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BREATHABLE WATERPROOF SOLE FOR SHOES Technical Field

5The present invention relates to a breathable waterproof sole for shoes.
Background Art The present invention also relates to a shoe
manufactured with such sole. 10It is known that the footwear market is
continuously evolving in order to seek and identify technical solutions that
ensure optimum comfort for the end-user,of the shoe.  As is well known,
the comfort of a shoe depends not only on a correctly anatomical fit but
alBik b\ddda & lobitwaAd FERMBANOT S eEMARRISHANS generated
inside the shoe due to perspiration, in order to avoid the so-called "wet
foot" phenomenon.  However, this water vapor permeation must not
compromise the waterproofness of the shoe, and therefore solutions have
been studied which entrust permeation to the upper or to the sole. 20Most
0 : igilsh of the foot is produced at the interface between the sole
of the f nd the sple of the shae, and it is evident that the sweat th
forms tggbeg idUha I%P AR @”88 Seéwgﬁéﬁ?’é‘?ﬂ?of;@le for

€ 10 evaporate anasthere?or

oshwkich the foot rests. Only a minimal fraction of the sweat evaporates

through the upper. 25This problem is particularly important in shoes that

hhgv@%%%%%i&ie; in these cases, permeation through the sole is

completgiyeiauapi®diifention also relates to a shoe manufactured with such
sole.

It is known that the footwear market is continuously evolving in order
to seek and identify technical solutions that ensure optimum comfort for the
“end-user of the shoe.

As is well known, the comfort of a shoe depends not only on a

correctly anatomical fit but alsb on correct outward permeation of the water

- vapor generated inside the shoe due to nerspiration, in order to avoid the so-
caﬂed "wet foot" phenomenon.

However, this water vapor permeation must not compromise the

waterprdofness of the shoe, and therefore solutions have been studied which

" entrust permeation to the upper or to the sole.

Mdst of the perspiration of the foot is produced at the interface
between the sole of the foot and the sole of the shoe, and it is evident that
the sweat that forms there is unable to evaporate and therefore condenses on
the insole on which the foot rests. Only a minimal fraction of the sweat

evapbrates through the upper.
This problem is particularly important in shoes that have a plastic

“sole; in these cases, permeation through the sole is completely prevented (in

the case of leather soles there is instead a small amount of permeation).

‘Solution‘s to the problem are provided by breathable and waterproof

soles, which accordingly allow permeation of the sweat generated at the sole
of the foot.



the case of leather soles there is instead a small amount of permeation).
Solutions to the problem are provided by breathable and waterproof soles,
which accordingly allow permeation of the sweat generated at the sole 30

of the foot. 2  One of these solutions is disclosed in US-5,044,096 and

in EP-0382904 and consists in dividing the plastic sole into two layers with
through holes and in interposing a waterproof breathable membrane (for
example_made 0f a material such as, Gore-Tex(r).or the like), which is )
joined 5(2)%?irr%ﬁrig%?§ﬁaﬁ8?ﬂ&%§ticéﬁy HIRORRE 1alfers et adist %y med in
infiitraners of water ckiRistgolutianvenBksesheopRGHRESBIS WA A WalRSs with
an effective 10 exchange of heat and water vapor between the

cHVirHhhelRgidRthE s HISNS RS suidiacamnarinbrenthablnanemiarane (for
timeRisiering dbeonecassafaimpeIngakiiywittiespastiorxiewalch is Joined

moisture and water. These perforated soles provided with waterproof an
bRSAHHAIAGHENHBAe S Favet kakhinioc dhstittn dassasideparis to allow no

inpeMatioWith A 4espect to what was previously available. _
Nonetheless, there are still aspects that can be improved, particularly in

.- relation to the area occupied by the holes.  As is evident, the larger the
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total hole area, the greater the breathability; however, on the other hand,
the number of holes provided in 20 the tread and their diameter must be

~ limited iThtdesstupi@yeninaisied doreian shigstitamaniedng sRrougheffective
the hples and penetrating until they damage or pierce the membrane ‘
| ,Wfaﬁ?glgsmﬁ%ﬁ@ﬁ?ﬁvﬁ%ﬁ@@ﬁ@gw?&n@wwm%mm shoe

chadcthEsiessiduchivemhnaas: s i faet contisueisly sHbigsted fﬁéhﬁecessary

compression.25 performed by the foot, and therefore even a body that is

ndTPSIRERN BoTRHEL Lt R PHEHHIU R8BS WalFEause
damagewyjthigutexrssiine difies ity OnRseIulien thakhesReen aderitdathable
is to.use a breathable protective

membranes have certainly constituted a considerable innovation with

-respect to what was previously available.

Nonetheless, there are still aspects that can be improved, péfciculaﬂy

~ Inrelation to the area bccupied by the holes.

‘As is evident, the larger the total ’hole area, the greater the.
breathability; however, on the other hand, the number of holes provided n -
‘the tread and their diameter must be limited in order fto prevent pointed
.foréign objECtS from entering through the holes aﬁd penetrating until they
damage or pierce the membrane, which is delicate, since in practice it is a
~film and lacks adequate structural characteristics.

- Such membrane 1s in fact continuously subjected to the compression

performed by the foot, and therefore even a body that is not particularly'

. pointed that penetrates one of the holes may cause damage without

excessive difficulty.

One solution that has been adopted is to use a breathable protective

= layér, such as a felt, between the tread and the membrane.

30 -

Moreover, dirt, dust and pebbles may wedge in the holes of the tread,
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layer, such as a felt, between the tread and the membrane. 30Moreover,
dirt, dust and pebbles may wedge in the holes of the tread, 3 obstructing
them and thus limiting breathability. A different solution with respect to
the use of a waterproof and breathable membrane lacking structural
characteristics is disclosed in US 6,508,015. 5This patent discloses a sole
that is provided by a structure with two layers, respectively an elastic
upper layer, which is permeable to water . vapor, and a lower layer, which

cobstgiesnghhnridahine luppniayeeatiibilidiso acts as a support and
as a tread. .. The permeation activity of the sole is ensured by the
micropoiol BE S bitFe VLRI CAn b HhdShapb 6 iakFREpof and
layrenthablhenamichepesolskiructstaiotihel uinentayakiscprovidestfosed in US

eé%%@ (fg means of sintered plastic material or by means of woven or
non- structures made of synthetic material. However, this layer

does norﬂ?svm*émﬂw@t%@wfsmarﬁ%d§tﬁ%\ﬂiﬁéar6§isdpéﬁ@l%‘%&réh€«ith two

- patent mentions the possibility of rendering this layer hydrophobic, for

e BPRREHITRI ¥nalsiFkaTEA SEmASIhyIsE iR olsuRRITARAPLe to water .
layer,
disclosed in the patent iS to add, above the upper layer, an additional fayer- v

