WATERPROOF VAPCOR- PERVEABLE MULTI LAYER ARTI CLE
Technical Field The present invention relates to a

wowiosopsooof vapor-permeable nmultil ayer articl ePCT/EP2004/014718
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Background Art Waterproof vapor-perneable nultilayer
articles, constituted in practice by a nenbrane based
on pol ytetrafl uoroethyl ene, are,currently known
particularly in the field of shoes and cl ot hing. Such

{Wgzgnrgmglkgtq? pPAPORP R?\/IE@%ZFESI\/HUETIEQWE%@A‘R"FICLE

ng In orader to Ow correct perneation

ofedHiicHBFRIldvapor that forns due to perspiration

relrease y the body within the environment delimted

by theThé epredent! dhvénigon Arelates Sone twakerptéef | vaporopermeable
clothing nust allow correct waterproofing, with the
smbﬁil]@d@raﬂﬂche;}epi ng the body dry. The sanme occurs for

slgoes: menpranes of this type are associated with the
Jpaekeronmd,Ah the sole of the shoe; in this regard,

it sh r%be ngted t hat nost ,of th@.%erspir tion of ituted  in’
the foBABRIGORarEPLTPIIMEANIE e (PUEUAFET natliclefie Soptituted  in

ﬁi}rﬁ%ﬁ@efﬁw ?ﬂlg%n% n%.obﬁs‘gcfe dif ‘L?%cgg’?étga SEGABY%nNONWE currently

ranes; gh havi ng been now for several

Vatswnaattivalady undn field by shokaandedgtiings bei ng
capabl e of ensuring correct waterproofing and optinmum
per nedbich pembrane ds caypled aiodthe fabriosdhakcosypdsavthe item of

aspects that_ _can bg i nproved. These nenbranes, are
é‘jﬁﬁbl@gymr egdesrt%aﬁoafn ROTTRCE RErmeadon QintheeWateraapqr: that forms

B AR g B o A SR ABHP) ey delimited
I%}a’éﬁé ReffRbetlgthinghi ch inevitably reduces their
permeability to water vapor or air. In any case,

coupl iAg tlee t Bemeestimies tlo¢ $tebi i of erdothingcmeste allow correct
accept abl e strength characteristics.
waterproofing, with the same goal of keeping the body dry.

The same occurs for shoes: membranes of this type are associated
with the upper and with the sole of the shoe; in this regard, it should be
noted that most of the perspiration of the foot originates at the interface
between the sole of the foot and the sole of the shoe.

Currently known membranes, though having been used now for
several years and being unanimously acknowledged as being capable of
ensuring correct waterproofing and optimum permeability to water vapor
and air, nonetheless have aspects that can be improved.

These membranes are scarcely resistant, and in fact they can tear
easily: to give them strength, they are therefore coupled, generally by
lamination, to a supporting mesh made of plastic material, which inevitably
reduces their permeability to water vapor or air.

In any case, coupling to the mesh is not sufficient to achieve
acceptable strength characteristics.

In view of the limited consistency of these membranes, it is evident

that such membranes are not capable of being self-supporting.



In view of the limted consistency of these nenbranes,
it is evident that such nenbranes are not capabl e of
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sol es, the nmenbrane (which is integrated with the

mesh) nust be coupled to supports that are capabl e of
supporting it adequately. Mreoyer, it should be noted

that when, for any particul ar reason, perspiration

condeifpes thiss ireksdrf) e f@m dxanmplentint soles, kikyet noembrawe ofwhich is
Is delimted by said _nmenbranes, such perspiratjon can
iategsaigdr with the anesky, must beneouplednisl SERPOKES that are capable of
ef fect. Di c(h]osure of the Invention The aimof the

SHREEHIng HAEIUREDYs to provide a wat er proof

vapor e: i ' sV t :

i anb RS A e AT SHopLEUR pBEEd thgy .o Rir By pitticular reason,

%i‘ Fatddn t endurRes ninsidy ehel @@Vﬂrénhiemrw_/ibéekaﬁt dry, which is
t er proof vapor-pernmeable nultilayer article that |s

setincited &yl yaist mempranes; sach perspiration cas pe denger be expelled,

invention is to prqvid t er proof vapor - per neabl e

ﬁausmga%ﬂmm%}%néq eeﬁ?\égarti cularly perneable to

poy _or aifr ot her object of the present invention
@—Sﬁ[‘:‘?—s&%@—éggiﬂm%roof vapor - per meabl e nul til ayer
articl ' ' o f.- t
Anot e a1 pF SFEHRES L Inyifth 38 b BRRRE  Wternpoof vapor
eYaieabls aafiltvager -aticieabhe Jolves |theetdravbacks ridted in known
an be manufactired with known systens and
tegpésiol ogi es. This aimand these and ot her objects of

the present invention that wil|_ becone better  apparent )
her ei NWithin s adehian abjest af thedpissept invention 1s to provide a

R RTS  ASEh e EGED At sone
mat er 'llﬁégfst{é?t obﬁlcgﬁff(;ﬂ%es g?ég?é?ﬂl Rt & 99 %@e%d@rhd waterproof

is at St par roscopi c or can as
di’éﬁ&hh@akﬂé epghilhgsr aniilettharis padicaladly peirm@able to vapor or
second | a

2 yer that is waterproof and vapor-perneabl e.
air.

Another object of the present invention is to provide a waterproof
vapor-permeable multilayer article that is capable of being self-supporting.

Another object of the present invention is to provide a waterproof
vapor-permeable multilayer article that can be manufactured with known
systems and technologies.

This aim and these and other objects of the present invention that will
become better apparent hereinafter are achieved by a waterproof vapor-
permeable multilayef article, characterized in that it comprises at least one
first layer made of a material that is vapor-permeable and microporous and
is at least partially hygroscopic or can assume hygroscopic properties over

time, and at least one second layer that is waterproof and vapor-permeable.

