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15 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 origihates at the interface
between the sole of the foot and the sole of the shoe.

Currently known membranes, though having been used now for

20 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

25 lamination, to a supporting mesh made -of plastic material, which inev.itably
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
30 that such membranes are not capable of being self-supporting,




25 Ivar'ri>nati on, to a supporting mesh made of plastic

material, which inevitably reduces their perneability
to water vapor or air. In any case, coupling to the
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characteristics. In view of the |imted consistency of
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- 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 waterprdof 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

30 ' better apparent from the description of two preferred but not exclusive



25 first layer made of -a material that is
vapor - per neabl e and m croporous and is at |east
partially hygroscopic or can assune hygroscopic
properties over tinme, and at |east one second | ayer
that is waterproof and vapor-perneable. "~ Brief
"Description of the Drawi ngs Further characteristics

and advantages of the invention will becone 30 better.
apparent” fromthe description og two preferred but not
excl usi ve 3 enbodi nents thereof; illustrated

hegbodimentsithemdy, Wustated h@elﬂdf&rw of ﬂdﬁ-ﬁ xtgﬁglexample

acconpanyi ng draw ng, wherein: Figu Sec
vi Bythsracgompasyi hﬁem mul ti | ayer art| cle

w
accordilQ% to the |nvglp E f gure 2 is secti onal
vi ew of FEBURG Y 33 A0S & lﬁYYI 13 Iaa‘,?‘lé?t %mbodmmﬁf of a multilayer
Fi sic8e hecdid %gago thel lﬁvenﬁsﬁtl onal view of a second _
enbodi nent of multilayer “article according to the

5i nvent i Bigur&2aigre sebticnhab viewtofog ehridiienw offtha ﬂﬁftil?&éloé}ncle of
of _I he [tilayer article of 10 Figure 3.
caﬂ%HIﬁguout the I nvention Wth reference to the first

enbodi hown a _wat I,00f, X
vapor - peiees ) B Rapdidng idwrof & Gl t O multilayer
I nyeidlé aBedrdlin g@meqhwnggﬁ ghated by the reference
nuneral 10. 15 The nultilayer article 10 conprises a .
first |Bigure #lis arsetiontl ¥iewedfes vatiatibalofithe mu1t11ayer article of
lovzﬁor g%r meabl e, m croporous and hygroscopic, and
IPayer 12, which is waterproof and

vaw;isﬁ%"&gahgod'ﬁ@e f.rNe?xtt o: ayer 11 is constituted for

rial based on polyol efm
and i1 Wath NRféreAtESto 4Re THest! BRI . a
deS|g ned to create the rr?crotolreieﬂs t %{ ?h&ézn it Figure 1, a

peVatIBrof yapas-neapmeable mailtilayen erthielapobﬁfmgttbahe iiavention is
I ' bed hi gh
rop STy TSR R RtRRRE i alB Dol Vol e in”l s
15pr ef er aphy rﬁultHEW eilea10! 88mPPisES Y HrsVaPE )11, made of a

pol yet hyl ene.
material that is vapor-permeable,  microporous and hygroscoplc and a

second layer 12, which is waterproof and vapor-permeable.

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

20 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 preferébly a
UHMW (ultra high molecular weight) polyethylene.
25 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, Si0,).



25 The characteristics of a UHWV pol yolefm are
referred to a.polyolefin wth an average nol ecul ar
wei ght of at |east 500.000 g/ nole. Preferably, the
aver age nol ecul ar wei ght is conprised between 4x 106
g/ nmol e and 7x106 g/ nole. The preferred filler is a
finely mlled silica (silicon dioxide, SiQ2). 4
Silica has an inportant hygroscopic capacity, to the
full advantage of the hygroscopic properties of the
first -layer 11. The optinum average di aneter of the
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_ 'm crop nbrane 0 by the trade-nane