TOMREER 358 WeliR ASra SHPOMHeAMSkA%R treaflithough this described

luti the problem.af: ' ik
e 1t Sea AR AP BBt LA N0, W ilSrpporous

seteucturaitizbinfpeblsesfemdhiidhhstiapdroftiobiowenttagar.of the

25 sintergd: material does not make t per layer sufficiently.waterproof,
copecialh IS SRS ST A e Al B MRS, heriolser i sty Stample

coypiingnas ofisénmesbipl aséim bratterfalthe by means of woven or non-woven
structures made of synthetic material. | o ‘

However, this layer does not have strictly waterproof characteristics;

“for this purpose, the Vp‘atent méntic_)ns the possibility of rendering this layer
hydrophobic, for example by treating the sintered polyethylene in high or
ultra-high molecular weight conditions. ' , |
 Another possibﬂity for the waterproofing disclosed in the patent is to
add, above the upper 1ay%er, an ‘additional layer formed by a waterproof

‘membrane. o , |

Although this described solution solves the problem of the breathable
~area of the sole, which is large, it does not adequately meet the requirement
of Watefprooﬁng said sole. . _ »
It has in fact been found that the hydrophobic treatment of the

sintered material does not make the upper layer sufficiently Waterproof,‘

~ especially in the case of large amounts of water.

Moreover, the idea of coupling an impermeable membrane to the
inner layer is not in itself sufficient to ensure perfect insulation from water,
since infiltrations of water along the perimeter of the upper layer are

possible. ©
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inner layer is not in itself sufficient to ensure perfect insulation from water,

since infiltrations of water along the perimeter of the upper layer are 30
possible. 4  Another problem that is linked to this type of sole is that the
upper layer tends in any case to absorb considerable amounts of water
("sponge effect"), which is released over time, leading to evident soiling of

the surfaces on which one walks. 5This problem becomes more evident

as the size of the pores of the material increases. . Already for pore
dimensidastienqeotilamsthat, thdiekspendhiatiopef viclean watert (digyupper

or, soapy water): in this case, the surface tension.is lower than the typical
e R O A CPe O RE  RHGHS Oirie | oonee
theffresentitvehtion isleapealide er btrathalleditaie torosfislelet fabshingsof the
thatrzglyes th%éo lems noted in known soles.  Within this aim, an -
ok§11é 8???%1p & ﬁﬁ&e‘ﬁﬁ Is to provide a breathable waterproof sole
for shoegifaipsbicavpieniesf and-breatailal ystushy fayer shatof the
the same tjme ensures higher breathability than known shoes. - nother
o%ﬁﬁﬁ@cﬁ%@ﬁt invention is to provide a breathable waterproof sole
for shoeg that s resisiBRL taiweas AN damage Jeriphject o i

3 t%.provilde a breathable andt Sn v'\?g:tzlrpr’oto é%lés féré Iﬂ%tratlon

SHtfeunploer varisoSHEtE or SPansr Wetabennf tompasmriisetismianowension is

SqQlefer thAHB wsmm@eoma%&tcs vapoRisp provide a

breathable and waterproof sole for shoes that c manufactured with
kriQiusaleysterns theditectmiotayies. 25This aim and these and other objects

- that will hecome better apparent TN . ‘ ‘ :
tﬁle M5 OF the Iﬁ%sen‘p invention 1is to provide a breathable waterproof

~sole for shoes that solves the pfdblems noted in known soles.
Within this ‘aim,' an object of the present invention is to provide a
breathable waterproof sole for shoes that uses a waterproof and breathable
structural layer and at the same time ensures higher breathability than

known shoes.

Another object of the present invention is to provide a breathable

~ waterproof sole for shoes that is resistant to wear and damage.

Another ij ect of the present ihvéntioﬁ is to provide a breathable and |
, Waterproof sole for shoes that is composed of a smaller number of
components than known soles. - .
- Another object of the present invention is to provide a breathable and
waterproof sole for shoes that can be manufactured with known systems and
technologies. | | |
This aim and these and other objects that will become better apparent
hereinafter are achieved by a waterproof breathable sole for shoes
comprising, for at least part of its extension, at least two structural layers, a
lower one provided with a supporting structure so as to form the tread, and
an upper micrbporous one that is permeable to water vapor, said lower laYer

having portions that are open onto said upper layer, said sole being
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hereinafter are achieved by a waterproof breathable sole for shoes
comprising, for at least part of its extension, at least two structural layers,
a lower one provided with a supporting structure so as to form the tread,
and an upper microporous one that is permeable to water vapor, said
lower layer 30 having portions that are open onto said upper layer, said
sole being characterized in that at least gne of the two surfaces of said
upper layer has a coating obtained by means of a plasma deposition

tr@mmemrizpdvaté&mb@ti hepdB0akDEstrptivn sfitfiecDsaviingisl uprfenrtimeer has a
CQS&%‘}{ ”36'&5&%[13‘% nt?rgee ftlacf ma/eréig%&gll b 0057311 bette{reatment for

appare from ptlon somie preferré Ut NGt exclusive

emﬁikﬁmpnmﬁslg)ereof |IIustrated by way of non-limiting example in the

Figure 1 is a transverse sectional
3 sole according to the invention;

Flgure %%E@@ﬁ&mesw@mmem%ﬁtggaﬂ@fwﬁ%&a@mﬁg become

~Figure 1;  Figure 3 is a view of a detail of a variation of the sole shown

PRI AP RIS ISRSGRRFSTRBsBRI MERRed i s isexclusive
p@ﬂb’é@‘ﬁr@rﬁ@%‘?@fe@'%‘l‘ﬁﬁt%ﬁ@& e Rl igre bnbiguee Se%amgle in the

transverse sectional view of a portion of a shoe with an embodiment of the
sé@ﬁ%&?ﬂﬂﬁ%@g@ﬂ@@m%ﬁ%ﬁs alternative with respect to the

embodupght_geq the PN IQURRtional view of a portion of a shoe with a

sole accordmg to the invention;

-Flgure 2 is a transverse sectional view of a detail of a sole according

to Figure 1;

Figure 3 is a v1eW of a detail of a Varlatlon of the sole shown in
Figure 1, _ | . _

Figure \4 is a plan view of the sole of Figure 1; .

Figure 5 is a plan view of another variation of the sole of Figure 1;

Figure 6 is a transverse sectional view of a portion of a shoe with an

: embodiment of the sole according to the mventlon that is alternative with

respect to the embodiments of the previous ﬁgures

Figure 7 is a perspectlve view of a shoe with a sole according to the

mventlon

Figure 8 is a transverse sectional view of a portion of another shoe

) acbording to the invention, which is alternative with respect to the shoes of

25

30

the preceding figures;

Figure 9 is a transverse sectional view of a portion of another shoe
according to the invention, which is alternative with respect to the shoes of

the preceding figures.

