LI QUI D- TRANSPORT FI LM FIELD The present invention relates to a liquid
transport filmuseful to transport a liquid 5 while controlling the flow
direction of the liquid. BACKGROUND Liquid transport filns" are useful for
the transport of various |iquids such as blood, wurine, alcohol, water and
ink. Liquid transport filns are known to be used in a variety of

applications including nedical papUIEFTRANSPORSDERLRS surgical procedures,
dental treatnents 10 and specinen tests), food tray applications, diapers,
inkjet printer heads and the |ike (see, for exanple, Japanese Kohyo Nos.
2002- 535039 and 2002-518103 ). In thesepikLpuid transport filns, a plurality
of grooves capabl e of spontaneously transporting a liquid in the axial
direction are provhegsent inyentign rejates tg adighid twasrorofiinoseful & raasnog adiqsidher site

al ong thecgr Wg%nqgggﬁ%'ﬂ@g@keg%ﬂufﬂehé@@sport films have been 15 mainly

formed of a materra y mxing (e.g., kneading) a surfactant into
pol yet hyl ene. The pol yethyl ene is eX@lK@ROUNDIits resi stance agai nst

chem cal s and water, .,.inex ive, f el i | dabl.e apd t.heyefore,
useful as a subst ?%ﬁmed tf%?pcgrp@?dc?\éfedl s irafagﬁglﬁgt}a{'w&%a%ué‘q%qﬁlrd Saugpgsnlflooe‘{ﬁhances
t he surface eanias gicohsl, witer pdliyietHiyhkié rensport filmsare kacen peiseisedtihavhiyety of
enabling the transport of highl lar Iiguids. 20 The pri mar roperties
required of &PPIFCGE‘?IH Wﬁ“&l\%&}%"% P&ﬁﬁcﬂ?"@s Egﬂ? Freurgira! Pﬁﬂce‘&’fﬁf’g&@ al g?aétﬁ%"é%rti ng
ability apd angaReienitdsys) AbodBaydpplicitiogs, Sigerk, iREtRnkdr Meadd Bd th MkeQ¥R[ ti ME i N
bot h use and/or storage. Conventional |liquid transport filns formed by
mxing a surfpreerple, japansseKefpogasy 200833 e33Riapdt 2008188 ed initial |iquid

transport charact g j,sdi; 'dtralﬁﬁm?tvﬁﬁn Shiid] S nal Ly )é\fggﬁ d
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surface particularly for enabling the transport of highly polar liquids.
20 The primary properties required of a liquid transport film are a high initial liquid
transporting ability and a capability of maintaining the transporting ability overtime in
both use and/or storage. Conventional liquid transport films formed by mixing a
surfactant into a polymer can exhibit the desired initial liquid transport characteristics.
(_ However, over time, especially when used continuously or when continuously contacted
25  with a liquid, such as water, the transport characteristics of the film are decreased. This is
particularly the case when the liquid is highly polar. This is believed to occur because the
surfactant is merely mixed in and does not form a firm bond (for example, a covalent
bond) with the polyethylene substrate. When continuously used or continuously contacted
with a liquid, the surfactant gradually migrates out of the substrate.
30 In order to solve this problem, Japanese Kohyo 2002-535039 discloses a method of

increasing the amount of surfactant used and a method of using a surfactant having a

polyfunctional alkoxy group, which is hardened by moisture and thereby fixed. However,



pol yfuncti onal al koxy group, which is hardened by noisture and thereby .
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transport characteristics particularly for hi ghl%/ pol ar liquids not only
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initially bthe geiiEng stp- davenereihyrestaiing byf copveptional method, the properties
required of a liquid transport film, particularly high transport speed for a highly polar
liquid, cannot be satisfactorily achieved.
BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 is a cross-sectional view of one embodiment of the invention.
Fig. 2 is a cross-sectional view of a second embodiment of the invention.
Fig. 3 is a cross-sectional view of a third embodiment of the invention.
Fig. 4 is a cross-sectional view of a fourth embodiment of the invention.
DETAILED DESCRIPTION
25 The present invention provides an improved liquid transport film capable of
maintaining high transport characteristics particularly for highly potar liquids not only
initially but over an extended period of time.
The present invention provides a polyolefin-base liquid transport film having on
the surface thereof a plurality of fine grooves, wherein a hydrophilic monomer is grafted
30 tothe surface of the fine grooves by radiation graft polymerization to form a graft layer
and the hydrophilic monomer is an N,N-dialkylaminoalky] (meth)acrylamide and/or a salt
thereof.