10 aRaM rTELeT éd%t o the BYTasAka¥a e qigmeter of less than 0.5
(N er st edt, Gerrrany) has the characteristics

descri bed above for the first | ayer 11 and therefore

can be Paresdy nadémtoodasul til ayer article according to
the invention. Such m croporous nenbrane is per se

knBoRosHK T | s—dapparent pegana density argsim density)] 1 00

?gfuan|lgthQert%raabqya??eas?%b@s and is provided in sheet

15 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 pm and 1.5 cm; in particular, between 200 and 600
pm. |

20 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

25 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 pm of said DARAMIC®

30 membrane has an ultimate tensile strength of substantially 5.8 MPa and a



The characteristics of the nenbrane are disclosed in
US- 3,351,495 (in the nane of WR GRACE & Co.) and

. US-6,139,759 (in the name of Daramic Inc.). The
version with a thickness of 600 pm of said DARANII C(r)
30 nenbrane has an ultimate tensile strength of
substantially 5.8 MPa and a 5 maxi num br eaki ng .
el ongati on of 505% (according to |I1SO 37): accordingly,
it has excellent strength characteristics. In this
first described enbodi nent, the3second layer 12, which
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Iaggr 12 15 occurs d ng on ype

a er with lowi mﬁy Jsthomksoaptwm of proteinsond fats.
couplin For exanpl e bat h t first layer 1

1§ e s eolnBy SERREODIS mHTE ’Faﬁle s o trafepege CBLUARD® of
CoyRd BOmPY ng@lii ﬂ-%d&?&h&%r sB8s A8sdrfbe AU for the
creating a ayer y usin lk nown

hi gbsdncbdage&rcﬂoand Zhetdfbr&alsan nibe tuset:ln’aﬂ dgrmsa multilayer article

avoi di g?l? Ee subtracti on of breathable surface. An
al BEFOISRS, 10 the myen dnple to spread or roll one layer

?Elt g Eggeeo&ﬂgﬂlmg‘kﬁ le%l?/ etpe”ﬁf efa‘t%oﬁﬂl %nggﬁi‘ér g&%%dcp layer 12
1% hecowmted¢pending hm:khmgpeooﬁéappeamncé‘t thee paidildyens bave at the
I\/br.eoveg199 h I ayer nust have the characteristic of
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
20 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. |
25 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

30 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

pol ymeric polyethylene layer of the DARAM C(r)

menbrane can be suitable for spreading, since its

mol ecul ar wei ght is high enough to 30 prevent its

penetration into the pores of the m croporous support,

or can be 6 dispersed in aggregates that are |arger

than the pores of the CELGARD(r pol ypr opyl ene

menbrane. For exanple, one nethdd for producing a

m}d&gb@ﬁarmaagg&gaemﬁaf dkddarde? thAf thBVStks OF fhe EELGARD®
- a solution or dispersion of the basic

popmylcrpnbpylnn&niecmbnan@ first layer 11 in a volatile

or gani |d wthlo ace tension is. prepared .
o o ekishpluoRe Belhod f0r PEoLEOE AR Iabh A according
ol Bty hBGE N by follodie 0| bl on 1S applied by

sprea sur ace of the sheet of .10 the

5second 1 aéiesfohitioﬁ latdispérsicis of thackisid, pdl:f]tn@fld ek Gfor the first
forma coating layer on_its surface vol ati |

conponent 1ay§F lhin gpyelatile, csganigelignid witiolow esuriﬁace tension is

B T R —

remove t heiscesitgfual hunmi d| ty to 15 produce the
| am nated article. It is evident that one or nore

addi t i onathel sglgtiends appligdely spreading s the emﬂa'c&mﬂithe sheet of
and driedg.n dey (to. r he.i nt ended, t hi cknes
107he sol ut s%#or{c#]éa}%:& gﬁéﬂaﬁﬁt%gsaﬁn acking, Jo; et to form a.

backi ng npgki ¥ 8h GRhaRFgce™ Ccropor ous nmenbrane by

means of stan spreadi ng 20 techni ques that are

known i-A theevbhxtilg roonmEbrEents dfotheexpnmdeareamhde to evaporate in
spreading o adi n e varl o t he

basi ¢ conf’?cgeﬁﬁg gef Eleh%rogﬁ'll E?ac ef@read surface;

conposed gfe E&&lﬁg“i’é Wrididain '0’1‘&1;@1‘1r %o rém%@@"’&l 'f&sﬁt&‘f rmd1ty to