‘Ways of carrving out the Invention

With reference to the ﬁguﬁes, a first embodiment of the sole

according to the invention is generally designated by the reference numeral



10

15

20

- 25

30

20Figure 7 is a perspective, view of a shoe with a sole according to the
invention;  Figure 8 is a transverse sectional view of a portion of
another shoe according to the invention, which is alternative with respect
to the shoes of the preceding figures; 25Figure 9 is a transverse sectional
view of a portion of another shoe according to the invention, which is
alternative with respect to the shoes of the preceding figures. Ways of
carrying out the Invention With reference to the figures, a first
ehfbodiment of the sole 30 accordlng to the |nvent|on |s generally .

design e reference numer a tran
sectlon?lg’@% g}g S o%nreYa{ea ORI ?ea&l ﬁegfg t%e a%ﬁg ggﬁ(fréhe region ,
cteatheshslws maﬂﬂﬁef@melﬁlearhprﬁwmﬁﬂms &mbﬂﬂ&nﬁmtcmmﬁgees in this
ose res ectlvel wer layer 14 and 5 an er 15 th ‘
R S o LS B RS (e A Ao Bt and
aﬁhd tﬂwﬁf@@ehal@ mﬁvmmématonwu{mam@dﬁr the lower layer 14
has a su portln stru ture so as to form the tread of the sole 10, while the

upper ldye Dok ﬁ@%ﬂo%@@&t. § e SiHacHAR biaRAciessdore have a

flexilintiHl chasagigiisties partiBdiler fReaallowarepiiability q{d@eaua%@omng -
- layér 15, the lower layer-14 has portions 14a that areéﬁ%en onto the up

IBRAETR S At it9s pR b diradyolo the sxleridy Herihg PRGEn ayer 15
oa%&cﬂeﬁss %&arﬁw@%d Irbggeataﬁaet@wer@xm@f ahle flexibility -

er layer is microporous and is for example made of smtered plastics
%Wé% enSthSConvenlently the plastics material that is used can be any

of polyefhylgng REIORYISAG IR BN RE RAVES Blyer 15, the lower layer
14 has portions 14a that are open onto the upper layer 15, so that it is’
exposed directly to the external enviroﬁment; such ope'n} portions l4a are

descnbed in greater detail hereinafter. .

The upper layer 1s microporous a.nd is for example made of smtered o

‘plastics material.
Convénieﬁtly, the plastics material that is used can be any of
polyethyiene polypropylene, polystyrene or polyester |
Optlonally, the upper layer 15 can be constituted by any of a felt, a )
fleece, a fabric or mesh, made of synthetlc material. '
In order to ensure adequate permeability to water vapor and allow
sﬁbsequent surface treatments of the upper 1ayér 15 (as described - |

hereinafter), the average width of the pores is comprised between 3 and 250

.
Preferably, the average width can be comprised between 3 and 5 pm..
The lower layer 14 is made of plastics, such as for example -
polyurethane. | '

The lower layer 14 is constituted by a perimetric skirt 16 that
constitutes the outer edge of the sole, and by ground contact elements 17,

which act as a support for the upper layer 15 (which otherwise would
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Optionally, the upper layer 15 can be constituted by any of a felt, a fleece,
a fabric or mesh, made of synthetic material.  In order to ensure
adequate permeability to water vapor and allow subsequent surface
treatments of the upper layer 15 (as described hereinafter), the average
width of the pores is comprised between 3 and 250 m. 25Preferably, the
average width can be comprised between 3and 5 m.  The lower layer
14 is made of plastics, such as for example polyurethane. The lower layer
10l mosestititieh hireapperimmemiodkiltel Sdlngt constitutes the outer edge of

the sole, and by ground contact elements 17, 30 which act as a support -
for the uHBBr TREF L& fatiEn GUHEwRE b1 CEBN b Se AT ARG Between the
pegrieler eftimakitdntactT kécspanes dfthaddweetayesml4Heatawund contact

comprised between the various ground contact elements 17 and-between
%f‘g’@t gfé%i%rt Libhe RRIEABSO i the portions 14a. 5in

this emiodiment,the BerimelriaskistAfRasa dateral @arion 188l portion 18
includes a perimetric contour 19 of the ugpper‘ layer 15 so as to form '
plrhen vegroASRSEHRALIE canbebpd Beakdba lappes 1ayghdldsso agrfo form

IS 18teLak PREIGB kS, the HRREE YRICL D @Rddhedawer laxer A 4R1q 5.

t
hennetically joined along their perimeter in order to avoid infiltrations of 10 o
water. In Erisféeatity] prricond hgthetwemrsr taydaydrsnd thelloSectaysr 14 are -

| b}ﬁé’x‘éeﬁtg{i%i 9%5'1%8""%@%&1‘%ﬁgg@%ﬁig&%%@ gf;a@&msiﬁ?ﬁ?réﬁons .‘of.

hermetic complete coup is ensure pertec esion provide
byvavermolding. 15As an alternative, it is possible to use other production

methOd%rsel%gPably, the coﬁpling between the layers 14 and 15 ocours byv'
“overmolding the 1owef layer 14 onto the upper layer 15; in this case, -
hermetic complete coupling is ensured by the perfect adhesion provided by
overmolding. | - |
Asan alternative, it is possible to use other production methods, such
as for examplé adhesive bonding methods; in this case, however, the '
coﬁpliﬂg of the upper layer 15 to the lower layer 14 provides for sealant in
the perimetric regions of mutual contact 20. |
. The ground contact elements 17, in this described embodiment, are
seﬁarated from the skirt 16 and are provided for example by overmolding
directly on the lower surface 15a of the upper layer 15, so as to form in
‘practice studs 17a that supports the ﬁpper layer 15 and ensure the gn'vp‘of the
‘sole 10. - | ' B ‘ '
~ Variations of fhese ground cbntaét elements, now designated by the
reference numeral 117 in Figure 5, provide for example continuous
transverse elements' 117a, which are provided monolithically With‘the skirt
116. |
The portions 114a are formed between the transverse continuous
elements 117a and the skirt 116. | |

For correct permeation, it is important that the lower layer cover the



as for example adhesive bonding methods; in this case, however, the
coupling of the upper layer 15 to the lower layer 14 provides for sealant in
the perimetric regions of mutual contact 20. The ground contact elements
17, in this described embodiment, are 20 separated from the skirt 16 and
are provided for example by overmolding directly on the lower, surface
15a of the upper layer 15, so as to form in practice studs 17a that
supports the upper layer 15 and ensure the grip of the sole 10.