Brief Description of the Drawings

Further characteristics and advantages of the invention will become

better apparent from the description of two preferred but not exclusive
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preferred but not exclusiveenbodi nents thereof,

illustrated hereinafter by way of non-limting exanple

i n the acconpanying drawi ng, wherein: Figure 1 is a

sectional view of a first enbodinent of a multilayer

ambodinentsdheienf, ilbustratedrherainiafter By gayeoLnon-limiting example

sectional view,of variation ,of the nultilayer

antpglascempanying (Q?WW%’UW CECIS a sectional view of a

second,.enbodi nent of..a ltilayer articl cording to .

he T TRIGHHS oh 1S sertohal view et Bt Sutbofigeng of ' ulilayer
‘Lad : | .article of Figure 3. \Ways

\g?ﬁggér?%bn@fl%%?gtt em%‘“{/rfetzﬁ’on Wth reference to the

first mgbed RN seslioMa Viewidfu %ailiati%n"‘gf ﬁ[é’hﬁﬂﬁ%%yer article of

vapor - pernmeabl e nmultilayer article according to t

iHigan¢ ilpn is general |y designated by the reference

nunmeral 10. The nul t;i| af/e[ article 10 conprises a .

first Higpee 31is arseational yiewitel asecondtembodiment of a multilayer

vapor - per neabl m cropqQrous and hygroscopi c, and a
?ggd?dgq’%@f ng%tb\ﬁﬁr&ﬁr}%ko%terprog? and P

bl e, ' e ' f ;
el SeHE Y It selani Ve A LvihiatiBa SR a4 articte of
grduté Bl er particles. The filler particles are
deSigned to create the m cropores that allow

PWayE®f ddrtyinkowabeTneentioh. The pol yolefin that is
used 1 n the exanpl e bei ng described has a very high

- nol ecuWdth weifgfencef to the sfirstasarhodinmntpashobef im Figure 1, a

8%&&2%?&%“&3%%%&1&% 225‘?%81%5@“@%@%%9 dhefinkention is

strilg desfleled PRt Hof ekt e 20e ol ecular

The multilayer article 10 comprises a first layer 11, made of a
material that is vapor-permeable, microporous and hygroscopic, and a
second layer 12, which is waterproof and vapor-permeable.

The first layer 11 is constituted for example by a hygroscopic material
based on polyolefin and filler particles.

The filler particles are designed to create the micropores that allow
permeability to vapor or air.

The polyolefin that is used in the example being described has a very
high molecular weight; for this reason, such polyolefin is preferably a
UHMW (ultra high molecular weight) polyethylene.

The characteristics of a UHMW polyolefin are referred to a polyolefin
with an average molecular weight of at least 500.000 g/mole.

Preferably, the average molecular weight is comprised between 4x10°
g/mole and 7x10° g/mole.

The preferred filler is a finely milled silica (silicon dioxide, SiO;).



Preferably, the average nol ecul ar weight is conprised
bet ween 4x106 g/ nole and 7x106 g/ nole. The preferred
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~Si2).Silica has an inportant hygroscopic capacity, to

the M| advantage of the hygroscopic properties of the

first layer 11. The opti num avefage di aneter of the

filler particles of silicon dioxide Siq 2 are

conpr iSiHda theisvare impobtans iy g0scopicwiapaeityhto dhe fajeadvantage of
surface areg of said fitll_égf isl con‘gri sed between 30
she/gygresec prpgertigsspehesipst layer dler age surface

area the filler particlges is at ast 100 nvg. ,The .1

1 ret g drptinug; aBShesc st of 155, 618 BhGicIftcaf silicon
S3E8id, B0, Jy S6RpRlsed DERRECEY 001 SR JOTHE, sl the average
wodficetared ofsaiddiless iy comprised(logtpwsesn3 0 metig aadsd 50 m*/g.
density / resin density)] x 100 is preferably at | east

50% Trefdrably, theyaverapei sufface exearmifether flliee partictes is at least
61 tibacterial and/or fungicidal agents. The preferred

fAi rmis a sheet of preset thickness,

substanti al |y, comprised between 200 mm and.1. 5 b n .
par ti AHGIISYIEREr DRCARPCERSIAS A BATE SiAbPEIESS thin 1 pm in
g known by the trade-nane DARAM C(r) and

manufact ured by DARAM C Inc. (Norderstedt, Gernany)

has 1t IFacfAbRE! BUES 5098 SRR ek @ﬂaw]?a fdiameher bfriess than 0.5

| ayer 11 and therefore can be used to forma

mitil ayer article according to the invention. Such

m croporous nmenbrane js per se known and is currently

used Borespyrundearstpadhasiccunul ators and batteries and
characteristi.c

b T oot et SosdH S IS 100

is preferably at least 50%.

The first layer 11 is for example treated with antibacterial and/or
fungicidal agents.

The preferred final form is a sheet of preset thickness, substantially
comprised between 200 um and 1.5 cm; in particular, between 200 and 600
pm.

A microporous membrane known by the trade-name DARAMIC® and
manufactured by DARAMIC Inc. (Norderstedt, Germany) has the
characteristics described above for the first layer 11 and therefore can be
used to form a multilayer article according to the invention.

Such microporous membrane is per se known and is currently used as
a partition in accumulators and batteries and is provided in sheet form.

The characteristics of the membrane are disclosed in US-3,351,495
(in the name of W R GRACE & Co.) and US-6,139,759 (in the name of
Daramic Inc.).

The version with a thickness of 600 um of said DARAMIC®

membrane has an ultimate tensile strength of substantially 5.8 MPa and a
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an ultimate tensile strength of substantially 5.8 MPa
and amaxi mum br eaki ng el ongati on of 505% (according to
| SO 37): accordingly, it has exgellent strength
characteristics. In this first described enbodi nent,

hgxisRGR Brdakieg eldngafive ofi 50384t (@cpordihgand SO 37): accordingly,
vapor - permeabl e; is constituted by a hydrophobic
it hasprcellenthsirengthl chargeterisicsol ypr opyl ene (where the

term "pol yprgopyl ene” i s_used to desi gnat I o qe 1 s
honopdhy this ﬁrstcdpwryﬂml &R @éﬂ'ﬁ?ﬂag @%ﬁ%ﬁﬁsﬁﬂ which is

NONONEr S Pr ef er abl ' I 0 t ec :

