METHOD FOR LI QUI D PROOFI NG AN | TEM BY PLASVA GRAFT POLYMERI SATI ON The
present invention relates to a nethod for protecting an item

especi al | W@ﬂ){))/ﬁﬁrﬂlof clothing or footwear, from wei ghECﬁGﬁfdaﬁ‘m(%Hﬁ to
uptake of liquid. I'n particular, the invention relates to a met

for protecting an item especi aII an itemof clothing or footwear,
from wei ght gai n dig"PB FBEE'&R@ HﬂOOIFiN&tﬁ'\UT@bpru@Mngﬁﬂekpom ng said
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repell ent chemcals that can be applied to fabric roI | s, including

ol yester Sh8 Bosh HECTAP HoBPEes For BRAMS SoTL EHEFOMS Bl ul ose
and | eat heﬁth@M@SbeenalfiryoduceichbprQIMM%OSLﬁohtasazﬂum@nm wedlgari ant ,
3M Asabi, gand dRl Kbquﬁlﬁﬁsgftfi thQE§FQ§¥fﬁd¥é vigded . %Sﬁl&ﬁ s with

very good levels of both oil wat er resistancé, in‘a ion to
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materials ghiyhNg @pe00ht e¥ehi @f sO¥REAldanl b&%ﬂa},%(ﬁ’t&ctﬁbﬂ&c 391 ¢ her
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15  cotton, cellulose and leather have been produced by companies
such as Dupont, Clariant, 3M, Asahi, and Daikin. These
techniques have provided materials with very good levels of
both 0il and water resistance, in addition to being able to
minimise stéining. These treatments are often referred to as a

20  durable water repellent (DWR).

When products such as garments and footwear are constructed to
provide a degree of liquid resistance or to become waterproof,
it is likely that one of the major components used is a

25 material that has been rendered water resistant by using a DWR.
Tn addition these DWR finishes can be provided to wide number
of products such as tents, umbrellas, sleeping bags, awnings
and a variety of other out-door or protective materials giving
a good level of overall liquid protection.

30
Other approaches to imparting liquid resistance which. have been
invéstigated include wash-in post-construction processes and

the use of spray on formulations.

35 Although fabric rolls can be treated in the manner described

above to give high levels of water repellency, these materials



2 must then be constructed into products. In the case of products
such as a garnent or footwear, other conponents such as seans,

f ast eners, Zi ps, soles, linings, footbeds and s )
required. Z@g’ﬁ%{’&ﬁ‘i ti onal conponents may not thensel Vgg?@gé@gmuzuﬁ
inherently liquid resistant or it may_be difficult to render them
liquid resistant due to such factors 4s unfavourabl e sol ution
energetics or physical inconpatability with the process. Mreover,
the processess ithen| e #ORATEBTICNr Letq REOTRE S r dBUEEe cagerPiayroducts
stitching, s\ st DESBGELUESoLRAERA M biREr dndbeastd Buthepresust

which will not provide the | evel of protection requjred,by the d
user. |ngrE3EFERat’ @ Fhr 6tRih CRESYedmElB ¢ gS?ﬁ%adrs 8Pdg%/?r r?gn?%,] for

exanpl e, Wréduireaderndshe apanduet]l unagoephablm@yt 0ot Hirewealers, bes

Taki ng footwear ex : € eof ten qdesi ghedy i nAqgRNNner
where ¢ nvé%\%r ﬁ%?y ulggg‘%%sr% chgr g%p?%éﬁto give a good |evel of
prot ect i ontdere ltiguad wicgd svant alug bb b FAcSPedd SUEFYRIEP ol es

required i got 48 JBLELIAS of iz aRSLNGL ¢nBbm@ldsbl vty aquirements, or
the choice of materials and bonding 20 technol ogies. A

further
probl em aRECFIten NeFEVERDOFIARECCTE thaNT HeESasB LU EARE BF BT er
of the whobeo.ghae whihscaniiqacgt owdlisigenidc@nt cremredsetliar wei ght,
especially in wet conditions. .Th rer.t far pend nore
ener gy%bar PRy “5%85‘?1&339?80&%0%% &%t Egéﬁed%gﬁ?gg%v&\gt% now 25
present bothotéritibe sémpe raddbabder bed wisro Iturasat ef ivater T 9Ban

o S0, 00Cur When, JYSE CAlRALE 51 SeSHElk S SHETOLARSS, ike:diose cuader

the trade marks at ex, re-tex and event, which nay or may not
have a DWRrapghdtednpoceti@bdppe? Ukgt €83%8T -t hat covers the nenbrane are
used. Here, water can penetrate and can 30 build up between the

outer, upper fabric and the nmenbrane and therefo%rteni ecr.e%g§£ g
wei ght . ISFodehessd Pt et 80 iy thentt s ed™t &¢fadi mtie “hi ghést
| evel of 'wahesr pieetnessiennt bhalalDway scedsihst of applime ép §Es iac 35

with a DAR that_ is stitched or attac [ ope.fermt qdhe,rest of
the shoe or9°§arheht 855 rvoeref%%r%%h&l%epgjaorﬁfj%ig%lgc&% mai nt griln .
br eat habi | idspeatsl swohf a5 tholPesprau tERelT ddie FALTIRLEGFIT PeaFIqHe

menbrane myy. pEeveNt rbOH SSRneE, W @hel S ch6r frR@ereaM ydOboridisigde
a garnent,water penetration of this_ outer can_occur |eading t

o
subst a0 altegdpghroieficr ASErtBeTHRI B PR (AL AEEY JPTRa o i Ad *°
Spray-on prieesseseadichl uyenye bromieaeopraduehol® soet ierchdeperidiadg on

e b nes A e S L bRl gl camplete
lead to conditions. The wearer therefore has to expend more energy
carrying around the substantial extra'weight of water now
25 present both in the shoe and absorbed onto the materials. This
can also occur when physical barriers such as membranes, like
+hose under the trade marks Sympatex, Gore-tex and event, which
may or may not have a DWR applied to the upper material that
covers the membrane are used. Bere, water can penetrate and can
30 build up between the outer, upper fabric and the membrane and

therefore increase the weight.