The present invention provides a polyolefin-base liquid transport film
having on the surface thereof a plurality of fine grooves, wherein a
hydrophilic nononmer is grafted 30 to the surface of the fine grooves by
radi ation graft polynerization to forma graft |ayer and the hydrophilic
mononer i s an N, N-di al kyl am noal kyl (meth)acrylam de and/or a salt thereof.
2 1n the liquid transport filmof the present invention, a hydrophilic
nmononer i s graft polynerized to the surface of a plurality of fine grooves
provi ded on the rfa h habi.c 0 ubstr at e.
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fine grooves have sufficiently hi ani cal strength and heat _resistance
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of i nproyhRitidend Ingxeke | ity and adhesive property. The polyolefin used as
the substrate nmay be a copol ymer of ethylene or propyl ene and another

nmonomer such as<amplvy af eishil pelzolgdrsonsvdequbrthylsne aplyesepy e, aerapylens dr oxyl
group or %ﬂ%g&%ﬂa &Kmﬁ@en@%ﬁ bd&m@[ﬁ,pg erfk 8 Am §H§&g§ef’ga?8%§n% jare often

used for specif oses such as | oving the Ity. adhesion.
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not affec perties o ransport urt ernore, the
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aid, and alt%%e d suc as h%ﬁ cantr0§ eanJ and

sensitizer for eﬁﬁbo&vnu“ﬂzhg%’ Pﬁ?ﬁgT%bfgég g ST LT Y t he use

envi r onnmeaiothef 111bl1(qm1i|rdudhraala$1];)m't)ph1fn¢ momaier id as carboxyllc acid, hydroxyl group or
amino group or an acrylic acid ester. Such comonomers are often used for specific purposes
such as improving the flexibility. adhesion. and/or other physical properties of the substrate.
The amount of such comonomer used may be may be varied to achieve the desired goals but
should not affect the properties of the liquid transport film.
Furthermore, the polyolefin may contain an antioxidant, various stabilizers, a processing aid,
and a low molecular weight compound such as lubricant, pigment and sensitizer for enhancing
the internal crosslinking. On considering the use environment of liquid transport fiim or the
production method of liquid transport film by using a radical, the amount of such an additive
should be suppressed to the minimum.

The plurality of fine grooves provided on the substrate are formed by molding or
embossing. This groove may have any shape as long as a liquid can be transported along the
axial direction of the groove. For example. the groove may have a V-shaped cross section, a
rectangular cross section or a combination thereof or may have a form where a second groove
is included in a first groove.

The shape of groove is described by referring to the drawings. As shown in Fig. 1,



production nmethod of liquid transport film by using a radical, the amunt of,
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In the liquid transport film of the present invention, a hydrophilic monomer is
grafted to the surface of those fine grooves by radiation graft polymerization to form a
graft layer and thereby the surface is rendered hydrophilic. The term "hydrophilic" as

20  used herein means that the contact angle is less than 90°, The radiation graft
polymerization is effective particularly in maintaining the liquid transport characteristics
for a solution having high polarity. Furthermore, by using a technique such as masking at
the irradiation of radiation, the graft reaction can be patternwise controlled and the
transport paths in the liquid transport film may be provided like a circuit. Particularly,

25  internal crosslinking proceeds in the polyethylene as described above and this is effective
also in enhancing the heat resistance.

As the radiation graft polymerization, the so-called pre-irradiation method and
simultaneous irradiation method are known. In the pre-irradiation method, an object is
previously irradiated and then dipped in a monomer to allow the graft polymerization to

30 proceed. In the simultaneous irradiation method, an object is irradiated after coating a
monomer onto the surface or during dipping in a Imonomer. In the present invention,

either method can be applied. Whichever method is employed, the conditions must be set

4



pol ymeri zation is effective particularly in maintaining the liquid transport
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monomer grafted to the ‘groove surface is an N, dISa yl am no
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hydrophilizing a hydrophobic substrate, radiation graft polymerization using various

hydrophilic monomers such as acrylic acid or hydroxymethyl methacrylate is generally