2. In this variat t he ayer artiche accor
15to the |npmducertheleﬁﬁ1rg1¢eﬂaaﬂﬁ¢1§z desi gnated by the

r.eferenIce nuneral 100, is conposed of a first
t 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
20 techniques that are known in the _background art, for éxample 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,
25 generally designated by the reference numeral 10.0, is composed of a first
layer 111 made of vapor—perrneable microporous hygroscopic material,
which is delimited in a sandwich-like fashion by two second 1ayérs 112 that
are waterproof and vapor-permeable.
It is evident that the first layer 111 and the second layers 112

30 respectively have the same characteristics described earlier for the first layer



| ayer 111 made of vapor-perneabl e m croporous
hygroscopic naterial, which is delimted in a

sandwi ch-1i ke fashion by two second | ayers 112 t hat
are wat er proof and vapor-perneable. It is evident that
the first layer 111 and the second |ayers 112 30
respectively have the sane characteristics described
earlier for the first layer 7 11 and the second | ayer
12. Moreover, it is evident thq; ot her variati ons may
have superinpositions of one or nore of said first

and sed eddsdcavdrlayecybi ned according to the
requi renents. 5 A second layer 12 (or 112) can al so be

provi ddobsovepy edidi iy eeviflémtor tipat! yotheronvariéioss may have
m croporous,.layer. 11 (or 111). of tionally a s

P SUpErmRaRionT-6F o8k SromOTe Gf s2id fHirst BRGIsgheAd layarecombined
0 (PToy R8N the trade nane Zonyl (r) and
mrha%ﬁ?g%tﬂgrtggﬁg)%g ‘hPont.@l/O The second | ayer 12 (or

5112) cay sdceadbiRyer A2 ded 112)i ¢careationdet provided S!i?r spreading a
layer 11 (or 111) i.n a hath of a _fluoropolyner (for |,
opokimer On p Brst BECIOPOEPYS ilaytahé. (o8 d&kheg optionally a

e %ﬂ@?} see Figure 3) of a multilayer article

aggggg i g %’o the invention, generally designated by

the refRiregetnpleendh MIPopFemer is theldreSéomaetialdknown by
such as. the one described in"the above exanpl es and

habe teade name dooyll ard sranudeciuethby PURE. by t he
0 O AR 3 et B R AER B iy e
2S5 He0ee 4 A1 Pl Sy P BeULpnLe 68 sxample Zomy) o
orgfpolysiloxaned can be 20 used to produce an
R CUETE 8 S e e N e —
i e ecBtiont EEKHENRCUARIA 1y IROLADRRE NS 200, has &
15 patfitst dayer2}] sheh pstheane|desgribbdiinthembeve exanfplesiend has, as
Dagkl 0 8! 2o AR ST PE 0l 1R RS 212, o 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

20 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.

25 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-

30 repellent and water-repellent fluoropolymers such as those produced by



provi ded by plasma pol ynerization for exanple of a
nmononer based on siloxane, by depositing a |ayer of
pol ymer (polysil oxane) on a m croporous backing
material (for exanple made of pol yethyl ene or

pol ystyrene). This deposition can also be perforned
for exanple by using oil- 30 repellent and :
wat er -repel | ent fl uoropol yners such as those produced
by 8 DuPont and registered with,the trade nane