Varislbest pbasdske grawntl ebitactetemintss.now designated by the 25

reference numeral 117 in Figure 5, provide for example continuous '
transvergé)]éfé)?ﬁg?ﬁ eif‘fg,v\%ﬁ]l%ﬂ e%ﬁ% e BP9 G tReTsRRtage of

116e uppEhdpeititng 14 dampeifexioshetmernohadmngayerse continuous
elements 117a and the skirt 116. 30For correct permeation, it is important -

that the I6WerY&RPSF cHIEE the %lle%@p%s%]@é%téﬁﬁfﬁ%ehﬁpeﬁlming 21
5 FoexaBRlehfORMERIaNtYT the lomeray QIR gaYe" ﬁ@&&ﬁ%ﬂ@%ﬂ%ﬁe allows

upper layer that is comprised between 30% and 70%.  The upper layer-
| 1IFRAEIIRAE R peRd e B BB anE JaReg b BiBibkained by means of a .

plasma depQsiti nt, Whigha! sﬂ\gﬁ}g proofing (and also . _

maintains b%éﬂqt aéﬁéﬁv 6 %\g §r{1 aIter(r?gltlv ; asé S O\I/Gnlgln&ﬁaﬁﬁbe?%,tﬁ igrowde a

possblego ¢esignetacdairigedesigrened mpthermdf@2hcevhinteral 224ained by

which is. in, :0f ’ sitign treatment on,a low

surface 2?}5{2 %?%%%E%?gﬁé%%?‘ 2%3% t%igjop%i%%\gl )¥ Sggef:?gl%%g %J%Q?%r elower

10 sdewesodtidg on both of the surfaces of the lower layer 15,215,  The -

e of YD TR SEROSIENISER B BSSURISNG 0 e of e
- besurfaces of the lower layer 15,215, : o .
| . The idea of cQating by plasma deposition arises from the surprising
-experimental discovery that a vapor of a siloxane organic compound can be
15 used to producé an ultrathin layer on a microporous supporting material by
"eold plasma" polymerization in high vacuum at ambient temperature,
providing waterproofing characteristics without altering the general
characteristics and in particular the breathability characteristics of the o
supporting material. | | | - |
20 A Wgté}rprbof and breathable membrane can .in fact be 'createc;l by
 plasma polymerization for example of a‘monomer based on siloxane by
depositing a layer of polymer (polysiloxane) on a mjcrdporous supporting
- material (made for example of polyéthylene or polystyrene). |
| This deposition can also be pérformed for example by using oil-
- .25 repellent and water-repellent fluoropolymers, such as those manufactured by

DuPont and registered with the trade name Zonyl®.

Plasma is divided into hot and cold depending on the temperatures
that it reaches; it is also divided into ambient-pressure plasma and vacuum

plasma.

30 In a plasma process for obtaining a coating according to the present
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15 used to produce an ultrathin layer on a microporous supporting
material by "cold plasma" polymerization in high vacuum at ambient
temperature, providing waterproofing characteristics without altering the
general characteristics and in particular the breathability characteristics of
the supporting material. 20A waterproof and breathable membrane can in
fact be created by plasma polymerization for example of a monomer
based on siloxane by depositing a layer of polymer (polysiloxane) on a

rri'@m@lr@@;sagm_@rﬁﬁ% @ﬁavvepat' kiﬂmﬁpllf@mxampftﬁzqﬁmdf ‘liféyiﬁﬁ%l)@gced in a
ren IS deposjion can also errormed 10r,.exampie by
A SR R R A G A
manufa%Uﬁﬁgs%yaD&ﬁmh%ad15ega§%5%.@ew'ﬁyt%%  eatis rﬂ?e%f@é@sor within

Plasma is divided into hot and cold dependirig on the temperatures that it

rdBEHE3CH R Aharakmd Y isrnarabiRaeprelasircpldisd . and vacuum
Plas e AR AR SBIRINGA CoUaERNG DR sited on
present 9 Invention, a gaseous or vaporized ‘precursor oun

inthed gositan suréaetionfchambsrbitate rypiterrb ssuredircedciunthe  reaction
CQA ens). A plasma condition is generated by energizing the =
precursor within the reaction chamber by generating an electrical field.

5The reé”diblplaemttrpﬂiynmmd)lﬁmoéib%p@bmw gepositeserdiey means

e sur ace of bstrate material intr. in the reaction -
n%leP r%f’jg ma polyie %E%l]t?é’r? p&ﬁ@%@q edgrRrecursor of the
peiéprrmmhyayeams@rﬂameleemcmrﬁel@hﬁﬂaaﬁ to achleve breakdown of |

. the precyrsor eposition layer inside the reaction chamber.

Once brb&%&ﬁ?@é E‘Bﬁ% ORSHEEH Fens sty artbRieRdre formed

whighche B@%ﬁﬁdrﬁ?%&ﬁéﬁﬁéoﬂi&@&ddﬁ@'ﬁ%ﬂééﬁ%%ﬁ% kead 1edh&o the -
no

formatio th|n film - Layers created by plasma polymerization may
uSEBHA0R ? 5 TR ions of electrical fields and different reaction

parametiers TREHHCKNESS gatfh%llﬁ'ﬁfer Qﬁﬂ@{ u?ll%?n%}lg%e various

polymerizable initial material’and the reac on con |t|ons S

mepRiEr atipssiodelnsbicabfiddmmad diffsrem mectivapreeuetary at .

~ Which th?ﬂg%ﬁgﬁgnés@%%qu@rn SRR ?ftsgllej:gﬁng the polymerizable

20

25

.30

initial material and the reactmn conditions, such as the monomer deposition
time, the treatment tlme the electrical frequency at which the reaction is
performed, and the power that is used.

In the present invention, plasma pdiymeri’zatidn is performed in
vacuum. - L | o |

The typicdl range of pressures is between 107 and 10 mbar.

The precursor is typically reacted 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 diluent and as a carrier gas that assists polymerization of the

precursor.

Other gases that can be used are oxygen, helium, nitrogen, neon,

xenon and ammonia.

The precursor must have a vapor pressure that is sufficient to allow

vaporization in a moderate vacuum.



20In the present invention, plasma polymerization is performed in
vacuum. The typical range of pressures is between 10 and 10-5 mbar,
The precursor is typically reacted in its pure state, by using a
nonpolymerizable inert gas, such as for example argon; such inert gas is
used 25 both as an inert diluent and as a carrier gas that assists
polymerization of the precursor. Other gases that can be used are
oxygen, helium, nitrogen, neon, xenon and ammonia. The precursor

must haxeraacajoar eqasure thahixsliffitiegite elldwa3brapbeizatignon taterial
joderate vacyum A reaction seguence generally begins by loading .