Footwear or garments using membranes to claim the nighest level
of ‘water-proofness’ will always consist of an outer fabric
35 with a DWR that is stitched or attached in some form to the

rest of the shoe or garment and very much rely on this to



10 copious liquid ingress, thereby underm ning the protection

achi evabl e. There therefore remains a continuing need for inproved
met hods ofy,p g treatnents for itens such as foot

garnents f% Wﬁxb I-I'[[}rowde adequate |iquid-proofing pro ectlonggm“ﬁ
whi ch al so avoid weight gain fromuptake of |iquid, thereby reducing
t he burden on the wearer. Plasm depos?tion t echni ques have been
quite wi dely used for 20 the deposition of polyneric coatings onto a
range of sulaEayn bRathaPidaiyi end sPuEptlo f ABFPE s he atesy, thhi s
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generates |it 1;CI e _waste w&ﬁed to conventl onal wet chem cal nethods.
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generated usi| @galg][ | asma can be extrenely conple properties of

the resul t afit 1§ €&h dEpeRti-Fodh %%eﬂéﬂﬂir@ﬁ@ﬂeiﬁé%’%é% a&tfe as
wel | as theheatter ab by EOBRSET sé&edo@m@fQOﬁhdlﬂﬂoQagtém@%h WHchol t

is depogite esent Lnve ntors have found hat usi ng
pl as rraq?nhaérél)gé?rlésntl t%egﬁnorfggﬁﬁfs’ no er&h rbdfﬁmémfﬁgg "Bfon
| i qui d- pr ocfdigvarist.ecti on be achi eved but also a 5| gnl ficant
reduction in water uptake by the conplete itemis denonstrated 5 by
the plasma enhanced item conpared to its untreated counterpart. The

gaseous phdS&T8l FRATEIPES | THEABE ratioah B ngoApEE XEctrh Lert ietenst ol

end products apevidieg oRiZakhes Ald QWenatdashientsefedi Cﬂl‘:ﬁﬁdgéﬁﬁ%%lt%ent
functh@al onents of the product, 1ndependent o

ps. tQ a
the matéria 1?&0%%6%/@%%‘%%3 Jc%gn%moﬁlggcmercﬁé?%cPutTI‘ﬁ”sCI? esul ts
i n nol ecul axllsp deiildowediglpr gdiict Sram ubtmmlomahlq\ﬁlder thi@edraK ee@ist ngence

| ess wei ghtyf.0L.. £ arry' around leading to | ower energy
expendi ture uA(%glo\ggl ng€:1r ngf%% present invention provides a nethod

for protectlng an |temfromWE| ght gain due to uptake of liquid

conpri si ng m@%BAS| digos &t il LeMhL O 2888 ifded Q@J_SteeoH§dc§f§?tugeé{ Qf 5,2

suffici eriod of tine to allow a protective |ayer t e created
on tr“32§urf edﬁﬁoq;ﬁéopt%ﬁnpoégmerlc coatings onto a range of surfaces,

and in particular onto fabric surfaces. This technique is
recognised as being a clean, dry technigue that generates
little waste compared to conventional wet chemical methods.
Using this method, plasmas are generated from organic

25 molecules, which are subjected to an electrical field. When
this is dome in the presence of a substrate, the radicals of
the compound in the plasma polymerise onto the substrate.
Conventional polymer synthesis tends to produce structures
containing repeat units that bear a strong resemblance to the

30 monomer species, whereas a polymer network generated using a
plasma can be extremely complex. The properties of the
resultant coating can depend upon the nature of the substrate
as well as the nature of the monomer used and conditions under

which it is deposited.
35



As used herein, the expression "in a gaseous state" refers to gases
or vapours, either alone or in mxture, as well as aerosols. 25 The

expr essi Orw(")%ﬂ%ﬁ)\?\ﬁ ve |ayer" refers to a |ayer, espec'i,?lr)c)ﬁz@wauum
[ amage,

pol ymeric [ayer, i ch provide sone protection against qui

and in particular are liquid (such as gil- and water-)

repell ent. Sources of liquids fromwhich the itens are protected

i nclude environnental |iquids such as 30 water, and in particular

rain, as wel'f BESSHN SEHEILOSF| he FPEE dEhaknPR stey Beasieci dent al |y
spi |l ed. Thahertdedtaceaisdilvgyf tdthenl Puemt hORi gViestdd aldl Yidg a-
applied to_an Ltem of footwear or .a nt articularly to an item
or 35 foot \}%&Q%ﬁg Er 5 R s%raﬁéLgvigﬁL%n%oﬁLFﬁga 5&9?%/%%%‘%, such as
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i ncl ude t hosepk&oWhred dH@nalénd0 hE SARAIE Sy RHAJUGI NG tion
wat er - r epel | j hgs, on substrates b I

lgnt p%'té"ﬁ%i C cgai y asma

pol ymer i sation T it GarRgEt Cor & F&Pe o hdada8at FRPSRR A Favi ng
reactive f uwesbbmerals gFoups prpandt,cihaspandeubstanihcald yeriGE3s i nat ed
erfl uqpo : u , -perfluorinated al kene
Pring oo R B MRt A6 YO LIS RH0N - TREL et hE A el gy
unsat ur at ed2ééppslpasdepts onah | nirdanl aratienyg uhat akge AndtiEmeeoless

per hal ogenalednorgankse GRReUNds oL ay/ | 1 WO
98/58117), or gani C con%ounds corrp{r&ia;:i %g %&ghgo%bﬁ%gagﬁbdgbﬁgﬁ\%&gﬁ

99/ 64662) , *EBEWFHEE - or gani ¢ conpounds havi ng an optional 'y
substituted al ky chain of at |east 5 carbon atons optionally

i nterpgged \w.th et er.oat om (MO .00/ 05000 optional |l y substituted
al kynegg( Vﬁwﬁéf%’%ﬁgéﬁ,{%‘%ﬁfﬁ%ﬁ R 1S Jr?rh)bogavgcﬁei?eﬁege%lﬁ g?ﬁ82, 531B)
and nacr ocyebéscitigrt anniteg droh easthongni20 dhetier catake (ddSliquid
6, 329, 024B) hesqententsqof sald o, whi ereln. i ncorpor at by
ref erence. OomijPr eai‘_gpa%%,.nt%hgé‘%t_e}%efns éﬁ)gdg\?lgﬁgd{hwat hg%éoﬁ%l ?Er;%trel éf%g
coating forPmBEIBYCIERpORT HG AE f¥ente orlploas repkwieptl st Agvar conpeund
of 25 formyraafdq on the surface of the item.
20
As used herein, the expression “in a gaseous state” refers to
gases or vapours, either alone or in mixture, as well as

aerosols.

25 The expression “protective layer” refers to a layer,
especially a polymeric layer, which provide some protection
against liquid damage, and in particular are liquid (such as
oil- and water-) repellent, Sources of ligquids from which the
items are protected include environmental liquids such as

30 water, and in particular rain, as well as any other oil or

ligquid, which may be accidentally spilled.

