisninay' chtpial AT rwBbrein i dpaing means

subst anjniRliésya PRIELOIRLLSD HAMEDRAUGN doRBhinid08 WAt thd7chaditds i eN@duid | 1 qui d
di sposal assenbly of claim31 wherein the renoving neans includes a

fluid ceemozatzoné nanifold in communication with the channels in the
liquid renoval zone. 38. The laminate |iquid disposal assenbly of claim
37 wherein the renoving neans includes nmeans for creating a pressure

gradi en3g.al oTHE lahnatdBawia | dsspasill akRBUOSS élkith BT Whereir fle! reMbViaB nigans f ol d.
39. The lam nate |jquid disposal assenbly of claim31 wherein the liquid

cont r ol incluggsarneans far ereatinges pressurq gradiant alongethe ghannglsand ithyangh the fpid al

assenbl % Iﬁ% £ wherein the mcrostrucure- being surface of the
liquid %:loél(r% t}ogl afi’d}' has a characteristic-altering coating thereon.

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 39 wherein the polymeric film
includes the characteristic altering additive, and wherein the additive is selected from the
groups consisting of flame retardants, hydrophobics, hydrophylics, antimicrobial agents,
inorganics, metallic particles, glass fibers, fillers, clays, nanoparticles, and combinations
thereof.

42, The laminate liquid disposal assembly of claim 31 wherein the attaching means

is a pressure sensitive adhesive.
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41. The lam nate |liquid disposal assenbly of claim39 wherein the
polymeric film includes the characteristic altering additive, ab@ A6 2005
wherein the additive is selected fromthe groups consisting of flane
retardants, hydrophobics, hydrophylics, antimcrobial agents,

inorganics, metallic particles, glass fibers, fillers, clays,
nanoparticles, and conbinations thereof. 42. The lamnate |liquid

di sposal assenbly of claim31 wherein the attaching neans is a pressure
sensi ti ¥k adfeslaminatolquid Bispodal Re&hbl¢3f cldine3 | afitrenl the hdnthiving desmposal
assenblﬁw f cIFin1ﬁl wq rein the renoving neans includes a liquid drip
col | ect Bcludaya ligyid drig Q- 1iquid disposal assenbly of claim31 wherein
the liquid landing zone is at a tenperature sufficiently |ower than
anbient to cause liquid to condense on the channels thereon. 45. The

| ami nat #4.1 i glied laghingse dmuidadisposhl gssemblyl afi chaidil 3hhehieeéin thédiqhidglanding s

selected f.ra he qgr.oup nsi stin f water, ink, lubricant, |avatory
fluid, fuU&™ a{n?i‘a?%"ﬁ%‘&fea%@%'%@o'?ﬁg& g ambirat i, favise, TG CPRMEAEPE i qui d
di sposathe2hgsfeR!therédn. cl @i m 31 wherein the machine is selected fromthe

group consi sting of evaporators, evaporative coolers, humdifiers,
condensers and heat exchangers. 47. The lam nate |iquid disposal assenbly

of claipg 31 er.el: . te |ayer.i.s 1. 48... The. | am nate

li qui d di'sposa {ag{é%é%ﬂ 13’/'50[&? S%tcogaiiagﬁe?%}/wfe‘p%‘%ﬁ %e@{fbéﬁh{ﬂf’fﬂsé@épe&s a
conput efrodethbapeip céfBistiflg |AnvAer, enK, | IGbHANG 1SRG luig SRBD | HagfMEPahd! NY: a
liquid control |ayer having a top side and a bottom side, the top side
havi ng eembingtigngthegasdii ng zone for receiving liquid thereon and a |iquid
removal zone, and the top side having a mcrostructure-bearing surface
with a plurality of channels thereon that facilitate directional flow

control 4@f t Tke lahinatelliquid dispodahassérbly of dlaink B Dhkfeéh the gidcking andi ng  zone
to the Iieglfjig_ renoval zone; ,a substrate |ayer; a pressure sensitive
adhesi viflesed aqwﬂ}éarw Wasipte dieyapasttons v apergiiverookss hymidifiger 55 0 5 AUG

2005 condensers and heat exchangers.