Zonyl (r). Plasma is divided into hot and cold

deDePéni end tefilterba WWigh #idHrade nafRRCAGRYI®I t is al so
di vided into anbi ent-pressure plasm and vacuum

pl asma. Plasmaaiscdiwided dntahpt andseoldodepsraiimg @nf thentemperatures
accordi ng..t.o the,..present 5 i.nvention, a gaseous, or

v afigiehsdaitif alsarabidebiite Ampta pieshuis pSmaana vacuum plasma.
reacti h e a I u @ uu '
cond t 1 n g E BjeRinepi et B0RAEF SR IEOHFE'D the present
Sengrvgntiong at haseouscor saporined peecurber coapoudd BhaiRRiuced in a
by generating an electrical field, The result _is an '

ul Feaction e aa%&r R Y 19w pressure\(n vacwmoaditions)and

10 is dgepesited on.. the.entire surface of .an . .
substr agesf?g%n%r Fg’ild'itlr‘?lnr ’c?dgﬁ%%fqeﬁf] hﬁ SIS ghe precursor inside
¢ helfeordactidbh ehRhierbyReinei@ting ah iedsttAEACESlY, | s started

and perfornmed by means of an electrical field so as

t o achi the resuhksiemulirathihdaysreafitheopolymdrhehich adheres to, and
deposgition .l a i t.hin the reaction chanber., 15 Once
10 BEReRRA A8 She itk St OERRY bt anaiptal yrafiiped in the

f ofdREonMHaghbdpegi N and produce the atonmic and
nol ecul ar reactions that ultimately formthin filns.

Layers Theplasindpobimesrizatioel provess & started afdyseeformed by means
ions of electr,ic fields and

. BmDpol
di Pf %ﬁﬁ@ﬁﬂ%ﬁ'&?ﬁéﬁ Parknt a?%gevgdarvﬁéc}wm g pepcurper of the
| aye oéiﬁoﬁQFﬁéroMtﬁﬁl iai?e x%abﬁs.g cRgmibRe, 1 nitial

pol rizable materi and the reaction conditions,

15such asOnie Weglodowhdins d¢omred, ibhe afNeaBlive sPecies are formed
tregt,nent time, the electrical frequency at which_ the, '
r e Nl hegin %ipmiw,t forHe apdpplegylar reaetionscthat ultimately

prf&;@"thihnﬁﬁﬁgi on, plasma pol ynerization is perfornmed
in vacuum’

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

20 The thickness of the layer 1s 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

25 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
30 polymerization of the precursor.
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The typical pressure range is between 10' and 10-5
nbar. The precursor is made to react in its pure state
by using a non- polynerizable inert gas, such as for
exanpl e argon; such inert gas is used both as an
inert dilution agent and as a carrier gas that assists
the 30 polynerization of the precursor. 9 O her
gases that can be used are any of oxygen, helium

ni trogen, neon, xenon and anmoni a. The precursor nust
have a vapor pressure that is stfficient to be able
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deposi tion process begins by |oadin
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15acortetitogl¢am theSutrfaee e promone tealHesiisof the polymer film.

" During the plasma generating discharge, the collision of the monomer

with the ions and electrons of the plasma allows polymerization

monomer.

of the

_ The resulting polymer is deposited on the exposed surfaces inside the
20 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



The deposition process ends when the intended

t hi ckness of deposited material is reached. OMng to
the fact that the first layer -212 is made of
insulating material (polyethylene, for exanple, is
one of the nost insulating materials 30 known), in
order to maintain the plasma conditions it is
necessary to apply 10 to the process a radiofrequency
generator in order to make the g&ectrlcal field in

t he treat nment OSCI||ate with a frequency substantially
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NDR00BNatts fied @ Macuum levBEcoBpsides barvéd] 107 af@MoFi Hi8dr.
bet ween 160 and 600 seconds; |n particular, an optinmm

5dur at i ofts regardsishe auration pf 4he trsatments ithas besmobserved that for
ntlfled e vari tlontotheb3|c confl uratlon

tHYSC‘Fﬁ?PfF & Lsilorane signone, BUEHIB MG S Substantially
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vari.a t ermtlla(ilseé article’ acgorglngtolp

i nog ﬁubsiantlaléne Aa0 abcqn asgheﬂzretddujaﬁeﬂe ref erence

numner al 300, l onp qof a r st er 311 nade of,
vapor - pQPﬁe‘é?é'l ﬁ'&f"gg%%}@&pﬂ Wé@%@%éﬁ% npgsltidayer article 200