The method according to the invention may suitably be applied
to an item of footwear or a garment, particularly to an item or
35 foolwear or a garment for use in sporting activities, such as

"running shoes or frainers.



R3 R4 (I) where R, R2 and R3 are independently selected from
hydr ogen, 30 al kyl, hal oal kyl or aryl optionally substituted by hal o;

andR4 is R5 where R5 is an alkyl or hal oal kyl,.
i s bond%g&g%h%“of foLnul a - C(0)0-, -C(0)0(Cl12), Y- H’\/\ﬁﬁ%&s}ﬂmm

|nteger of from1 to 10 and Y is a bond or a sul phonani de WD

2009/ 010741PCT/ GB2008/ 002416 6 substi Put ed by halo, pis Oor 1, gqis
Oor landt is O or an integer of from1 to 10, provided that where g
is 1, t is other than 0., for a sufficient period of tine to allow a

protectiv or DRy tible @idbﬁ: 6€s Ehe ltem 5
Bl tabl o naRoatREpt Aol Lo S

roups for RI, glp @Sﬁgfluor 5
gr oups. ThEOWWFS%%“néonWHbé‘ ‘§i‘?%"§ﬁ?e enﬁr RRcASd &nG i ncl ude
cyclic ”El @ﬁy@cs onl%d:(yurEiEce ]'EdIEtBé kitlerc hay rmnsablxab:ieyue@thn se 2 or
nore carbon a suita rom. 2-.20 b d a
% 1.211'(?%18 ofongmeTs Jnidn mef bw%ggzn%lglh%nﬁc%% kRG] ehabhy

from6 3, alkyl chains are
general |y prefer bedcambiavet IEofinoind nese B ReReh PR B ROFETe Ficef er abl y

Egrltlscﬁl g(ralij ai%']er?llq‘uor oafcgt% %E’%?gr&é ?oﬁﬁﬁéﬁ%gai&ylmgu@@mg, Lor

foup ormul a tFZ}‘iJ ﬁlneraﬁmls an
i nteger of eaarmlmrs@b%eﬁam ;FOE‘BGF?%@V?@Q HREC e fErEbt Y % r om 4- 12
such as 4, g@o&ﬁs,sparticularly substantially —CF; dominated perfluorc

10  compounds (see WO 97/38801) , perfluorinated alkenes (Wang et
al., Chem Mater 1996, 2212-2214) , hydrogen containing
unsaturated compounds optionally containing halogen atoms or
perhalogenated organic compounds of at least 10 carbon atoms |
see WO 98/58117), organic compounds comprising two double bonds

15 (WO 99/64662), saturated organic compounds having an optiocnally
substituted alky chain of at least 5 carbon atoms optionally
interposed with a hetercatom (WO 00/05000), optionally
substituted alkynes (WO 00/20130), polyether substituted
alkenes (US 6,482,531B) and macrocycles containing at least one

20 heteroatom (US 6,329,024B), the contents of all of which are

herein incorporated by reference.

Preferably, the item is provided with a polymeric coating

formed by exposing the item to plasma comprising a compound of

25  formula {I)
}—:< 0)
R R*

where RY, R? and R® are independently selected from hydrogen,

30 alkyl, haloalkyl or aryl optionally substituted by halo; andr?
is a group X-R® where R® is an alkyl or haloalkyl group and X
is a bond; a group of formmla =-C{0)O-, —C(0)O({CHz}nY- where n
is an integer of from 1 to 10 and Y is a bond ox a sulphonamide

group; Or a group —(0)pR%(0) g (CH2) v~ where R® is aryl optiocnally



Sui tabl e al kyl groups for RI. R2 and R3 have from1 to 6 carbon
atons. 25 In one enbodinent, at least one of R, R2 and R3 is

hydr ogen. &2‘%)@@5%1' cul ar enbodi ment Rl, R2, R3 are al|.h {]K;%E‘R'%&4

yet a furth i ment however R3 is an al kyl group stc
or propyl. 30 Wiere X is a group -C(0)0- -C(0)0(0112),Y-, nis an
i nt eger "whi ch provides a suitable spaéer group. In parti cuI ar, nis

from1l to 3, preferably about 2. Sui t abl e _sul phonam de roups for
Y i ncl ude FHSEetBECS SWNhRLC~ D355\ FF) $029 ihdr &° %7 a]ngnk %

al kyl suchl@@ag@k daldehn, 1i#o g@rtpmﬁﬂbdnﬁmdtyhmexe et hyl 1, ﬂllsnodm
enbodi nent coppound for ) LS c f (rr)
5CH2=CH- R5’E*Fé}13% P‘gttja g‘fd B%vteﬁ}engr g‘?’?’o% ?éooﬁte%l# 1@?
(1). In cop@mmﬁco]fayfe@rnul@r(m b)l the isnrfaranfatie ylted.a bond. 10
Howeverc.in a preferred enbodi mnent, the corrpound of formula (1) is an
acrylate of fornmula (111) CH2= CR?C( Q) Q ( SRS% 11 21 where n
and R5 as Geliapdd bdknpdlivh RIUei BT 5 fHr Nl anfél% ARy fRpopgalkyl

hydr ogen, g}o 15]50 aﬂ@/la,lkg}ii Shainsmhal orl kytaidht paridsichas 484 insy
hydr ogen or X such as nethyl. A particular exanple of a
conmpound of‘n‘FJdﬂ‘f'uF}i 49 F“)’l?glerf ‘conpound of formula (IV) 0
H(CF) CF3 R?(IV) where R7 is as defined above, and in particular is

gyd;ﬁg?ﬁl a?‘ XRE‘I, S’che alﬂglfg&{al(ﬂts g&s&@b&yt Qorr%m.gng 'c&si'ngf'@ecafrﬁgﬂ] 41to

atoms, suitably from 2-20 carbon atoms and preferably from 6 to

12 carbon atoms.

For RY, R? and R®, alkyl chains are generally preferred to have

15 from 1 to & carbon atoms.

Preferably R® is a haloalkyl, and more preferably 2
perhaloalkyl group, particularly a perfluoroalkyl group of
formula CyFamq where m is an integer of 1 or more, suitably

20 from 1-20, and preferably from 4-12 such as 4, 6 or 8.

Suitable alkyl groups for R', R® and R® have from 1 to 6 carbon

atoms.

25  In one embodiment, at least one of R!, R”*and R’ is hydrogen. In
a particular embodiment R, R?, R® are all hydrogen. In yet a
further embodiment however R® is an alkyl group such as methyl

or propyl.