20  known. However, in the case of a liquid transport film, hydrophilization by using a

| conventionally employed hydrophilic monomer is found to be insufficient for the transport

of particularly a liquid having high polarity. On the other hand, the N,N-
dialkylaminoalkyl (meth)acrylamide grafted to a polyolefin film having fine grooves can
maintain high transport characteristics for a liquid having high polarity not only at the

25  initial stage but also in the use environment. The reason therefor is considered because the
N,N-dialkylaminoalkyl (meth)acrylamide is less subject to the polymerization inhibition
by oxygen than other monomers and therefore, the graft reaction activity is high, or the
N,N-dialkylaminoalkyl (meth)acrylamide has two hydrophilic functional groups and
therefore, higher hydrophilicity can be obtained.

30 In addition, the N,N-dialkylaminoalkyl (meth)acrylamide has a high basicity and

an adsorption activity and therefore, can adsorb an acidic medium or effectively neutralize

an acidic solution, if desired. When an adsorptive dye is used, the transport process can be



N, N- di al kyl am noal kyl (neth)acrylam de), or a salt thereof. As the nethod
for hydrophilizing a hydrophobic substrate, radiation graft polynerization
usi ng various hydrophilic nononers such as acrylic acid or hydroxynethyl
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transport film hydrophilization by using a conventionally enployed
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fine groove. For example. in a liquid transport film having a shape described in Examples
below, the thickness of the graft layer is usually from 0.01 to 5 pm, suitably from 0.05 to |
pm,

In the case of grafting by the simultaneous irradiation method. the coating thickness

needs to be controlled by the radiation source or conditions for irradiation. In either pre-
irradiation or simultaneous irradiation or a sulfate may be added to the solution of N,N-
dialkylaminoalky!l (meth)acrylamide so as to prevent homopolymerization. In the solution of
N.N-dialkylaminoalkyl {meth)acrylamide, a polymerization inhibitor or a stabilizer is
preferably removed or reduced within the range of not impairing the handling stability.
Furthermore, the concentration of dissolved oxvgen is preferably reduced by previously
blowing a large amount of inert gas or applying a pressure reduction treatment. Also, during
the dipping, the diffusion of oxygen is preferably prevented by superposing the films one on

another or blowing an inert gas.
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bel ow, the t bezknesiciehtly Mfogmahf'e gfaﬁiyeechonsbuu‘smelbvaymg thersoiitiod tetperatung to
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radi ati on soyélggemc@%dmlk@ps for irradiation. In either pre- irradiation
or sinmultaneous irradjation or, a sulfate be added to the solution of N, N
di al kyl ar hi noal kyfft frn‘%@wyée?mlaqﬁe@tewa%mﬁ%wﬁ@”w e AISH YR at i on. I n
the sol ut i onyghiodts Nathed Wit sAs AR kiler LIARIRCEI RRHES wiRrBP NGz A i on
inhibitor or a stabilizer 1's preferably renmoved or educed W thin the range
of not i npai kwsgort Fibn Kkt prasentdnvablidni is ghtaingdy Hiitsélqnﬂrt@nsnoneﬂmmémwse;h on of
di ssol ved ox L 0 a | arge anount
of inert gasylgr?hgf(;ﬂ%Omi> %n%{eal%%ggﬁr 536&8&)%‘{3%@% lﬁi{ ra?{y Xilfsﬂg during the
di ppi ng, the di ffusion of oxygen is pE)eAIEPBEﬂ;y prevent ed by superposing the
filns ong ano, her or bIot ﬁ%fi@ ner b as 1 5/ ?4903

PCT US200%/ 033089 HeAort Braiton her dgsgi i“PWF Oé”&?% i pped for 30
mnutes to 5 hours at room t enpedaitivh 6f Ligad Eeméfer Bhfi ciently performthe
graft reaction, nxt by e] eva;wi%%the solution tenmperature to 30 to 50C, the

feaction time can®Belyethglens R HATHENE 205, pradyced by Jsob (Reimi et t he
pol yol efi n cep b Hbildd gtqg0°(§bf{1§11?g'a h8 1P GARE gﬂﬁg& ﬂ&qﬁga %ET 5@%% g 1 s thus

performed, the excess nononer “ solution I's was nt or “water
and t hen t he4f Thedinengen etkachiibm elay Ferlne ihiTeble d belowa Thp dmtImESSIorﬁth@fﬁlmhe