N g O PR,

secon s [ ayers are wa and

vapor - pht ﬁmb{fﬁlaﬁlén I ﬂleemlﬂﬁillﬁydrhﬁhclé‘ Qctordihg |t%YEHe invention,
311 andggrg& secong ers 312  respectively have

sa&%n‘irﬁ ssgnated by mfemeeauunceal ) is Im)mp@setd of a first

e reover. is
8 308 SRS g Y Bicdorelsmavri,
supénchnpmsieimtezd af aommdmohdnlee cfﬁshflb@ by twb s28nds layers 312,

sec&n%ﬁ% ed according to the
1¢ erp{;p YaROTrRemMmeaifaen observed t hat

Lgfeg”}’ﬁ” n%&h&%}g{p@%‘fgﬁ{ :Ngﬁgtr Aég%f %z# he Oblsgcg)snd layers 312

perempebheelmhetvel th eanmy éh&i‘h@teri%ﬁcé\d%ﬁrlbédadﬁheﬁféf WHeffirst layer
hai L N fa}ﬁt been {)row ded whi ch associates a first :
d the second layer 212

Moreover, it is evident that other variations may have

20 superimpositions of one or more of thé first and second layers, combined

according to the requlrements

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.

25 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

30 generate the microporous structure is a highly hygroscopic material that has



m cr opor ous and hygroscopic |layer with a second

hydr ophobi c | ayer, said |ayers preventing the inflow

of any liquid phase while allowi ng the transfer of

wat er vapor and other vol atile conponents. The

silicon-based filler provided inside the first |ayer

in order to 30 generate the mcroporous structure is

a highly hygroscopic material that has 11 a great

tendency to absorb water: accor?ingly, the first |ayer

IS not appropriate to be used ihdividually as a
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t oRBBrapriate é bejysedniadeidpally aslaowatergroafhlayeaditiis very useful

e g EBicarior RBO BBl B dioite bag (the torso or
ar tedioinths toabe b ERithings thofigk fin tBadesf sHyERY.anes
currently used and are thicker, they can be used in

5conbi naMameover, hsince bihekifirgd thygroscegic e layreei rand the second
e abi,l i.t 0 _vapor r air. In,thi,s regard, sjince

© hEVRETRAGEIS claVet £ el Dofth oStriefyrali SifoRgito thn (g membranes

10 chagnfiyr ukeldunnd Bathackied! 'éﬁé tin bd uséd iRecomBthatfor? without

orting structure of a " shoe; for exanple, In

ggfvgchmgs éhatwednce theie parmeahilitiato vaperrat aipeni ngs,
e e PN Sbp Ht E RE R B 0800 et cter
_ : t ;
10 S8 SutRiyar AR HACREAH BE Wed' 86 al SIOEEHE Mifticture of

5 applyi ng spots of adhesive 'so as t
cr shoe;nfpraexamplac in Icaysbinatiohywith < trgad rthanhas upward openings,

hi gh-fr enc r, ultrasound t echnol ogj.es, .avoi di ng )
{hite SUTRISEr asftlsr oo B8 A &5 S FUPROBIng elgipent of & bréathable

Spafaaidterprbof §blel Ng of one | ayer onto the other. In
this regard, since the first layer is the one that

r eachesSyclealayers 2ant be céowgsiséds depthding oaMmhe niieq{l(m@ments, by
vapor. and ai #ﬁggr ahi | Io%f}/ bé usi.ng it .,as a backing

15 o APPHANS RO SWEGP 88 18 I GIRHRE i eampast dayer or by
fi | therd L [ ;1
reieing dgicm MR BLfubRy K Mifasot® BBk Ry, avoiding the
by subiraeiitom @f breathiabie snurfadbeer by bpredding, of trolhsg!lof one layer
be not gd ﬁt)'rElat the use of plasma deposition solves the
259 %ﬁfee b conformty and adhesion of the first

layer Oth Hhis AP0 dsim¥¢ethe first layer is the one that reaches greater

20 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 p'airing
the two layers by spreading, rolling or adhesive bonding.
| It should be noted that the use of plasma deposition solves the