30 Where X is a group —C(0)0- -C(O)O{CHy),Y—, n is an integer
which provides a suitable spacer group. In particular, n is

from 1 to 5, preferably about 2.

Suitable sulphonamide groups for Y include those of formula —
35 N(R")SO, where R’ is hydrogen or alkyl such as Ci4alkyl, in
particular methyl or ethyl.



25 preferably 7. In that case, the compound of formula (IV) is

1H, 1H, 2H, 2H hept adecaf | uor odecyl acyl ate. Alternatively, a polyneric
coati ng med by exposing the itemto plasm ¢ i Sl one
or nore g?é%%ﬁ%$@%ﬁgneric 30 conpounds, at |east one O?@&hﬁ%ﬂgﬂmﬁﬂ;
conprises two carbon-carbon double bonds for a sufficient period of
tinme to allow a polymeric layer to formon the surface. WO

2009/ 010741PCT/ GB2008/ 002416 8 Suitably the conpound with nore than
one doubl e bond conprises a conpound of foinula (V) RB /77 " R 12
FO3 5 wher enR8ne RwoRithond}l endld (pd

selected from hydro enf’ﬁ§|%?e§?ﬁ§P?H%§FQSF%§?E£QEQr%f%ﬂgﬁﬂ%%ﬁwlgf
substitute&bﬁVu%%IGﬂ)and Z is a bridging group. 10 Exanpl es of
suitabl e bridging groups Z for use in the conmpound of formula (V) are
those kgown in the polymer ar%H_J wg@rticulaégéhey i ncl ude optionally
substituted al kyl groups whic ﬁﬁ% e interp d wth oxygen atons
Sui tabl e optional substituents for bridging groups Z include

per hal oal kyhofk QPss k5 qbPLRAl LGyb 8l REELLUO 08l Kyl groups. In a
particularly preferred enbodi nent, the bridgling group 2 ITcl udes one
or nore acyl oxy or ester groups. In particular, the bridging group of

foLnul a Z it% 8orffcBs 0bf FePmh0f Nlid, (¥dn formula (I) is a bond.
10

However in a preferred embodiment, the compound of formula (I)

is an acrylate of formula (III)

CH,=CR'C (0) O (CH;) ,R® (I11)
15
where n and R’ as defined above in velation to formula (I) and
R’ is hydrogen, Cj-i0 alkyl, or Cigphaloalkyl. In particular R’
is hydzogen or C,_salkyl such as methyl. A particular example
of a compound of formula (IIL} is a compound of formula (IV)
20

0

H
>":<LTLO/\/(CF2)" cr, )

H R

where R’ is as defined above, and in particular is hydrogen and
® is an integer of from 1 to 9, for instance from 4 to 9, and

25 preferably 7. In that case, the compound of formula (IV) is
1H,1H, 2H, 2H~heptadecafluorodecylacylate.

Alternatively, a polymeric coating may be formed by exposing

the item to plasma comprising one or more organic monomeric
30 compounds, at least one of which comprises two carbon-carbon

double bonds for a sufficient period of time to allow a

polymeric layer to form on the surface.



20 where n is an integer of from1l to 10, suitably from1l to 3, each
el and Ru is independently selected from hydrogen, alkyl or

hal oal kyl sSpitably re, R9, R10, R11l, Rn, and Ru ar I
such as fWU%ggiﬁ%&ﬁ, or hydrogen. In particul ar they afgﬂ§%ﬁ%b§%4m
hydrogen. Suitably the conmpound of foula (V) contains at |east one
hal oal kyl group, preferably a perhalo%lkyl gr oup.

W2009/ 010741PCT/ GB2008/ 002416 9 Parti cul ar exanpl es of conpounds of
fornul a (\duikaclyddet hemdasiolow iy moRy Them) ose & NP £OBNG-RES ar e
as define%.%gﬁggFupggvf ibhady at least one of R14 or R15 is other
t han hydrogen. particul ar exanple of such a conpound is a conpound
of formula B. 10 In a further aspect, the polyneric coating is
formed by exposing the gten1tR1 [@sha conprising a nonomeric

sat urated organi c conpound, gai " conpogred conprising an optionally
substituted al kyl chain of_&t le carbon at ons ionally 15

interposed with a het%%$6t0n1 % as fkcient period of time to allow
a polynmeric layer to fRrm on the sur f €.

3

where R?, R?, R, R}, R, and R*® are all independently
selected from hydrogen, halo, alkyl, haloalkyl ox aryl
optionally substituted by halo; and Z is a bridging group.

10 Examples of suitable bridging groups % for use in the compound
of formula (V) are those known in the polymer art. In
particular they include optionally substituted alkyl groups
which may be interposed with oxygen atoms. Suitable optional
substituents for bridging groups Z include perhaloalkyl groups,

15 in particular perfluoroalkyl groups.

In a particularly preferred embodiment, the bridging group Z
includes one or more acyloxy or ester groups. In particuiar,

the bridging group of formula % is a group of sub-formula (VI)

io/ (cmws)%/ﬁ\ "

where n is an integer of from 1 to 10, suitably from 1 to 3,

20

each R and RY¥® is independently selected from hydrogen, alkyl
or haloalkyl.

25 guitably R%, R®, R, R*, R'Y, and R" are haloalkyl such as
fluoroalkyl, or hydrogen. In particular they are all hydrogen.

Suitably the compound of formula (V) contains at least one
haloalkyl group, praferably a perhaloalkyl group.
30



The term "saturated" as used herein neans that the npnoner does not
contain nmultiple bonds (i.e. double or triple bonds) 20 between two

carbon at ich are not part of an aromatic ring. T
"heteroatgﬂfﬂﬁgkﬁﬂges oxygen, sul phur, silicon or nitrgggkﬁéggwg?m
Where the alkyl chain is interposed by a nitrogen atom it will be

substituted so as to foLm a secondary”or tertiary amne. Simlarly,
silicons will be substituted 25 appropriately, for exanEée wth two
C

al koxy gr ofipEtICUher 2BEFEIPA 28 7 ISP 8f obFAs 210V RIGCRITe PG R21
(M1) whereoRmwiRfgtk, R ' R19 and R2 are independently selected fromb5
hydr ogen, hal ogen, al kyl, hal oal kyl or aryl optionally substituted by
hal o; and R21 is a group X-R22 where R22 is an al kyl or hal oal kyl
group and X is a bond; a grQup @f“fornmula - C(0)O(CH,), Y- where x is
an integer of from1l to 10 @and is a bond or a sul phonam de group;

or a group -(0)ER23(0),; p is aryl optionally
substituted by halo, pis O op 1, IS or 1andt i& 0 or an
integer of from1 to 10, provi ded RRat ere sis 1, t is other than
0. Suitable haloal kyl groups for Rm RfI;, Rm Rm and R2 are 15

f 1 uor oaf kykhgreamps®! e rRA kyt ahaiensnempobes stgmivghtd ahabr anckedtand

may | neludg,gyg ko GR! @61 63 ARG UEN Ao fRRPLE L LA 2L 0 PON
- of such a compound is a compound of formula B.