{18 S peReIRALNE e EOATATTheS T FERCABI FUMBAREREY brinking the

subaetiveridytbengiegdbe chamberpecdyatstended vacuum pressure.

The plasma generating discharge is_produced and the vaporized

precu rs%mﬁiﬁﬁ@%tﬂﬁéh@%ﬁid@ cﬁﬁiﬁb‘@ﬁd a@@llf@i@n weporized
the-SeapQIPei MiBhiBeiiongand elegans stiba Rlasmagiows |
polymerization of the monomer.  The resulting polymer is deposited on

the expdseldisiotacédhesimomnsensiramiliar tho Toespaogeciiestofiedfitharplasma
n i :the t monomer but are also a function

o B e WP s,

requency, e power used, of the flow-rate of the

monom&itaneeflfiegpedsuner is deprasing surfdceonppkdegyfands inside the
pgplue bility may vary according to the reaction conditions..  An

' impé%netr\'/ariable in the plasma polymerization reaction is the rate of -

" 10

15

20 -

depositiqhefpfsppefnest wichleambe cbasasd HmeanbMee structure of

flow-rate of the monomer.

e monomer but are also a function of the discharge frequency, .of the |

. power used, of the flow-rate of the monomer and of the pressure.

Porosity, surface mofphology and permeability may vary according to :
the reaction conditions. o | |
" An important variable in the plasma polymerization reaction is the
rate of deposition of the polymer, which can be changed by means of the
flow-rate of the mononiéri | o | o
 The deposition process ends when the intended thickness of deposited
material is reached. ‘ o
| . Thanks to the fact that the upper layer 15 is made of insulatihg
material (fof example, polyethylene is one of the most highly insulaﬁng
materials knowﬁ), in order to maintain the plasmé conditions it is necessary

to apply to the process a radiofrequency generator, so that the electrical field

 in the treatment oscillates with a frequency on the order of 13.56 MHz, with

25

30

an applied electrical field power of 50-700 W and a vacuum level comprised
between 107 and 10 mbar. |

The microporous upper layer 15 must have an average pore width

comprised between 3 and 250 pm.

As regards the duration of the treatment, it has been studied that for a

precursor such as a siloxane monomer the optimum time is comprised
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The deposition process ends when the intended thickness of deposited

material is reached. 90Thanlcs to the fact that the upper layer 15 is made

of insulating material (for example, polyethylene is one of the most highly
insulating materials Imown), in order to maintain the plasma conditions it is
necessary to apply to the process a radiofrequency generator, so that the
electrical field in the treatment oscillates with a frequency on the order of

:13.56 MIf-1z, with 25 an applied electrical field power of 50-700 W and a
vagHumHgyalcuBRiised Neweatdl GARRAIIND3A parfibBlar, an Oé)timum

microporous, upper layer 15 must have an average poré width comprise

beRiREATR it Bgitally 420@?6@%?%@@9?’&% the treatment, it
has beeﬁé%uﬁa?gsm E%?ﬁgm%g&giﬁ%&g@éa%ﬁ&%%fzgm%%@%5%%11;1@ to

optimum time is comprised 11 substantially between

stenfersthe parpeulayen Sphrdionhwhiv by teeating faf\ed2opbr dhelsintered

h : ' I [tion tr nt, it is
i DR it i e
examplé&igersinteréd & puiyethplEne ipdiigbnontltea-sighe meleculas alternative |
Weljgg(t)ﬁonditj'con? OIfi ure %isl? view .of a%%r jon ofha shoe Wfift# an L
afternative embodirient ofa sole, gener A HeSignhtedPhing ByHence numera
rfefenekinhmesal:30a erhicio fisesmabyaterpfiaf membrane 321. In '
practice, as in the preceding case, the sole 300 comprises a lower 10
Qs%pBB‘?ﬁﬁ 15 c4dFe 3523005 OHN frampsitpaifalower

aBtHRAREANIRIPPO RIS SHUCH EIIRYRTIALShabifResMmastis MRl tread and
vapor: the Iower%aiéfr 14 is provi ef@%t ortu})ﬁns 314a that are open onto :

e et [BYEr S RIE B Gey. 1 permpabiaisrpvatar vapor:

- mémbeaner 33y ¢ qouplegrionalicddWarH [REABAR BE/SHRPGSINEW Anto the
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R TR CHOP pFofULATG eI of membrane 321,
' The waterproof membrane 321 is coupled in an upward region to the
upper structural layer 315. , |
The upper layer 315 has structural functions for supporting the footy“
and functions for protecting the waterproof membrane 321. -~ o |

In this case, however, the upper layer 315 and the' waterproof

~membrane 321 must be hermetically joined along their perimeter in order to L

- prevent water infiltrations. |

~ As already known, the waterproof membrane 321 can optionally be

- coupled (so as to withstand hydrolysis without compromising breathability),

‘with a supporting mesh (not shown in the figures, since it is a known_ ‘

elemerit) made of synthetic material.

 The membrane 321 can be fixed to the upper layer 315, for example,

by lamination directly onto the upper layer 315 or can be fixed subsequently
by adhesive spots according to methods that are per se known.

As previously, the coupling between the lower layer 314 and the |

upper layer 315 with the membrane 321 coupled thereto preferably ocecurs

by overmolding the lower layer 314 onto the aSsembly constituted by the



In this case, however, the upper layer 315 and the waterproof membrane
321 must be hermetically joined along their perimeter order to 20 prevent
water infiltrations. As already known, the waterproof membrane 321
can optionally be coupled (so as to withstand hydrolysis without
compromising breathability), with a supporting mesh (not shown in the
figures, since it is a known element) mad1 of synthetic material. 25The
membrane 321 can be fixed to the upper layer 315, for example, by

|amireatioy eird ¢ty andoheenuppbriayeB 315 or tais hadixeatisbiesaguantyuplin

hy adhesive spgts accerding.to methods that are per se known. As :
dﬁemgﬁh}fﬁ& Bﬁﬁgeﬁeﬁlé%%%le%%@ r %djgpf AR %fgl%‘p per layer |
315 witi\idhernarmbrafie 321 BopeistbikerstoderefelabprogtsroaGidthods, such |
ovennoiding the lower layer 314 onto thﬁﬁssemb!y constituted by the 12

D EPTRATS DI ARPERI VR IABIIAE 3841 qHRS e dBethifecReFmbgweVer, sealant

CRUBHRG Beanierad b thernasiec BRSO prRvided Ry ueRveISiibct with the
As an alternative, it is possible to use other production methods, such as '