RSB EL8' SRR BT, 2 ifhophoti
orft of ei heh ebithe 1t

(AR D, s 08 SRRy ipteb! e tem

CynigprorSEeEARD nusedhate tdasighateacnyr i pelyseerdebomapndymer  or

above for the second | ayer 312 and t herefore can be

weonelyer eriginabing irouy BFORYlEne MROBeESIHh ng to t he

i nvention. The coupling between e firstql L . .
the se‘t&:‘@%ﬁrﬁ}@eﬁqu)o&&ﬂ@da@%&é gS%¢f§Q% é.ﬁ'{%é%o]tsa&? 1sotactic
RABPRREAGEL R Loty peatorbubAS gminh nd fs.

the se qggdﬂcgﬂﬁbié%neﬁﬁmﬁeqaﬁﬁﬁnfw the tRele-saneb€ELGARD® of
coupl e appl ying spots of adhesi've, so as to_avoid
ctheatompany @Ehé}ARngnc.,hasrthl@ychm‘ad@ﬂ&ﬁmmdescmbed above for the

h' _ . . . . .
(3Rp0Bdb T 1 6naBl HISERKNRDFE SOF RS- LnrfoRT & RMFayer article
i s foh. ex e: ad or roll one layer onto the
o?%&?fll%%gﬁ{q ]sl{‘gegﬁgrgered as a backi ng?/ In this case,

the Spfﬁ@dcélg%]%%“ﬂéﬁm%ﬂ qR8! HrdN8ep 1P AA® the second layer 12

under | yIng g SO as to resist “separation.
Mys@msedepaiding| ayehertype diaVeppdarantelt deatesaish layeos have at the

bei ng easy to
time of coupling.

For example, if both the first layer 11 and the second layer 12 are in
sheet form, they can be coupled by applying spots of adhesive, so as to
avoid creating a compact layer, or by using known high-frequency or
ultrasound technologies, avoiding the subtraction of breathable surface.

An alternative is for example to spread or roll one layer onto the
other, which is considered as a backing.

In this case, the spread layer must strongly adhere to the underlying
backing so as to resist separation.

Moreover, such layer must have the characteristic of being easy to
form or place on the underlying layer by means of large-scale spreading and
rolling techniques.

The polymeric polyethylene layer of the DARAMIC® membrane can
be suitable for spreading, since its molecular weight is high enough to

prevent its penetration into the pores of the microporous support, or can be



formor place on the underlying | ayer by neans of
| arge-scal e spreading and rolling techniques. The
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menbrane can be suitable for spreading, since its

mol ecul ar wei ght is high enough to prevent its
penetration into the pores of tye m croporous support,
or can bedi spersed in aggre?ates that are larger_than

dieparsed sinohggieeats thrDire) largey thapythenporasndf dhe. CELGARD®
For exanple, one nethod for producing a multilayer

MY@@}Q@@@F‘%@IRBYW ‘the invention is as follows: - a

2oL 0, Sl 5% ARl PR EE) WL i aconing
ig&%égﬁ{,@ﬁﬁoﬁgqg?%g&tlgﬁsprepared in order to produce a

I'ng S0 at has a certain viscosity; - the

sol ut i_on, i3 @Reh &ddi%)e%ﬁ'b?la@frtﬁet Badibepslymicrie mfx tbe the first

sheet of the second er 12 that acts ‘as a backing
in orderlayer flr imaa ominm}eg orggmic bquid Mﬁhrméurfaqehtensmn is

vol atil e corrponents of the read are..made,t
evapor at Brapareq de order g Bredice ﬁé%‘?%%@gﬁﬂ«kw}l% that has a certain

reaction_of spread surface; - the coating is dried
in orderV ltsgogﬂﬁbve the residual humdity to produce

the |am &ui‘{o‘ﬂ d s%%qléd'b} §1§f&‘§1ﬁ%tt8%eoaﬁf@ée B¥ftRe sheet of

addi ti ona ayers of ppli1ed |ikew se

and dri ethd Reeoti@rlayer ri€achat hets mseadsatkihgchinessies. to form a
The solution of the polyner can be applied to the

backi ng eeating a)l’ﬁ}‘d?fbﬁﬁ@bliffa% croporous nenbrane by

R
ig;?ly gafrgfc?e% t%gqroﬁ P§§ glrlﬂd;pé flm% of the sgrec?d surface;
(i 0 et e Aot o, e s iy o
i nvent i oproduce the laminated article.

It is evident that one or more additional layers of polymer can be
applied likewise and dried in order to reach the intended thicknesses.

The solution of the polymer can be applied to the backing made of
hydrophobic microporous membrane by means of standard spreading
techniques that are known in the background art, for example roller
spreading or spray spreading.

One variation to the basic configuration of the multilayer article 10
composed of two individual layers is shown in Figure 2.

In this variation, the multilayer article according to the invention,
generally designated by the reference numeral 100, is composed of a first
layer 111 made of vapor-permeable microporous hygroscopic material,
which is delimited in a sandwich-like fashion by two second layers 112 that
are waterproof and vapor-permeable.

It is evident that the first layer 111 and the second layers 112

respectively have the same characteristics described earlier for the first layer
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in a sandw ch-1i ke fashion by two second | ayers 112
that are waterproof and vapor-perneable. It is evident
that the first layer 111 and the second |ayers 112
respectively have the sane characteristics described

¢ardrikthd sscorfbldyier d0.1 ayer 11 and the second |ayer 12.
Moreover, it is evident that other variations pay have
superMpnm\terpnsltofISonQVd)denﬁ)réh‘df sthar fl\f@’!atm may have

second | ayers, nblned acc o,th ui nent

el i, 10916 & St Sk TS, combined
I ronafirst m croporous | ayer

%Eéﬁgﬁhggc?)at Ilég{lﬁe%&ﬁ?'y a pol ysi | oxane. For exanpl e,

such fA I [ isd | dudh di

t he tra(ngkrc(rg)gl)lrgi%e:f T F%rg&zggaﬁmnuf ac%ﬁrlzéd ngl&Du Wsprea ne @

’ﬂlﬁ)mp@mamra 1t’2rst anidrbpproas layen e (pr oll b)e@rbyptwnally a
imrersing the first layer 11 (or 111) in a bath of a