\\J\o/\(H O B
} 2

CsFy7
10
In a further aspect, the polvmeric coating is formed by
exposing the item to plasma comprising a monomeric saturated
organic compound, said compound comprising an optiomally
substituted alkyl chain of at least 5 carbon atoms optionally
15 interposed with a hetercatom for a sufficient period of time to

allow a polymeric laver to form on the surface.

The term “saturated” as used herein means that the monomer does
not contain multiple bonds (i.e. double or triple bonds)

20  between two carbon atoms which are not part of an aromatic
ring. The term “heteroatom” includes oxygen, sulphur, silicon
or nitrogen atoms. Where the alkyl chain is ‘interposed by a
nitrogen atom, it will be substituted so as to form a secondary
or tertiary amine. Similarly, silicons will be substituted

25 appropriately, for example with two alkoxy groups.

Particularly suitable monomeric organic compounds are those of

Formula (VII)



For R22, the alkyl chains suitably conprise 1 or nore carbon 20
atons, suitably from 1-20 carbon atons and preferably from6 to 12
carbon at rably R22 is a hal oal kyl, and nore

per hal oal q?”@&k@%ﬁ particularly a perfluoroal kyl grouB6§F§%@gh§#ﬁhla
C3F2,4.2 where z is an integer of 1 or nore, suitably from 1-20, and
preferably from6-12 such as 8 or 10. 10 where X is a group
-C(0)0(dA 2)yY-, y is an integer which @rovides a suitabl e spacer
group. In particular, y is from1 30 p8/87 preferably about 2. WO
20091010741PCT/ GB2008/ 002416 11 ist apl sghphonanide groups for Y

i nclude those of formula - N(1123)S02 ette 1223 i s hydrogen, al kyl
or hal oal kyl such as Cl1_4al kyl, in pag¥iréul ar nethyl or ethyl. 5 The
nononeri ¢ conpounds used in the method of the invention preferably
conprises a C6_25al kane optionally suB5tituted by hal ogen, in
particul ar a perhal oal kane, and especially a perfluoroal kane. 10 In

yet a further alternatives Jibem.s,,exposed to plasma conprising an
opti onal | yh"gll? gt%tb[%d’ Kyfhe ¥ az(; 3 FPG?%?RCPQB&LYO?PJ@WW oo
al | ow aSpolhyseren] apéroen fadkpl orhalbhellsylr baceryil pSubhahly t he

al kyne comg@uads: Hsedpl, mihe d .Qf _t | nvepdzi on_ _conpri se chains
of carbon atons, inclugiﬁihbngﬁ%pgnﬁgéacgg%ln%cg%ﬁﬁﬁﬂ??gglésﬁghds.
The chai ns 3ty be* SPLPeRalY Wwrrar exsoZets Wi bhrdy Hetveroat @mtanduirmy —

carry substdfoyentss) inchueiag: risngs @Rdqet her shupct inal groyrss 4
Sui t abl e clegs .
ond 6r a sulphonamide group; or a group —{0)pR*(0)s(CHy).~
10 where R* is aryl optionally substituted by halo, P is 0 or 1,
$ is 0 or 1 and t is 0 or an integer of from 1 to 10, provided

that where s is 1, t is other than §.

Suitable haloalkyl groups for R, RY, R, R!®, and R*® are
15 fivoroalkyl groups. The alkyl chains may be straight or
branched and may include cyclic moieties and have, for example

From 1 to 6 carbon atoms.

For R*, the alkyl chains suitably comprise 1 or more carbon

20 atoms, suitably from 1-20 carbon atoms and preferably from 6 to
12 carbon atoms.

Prefersbly R*™ is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perfluoroalkyl group of
25  formula C,Fs.,; where z is an integer of 1 or more, suitably

from 1-20, and preferably from 6-12 such as 8§ or 10.

Where X is a group —C{O}O(CHa)y¥~, ¥ is an integer which
provides a suitable spacer group. In particular, y is from 1
30 to 5, preferably about 2.



20 whi ch may be straight or branched,

have from 2 to 50 carbon atons,

nore suitably from6 to 18 carbon atons. They nay be present either
in the no

nonomner
25 Particularly suitable nononeric organi c conpounds are those of
formula (M11) R24-C=C-XI-R25 :30 -whidre 1224 is hydrogen, alkyl,
cycl oal kyl, hal oal kyl or aryl optionally substituted by halo; Xlis a
bond or a d$iitdgi OE@phupamiaedgt@Zssifsran ialckydle Wyskoaf kidrrata ar yl

(0]

group opt
200910107

P and
and R2

&

10

15

20

25
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NEBBFRE, On 51 "the. plasmm, for exampl e by ¢ K6 PPRUShRals

he
i ng

ionally substituie al fPﬂSH-

ﬁ%t‘l) 28_ %7908{241}% %gd%egéb e brf’é\g@nlﬁaéi‘%hp?%a? ncl ude
groups of Goprkihe in perR)cuder POV SHHTE - (CH2) (C112) pN ( R26)
CH2) -(Cl112)pN(R26)502-r where s is O or an integer of from1l to 20,

are independently selected fromint

sy QPDGTE CaPRIPOUTS TR Ky TBF TRAICRY (EuraYneien

preferably comprises a Ceps alkane optionally substituted by
halogen, in particular a perhaloalkane, and especially a

perflucroalkane.

In yet a further alternative, item is exposed to plasma
comprising an optionally substituted alkyne for a sufficient
period of time to allow a polymeric layer to form on the

suxrface.