25 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

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



since the plasnma-deposited pol ynmer adheres to the

backing layer for a |onger tine than, for exanple, a
conventional spreading. Moreover, since the waterproof
filmis deposited in partial vacuum conditions, and

since the backing material can be cleaned in the

reaction 30 chanber beforehand with argon with a high
degree of purity, any inpurities 12 that could

generate fractures, discontinuitjes, distortions of

the deposited waterproof filmafre conpletely avoi ded.
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arf. .10 e di.scjosures in Italian Patent Application
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priorit | [ rence. 13. .
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100 s at | td; el r [ . u
e ”PIE‘? SiBROSUE I didheel S3ERR Apflicffith 375 FDaqo3 000314
ongosecehith dhisr apphicatian, claids pAddity hat irkcorporated herein by
vvatetrqpr oof and vapor- perneable. 2. The multilayer
ar 19" ¥ ccording to claim1, characterized in that
said at | east one first layer (11, 111, 211, 311)
conprises a base of 10 polyolefmand filler
particles. 3. The nultilayer article according to
claim2, characterized in that ‘the nolecul ar weight
of said polyolefinis at |east 500,000 g/nole.




» 4. The nmultilayer article according to claim 3,
characterized in that the nol ecul ar wei ght of said
polyolefin is preferably conprised between 15 4x106
g/ nmol e and 7x106 g/nole. 5. The nmultilayer article
according to one of clains 2 to 4, characterized in
that said polyolefin is constituted by isotactic
pol ypr opyl ene or polyethylene. 6. The nultilayer
article according to one of claims 2 to. 5, 20
characterized in that said fillé& is preferably

silicon dioxide Si02. 7. Th§M§ ayer article

according to claim6, chara in that the
aver age] dAap@térbrodf Vﬁ}?oﬁﬁgéﬂrﬁéa&@&ﬁhl@il@ﬁeroﬁti%lé '&@igacterlzed in
di OXI de Si 02 are substa rised betwd
gn’i dt 2pgpaiseshiat deasieoméim‘géay@u(klacbl hr Bélpﬂld)mmde of a

5o gt G R B SRS 05t R ity
SC| hygrdBcopic’ or [adr assueid h@ﬁrdﬂb t;ﬁ@%ﬂlafd&eﬁytﬁ!sa%er tunc% and at

surtace area of said filler icles is preferably a

| eleast one saepng. layer A3, AlR: |2113yé3r12érthiat: II% watepraphgnd vapor-
to ‘nglg ag; nore of the preceding. 30 clains,

chBYACT rll zed in that said at |east one first |ayer

(11, 114, TR ]muﬁﬁ%ellﬁrnﬂéda‘éc%dl.?ngqoogﬁgﬁr}gtf Eﬁéxﬁgfe?lﬁ?d in that

has a pore size of "I ess
rrubaid| ayelcaﬁr pnel firstc tayredi @gl, td)lb,nélldt; Fbh)e comprises a base of

cl d h f bl
105 PSR e B9 B Res “of “oai d at | enst one 11 rst
| ayer (311 ljﬂmltﬁﬁg?r %\]t ‘Brcghgnﬂoc{:féﬁir u%héﬁ%?erriz%ld in that

5 have a ama er

nuthe inayesular wWeidhe ofeand Iiolyg)ldaﬁ)n inet basﬂﬁﬂ();OO@ gihele.
precedi ng clains, char act erized that the 5))(1)r03| ty of

sai d at4{ ShstmyHilayer artiqlayascording t011111m12 chgagferized in that

sobe HlolBhla AOLOME JILAE Stypferll 35 HiBRIGS' corBRibed between
15rma4§10ﬁ‘g/trﬂr®1emmbm10f§g/nﬂcﬂe cl ai ms, characterized in

t hat sald at | east one first Iayer (11, 111, 211, 311)
made of S Ehepaudiileysnt article  #ecordinghitok ones ofoctrimse® to 4,

betngaRteeB2d9Mn 2Mfarl- Saig™ polyolefin is constituted by isotactic
polypropylene or polyethylene. |

6. The multilayer article according to one of claims 2 to 5,
20 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 um and 20 pm, while the average
surface area of said fillers is substantially comprised between 30 m*g and

25 950 m%/g.