ﬂmlm%er (for exanple Zonyl (r)) or of a
L °X$>?§np ef’silcc%cﬂaﬁg'r@bﬁ VR w(eﬁfieﬁh Hefmeteidity¥nown by
968 Hle HatiE T G Pehahlifadrtied BIAOuPHAE! 2 1200, has

a er suc e

one crl ed in the

above : :
"ﬁ’f@ 5 e?ﬁgelhf@ (0951 1i Sca?ﬁﬁl%@)dbé ?‘x‘@hded b¥|1mmersmg the

desi gnate t he refe nce nuneral 212 o

dhistl by (oedrd)dh abatlnefa ﬂepnmolymert(rfeatexemple Zonyl®) or

The [ ea of the filmby plasma deposition arises from
@EQ}iﬂl@ia@@ experi ment aI di scovery that a vapor of

Gl trat f‘s%%pﬁélga”bﬁd%ﬁ%ﬁfcﬁ OP? e B0 A g BRI ] according

t
5, e, ST 0 o, s
Viifish Qaiyeral | Erguch etsh'Ehegene rdﬂscmbedant e shows emanhples and has, as

pl’?; tsle(c::gln?lr llgyetrh%egfgrnrgggl leegey bgrh %ﬂg Crte?é%e%%écﬁuﬁferéf"ilz a film
obtained by means of a plasma deposition treatment.

The idea of the film by plasma deposition arises from the surprising
experimental discovery that a vapor of a siloxane organic compound can be
used to produce an ultrathin layer on a microporous backing material by
"cold plasma" polymerization in high vacuum at ambient temperature,
providing waterproofing characteristics without altering the general
characteristics and particularly the permeability characteristics of the
backing material.

A waterproof and breathable hydrophobic layer can in fact be
provided by plasma polymerization for example of a monomer based on
siloxane, by depositing a layer of polymer (polysiloxane) on a microporous
backing material (for example made of polyethylene or polystyrene).

This deposition can also be performed for example by using oil-

repellent and water-repellent fluoropolymers such as those produced by



backi ng material. A waterproof and breathable
hydr ophobi c | ayer can in fact be provided by plasm
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si | oxane, by depositing a |ayer of polyner

(pol ysil oxane) on a m croporous backing material (for

exanpl e made of pol yethyl ene orgpol ystyrene). This

deposition can al so be perforned for exanple by using
aiPenthhdregtetedawith-thepteadenantd Zonglfol yners such

as those produced byDuPont and registered with the

trade RiasmaZm;ilx(ldpd mtaslmt padde ddd@pemdmgh@n thedtemperatures

;lgle;q: pll% Eg Iérsgn&q’éag& rﬁ?ﬁﬁqéﬁﬁ‘gﬁﬂ g}?t%lpﬁli Yaduith plasma.
gc 2; (gldf ﬁ!@asﬁ&e ﬁﬁ?e%qg nqst?’tsfﬁ) 0?1;@5 gggglrd&#g to the present

\iﬁgg{lﬁéﬁd P BRSO br gpa\;mm R?eéﬂi‘sbf’% tfd ds introduced in a

reaction c er at pressure (i n vacuum

geadiibh@heimbey g1l asery hqunressm'el(m yaceunt eshdigions).

energi zing the precursor inside the reaction chanber

by genérplasmp sonditéon ris cgﬂna‘ra’@lddbymrgwngt thes psecursor inside
er of, the i.ch es to, and

th
tisxeé‘gggﬁgp ambertbbégeﬂ W &%I]i‘l]e %“é“&ﬁflgﬁ@ ‘substrate

ol acmat BEIrgAE 15 20, WiEghUE LG Yt B PORARE, Bk adherps to, and

% ¥ JERRRte eaf o rtﬁ%'éfﬁfr%‘ sRfadd §f Qnyz §3B§tréfé mfatwmeintmduced in the

€ precursor eposition |ayer
\Meabuonuﬂgunb@mtlon chanber. Once breakdown has
occurred, ions and reactive species are formed which
begi n Ehd plasma polymerizationcprovgssis sietiesrandperiosmed by means

I | hi fil.ms
EL RS Ko U LR, Lot A B of e
T
by sel eplckBrehRBob hh@'odé@h@&frlbﬁ@bdrﬁl @i @lveabpédids are formed

the reaction conditions, such as the deposi ti on time
ofvhidte begiremd, prodece thatatemic andemolémlet seaatiansl that ultimately

frequency_at which
for?nthmyﬁlms

Layers created by plasma polymerization can use various
configurations of electrical fields and different reaction parameters.

The thickness of the layer is controlled by selecting the initial
polymerizable material and the reaction conditions, such as the deposition
time of the monomer, the treatment time, the electrical frequency at which
the reaction is performed, and the power used.

In the present invention, plasma polymerization is performed in
vacuum.

The typical pressure range is between 10" and 10~ mbar.

The precursor is made to react in its pure state by using a non-
polymerizable inert gas, such as for example argon; such inert gas is used
both as an inert dilution agent and as a carrier gas that assists the

polymerization of the precursor.



the reaction is perforned, and the power used. In the
present invention, plasma polynerization is perforned
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and 10 5 nbar. The precursor is made to react inits
pure state by using a nonpol ynerizable inert gas, such
as for exanple argon; such iner§ gas is used both as
an inert dilution agent and as a carrier gas that
assi st@tldregasdsytherti cat ibenuséd tare pmeafr emygehhelium, nitrogen,
gases that cap be used are any of oxygen, helium
mmg:@npnrﬁé%amm-and amoni a. The precursor nust
vapor ressur@c that is sufficient,t

h .be abl.
Damor T Precaltion Brutdaa o PO ResI e i suftivignt fo be able

IR A h A P TR 0F 212y i nto the

_react g[élge @Pe?s???ﬁ HeﬁBE’itfd?Fﬁr&Ués@ @e%?né ’Bg léﬁéi@efhet Baélﬁglg material

inten acuum ptessure. Once the vatuum pressure

iedse coatddetin thite cpdeysthre forst Maper 242) artor #wctdactionr cleamber and

pretreatmnment reaction can begin, The plasma

shepdsmging the chamaberde Beciiendrd paodis Presswe.