Suitably the alkyne compounds used in the method of the
invention comprise chains of carbon atoms, including one or
more carbon-carbon triple bonds. The chains may be optionally
interposed with a heteroatom and may carry substituents
including rings and other functional groups. Suitable chains,
which may be straight or branched, have from 2 to 50 carbon
atoms, more suitably from 6 to 18 carbon atoms. They may be
present either in the monomer used as a starting material, or
may be created in the moncmer on application of the plasma, for

example by the ring opening

Particularly suitable monomeric organic compounds are those of

formnla {VIII)

R¥-c=C~x'-R?® (VIII}

-where R?! is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl
optionally substituted by halo;

x* is a bond or a bridging group; and

R is an alkyl, cycloalkyl or aryl group optionally substituted
by halogen.



al kyl groups for R26 include Cl1-6 alkyl, in particular, nethyl or
et hyl . Wiere R24 is al kyl or haloalkyl, it is generally
preferred“t)o 10 have from1l to 6 carbon atons. Suitable_hal oal

groups for PRI ude f1 uor oal kyl groups. The al kyl cﬁa}‘ﬁgﬂ}?ﬁ&“\{%&

straight or branched and may include cyclic noieties. Preferably
however 1224 is hydrogen. Preferably R25 is a hal oal kyl, and nore
preferably a perhal oal kyl group, particularly a perfluoroal kyl group
of formul a riEaple Hiridgene groues axt irmlelglergn:ﬁup]s of fmm@lasUitably

from 1-20, apd; pref Eé@qgﬁ from(@HT])Z f%f cﬁ’r ﬁ%ﬁ? a_pr eferred

enbodi nent , t he cdnpoun formu u élqof formul a
(1X) CHr-7- U(C‘éae ,N)(R ") QT | Wyengher 5 & jog a@ Jdé:egnedoamm armb RO270i s

hal oal kyl , ind pakté Ciﬂd@beﬁdéiﬂ:rzpaé@ﬁéﬁéh sHGh 1§§e@eﬁ6n§1fl nrent Qr@e

group like C6F1l3 . nanaternatlv referred e
corrpouna§<ofarf°£}ﬁmljas SYERTTY PLERl c SHBLRMYSE OF iiil-a (B9rticular

CH-. 7C( 0) O(OHRRBTFoYDE) £oR*2008L0KR741PCEACRR0GS 992416143, metnyl
Cl:1Fr7.Pref re&m,% inthis case, pis an integer of from1l to 6, nost
pr ef erabl y about O her exanpl es of conpounds of fornula (1)
are conpounds of 5 formula (Xl') CRaC(CH2)pO(CH2)4R27,(Xl) where p is

" par Lol ra 1 ard 17 JEIBes 1 b Pefe P et B

in part cular is 1, and IS as or mu

(1), i1 pdFicchrat 1 tgr Bufpmeerntons.

Suitable haloalkyl groups for R?*® include fluoroalkyl groups.
The aikyl chains may be straicht or branched and may include
cyclic moieties. Preferably however R*! is hydrogen.

15
Preferably R* is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perfluoroalkyl group of
formula C,Faryq where r 1s an integer of 1 or more, suitably
from 1-20, and preferably from 6~12 such as 8 or 10.

20
In a preferred embodiment, the compound of formula {(VIII) is a

compound of formula (IX)

CH=C (CH,) ;~R*’ (IX)
25
where s is as defined above and R? is haloalkyl, in particular

a perhaloalkyl such as a Cei» perfluoro group like CgFis.

In an alternative preferred embodiment, the compound of formula

30 (VIII) is a compound of formula (X)
CH=C (0) O(CH,) ;R (X)

where p is an integer of from 1 to 20, and RY is as defined

35 above in relation to formula (IX) above, in particular, a group



10 or compounds of fo'Lula (XII) CHC(CH2)1, N(R26) (CH2)c, R27(Xl1I)
where p is as defined above, but in particular is 1, qis as 15

defi ned above but in particular is 1, R26 is as defl ned above a

parti cul ar Qo ?{W?ﬂgen and R27 is as defined in rel at FBWGPBOU?‘WZWI a
(I'X), in particular a group C7F15; orvbﬁorrpounds of formula (XI11) 20
CHaC (CH2) pN (R26) S02R27(XII11) ere p is as defined above, but
in partlcular i's 1 R26 is as defined above an in particular is ethyl,
and R27 is AEvdef iFFEAC TP I 1R eltbtS 6ASE0 B dFndk A (CERPT 4 Epamtd dol ar a
group C8Fl%, mb#it re&bi&snabbwer enbodi nent, the al kyne nonomer used
in the process is a conmpound of formula (XI V) 30I.,(d 2)nSi R29Fe0OR31
(XI'V) where R26 is hydrogen, alkyl, cycloal kyl, hal oal kyl or aryl
optional | y ®hbsté¢tarpéds byt lwahpou29pf RivandaR{1) are tadepeadest |y

sel ect ed frama kKylx:9r al koxy, in particular ci_6 alkyl or alkoxy.
W)2009/010741PCNGBZO 8M2416 14
CH=C (CHp) ;0 (CHa) .R”, (XI)

where p is as defined above, but in particular is 1, g is as
defined above but in particular is 1, and R? is as defined in
relation to formula (IX), in particular a group CsFis;

10

or compounds of formula (XII)

CH=C (CH) N (R®®) (CHp)q R¥ (XIT)
where p is as defined above, but in particular is 1, g is as
15  defined above but in particular is 1, R?® is as defined above
an in particular is hydrogen, and R* is as defined in relation

to formula (IX), in particular a group CyFis;

cr compounds of formula (XIII)
20

CH=C (CHz) pN (R?®) SO,R? (XIII}

where p is as defined above, but in particular is 1,R% is as
defined above an in particular is ethyl, and R’ is as defined

25 in relation to formula (IX), in particular a group CgFis.

In an alternative embodiment, the aikyne monomer used in the

process 1s a compound of formula (XIV)

30 R**C=C (CHp} s SIRZPRPORM®  (XTV)
where R* is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl
optionally substituted by halo, R*, R® and r¥ are
independently selected from alkyl or alkoxy, in particular Cye
alkyl or alkoxy,