8. The multilayer articl_e according to claim 6 or 7, characterized 1n
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

30 claims, characterized in that said at least one first layer (11, 111, 211, 31 D



13. The nmultilayer article according to claim 12,
characterized in that said at |east one first |ayer
(11, 111, 211, 311) nade of mcroporous material 15
has a thickness conprised preferably between 200 gm
and 600 gm 14. The nmultilayer article according to
claim1, characterized in that said at |east one
first layer (11, 111, 211, 311) is constituted by a
m cropor ous nenbrane manufactured by the conpany
DARAM C Inc. and known commercl&lly by the nane

DARY A éﬁidropaﬁ%ﬂs@ﬁa@ﬁl Eﬁg ,tair%(ﬁ% ?fze?(;f 1e§d fhadCrC th if &i(?.meter.

to one or nore of the precedi ai ms, characterize

int hatb lléa}[‘heanul(tﬂazl‘ja&r artieles acmrdin{@tcebngagfmmwofthe preceding
per peabl e, | ayer, . A112) i nstitute a )
pof pﬁh@i?@tq{h%eédm iﬁ%%@@ﬂx RO %ﬁoﬁ%@ oather pares of said
16 Fhay { C a rgi chal s .
cnal JORUBH B Bee (11 SLF] P28 8 31 TP mhdlel b ot horgus material
5mi haveardiametsrdyfdpssothian (rfim) al is an isotactic

honopol )(mer. 17. The nultilayer article according to )

cl ai m | 1&r The mukilayen articleaceording ta osaiar mpre ohdhe preceding

ny GlaEo e St ot e pdrBelF ol B, fcieBdfap st layer (11,
CEL®ARD1 1 %11 rnddé o6 wiicrajforoasmriteriall ik yreferabiy AREXst 50%.

1115 18. The multilayer article according to claim
1, char 42t dhezuultilayerharticle accbrding tmeone mremees ofidhe preceding

1q " EHigtso Pyabtesizem R St g leBufend ARGt age B 111, 211, 311
segpqié bAvsicrdpotoud heaterial gs ia”&ié&e%@ic@n{fﬂris%fd l')%ﬁéﬂ%ren 200 pm

(11, 111) by spreading or imersing said first
| apad I(3tm.111) in a bath of said polyner. 19. The

mul tilayer. artic accor.ding to.claim18, : . ;

char act 451 B8 PRHTRGEE Sruslecmhic g Sl 12 cRerized in that

CORHFY & 18 0 :

o et o by e (5 PR acetifbroporqus materal
15 #has @ithigkaess comprised profetibly betweere200 o and 60 pm.

Bor ut 1 o for WG SUHETGrticls Aecarding T araer shvagtarized in that
said at least one first layer (11, 111, 211, 311) is constituted by a
microporous membrane manufactured by the company DARAMIC Inc. and
known commercially by the name DARAMIC®, |

20 15. The multilayer article according to one or more of the preceding
claims, characterized in that said at least one second watérproof 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

25 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
30 commercially as CELGARD®. -



said first layer (11, 111) in a volatile organic

liquid with ow surface tension, in order to produce

a spreading solution that has a certain viscosity;

.15 - applying said solution by spreading to the

surface of said second layer (12, 112), which acts as

a backing, in order to forma coating layer onits’

surface; - evaporating the volatile conponents of the

spread in order to pronote the cross-linking reaction

of the spread surface; 20 .- dryilhg the coating in

order teogr resitidual 1A . .

for pr og%;fgg‘fgulttﬂ&yél I aye%@aarc ? ?@Jﬂég}éc%g%nn C{E%}&an%ﬁd in that
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one of laims 1 to 17, & %0 T
SSaIayeh(lb,tll]ahAarabath oﬂsmdpod]ymbﬁet formto said

second 112) so in _sheet for
appl yi nggyﬁ\%gli‘égla%(ﬂr@ag agRprdingip QlaimgLfi)mmrmteniyed in that

me 1la .
ar ?afl?lizﬁaﬂg)?% ng to onev‘\%lrrﬂirlr%?%laog %nlqué 8“’%?0113,1@ and is
c heraanifactiveliby DuPwmit. sai d at | east one second | ayer