di sch e that generates the plasma apd by injgctin

Che. vag8ee 2 eepr EAGHUB, REFSHES Fo DREN) dRaChey | the plasma
i i ' [ n the

JURFHRsiogicR] BAoEROY pLedatht Bkl R pofie!

subj ecth g ' ; ; 0 ;

nitr ogg}]é]i #1 %Srrggr ?{b&ygﬁggﬁ g@e%ﬁ%@ea{g@% orb t ep%*?%ucmg the

atlbelsarge thht phacriby they pldsima afdbynmjecengiths vaporized precursor

generating di scharcg_e, the collision of the nononer
vneRomes it thereacdiascehanbens the pl asma al | ows

7S Yo B ADmerh E UL BT STt BheT < ithge o1 the first layer
]ﬁgﬂcgﬁfﬁ% ﬁlegﬁﬁ%{lhpﬁjgﬁptégﬁlggftotbhfrhiﬁé@g%es&ﬂt ad Horfor nitrogen in
order to clean the surface or promote the adhesion of the polymer film.

During the plasma generating discharge, the collision of the monomer
with the ions and electrons of the plasma allows polymerization of the
monomer.

The resulting polymer is deposited on the exposed surfaces inside the
chamber.

The properties of the film are not just a function of the structure of the
monomer but also a function of the discharge frequency, of the power used,
of the monomer flow-rate and, of the pressure.

Porosity, surface morphology and permeability can vary according to
the reaction conditions.

The deposition process ends when the intended thickness of deposited
material is reached.

Owing to the fact that the first layer 212 is made of insulating
material (polyethylene, for example, is one of the most insulating materials

known), in order to maintain the plasma conditions it is necessary to apply



nononer but also a function of the discharge
frequency, of the power used, of the nononer flowrate
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pernmeability can vary according to the reaction

conditions. The deposition process ends when the

i ntended thi ckness of depositedigraterial is reached.

OnMng to the fact that the first |layer 212 is made of

it sthieaprogssea eadfr¢gatnest ggnerator fior oedentst spakes theeslectrical

T, e B e 6 £ e R 8 obe order o
t . ' . :
PR Ay BRSPS AE o RSB cqua to 0

J90 Whatts@ind 4 Wasufifreleved conipisddbétiveddry 10m ainlde] OF debar.
of 13.56 MHz, with an applied electric field power

subst ahs regdrdsdahealurationtef thettreatmentaithas beenwbserved that for
| evel conprised between 10 1 and 1%?? nmhar. As regards .
{PhRreswrset swch@sisiloxane maepomer, Higs optigpmdmeyisgsubstantially

o PrBvPe I Bkl BPa B Bn Y BLG SRRGAE oryifm duration

ITEUBRRBARNES0 deBoRES hias Weh, idefitifiRdl mum duration of
substanti al I'y 420 seconds has been identified. One

vari athee vagidtivh bashe basiyf canfighratiomioftthe multilayay @iticle 200
article 200 conposed of two individual |ayers is Shown

iconmpagadofitworindividuahlayers shshows imlfigurayer article
according to the.,invention, .generally designated b . .
t he relneﬂéﬁ ceaniatienathggoultileyes r?g’sgﬁfa agrording; tq the invention,

I r d - I 08CQpJ
ORI SRRl G 1REG/RREC B AR YRS BBiposed of a first
g?g&mv\g% 2;1%1?ggf(gnd tvcgsliir.élg,)%hr%éeéﬂsr#eaabI eﬁg'f%{ 6i S ié\él ir%%%?pm@matenal,
twikichi issdeliayited 31k sandwheh-dikeofashioy drys t®b2seconds layers 312,
re pq%géi vel%/ have.the sane char ag eristics described

ichearer WaterREoQS and VRRQEpepmea the second | ayer

212. reovet, it . vi dgnt 1t hat er_vapi ations

nave Shper st fidts B0 GRS Rors lopndniid iseBPRg fivers 312
RSPV Have WIS dharacteristics described earlier for the first layer
211 and the second layer 212.

Moreover, it is evident that other variations may have
superimpositions of one or more of the first and second layers, combined
according to the requirements.

In practice it has been observed that the invention thus described
solves the problems noted in known types of waterproof and vapor-
permeable multilayer article.

A multilayer article has in fact been provided which associates a first
microporous and hygroscopic layer with a second hydrophobic layer, said
layers preventing the inflow of any liquid phase while allowing the transfer
of water vapor and other volatile components.

The silicon-based filler provided inside the first layer in order to

generate the microporous structure is a highly hygroscopic material that has



according to the requirenents. In practice it has been
observed that the invention thus described solves the

w@e@bloezngo not ed i n known types of waterproof aPdI/EP2004/014718
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vapor perneable nultilayer article. A nultilayer

article has in fact been provided which associ ates a

first mcroporous and hygroscopij¢ |ayer with a second
hydrophobi c | ayer, said |ayers preventing the inflow )

o great! tendeticyhdoe abbotte waterw ageardenglyandfeerfist layer is not

wat er vapor agnd ot her vol.atile conponents,..The .
ADPIOPHBAIEPE PPQnGNaIAILY 35 WARCHITROF 1Y4T, by ds very useful

Ry soliB eSS Hafiohoid PREGHE el fidf) the BORRA (the torso or
lRc8RAGRE cake %Pficl@ﬂﬁﬁ%;ﬂthwfeet ih e Ches bf kAves). i s not

appropriate to be used individually as a water proof

| ayer , Muteowver,vesincesehel figst eycopicpdaypr r andonthe second
and noi sture_away fromthe body (the torso or |le in
t hpdphobie taysrhiang, botte steaeturally nstrenser othag %B@) membranes

Mor eover, sipce ithe fi+rs$t hwygroscaopi e e .. .