35



Preferred groups Ru are hydrogen or alkyl, in particular Cl-6 al kyl.
Preferred groups R', Feci and Rn are C1_6 alkoxy in particular 5

et hoxy. Precise conditions under which the plasnma pol ynerization

t akes pl act? tW817Hi fective manner will vary dependi ngtGHER*4UEL12315
10 such as the nature of the polyner, the itembeing treated and so
on and will be determ ned using routi He nethods known in the art.
Suitable plasnas for use in the nethod of the invention include 15
non- equi | i Brdfsrcpd aaieaes sRIC aues hvfvegergeret Hitd by ragdiierkazgGenci es
(RF), mcrowaves or direct current (DC). They may operate at

at nospheri c or sub-atnospheric pressures as are known in the art. In
particul ar however, they are generated by radi ofrequencies (RF). 20
Var i ous f oryareafreequicument®® e’ kaiqusEd dre gepenabey gas eausiq@liasnas.
Generalgy tgﬁse conprise containers or plasma chanbers in which

pl asmas’ may Bé&Ygenerat ed. Particul ar exanpl es of such equi pment are
described for instance in 25 W?2005/089961 and W02128548, but many
ot her conventional plasna generating apparatus are available. In the
met hod, in general, the substrate to be treated is placed within a
pl asma chaRERFseogerHEr ORF t HGHeWBChiPe B HnBREFSTLIART R 4rESSbl e
t;) 1generat 15&@&_iha£196§ff@.@4::y\?@lh@a?ngﬂb;ﬁ{lﬁﬂeﬁaﬁl idép%ﬂdﬂ%@saﬁbﬂa aiedc&fogﬁsgf)us
st at e, glo i schar isignited within e.c er and .a suitable
Vol tagll DRFEh Srmgh o GearaLS the BAEd; | FE d5en B prpaied dhh
2009/ 010744&PCH GBA0@B/I0024d6:<Iini Asd usddghereiime hdichcelspkmssi an Lhe an
essential |l y gaseous state" refers to gases or vapours, either alone
or in mxturée, as well as aerosols. 5 The gas present within the

pl asma chanber may conprise a vapour of the nonomeric conpound al one,

but it mayghe: £ARLENEG Y Ehr a1Cakh T &e G@8hod HPRRE | GHEAE: oA nkbNEsd
gas su as heliumor ar In particular heliumis a preferred

carrie gag?nT?qUéléla?ir%%ggér“arseﬁgF?eacﬁ these HeEahehiNi ni se
f ragnent at ke dfretiien iR sMYRDNE i crowaves or direct current (DC). They
may operate at atmospheric or sub-atmospheric pressures as are
known in the art. In particular however, they are generated by
radiofrequencies (RF}.
20
Various forms of equipment may be used to generate gaseous
plasmas. Generally these comprise containers or plasma
chambers in which plasmas may be generated. Particular
examples of such equipment are described for instance in
25  WC2005/089%961 and WO02/28548, but many other conventional

plasma generating apparatus are awvailable,

In the methoed, in general, the substrate to be treated is
placed within a plasma chamber together with one or more

30 monomers, which are able to generate the target polymeric
substance, in an essentially gaseocus state, a glow discharge 1is
ignited within the chamber and a suitable voltage, which may

preferably be pulsed, is applied.



When used as a m xture, the relative anmounts of the nonomer vapour to
carrier gas is suitably determ ned in accordance with pr ocedur es

whi ch are conventl onal in the art. The anount of 15 nononer

will deper%P YEWE extent on the nature of the parti cbthpe Fﬁ?%‘%]rﬁ
bei ng used, the nature of the substrate, the size of the plasm
chanber and so forth. Generally, in tHBe case of conventi onal

chanbers, nononer is delivered in an anount of from 50-1000ny/ m nute,
for exanplms altsea Heade@nof tHer @ﬁp?ébsﬁ@nlsmgslnmﬁm@iallﬁ-ymaﬂeobé

appreci ate owever ha I d the
react or séid o%ee%rgn% iaés enu S{a%opkéhbe\s%%?gfgsﬁégqﬁ??gg%ﬁgﬂue
processed = W@htea,s tleires¢¥et urn depends on considerations such as the
annual through-put required and the capital out-Iay. Carri er gas such
as heliumis 25 suitably adm ni stered at a“ﬁ%nstant rate orvexe}lr]rtpl

at a rate Bre BRENPIRSSOTSYHHUE 808 (BiRE R eMA WL r BY S8 h Hufe ' {RTcm ,
for exanpl gr fﬂh@niné&m%(is_ecmmﬂdﬂnammensbmnoﬁsmairh:&}a ratbinesf wirbmarer
to carrier gas wll in_the ge,  of. 0 t or

i nst ance |ﬁ§§%§rr‘é?ﬁge 5f p?rtlcuiﬁr o lELPl%ng % QH a% %e%%l %ul ar
about 1:0 &nychk.10In Teetpretisdaelau dssel w@ir@tﬁiﬂmrﬁée!;og%‘s £8 @nsure
that the flLowalerequired Bk thes RACRSSili a8kl deadatidh senene
cases, a prelinmnary continuous power plasma may be 35 struck for
exarrpl &0 f omortamem- 15 seconds to0l0 minutes within the chanber. This may
act as a surface pre-treatnent or activation WD

2009/ 010741 PCT/ GB2008/ 0024 6 16 ste nsurin hat . t r
attaches i Vet f*spdadf WH% §ﬁ?f1§é€€% +¥% ?%O%Fttgsmfpo ynﬂggr)rlibg{ag'?l on

occurs, theageposbt tafriegr g‘ms;":Lsoauimwudé’awlnwenpra@cwfémwmt%t ep
may be conduct ed bEfni% Chngggn&;mjeﬁti&{ﬁ}o%c% LRto the chamlenbs 10
0

the 5 pres ghee an 1nert | asma is then suitably
swi t chél t momomsyl séderlvaéﬁademf—‘I@l LovEqRs! ?ﬁ’é‘?rﬁs &0 Bie e tBFe cded®at

| east whent Q@ld’{ﬁﬁgrﬁéndnﬁerpﬁgﬁﬁﬁhseéo tnd 8htukaseSihd s@lb@’d\tedjeSChﬁé ge

i's SU|tany rgnited by applying a high fre uenc vol t.age, exanpl e
at 13. 56 MHBizqHi%s the eﬂh"ﬂgqeﬁga’é e?ﬁrEBg éﬁf’%‘ﬁ?lﬁ& b%qﬁ it er nal

or ext ernalab® dMeoshandienal ganabakty nisedet ors |daﬂgm:ram?dlsrm’i |
chanber s amount of from 50-1000mg/minute, for example at a rate of from
20  10-150mg/minute. It will be appreciated, however, tThat the rate
will very much depends on the reactor size chosen and the
number of substrates required to be processed at once; this in-
turn depends on considerations such as the annual through-put
required and the capital out-lay. Carrier gas such as helium is
25 suitably administered at a constant rate for example at a rate
of from 5-80 standard cubic centimetres per minute (sccm), for
example from 15-30sccm. In some instances, the ratio of
monomer to carrier gas will be in the range of from 100:0 to
1:100, for instance in the range of from 10:0 to 1:100, and in
30 particular about 1:0 to 1:10. The precise ratio selected will
be 50 as to ensure that the flow rate required by the process

is achieved.