resent ipventio obt eqd...Th ns ort fi be ed in
e T o B A wiBltares 0 G Lol O Bt ot BB s o O BHUPRS 1 Ty o
films. EXAI\/PLrEaalatéquroHaeae@hq&aﬂ‘acelsmwhmﬁghnl efectrom béhﬁfmd@ﬁﬁﬂg Hpekatup t he

foll ow ng Exanpl e
(manufactured by ESI) at 200 kV. Immediately after the irradiation, the film was dipped

in N,N-dimethylaminopropyl acrylamide (DMAPAA) and left standing at room
temperature for 2 hours. Thereafter, excess DMAPAA was washed with methano] and
20  methyl ethyl ketone and then the film was dried (Examples 1 to 5). Also, a film was
produced in the same mannmer as above, irradiated with an electron beam in the same
manner except for providing a 1 cm-width non-irradiated area at one end of the film, and
dipped in DMAPAA to obtain a liguid transport film (Example 6).
Liquid transport films (Comparative Examples 6 to 8) were obtained in the same
25  manner as in Examples 1 to 5 except for using 2-hydroxyethy! methacrylate (HEMA) in
place of DMAPAA. Here, the dipping time was varied, that is 2 hours (Comparative
Example 6), 3 hours (Comparative Example 7) or 4 hours (Comparative Example 8).
Furthermore, a noniontc surfactant (TRITON X-35, produced by Roam & Haas)
was melt-blended to have a concentration of 1 wt% based on the polyethylene (Tenite
30 18BOA, produced by Eastman} and a film was produced to have a shape of Fig. 4
(dimension was Form 1 in Table 1) and an entire thickness of 200 to 300 pm

(Comparative Examples 1 to 5).



Production of Liquid Transfer Film A polyethylene (PETROTHENE 208, produced
by Tosoh Corporation) was ejection-nolded at 150C by using a nold to
produce avo@ibomomeavi ng a shape shown in Fig. 4. The di renzuseeogéssessch film
was Form 2 in Table 1 below. The thickness of the filmas 15 a whol e was
from500 to 1,000 m On the film an electron beamof 150 kGy was

irradiated fromthe shaped face side .g%le\tll\lfi ng an el ectron beamirradiating
apparatus (manufactured by ESI) at 2 | medi ately after the
irradiation, the filmwas diTpited: Dinrendibi\bfdaniePhy1aii nopr opyl acryl am de

(DNAPAA) an i room te{n\nr ature—for—2--hours. .. Th ter,
excess Mﬁmshﬁd with et g.;d_zo_nit_w d then

the film was Brindd i( ExBiiples 1147 5) J{)qo, a B0l m bas 2%roduceddin |t he sanme
manner as aboKam2i rir ad26dt ed] wi 183 an| el é8tron bé&minh t 2 sane dhnndgr except
for providing a 1 cmw dth non-irradiated area at one end of the film and

di pped i n DMAPAA to obt ai |qu'd transport. . film.(Exanple 6). Liquid
transport filns (Conpar at}? afia e Mﬁ%—*\%&%ﬁt@—w ained in the sane 25
nmanner as in Exampligsid kahHoh 8% 6BRIned Moveleh@t 2ndiesiRecsebiys ciigt hacr yl at e

(HEMA) in place_ of DVAPAA. Here, the dipping tine was_varied, that is 2
hour s ( Conpéieatedpectiomeadpica ighe di’feﬁ‘tS’Bﬂ’?PE’@bﬂ‘g%F"d@PW@ ERuthp levenposions hour s

(Conpar ati vgr g ?égﬁil@ce@ma&w fiheds mfa@ang%oﬁ@m%wn SHhE acARhL %&erx 35,
produced by Roam & Haas was nelt-bl ended to have a concentration of 1 wt%

based on th® gmvyefbﬂg/n@rs@ra(cmeime@mos@ Absoapatsediingdethppemsementipf and a film
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water was elevated along the groove and the time necessary for the water level to go over

the marked line at 5 cm was measured (initial test).
After the completion of initial test, the dried liquid transport film was exposed to 5
15  kinds of conditions shown in Table 2 and then, the film was dried and subjected to the
same test as the initial test (environment test). Here, the acid used was an oxalate buffer
solution (produced by Wako Pure Chemical Industries, Ltd.) at a pH of 1.68 and the alkali
used was a carbonate buffer solution (produced by Wako Pure Chemical Industries, Ltd.)
at a pH of 10.01.