47. The laminate liquid disposal assembly of claim 31 wherein the substrate layer is

a wall.

48. The laminate liquid disposal assembly of claim 31 wherein the substrate layer is

a computer keyboard.

49, 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;

a pressure sensitive adhesive attaching the bottom side of the liquid control layer
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to the substrate |ayer; and neans for renoving the liquid fromthe liquid
renoval zone of the top side of the 1liquid control |ayer, wher@5musa0s
pressure sensitive adhesive is formed as a m crostrucuture-bearing
surface. 50. A nethod for enhancing the rate of evaporation of liquid
di sposed on a surface conprises: defining an exposed face of a filmas a
pol ynmeric mcrostructure-bearing surface wth a plurality of channels
t hereon, the channel s being defined by generally spaced apart
pr oj ect ioahssubistrite ekl ayé t her ebet ween; introducing a liquid onto the
pol ymeric mcrostructure-bearing surface . of the fil wherein_ t he
channel s ar eMf3 frfemgving the li“l““a‘?@(’@ﬁ%]ﬂ BIRO Vi 200 R therton side P88 d al ong
each chphf@bondl Hyef,eceives liquid therein so that the exposed
evaporatively active surface area of the liquid is increased by its
spati al di stwhdseinithmpriessutersensiti i adbesiveois farmedgs aniierostalduaure-béaringc h
channel ﬁg its spatial distribution in the y-direction between the
pr oj ect 1815 of each channel as well as by neni scus hei ght variations of
the liquid in each channel in the z-direction; and exposing the
i ncreased evaporatively active surface area of the liquid on the
ni cr ost ?Qct uh aathagkfonenhancing the rete ofavsiperstionpf liquid disgosed paalsudacs ai m 50
and fur&&sg‘{ris é)rrpri sing exposing the liquid disposed on the
m crostructure-hearing surface to a noving airstream 52. The nethod of
cl ai m 51 whedefinthgt dveexpbiel theast 4 Sinay b Polymeric Mgickostidt@etbctiing strface The
nmet hod of claim51 wherein the airstreamis novi ng in the y-direction.

a2

54. TheWibempbaalgy of chanaels therprss theshannslshefngdedinedi by generallyisgaced apart a
gener al ﬁrﬁje@@or@ﬁtﬂ@eﬁ@ﬂ%&&%&ﬁal pl ane. 55. The met hod cl ai m 50,
ro

further” conprising 1n ucing d sufficient quantity of 1liquid onto the
pol ynmeri c miiatroducingcd liquid batarthepol gredicm&rdstruckafe-teariag swrfice b tiedilin, ow of

liquid oyer, the surface. 56. The_nethod of claim55, further conprising
ol | ect PHGERARE ShpsRosis SO oaPia® SparanepBmirpiecs! bhdiasid Fabe. 57

The net §ef Ghnfel AUKTEIP Gecelves LIRMId ARADA sl MG [HRCLIposd@EIpBrdrivalyi £iice! | ect ed
fromthe surface for reintroduction thereon.
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.

51. The method claim 50 and further comprising exposing the liquid disposed on the

microstructure-hearing surface to a moving airstream.

52. The method of claim 51 wherein the airstream is moving in the x-direction.
53. The method of claim 51 wherein the airstream is moving in the y-direction.
54. The method of claim 50 wherein the exposed face is aligned on a generally
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58. The nethod of claimb55, further conprising exposing at |east a
portion of the Iliquid flow ng over the surface to a noving airiéum%qh
59. The nethod of claim58 wherein the airstreamis noving int 05
generally opposite direction as the liquid is flow ng across the
surface. 60. The nethod of claim58 wherein the airstreamis noving in
direction generally perpendicular to the direction that the liquid is
fl ow ng across the surface. 61. The nmethod of claim55 wherein the