CESR, ush AR &% WleKeny YRGORRRZHF LB Iy Rmbltfation without

S ifand are

RS e o R ot

backi nppthigabgartwdged tied muleilapsatirticle/ (16, MGRAOMr300 et cetera)

air. In this regard, since the nultilayer article (10,

1bas spocturddcharacteristiay, Hacarsbeussad a8 a supporting structure of a
aracreristics, can.be.used ortin

it : :
g‘% Qo ee’S’mefes Hbe?oglgam@%wgﬁs@ ﬁr 25 aﬁabq%].}pwqrﬁ openings,
i A ST o 598 AL HGHER of o brtnle

baﬁ@meflqo@lf@owwerproof sol e. Such layers can be
coupl ed, depending on the requirenments, by applying

spots Stchdheyziryecam be caupled] depeadinggon tmpaquirements, by

 Shith  BRun SLAD L soener O MU o by

SHSH S PR, SRR, PR YEsr Mot e

t fgbipaGidh 8 beRghableseahes, or by spreading or rolling of one layer
onto the other.

In this regard, since the first layer is the one that reaches greater
thicknesses without compromising vapor and air permeability, by using it as
a backing for the plasma deposition of a waterproof breathable film, it is
possible to achieve the same above mentioned aim and objects by pairing
the two layers by spreading, rolling or adhesive bonding.

It should be noted that the use of plasma deposition solves the
problems of conformity and adhesion of the first layer on the second layer,
since the plasma-deposited polymer adheres to the backing layer for a
longer time than, for example, a conventional spreading,

Moreover, since the waterproof film is deposited in partial vacuum
conditions, and since the backing material can be cleaned in the reaction

chamber beforehand with argon with a high degree of purity, any impurities



t hi cknesses wi t hout conprom sing vapor and air
perneability, by using it as a backing for the plasna

walesmsioron of a wat er proof breathable film iPCT/EP2004/014718
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possi bl e to achi eve the sane above nentioned ai m and

objects by pairing the two | ayers by spreadi ng,

rolling or adhesive bonding. Itishould be noted that

the use of plasma deposition solves the problenms of

cthat would ygeneratel feasturesy fdisbentinuities, alistortionshef the deposited

second | a , since t | asng- deposi ted pol ynmer

AWAETBEOQ I{IH@I'EMH&%&)/%YO%@& a longer time than,

for e le, a conventional s r.ea(?li ng. MNbreoyer siPce

the wal BF prBEOfiOn TR0 e RRIGELEY o THar PYSHERYRI npf  Humerous
. ; . c al:

GPBgifGARons PR VAERIONS, RCEIBHIR: AL il B scope of the

vapperaldd gilaitagr el ofhepuddthils awyy ifipthert bestrbplacedulwliith other

generate fractures, discontinuities, distortions of

ttechnigadlsi equivalensrelensmts.i | m are conpl etel y avoi ded.

The invention thus concejved js susceptibl e of . .
numer gﬁbmﬁﬁlwﬁb ﬁﬁm%@na usec s lopgsas they ae empatible with the

SuRaitE " s BT e SRR CHRbY™ e Mgraing o
gffdiu‘glﬁiérﬁéﬁts%mﬂfe sthfe Bf d¢d hge, the material s used,

as they are conpatible with the specific_use,
as wel Thasdisnbostireerigi tadiannBates AppliwationdiNg PH2003A000314
requi rements. and ta.the state of the, art. The .
diFOEn oWhiey this | applisation amALpTiOELY| sip NBCorporated herein by
a%%gg§@g00314 fromwhich this application clains
priority are incorporated herein by reference. CLAI M5
1. A waterproof vapor-perneable nultilayer article,
characterized in that it conprises at |east one first
layer (11, 111, 211, 311) nmade of a material that is
vapor - per mreabl e and mi croporous and is at | east
partially hygroscopic or can assune hygroscopic
characteristics over tine, and at | east one second
| ayer (12, 112, 212, 312) that is waterproof and
vapor perneable. 2. The nmultilayer article according to
claim1l1, characterized in that

(@)



said at |east one first layer (11, 111, 211, 311)
conprises a base of polyolefin and filler particles.

w@200Fle30omul ti |l ayer article according to clai mPCT/EP2004/014718
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characterized in that the nol ecul ar weight of said

polyolefin is at |east 500,000 g/nole. 4. The

mul tilayer article according tojclaim3, characterized

in that the nol ecul ar wei ght of said polyolefinis

preferably conprised betwee@T4xmO& g/ nol e and 7x106

g/nole. 5. The multilayer artrcle according to one of

cl ai mg . 2At waferpebef aaperipeetheablé hanltdayer priigle] eharacterized in

is constituted by isotactic polypro i ene_or

sbat at lopreprises at Tieesinaner fiagtolasart (H-o 1480 @ ldin3l Ly made of a
alns 2 to 5

L

. Maied oy . i
AT B 4 308008 B S PRTES g, and o
dbasti bhe Cﬂec@thlmrE{Zldz,Zl B, e23RpSiantthat lig watgrpreefiand vapor-

between 0.01 mmand 20 mm while the average surface
graxmeaableai d fillers is substantiall y conprised

artiois Thecruttinies whsieecaring (ongait dr egagtgrized in that
0, 405547 9L R0, 135, B11 520, 81 cqBpIEL o base of
?&yéleﬁiﬂﬁﬁﬁrﬁ*ﬂ@ﬂpéﬁldl@ﬁ or nore of the preceding

afns, characterized in that said at |east one first
| ayer 3.1ThelhbiltiBler @titleradeordinpctooptaiou®, ndtaeactatrized in that

has a pore size of less than 1. nnin dia er. 10. The
rhietmplgeadamweighteobsaigmnligletin snat kﬁaSthé,({QO ggaole-
pr ecedi n characterized..in thaﬁ .

more tha hgld%ﬁ?ﬂw ghicle ageoding 19 © %Eit%f’ mtﬁlpgttegi@ed in that
BTl o i p 3 900 T SRR AGESA betvoon
Ay 104 leadid Fke08es@bii.ng to one or nore of the

preceding clainms, characterized that the porosity of

sai d a§. 'Bast nadéildyerstartialeeradcbiding to one of claims 2 to 4,
characterized in that said polyolefin is constituted by isotactic
polypropylene or polyethylene.

6. The multilayer article according to one of claims 2 to 5,
characterized in that said filler is preferably silicon dioxide SiO..