- 1SR Y HRE A BB ding techniques; in this case, however, sealant
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. 5i ' I | |
.98 pro}f‘é’%ﬁé‘ ‘?”ﬁlﬂ%%r&?éé”ﬂﬁ&%”‘lefeuﬁﬁ%ﬁ%B@Rﬁt@%%ﬁac ﬁf@?ﬁosoo, as

with the ctly overlying layer.  Figure? illustrates a s 1 that is
copsitihed by ensorl 1hapo;dewke sapEplas.0pk ot thpnstelibuand by an insole
examples, by an upper 12, and by an insole 13. 10Figure 8 illustrates a
breathable and waterproof shoe 411, which comprises an assembly 401 - :
that wrapzareusd tHefueténsarboratgiblelikad poatermodisstorstddted which |
DY SRt eibable uRe A 2D ICh Al EIRIoP eI ANE 3RS cgion like

asso ed’in"a downward region. A so IS‘associated W

‘ass@oibbh4@hdniscompsisededikdy a breathable upper 412 with which a

waterproof membrane 421 is associated in a downward region.

A sole 400 is associated below the assembly 401 and comprises, like

the sole examples described earlier, two component layers, respectively a

lower layer 414 and an upper layer 415, which is microporous and

permeable to water vapor.

B‘oth of said layers 414 and 415 are sfructural \and’therefore‘ have a
supporting function; in“part'icula;r,v the lower layef 414 has a supporting
structure so as to form the tread of the sole 400, while the lower layer 415
forms. the foot supporting base and has elasticity and . flexibility
characteristics. o | ,

In order to allow breathability of the uppef layer 415, the lower layer
414 has portions 414a that are open onto said uppervlayer 415, so that it is
directly exposed to the outside environment. |

In this embodiment, the assembly 401 is composed of the upper 412
and of a breathable or perforated insole 413, which is joined by means of |
stitches 402 to the edges of said upper 412 according to the per se knbwn

"strobel" or "ideal welt" structure so as to form a pouch.

In this embodiment, the waterproof membrane 421 adheres only to the



15 the sole examples described earlier, two component layers,

respectively a lower layer 414 and an upper layer 415, which is

microporous and permeable to water vapor. Both of said layers 414

and 415 are structural and therefore have a supporting function; in

particular, the lower layer 414 has a supporting 20 structure so as to form

the tread of the sole 400, while the lower Jayer 415 forms the foot

supporting base and has elasticity and flexibility characteristics. In

oidsole dllGwanidatinabiktyapithedufperdsgmple SHyhditewed tayaraichhasto the

portions 414a that are open,onto said er layer 415, so.that it is 25

CES BRSO e Gl Srrs e D e R B ety for
assamiplie 481 sisatqriyiaged of the upper 412 and of a breathable or
perforated insgle 413, which is joined by means of stitches 402 to the

edges ofSaRi {ipdP 4 85 ULCHEIT tSTHARUL IRIORIT Aok Gesriakly 401 ,
wenprelra s agtie pemmdaudt. SRnhiseriaiinenbiie 421, a sealing

waterproof membrane 421 adheres qnly to the 13 insole 413 and can be

nl .
appfed ol AAApRBYHRE & RS OB o Fefiid seFmgiRRe 421,
th@mggrgzlt}lg Ql g,@{q lla?mjigd subsequently for example by spot gluing. ,

- In order to avoid water Infiltration problems, the assembly. 4015 -
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comprisés) ABRLEE By BRie itk FpFDEF hienthrapleogr4]  1s described
i iﬂﬂ%ﬁf% Aot thatladdler theshiche Saﬁéme%gﬁc‘%nﬁxﬁﬂ&al 511,

membrane 421, reaching thé upper layer 415. An alternative .
embodiniént Witfeesmest toithe strpedi] 10s desaibeddmigtire thed ihoe 411

e WS DI L e e

~ thbypdhneretfizdnodheuasserh H; hefemt esigratedsbintte pefecbridke manner the

NYDSrf S0k AL SIOURS g RRYEIIke ATt IR JQGLINSPHION dovmward.

réglon and wi a so IS associated in a downwar reg

whigtios cuhipbsedofmplmnedrdiyet@idrdastartlgpmdayenpresiayet 515 such

as the ones dascri revi {l{ Such pouch is sealed and rendered
wgtseﬁﬁ?o% %Sccgggﬁ?g), ‘g%\éo% Xelélﬁnique’s. The assembly 501 is

- composedehapaippeidi2alytichid extelnely vepltetoisfthe caldib0tbyknown

20

means of its lower edges 512a and is internally
techmaques. , _

~ The assembly 501 is composed of an upper 512, which is externally |
coupled to the sole 500 by means of its lower edges 512a and is intemaﬂy :

coupled to a waterproof membrane 521, which forms a pouch for éontaining

. foot insertion.

25
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The Waterproof membrane '521 is fixed for example to the upper 512
by spot ‘ghlfmg, so as to avoid compromising breathability through said
upper. | S

An inner sheet of fabric 521a is coupled to the waterproof membrane
521 toward the inside of the shoe and together with said membrane forms
the inner lining of the shoe.

In this case also, the coupling of the assembly 501 to the sole 500
occurs by means of per se known techniques, such as for example direct

overmolding of the sole, adhesive bonding, et cetera.



20 coupled to a waterproof membrane 521, which forms a pouch for
containing foot insertion.  The waterproof membrane 521 is fixed for
example to the upper 512 by spot gluing, so as to avoid compromising
breathability through said upper. 25An inner sheet of fabric 521a is
coupled to the waterproof membrane 521 toward the inside of the shoe
and together with said membrane forms thg inner lining of the shot. In
this case also, the coupling of the assembly 501 to the sole 500 occurs by

- means oAdenseagaousifechnigiles;Suhb a&iombmdmﬂﬁhbtﬁﬁt@&s (except for

5
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Iding, of the sole_adhesive bond
Aol A0 e BLLEAbLa b BOICH e AR ot AP ruction

| whm@m@thlérem@mxahmwphﬁmMgdqymemﬁ@r1gq5afm@1§)1’e RASANRSY VABor (15,

ert at |me to water vapor (15, 215, 315,
4%%91[%'? %Boﬁﬁl Efrce it has been observed that
the lnveqﬁo%%@eﬁcmﬁ@dwﬁe%&w&blﬁw ﬂ%eﬁz%h@%n%%e&cmbed