(212, 312) .is constituted 30 by a filmobtained by
maans of0aApnathed fsposnufasiuting aimultilayer atticl6 agdording to one -

1073 6¢ BB bieoBfle Golin, ORIFUEIDS - 4posit 1 on
treat ment Rhﬁ)a?ﬁigahrk%%@dn W @P&isidh B‘fgnﬂ Wﬁblﬁ?érijc mix for
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Vit

_lszﬁ The—nrappOI ing esaidisoiution bydcsprmdlggttg theadurfat®e, of said second
characterize 1.0, sai eposi t| on
treat ment Ilq BT (an:l EZ)! chsar%agaié& g dg e to form a coating

layer on its surface;

— evaporating the volatile components of the spread in order to

promote the cross-linking reaction of the spread surface;
20 — drying the coating in order to remove the residual humidity.
21. A method for producing a multﬂayer 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

25 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 épplying 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

30 by afilm obtained by means of a plasma deposition treatment.



generator so that the electrical field in the
treatnment oscillates with a frequency preferably on
the order of 13.56 MHz. 27. The nultilayer article
according to one of clainms 23 to 26, characterized in
that said plasnma deposition treatnent is obtained by
using a 15 power of the electrical field applied in
the treatnment that is substantially conprised between
50 watts and 700 watts. . 28. The nultilayer article
according to one of clainms 23 t&%27, characterized in

that theq dUh@ihelfi]SfersitiflePdRordi él'aiﬁl?r?’btecth\;\sg&c@&n%%d in that
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> di of
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th t th ! t t
S Toxans! " AART RSN LA RN, BRI EI B Bufs 23 to 26,
aﬁ chmdﬁtnmzfed mﬂha’oéaldlpiama d3positidh. treathﬁm@&f, ebtaifel by using a
that the pl as tjion pr rsor material is an
155i POWeE 2?6& eé’aiah@ﬂ %m?léfrCf gﬂtt £1 EeBpart yhet is sybstantially
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| elast |OBS FEeordultiypsr bdicle abédrdink0tbSoe of claims 23 to 27,
ol ysi | oxane.
P }\;aracter?zed in that the duration of said plasma deposition treatment for a

siloxane-based monomer is comprised between 160 and 600 seconds.

20 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

25 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

30 13.75 MHz, with an applied electrical field power of 300-500 watts, and a
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35. The nmultilayer article according to one of clains
23 to 31, characterized in that the material of said
at | east one second layer (212, 312) is an

oil -repellent and water-repellent fluoropolyner. 36.
The nultilayer article according to claim33 or 35,
characterized 15 in that said fluoropolyner is known
commercially by the trade name Zonyl (r) manufactured
by DuPont. 37. A nmethod for progucing a nultilayer
article according to one of the preceding clains 23
t ovalddine bevel icomygiseidbesweqs 10 and tetinbarsai d first

| ayer 211 311) to be coated into the reaction 20
chanber Thei myiltilgyeniagtielea ecrording aiebenet of xlpims 3 to 31,

L BESRR Th tpe DA, BT W DS maeil is a siloxane-

preesed monsmepner into said reaction chanber; .25 -

waiting for a preset deposition time. 38. A productl on

net hod 33ccbheli myltilayet article7 acchualing tter ionedof rclaimad 23 to 31,
at consists in, the

h
o PPRRetREd A i k8 PIEse Resbyligh, presweor snaieris) 15 an oil-
Sq‘epgﬂéﬂlﬂ"&ld wat&-@#bu&ﬁrﬂu&@myﬂer.' s injected into

said reaction cha
34. The multilayer article according to one of claims 23 to 31,

characterized in that the material of said at least one second layer (212, 3 12)
1s a polysiloxane.

35. The multilayer article according to one of claims 23 to 31,
characterized in that the material of said at least 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. '