7. The multilayer article according to claim 6, characterized in that
the average diameter of the filler particles of silicon dioxide SiO, are
substantially comprised between 0.01 pm and 20 um, while the average
surface area of said fillers is substantially comprised between 30 m?/g and
950 m*/g.

8. The multilayer article according to claim 6 or 7, characterized in
that the average surface area of said filler particles is preferably at least 100
m?/g.

9. The multilayer article according to one or more of the preceding.

claims, characterized in that said at least one first layer (11, 111, 211, 311)



111, 211, 311) nmade of m croporous material is
preferably at |least 50% 12. The nultilayer article

wa@e@snaiomg to one or nore of the precedi ng cl aP@BEP2004/014718
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characterized in that said at |east one first |ayer

(11, 111, 211, 311) rmade of microporous material has a

t hi ckness conpri sed between 200;yqMm and 1.5 cm 13. The

mul tilayer article according to claim12,

shadeof enicteporoud materiali iasa poeasizeoofldssithan laysr in diameter.
(11, 111, 211, 311) nade of mcroporous material has a )

t hi ckridssThempultleyenaticleaagoprdngée wreoor mewnal tao preceding

okt el d B S 566 8t flivors ofsid
et s B 07, R LALEL 341 DT Bk materil

Kizaa deameta off leys yart 065 pamre DARAM C(r). 15. The
mul tilayer article according to one or nore of the

pr ecedi hgThéanuitilaybrmatitler acetding thanesai anate bfdke preceding
one, second vvaterprglglf vapor perneabl e | ayer

ieJaiisas chatacéerizgd 4hab e NO5OskR 0l a&@dahl%é%pzfén%l]fii)st layer (11,
YOOty AP e s
o I TR THE i BliRYeE CIOR RS RGP thofbE thélpreceding

adlhirab echa@etstingl Lo thatasaid latdeadtdone Hastidayori @dd 11, 211, 311)
that said at |east one second |layer (12, 112) Is

auadei efimigragorousymeatstalohas acbbelaressneompsisedrkeiwsen 200 pm
the(bi\o any CELGARD Inc. and known conmercially as

Cjﬂl_ R%P} 18. The multilayer article according to

claim ract.er | byt ' . . .

oL ™ 1 SR R Qe R PR, ShBeteiond n ha
%iﬁ'ag%é’ﬁ(&ﬂéfﬁfstqwép{wl 110x e, 35i)dnadle lofaaicropérous material
second layer (12, 112) adheri ngmto said first |ayer

(Hds a thicknegs spmgrisetdypraferablp teitwgesd ) pm andlé);ﬂepm.

(11, 111) in a bath of sajd polyper. 19., The ) )

mul ti | bfed hermudtitayee catiglen geeerdingité algim 1, characterized in that
chanacterized in Ehat | cer (11, 111, 211, 311) is constituted by a
microporous membrane manufactured by the company DARAMIC Inc. and
known commercially by the name DARAMICP.

15. The multilayer article according to one or more of the preceding
claims, characterized in that said at least one second waterproof vapor-
permeable layer (12, 112) is constituted by a polypropylene-based
microporous hydrophobic material.

16. The multilayer article according to claim 15, characterized in that
the polypropylene of said microporous hydrophobic material is an isotactic
homopolymer.

17. The multilayer article according to claim 1 or 14, characterized in
that said at least one second layer (12, 112) is constituted by a hydrophobic
membrane manufactured by the company CELGARD Inc. and known

commercially as CELGARD®.



said fluoropolyner is known commercially by the trade
name Zonyl (r) and is manufactured by DuPont. 20. A

woretloaofor manufacturing a nmultilayer articl ePCT/EP2004/014718
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according to one of the preceding clains, consisting

in: - preparing a solution or dispersion of the basic
polymeric mx for said first layer (11, 111) in a

volatile organic liquid with | ow surface tension, in

order 1% Pheduakilaysparticlenaccorting oo daimn lhasharacterized in that
certain viscosity; -_ applyi i.d sol uti

in 0
spidatileastiana pecand laxe (G2, 4423 'is &%ﬁﬁomi}e? %\(nqumer based on
2), Which acts . i i er._to
ShioromplySits; ob pfatarre e, o J8R87 apbrse R Taver (12, 112)
i i t
SEUREIE 5 YRR a0 (17, SPUFRY U oo said f
dayéngl 1,hel Koiat a bgtli of saidepolymerenove the residual
hum dity. 21. A nmethod for producing a nultilayer . )
arti cl’®.afbemulijayer antclofaceprdimg to elaimyl 8 phanacterized in that

consists in,coupli said first .l r (11 11) an .

24 Diromelympeds kb ComrySraiafy By fhitradé Harkd Zony!® and is
' f other. 22. A nmethod for producin

Ztﬁ?rﬁ}lt%xg{/‘%drggm{}@'accordi ng to one of clai I?rs lto )

17, )¢h | b AR i ila§er hoti€le ddebrding t

111y RO DR fof MRS Alfiuldlaghr bl ddcbrding to one

abfthel presbdirig tlaims, bynsistingiing adhesi ve spots or by

using ultrasound or by neans_of hjgh-frequency ) .
wel di ng. peaparing ansoluiticsy er dispersian of dbedvasiC mwlpmeric mix for

ot Tonct Saict faal dager §)dr 103050 G SPAER ool 1iahg with Tow
fil ned.. St !
Fr cat ot ogeE poitiofly Y prdlr  PHAEIE: £3pRelingojution that has a

cl ai m 23 cepthii i¥oosityed in that said plasma deposition
treatnment is obtained by working in high-vacuumcold |
pl asma—capplyingnsaid 2mluiibe byispréading tar theckerface of said second

251 d pl adwEer(dgadile) oW NSk ACHRR B BB RISy T0sfoR @ coating
a layer on its surface;

— evaporating the volatile components of the spread in order to

promote the cross-linking reaction of the spread surface;

— drying the coating in order to remove the residual humidity.

21. A method for producing a multilayer article according to one of
claims 1 to 17, which consists in coupling said first layer (11, 111) and said
second layer (12, 112) by lamination of one of said layers onto the other.