- sole for shoes; in particular, the present invention provides a breathable

artP Wt HBroBF Rl AlRIaBkiBANA SEviRt BRidspeshyes; inirtioular,
in @ddiiende: nererming %@waewtmiﬂme%é 4% ?ngoﬁ% that has a

ensure breathability and aterproofing, since it is directly exposed to

the'BiREHIa eFhRFFhetie LIDStelBHSSHNTIES Heédéﬁs@ﬁe&bmﬁ@mng foot
cogfinscpfiie URRRIiBYST ABaINRG byimeansiof {he RRsMa reAIMAbility and

In this manner, the characteristic of waterproofi g{has been associated -

withdeERIRAIRE coinpR it SRR Sor PR i dhsaguiyidrenuiogment.

breatha gﬁarﬁgfﬁ[ charag tlca
, strengthbglgtﬁ pper g/grggllg\?véwt%%%\%?m or{g%n éc%i':%rﬁl Ejec?s"ﬁ%3 gr layer
. pevletpitied by thearsimidhdareming toegstersing it and therefore from -
_ renderln% theﬁhwaten;larooflng bsw?}%@% useless. Olnt IS man
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possible 16 efSire 8 Targe suface KrtSHhe Fcfﬂ S been

- consveci g dheritne stayein)rfa)} bmnpmtmhtwéﬁﬂtemte(@mﬁpi@éﬁbﬁyer) that has
sre ucin LQEI\I Sﬁlblht (;condensatlon of water vapor inside a shoe. By

usmra% asma epogatlon & Broblems of conformity and adhesion

The structural characteristic and the strength of the upper layer aﬂows .
-to prevent formgn pointed objects from penetrating to the point of damaging
or piercing it and therefore from rendering the waterproofing substantially
useless. , | | ‘
' In this manner, it is possible to ensure a large surface (the part of thé
upper layer that is not covered by the lower layer) for breathability of the

sole, considerably reducing the possﬂnhty of condensatmn of water vapor

inside a shoe. | N

By using plasma deposition, the problems of conformity and adhesion
of a thin film to a support are solved, since the polymer adheres to the
support for a longer time than conventional spreading (typically, the
Watefproof membranes that are currently used are produced separately and
then bonded by spot gluin‘g or laminated or spread directly onto the
support).

With this plasma deposition, it is possible to create an extremely thin



25 of a thin film to a support are solved, since the polymer adheres to the
support for a longer time than conventional spreading (typically, the
waterproof membranes that are currently used are produced separately
and then bonded by spot gluing or laminated or spread directly onto the
support). 30With this plasma deposition, it is possible to create an
extremely thin 15 deposition layer on the supporting material, even on the
order of 100 Angstrom. The selectiondf the sintered plastic material

fod@pomm@ daictipper fayesuppeaoiver, allews dhe @@@@seerytﬂexmaf OBf 100

' é sol and allows to 5 overmold the tread in an optlmum manner.

Hbed embodiment, preference has been given to using, mstead

of Coa“%@@W@PQE@'%&*@%@%XBE@@ fﬁﬁ@ﬂ@gﬁf@ﬂ?lﬁgﬁ? N&id upper

| er%W%BWn aHewsiihe F@G@éwmwtmtafe@ﬂayq@nmgi allows to

5
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upper breathable layer. In this case, the invention

pesisatisalmandhermaticalbtineaieRrge! membrane and the upper

‘breathable layer. . In the last three embodiments described, the

mvenUorin@@@od@ﬂH@@dusmbodmuwd gpsefmerirg kate lsérem;tgteen to using,

B

brﬁmh@m(wﬁm}ml@m in a downward region) and is impermeable
at least i tedlrectlo of the sole; in particular, in the shoes designated -
by the re LAt Tnd eIs %66%}1%%‘73% fPFér)}af ﬁﬁ@é‘r%ﬁ‘fﬁhtsﬁéoes that
camnpleteti mehihaﬂnlﬂ:amés;mWrﬁleﬁb@hpeﬂﬁ%h@&i@lyegnaoﬁeﬁﬁéﬁéﬁﬂ the
embgedlmen o dedvl\%tgf}f embrangme cribed above, the upper Iayer .-

contfi nl}‘gg fr%f?:ef §3%€fi-as a membrane

protectlomfumélorlést tHRR INYBTBion s Eongaiveth iSuSEPiRIe Ofiion  has
erous modéi}eatloné and variations, all of which are within the scope 0 ?
th% claim

I ReHBRAE RGP AlRtFE & Ve duigwithsodrge areas

- tethnicafiyeguivalani slemspied thih pragliee. xtzl?ﬁﬂnéﬁefé@% i » 800°Pms a
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as th‘béiz}{ ompatible with the specific use, as well as the sions,
Ay

m&y
dl&@iﬁﬁ%@d&é@@ﬂ Baen ﬁ@ﬁ@ﬁ%&éﬁl@%ﬁﬁ%qgﬁﬂg%}g@tmn of the sole; in

particular, in the shoes designated by the reference numerals 500 and 600, a
pouch for foot insertion that is cempletely breathable and mpermeable has

been obtamed

In all of the embodlments provided with a membrane descmbedv

above, the upper layer continues to have structural supporting functions as
- well as a membrane protection functions.

The -invention thus conceived is susceptible of numerous _
modifications and variations, all of which are within the scope of the
appended claims; all the details may further be replaced with other
technically equlvalent elements

In practlce, the materxals used, so long as they are compatible with the
specific use, as well as the dimensions, may be any according to
requirements and to the state of the art.

The disclosures in Italian Patent Application no. PD2003A000312,

reRsgtiondhatehiempisialis mesthablofbrtalatsotiieand ina



16 from which this application claims priority, are incoporated herein by
reference. MCSLLP - 17 - CLAWS 1.A waterproof breathable sole for
shoes, comprising, for at least part of its extension, at least two structural
layers, a lower one provided with a supporting 5 structure so as to form

the tread, and an upper microporous one that is permeable to water

vapor, said lower layer having portions th%t are open onto said upper

layer, wherein at least one of the two sunlaces of said upper layer has a
céading whialneghiy apgditntida ptdsme deposition treatimestjorated herein by
waterproofing. 102.The sole according to claim 1, wherein said coating is -
pFS\‘%&%IaCSn the upper surface of said upper layer. 3The sole according to
claim I, wherein said coating is provided on the lower surface of said

upper layer. 15
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4. The sole according to claim 1, wherein said coating is provided both on

the lower surface and on the upper surface of said upper layer. 5. The

sole according to one of the preceding claims, wherein said upper 20layer

and said lower layer are joined hermetically along their perimeter in ordefMCSLLP
to avoid water infiltrations. 6. Thesble according to one of the

preceding claims, wherein said upper layer is made of sintered plastic

material. 25 7. The sole accordi@éff@é@im 6, wherein said sintered

plastic material is polyethylene, polypropylene, polystyrene or polyester.