5 The liquid transport fil m obtained above was cut into test pieces of 25 cm
in the groove direction and 2 cmin the direction perpendicular to groove.
On the | owd0 20&6¥H#WA of this test piece, a marked |ine BSTAS30APEIRY poi nt
was drawn in the direction perpendicular to groove while not scratching the
groove. Also, a marked |line for the neasurenent of speed was drawn at the
"position of 5 cmfromthe starting point in the groove direction. 10 This

test piece was vertically sunk in a vessel filled with distilled water and
the portion up| 1@ tlhsg qtqquinhg poiint was di pped iin the disti|led water.
Starting fromgh Sgi%m_, tthe di stiljl ed wal er was lel eyated allong the groove
and the time hec%sﬁ@ flol thewater level|to ai) qver | the marked line at 5
cmwas neasured {Enditilall test) ™| Aftler fhe tonpl=etilon of ipitijal test,. the
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buffer sol utg on m’cguced by ! Wako {Pure Chem cal Ilhdustries, |Ltd.) at a pH
of 1.68 and the aEl@AR uéeaE ek a |carthonate buffdr sol ut|on {produced by
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UWu W'8 9 As seen in Table 2 above, in Exanples | to 5, the tine

necessary for the transport of

As seen in Table 2 above, in Examples | to 5, the time necessary for the transport of
5 em at the initial state was on the same level as in Comparative Examples 1 to 5 which were
a liquid transport film having kneaded therein a surfactant, and a high transport speed was
exhibited. After the environment test, the time necessary for the transport ot 5 cm was equal
to or slightly longer than that at the initial stage in Examples | to 5, however, the time was
greatly increased in Comparative Examples 1 to 5. In Comparative Examples 6 to 8 where
HEMA was grafted, the distilled water could not climb 5 cm with a dipping time of 2 hours
(Comparative Example 6). When the dipping time was elongated, the distilled water elevated
at last with a dipping time of 3 hours (Comparative Example 7} but the speed was low. With
a dipping time of 4 hours (Comparative Example 8), the speed was improved but the
transport speed was not satisfied.

Horizontal Transport Test

The film of Example 6 was cut into a test specimens having a dimension of 20 ¢m in
the groove direction and 2 cm in the direction perpendicular to the groove. This test piece
was placed horizontally and a few drops of an oxalate bufter solution (produced by Wako
Pure Chemical Industries, 1.td.) at a pH of 1.68 were dropped on the boundary between the
electron beam non-irradiated area and the irradiated area and transported along the groove on
the test piece. As a result, a direction-controlled transporting performance that the oxalate
solution does not flow in the non-irradiated arca side but flows in the irradiated area side was
confirmed. Subsequently, a pH test paper was applied at the position of 12.5 cm from the
dropped portion. as a result. the pH was 7 and the neutralization activity was verified.

Industrial Applicability

The liquid transport film of the present invention has a high liquid transporting ability
for a solution having high polarity at the initial stage and in a use environment and therefore,
this is effective particularly in uses where a liquid is continuously transported or uses where a
liquid is discontinuously but continually and repeatedly transported. That is, the liquid
transport film of the present invention can be used, in addition to conventional uses, for the
bag or inner wall of tank for ink or medical preparation, for the prevention of dewing in
window or bathroom. Also, by controlling the circuit-like liquid transport or utilizing the
neutralization or adsorption activity, the liquid transport film of the present invention can be

used as a test film for medical uses. Furthermore, by
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5 cmat the initial state was on the sane |evel as in Conparative Exanples 1
to 5 which were. a liquid transport film having kneaded therein a

sur f act antWOA/H4MWBgh transport speed was exhi bited. APCEUSEREOENE r onnent
test, the tinme necessary for the transport of 5 cmwas equal to or slightly
| onger than that at the initial stage in Exanples 1 to 5, however, the tine
was greatly,ipaigase Eia ) 8osbpA0PHES ohall efighive
Exanples 6 to gﬁ wher egrdo%\/ggﬁgfgr af t El>fﬁt he dloé?llglg?é or&/gt?g%n?oulalganot clinb
5 cmwith a B&EpeTthEim phfhe presept yerption Ce@hws ko repaveEx afigreendls, romevel phe
dipping i Meiasel, pRAHaEh of AGirHriint bl SHaLELe ifhRYAl flaucRlorkBleatd th &