22. A method for producing a multilayer article according to one of
claims 1 to 17, which consists in coupling said first layer (11, 111) in sheet
form to said second layer (12, 112), also in sheet form, by applying adhesive
spots or by using ultrasound or by means of high-frequency welding.

23. The multilayer article according to one or more of claims 1 to 14,
characterized in that said at least one second layer (212, 312) is constituted

by a film obtained by means of a plasma deposition treatment.



radi of requency generator so that the electrical field
in the treatnent oscillates with a frequency

w@adwsedore al | y conpri sed between 13 MHz and 14PGHEP2086014718
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The multilayer article according to claim 25,

characterized in that said plasnma deposition treatnent

is obtained by using a radi of regglency generator so

that the electrical field in the treatnment oscillates

wi th 224.rEheencltilpyer artidleaceording tor daimo? 3.1 ehamctatized in that

27..The mul til ayer article accor,din one of cl.ai,ns

Faid Plaamac Agpadition Heatmant fisotantd Pyohor S Righ-vacuum

t i :al.aed by using a power of the

e{o@@ﬁl}ig&fg@ @‘gﬁgﬁggm [ e)é in t%e tfeat ment that is

subst ayu | ?h%_%nﬁﬁ'i‘{é?fbf AFtiOR! XEStdRte WBLAIGIATB 6PD4, characterized
8 he nul Ti

watts. 28. ayer article according to oné of )
dhai fhmt 23aid Plasmbhardepositiaed tieatteat tibe obiamedonbpf using a

sai d plasma deposition treatnment faor a,si.l e- based
rﬁadwﬁaqu@,n% nﬁen@r@aolbewe@hat 13@9 electignls ggadén é@ treatment

o Tl v et RESRTR hOwh Ba Belnep, 13 MHz and 14

ition treatment for a siloxane-based nononer is
substantially equal to 420 seconds. 30. The multil ayer

arti cl 26 athenrdultilayer aftéclefactoadite @8 clain?95, characterized in that
characterized in that the |evel of vacuumin, said

piaad nplasepn dleposition exeatsrent & inaines by Lging pradiedrequency

AT 800 Rain§1F P IEP TSI Beld By 4BF cFPaImaent G¥fillates with o

SRE Bk TR DY, 00 ¥ GG TS SoMB ne oY

u7.09, 27 T pgneoey Ssese hasran el ok of i 23 10 26

f clearaeterizeahint theatomikk plasimd depbsivian treatthenhisaphtairet by using a

BOBRE e SlRetEahdisl drapBliod dn ihes tiaens Shatrkp Substantially

Hompr I hEesh R R ROO S 8 depoi tion

precurser TR i iildyer GarticlO*ARRaRE (GRS claims 23 to 27,
characterized in that the duration of said plasma deposition treatment for a
siloxane-based monomer is comprised between 160 and 600 seconds.

29. The multilayer article according to claim 28, characterized in that
the duration of said plasma deposition treatment for a siloxane-based
monomer is substantially equal to 420 seconds.

30. The multilayer article according to one of claims 23 to 29,
characterized in that the level of vacuum in said plasma deposition treatment
is substantially comprised between 10" mbar and 10~ mbar.

31. The multilayer article according to claim 23, characterized in that
said plasma deposition treatment is obtained by working in high-vacuum
cold plasma conditions and by using a radiofrequency generator so that the
electrical field in the treatment oscillates with a frequency on the order of
13.75 MHz, with an applied electrical field power of 300-500 watts, and a
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33. The nmultilayer article according to one of clains
23 to 31, characterized in that the plasna deposition

w@e@ss®er naterial is an oilrepellent and PCT/EP2004/014718

wat er -repel l ent fluoropolyner. 34. The nultil ayer
article according to one of clains 23 to 31,
characterized in that the materizal of said at |east
one second |ayer (212, 312) is a polysiloxane. 35. The
Nacuumateéfrel @pmp,m@ elyveathy0t éméinboy mbatai ns 23 to

oL o ST e A"l s 23 10 31,
SRS TS T P e T 5 ALHLEIER, toanc

bhséd s@btomeror opol ymer i s known commercially by the
trade nane Zonyl (r) manufactured by DuPont. 37. A

met ho@3f oThpr adiltilay@raartidlei ha(ymrdlngt tc;:lm@cmforo&hlngs t28 to 31,
one of the precedi ng cI ai s é conpri si ng BE
§h@wt@tlze ino Haatnthes Hlasma, @p%tt@n pzqqlrsgnmateél eis an oil-

Coa%‘f?fz}r%fﬁ' S el FLEBRIRansh, r eosure: -
St art ’Tbﬁsﬂﬁllﬁféﬁf‘erraéﬁﬁ'&ee%%fdtﬁ 't@'&‘f@ﬁtg%launds 23 to 31,

i nj ec |ng e vapori zed precursor nBnoner

chafddterizedantkat the Matdrialdof sdidatlegstbne seesrid le%ler (212, 312)
time. 38. A production nmethod according to claim

thamdysiloxane.i n that |t conprl ses a pretreatnent step

t hat conS| tSI ce cleaping of said first
| ayer 3 esmtq ti GéfuB €i AGCPXAING thh onferal glaimsad3 to 31,

icﬁa.tamtgﬁkgg ih the; f HalGH & LA TRESt one second layer (212, 312)

is an oil-repellent and water-repellent fluoropolymer.

36. The multilayer article according to claim 33 or 35, characterized
in that said fluoropolymer is known commercially by the trade name Zonyl®
manufactured by DuPont.

37. A method for producing a multilayer article according to one of
the preceding claims 23 to 34, comprising the steps of:

~ loading said first layer (211, 311) to be coated into the reaction

chamber,

— bringing said reaction chamber to a preset vacuum pressure;

— starting plasma generating electrical discharge;

— injecting the vaporized precursor monomer into said reaction

chamber;

— waiting for a preset deposition time.

38. A production method according to claim 37, characterized in that
it comprises a pretreatment step that consists in the surface cleaning of said
first layer (211, 311) by subjecting it to an inert gas that is injected into said

reaction chamber.