8. The sole according to claim 1, wherein said upper layer is selected

30amohg anyfatelbracfidesahablasate dPmBessnsaaw B gn i ¢ least part of its
matgtiah, MGkt Livld - stictRedin@ssole, acqetetip ol ClatwideVREIBIN SRigporting
upper layer has an average paore width comprised between 3 and 250 p

ghructure’so as to form the tread, and an upper microporous one that 1s permeable to
water vapor, said lower layer having portions that are open onto said upper layer,
wherein at least one of the two surfaces of said upper layer has a coating obtained by

means of a plasma deposition treatment for waterproofing.

2. The sole according to claim 1, wherein said coating is provided on the

upper surface of said upper layer.

3. The sole according to claim 1, wherein said coating is provided on the

lower surface of said upper layer.

4. The sole according to claim 1, wherein said coating is provided both on

the lower surface and on the upper surface of said upper layer.

5. The sole according to one of the preceding claims, wherein said upper
layer and said lower layer are joined hermetically along their perimeter in order to avoid

water infiltrations.

6. The sole according to one of the preceding claims, wherein said upper

layer is made of sintered plastic material.

7. The sole according to claim 6, wherein said sintered plastic material is

polyethylene, polypropylene, polystyrene or polyester.

8. The sole according to claim 1, wherein said upper layer is selected

among any of a felt, a fleece, a fabric or mesh made of synthetic material.
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10,The sole according to claim 1, wherein said upper layer is rendered
5hydrophobic. 11. The sole according to one of the preceding claims,
wherein said lower layer is constituted by a perimetric skirt that constitutes
the outer edge of said sole, and by ground contact elements, which are
designed to support said upper layer, th]egspaces 100f said lower layer
comprised between each one of said ground contact elements, and
betweeh said GRSUTECHRICIRISIN SHE B hd B EKiFRIdoYRIRG 1845y has an average

POHIARSth cond@isth®SNEACERRdIng0.ane of the preceding claims,
wherein said plasma deposition treatment is obtained by working in

high-vacuum cold plasma conditions. 13. The sole according to

one of e pregading a5 NG AR PRI AERIIOD IPADENt Srendered

obtained by using a radiofrequency generator so that the electrical field in
el trghtrhisnt oscillates with a frequency substantially comprised between
13 MHz and 14 MHz. 14. The sole according to one of the preceding
claims, wherein said plasma deposition treatment is obtained by using a

radiofrelduency e releatscans! thattthensledtiieapiriedimghel aiestidisrein said lower
? llates, Wit A @ BQMIH«E%%@QLY f?ﬁt@@n@ﬁ@&t@_@ﬁﬂé&@aﬂdée % said sole, and

. The sole according to one of the preceding claims, wherein sai

Plasheatbpoyriv oot hiichugnss giedsheuansshviai rarsalgyredhe spaces
gnhe(%?flggé)\%{dlé@ép@cﬁﬁ%%@rﬁé{@ééﬁ SHOS MM AABRIISRIBRME &I nts, and

between said ground contact elements and said skirt, forming said portions.

12.  The sole according to one of the preceding claims, wherein said plasma

deposition treatment is obtained by working in high-vacuum cold plasma conditions.

13.  The sole according to one of the preceding claims, wherein said plasma
deposition treatment is obtained by using a radiofrequency generator so that the
electrical field in the treatment oscillates with a frequency substantially comprised

between 13 MHz and 14 MHz.

14.  The sole according to one of the preceding claims, wherein said plasma
deposition treatment is obtained by using a radiofrequency generator so that the

electrical field in the treatment oscillates with a frequency preferably on the order of

13.56 MHz.

15.  The sole according to one of the preceding claims, wherein said plasma
deposition treatment is obtained by using a power of the applied electrical field in the

treatment that is substantially comprised between 50 and 700 W.

MCSLLP
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MCSLLP - 19 - 16.The sole according to one of the preceding claims,
wherein the duration of said plasma deposition treatment for a
siloxanc-based monomer is comprised between 160 seconds and 600
seconds. 517.The sole according to claim 16, wherein the duration of said
plasma deposition treatment for a siloxdife-based monomer is
substantially equal to 420 seconds. 18. The sole according to one of

the pred¢éding Ehginme werrsliingne waeuinthreerdpdingdciiBmavbeisasitisduration
treaimentis subgigiaty.corentsed stvean 9 Abail@ang dQmiMRkomprised

19. The sole according to one of claims 1 to 11, wherein said plasma

depraifiordrecapndperddit@irrsansis- working in high-vacuum cold plasma
conditions and by using a radiofrequency generator so that the electrical
field in the treatment oscillates 15with a frequency on the order of 13.56

MHz, with an dpglisderearrinfeitl poiter eguahescsd heoiasiag Lf said plasma
@?Hﬁﬁb@ﬁ%hﬁﬁ@ﬂpﬂ&e&i Srtvwaenh A dhatand LOssomhiaially e?d1 120 seconds.
SO

e according to one of the preceding claims, wherein the precursor
material of the plasma deposition is a siloxane-based monomer. 20

21. Thegole aprorRIAQ ORgf e R ecering Kaimg, Wheksifilt8ein the vacuum
precursor material of the plasma deposition is an oil-repellent and

Vel riveirid eV dpeRiEgY treatment is substantially comprised between 10" mbar
and 107 mbar.

19.  The sole according to one of claims 1 to 11, wherein 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 13.56 MHz, with an applied electrical field power

equal to 50-700 W and a vacuum level comprised between 10" bar and 107 mbar.

20.  The sole according to one of the preceding claims, wherein the precursor

material of the plasma deposition is a siloxane-based monomer.

21.  The sole according to one of the preceding claims, wherein the precursor

material of the plasma deposition is an oil-repellent and water-repellent fluoropolymer.

22.  The sole according to claim 1, wherein the material of said coating is a
polysiloxane.
23.  The sole according to claim 1, wherein the material of said coating is an

oil-repellent and water-repellent fluoropolymer.

24, The sole according to claim 23, wherein said fluoropolymer is

commercially known by the trade name Zonyl® and is manufactured by DuPont.

MCSLLP



22. The sole according to claim 1, wherein the material of said coating is a
25polysiloxane. 23. The sole according to claim 1, wherein the

material of said coating is an oil-repellent and water-repellent MCSLLP
fluoropolymer. 3024.The sole according to claim 23, wherein said

fluoropolymer is commercially known by®he trade name Zonyl(r) and is
manufactured by DuPont. MCSUP - 20 - 25.A waterproof and breathable

show, @dmprigingaesplecdcuntdirgivbleysbew.of etz dinglelagassding to any

one of the preceding claims.