pol yner vertical ptanet r uct ur e- beari ng surface has a first end and second
ends, and further conprising: introducing the sufficient quantity of
liquid onto the surface adjacent the first end thereof, and aligning the
surfacesso t@ meliodf élhind 58NGurttRr RbAPASing MAFodubg SL cOMicAN Quaflity of N
met hod of claimb50 and further conprising: |nclu§|ng an additive in the
pol yner liguidioptootée palymerie-mistosirnejurstheprngsurface te definehae caTingod AyGof005
additiVﬁlhéoaghﬁgé?ﬂm%ron1the group consisting of flane retardants,
hydropho%lcs, yaropriyl i cs, antim crobial agents, inorganics, netallic
particles, glass fibers, fillers, clays and nanoparticles. 63. The

met hod of claim50 wherein the liquid is selected fromthe group

consi st ?hg v mgthed of glaim 55 fusthengnmprisingeolleqting npp-gwaposated iauid et i ons

t her eof y AfowElQveEhL Qs eRE. ¢l ai m 50 further conprising providing
additional surface texture features defined on the polyneric

m crostructure-bearing surface to increase the surface area thereof for

supporting the liquid. 65._ The nmethod.of cl.aim50 wherein t o] yneric
mcr ost$ ct uf'bqrﬂﬁtg?ﬁ!l Afclamt $6 £, comprising teeircplaging fqpig) COPHQFAIEP'S t@t endi ng
bet weengrfats for diArsREeaHTtheRiddS t hereof, and further conprising aligning
the surface so that one end of the channels is higher than the other

end. 66. The nethod of claim50 wherein the polyneric

m crost ggict uk.e- bear i ng sur e has enerally ral l el channel s extendi ng
bet weeng irs earﬁﬁtﬁg%%ﬂﬁmb%%i”ql}?ﬁ ,'S'%?i‘pf’%Pé)ﬁléFaStEB ’Ppé’?ﬁﬁ al i gni ng

t he surfiqefls@inghater B sitfdc@toR oA aNSfrédnn t hereof is lower than its
first and second ends. 67. The nethod of claim50 wherein the projections

conprise ridges. 68. The nethod of claim50 wherein the projections are

di scont suougy ALORGH b Qainf SPRRGER the airstream is moving in the generally opposite

direction as the liquid is flowing across the surface.

60.  The method of claim 58 wherein the airstream is moving in direction generally

perpendicular to the direction that the liquid is flowing across the surface.

61.  The method of claim 55 wherein the polymeric microstructure-bearing surface
has a first end and second ends, and further comprising:

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.

62. The method of claim 50 and further comprising:

including an additive in the polymeric microstructure-bearing surface, wherein the
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69. The nethod of claim50 wherein the mcrostructure-bearing surface of
the film has a characteristic altering coating thereon. 58 05 AUG 2005

additive is selected from the group consisting of flame retardants, hydrophobics,
hydrophylics, antimicrobial agents, inorganics, metallic particles, glass fibers, fillers,

clays and nanoparticles.

63. The method of claim 50 wherein the liquid is selected from the group consisting

of water, ink, fragrance, fuel, lubricant or combinations thereof.

64.  The method of claim 50 further comprising providing additional surface texture
features defined on the polymeric microstructure-bearing surface to increase the surface

area thereof for supporting the liquid.

65. The method of claim 50 wherein the polymeric microstructure-bearing surface has
generally parallel channels extending between first and second, ends thereof, and further
comprising aligning the surface so that one end of the channels is higher than the other

end.

66.  The method of claim 50 wherein the polymeric microstructure-bearing surface has
generally parallel channels extending between first and second ends thereof, and further
comprising aligning the surface so that an intermediate portion thereof is lower than its
first and second ends.

67. The method of claim 50 wherein the projections comprise ridges.

68. The method of claim 50 wherein the projections are discontinuous along the

channels.

69.  The method of claim 50 wherein the microstructure-bearing surface of the film

has a characteristic altering coating thereon.
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