di pping tinme of 3 hours (Conparative Exanple 7) but the speed was |low. Wth
a di ppi ng ti mepottinshours (Conparative Exanple 8), the speed was inproved
but the ransport speed was not satisfied. Horizontal Transport Test The
film of anple 6 was cut into a test specinens having a dinension of 20 cm
in the groove direction and 2 cmin the direction perpendicular to the
groove. This test piece was placed horizontally and a few drops of an

oxal ate buffer solution (produced by Wako Pure Chem cal Industries, Ltd.)
at a pH of 1.68 were dropped on the boundary between the electron beam
non-irradi ated area and the irradi ated area and transported al ong the groove
on the test piece. As a result, a direction-controlled transporting
performance that the oxalate solution does not flowin the non-irradiated
area side but flows in the irradiated area side was confirned.

Subsequently, a pH test paper was applied at the position of 12.5 cmfrom
the dropped portion, as a result, the pHwas 7 and the neutralization
activity was verified. Industrial Applicability The liquid transport film of
the present invention has a high liquid transporting ability for a solution
havi ng high polarity at the initial stage and in a use environnent and
therefore, this is effective particularly in uses where a liquid is
continuously transported or uses where a liquid is discontinuously but
continually and repeatedly transported. That is, the liquid transport film
of the present invention can be used, in addition to conventional uses, for
the bag or inner wall of tank for ink or medical preparation, for the
prevention of dewing in w ndow or bathroom Also, by controlling the
circuit-like liquid transport or utilizing the neutralization or adsorption
activity, the liquid transport filmof the present invention can be used as
a test filmfor nedical uses. Furthernore, by
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10 WO 2005/ 044903 PCT/ US2004/ 033983 adsorbing a m croorgani sm or

net al - absorptive functional group or catalyst, the |iqui Lt film of
t he preséY® 20030€H%3 on can be used for recovery of rare ﬁ&?ﬁ%@ﬂmﬁg) val of

inmpurities, purification of environnment or production of industrial products
or nedical preparations. 5 11 WO 2005/ 044903 PCT/ US2004/ 033983 CLAIMS 1. A .
pol yol ef i n- @Eﬁﬁﬂﬂiquid transport filnthaving on the surface thereof a

plurality o fine es,.. rein ro fted to the
surface of the'ﬁ @%&$8§@§§Km %t 1y eﬁBﬁ%ﬁ&HE?g iP} ﬂﬁ%° orm a
graft | ayerﬁza@botzébewhgtanemﬁﬂojalohmnﬂm id @aiaemt to fheNutthadi cfkheytina praveasd Kyl
(meth)acrylam de. and/or.a salt th r eof . i%yThe | i urd .ansport film

accordi ng t& %tr%gtaﬁweefzﬂmpﬁ% PP ?rénqr@ﬁ plFl € IONOMET 1S an

N, N- di mef hyik amdinepaeRyiRe (MbaRS8midd HdBr a Hehbkgui d transport film
according to claim1, wherein the thickness of the graft layer is fromO0.01

to 5m 4. The liquid transport filmaccording to claim1l, wherein the

polyolefin js pelygt 1@%&1@?& ﬁﬂ-rﬁacléordyé% bibigi %tkf%@ﬂﬂ?&roﬁﬂﬂﬂ%@ﬁ&ﬁérqé ng to
claim1, wherein the depth of groove is from5 to 3

liquid trah@@b@ﬁwﬁWMW$@E®Dﬂdmﬁ@mﬁb claim1, wherein the groove have a frrst
20 groove and a second groove included in the first groove, the depth of the
first groove is: from50 to 3,000 m and the depth of the second groove is
from5 100 5D% ofThe hqaudi&imsporbﬁlm ideerdsg docidingt, odwerein the thickness of the graft

layer is from 0.01 to 5 pm.

4. The liquid transport film according to claim 1, wherein the polyolefin is
polyethylene.

15
5. The liquid transport film according to claim 1, wherein the depth of the groove is
from 5 to 3,000 um.

6. The liquid transport film according to claim 1, wherein the groove have a first
2¢  groove and a second groove included in the first groove, the depth of the first groove is
from 50 to 3,000 um, and the depth of the second groove is from 5 to 50% of the depth of

the second groove.
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