In some cases, a preliminary continuous power plasma may be
35 struck for example for from 15 seconds told minutes within the

chamber. This may act as & surface pre-treatment or activation



15 respectively. Suitably the gas, vapour or gas mxture is supplied
at arate of at least 1 standard cubic centinmetre per m nute (sccn)
and preferabl in_the range of from1l to 100sccm 20 |n the case of
t he nononef yé B this is suitably supplied at a rat B¢ Eﬁ“?%%ﬂ?“lﬁ
80- 1000ng/n1nute whi | st the continuous or pul sed voltage is applied.
It may, however, be nore appropriate tor industrial scale use to have
a fixed total nononer delivery 25 that wll vary with respect to the
defi ned precess ehsmzemhat|ﬁheah@oommmemaa@wnltﬁ@lﬁméteaﬁ bftot he

monoer andihed eehniedl 18" ochetealibadocGassoLnr dapauEsTy  be

drawn or region. 30 In particular, where a
pl asma ChaﬁbECFWSI”SOGS’@EP S@éiﬁ@%e-or’fvamé‘rﬁﬁ?“% BJF%?M’i“aP’niP% t he

chanber as g, &esult nofora HBHMELA @B idrddeced essur ensvidbhivhet heén the
chanber, caused by use of an, evacuating punp. Alternatively, they may
be punpéd BFS$HEC LBt 87t HePhdber or del i vered by any ot her

known nmeans for delivering a 35 liquid or vapour to a vessel. 17

Pol ymor i satlond SeulL Aok efleshed sl Adavaparsols GamRgunds of

formul a (I) e nt ar ne ressures of fromO

400nt orr. lafllow Iﬂolbeeamﬁ'te@nat@dl‘rtoﬁa?drt & ppezs Wéﬂc%gﬁn?’ff?%ﬁ?

gi ven case idepend on the type of shoe to be processed 5 as the
degree of §&%vents and or adhesives used will effect the out-gassing
rate ar@ hence the pressure at which the process occurs at. The

applied fieldg)ar&seul t@bjmwoalmmgeois fanamalbly d.gbOOW biOaspitiall v

at about 10 - 200 W peak o r i ed as S .pul sed
field |If 5uPé6%3%%%ﬁﬁ%ﬁ%| ag?hgﬁrcgﬁa eeaﬁgﬁgig%#ﬁya g%agé%ie

whi ch yi el dgpresy dsowgavbsatgedpomenschinry drabpieriion ar sedashtle Hon

which the ratio of the { 8-0f frdeS ahdd duR@1r anadeet from
1: 500 to 1: OﬁhmE%rflg +ar1%g %?%%p és Sﬁhsﬁch sequence are

sequenckEs wespecpowaly-is on for 20-50s, for exanpl e about 30s, and
off for from1000s to

Suitably the gas, vapour or gas mixture is supplied at a rate
of at least 1 standard cubic centimetre per minute (sccm) and
preferably in the range of from 1 to 100sccm.

20
In the case of the monomer vapour, this is sultably supplied at
a rate of from 80-1000mg/minute whilst the continuous or pulsed
voltage is applied. It may, however, be more appropriate for
industrial scale use to have a fixed total monomer delivery

25  that will vary with respect to the defined process time and
will also depend upon the nature of the monomer and the

tochnical effect required.

Gases or vapours may be drawn or pumped into the plasma regilon.
30 In particular, where a plasma chamber is used, gases Or vapours
may be drawn into the chamber as a result of a reduction in the
pressure within the chamber, caused by use of an evacuating
pump. Alternatively, they may be pumped or injected into the
chamber or delivered by any other known means for delivering a

35 liguid or vapour to a vessel.



30000gs, in particular about 20000ps. Typical average powers obtai ned
inthis way are 0.01W 20 The total RF power required for the
pr ocessi ngvof a batch of shoes is suitably applied from 30 seconds to

90 m nute OﬂP%{P]é'?ﬂbl y from1 mnute to 10 m nutes, deBEH&iBﬁ(Efwﬁ%éw

the nature of the conpound of fornmula %I) and the type and nunber of
items being enhanced in the batch. 2518uitably a plasma chanber used
is of sufficient volunme to maxi m se the annual through-put and so the
si ze and n@rberexgfsaghon ndi virdimllyc hEderedangdintheapanterofofoinemessuch

as shoes t hat +&afihe (py ,OQ\glg%ﬁdaﬂe”mﬁiQaaFi&@tdC%ﬁl;gce 'H_»e&i%%e??oﬁrb.l

nunmerous 30 factors such as, but not Iimte , (a) annua ,
product i on “Pof WRESTTE bI Tt It Pt FPRBEHAT FeFhdfay-benB g Fal CpdRatfng
days, (c) faagt@%noagf@]gvim_g géfdre gﬁqyr;e (EQb?C@ﬁ)isﬁigb ’é?(!is.ite gf:oceslsled
equi pnent, (e) size o ot wear._ and .materl al s used. 8 _gener

ool | har PoarSchmsts i Be TR Bre Por honPiS PAg e o SRect che
appl i cati onsf~¢adsint nelcessdr yencel chgat@senze et anduh aiheC hasdyesss may
be construcgted,.or,.i ndeed cuboid, or of any other suitable shape. 5

The chanber nay be 'a seal abl e container, to allow for batch
processes, or it may conprise inlets and outlets for the itens, to

al low it tenbespiileuseseidy arseilita8DyiJHQHsePIACessn 4 RoPasd, cul ar
in the atter case, t he ressure conditions 10 necessary for creati ng

a pl asmd difSthErge 3 tPPH tihe” HihBersalt oHEF nt2aPAeEd & Rg hi gh

vol ume punesnptisudus 60NMERdonBd1d.or IEXAITBES dfe acdeViQE Wheh @n

"whi stling bleegg"]iieléogvever itow hQlcrslo ib‘?L ossi bl.e to_process itens
o

of footwear a nosp eTiT pressuras of Idos‘ée]fyo,loﬁe%‘é rlaﬁa PHEReed

for "whi st [femgetaais” 115 Hequapg iledwiidl dsearatisubtatiley toke ppwer of
from 20 to 3RQWrsyist ahl thAlAR0We FOOWIRRK POWRR 50@PPlH-2H: A% a2

pul sed field.
5 examples of such sequence are seguences where power is on for

20-50ns, for example aboul 30ps, and off for from 1000ps to
30000ps, in particular about 20000us. Typical average powers

obtained in this way are 0.01W.

20  The total RF power required for the processing of a batch of
shoes is suitably applied from 30 seconds to %0 minutes,
preferably from 1 minute to 10 minutes, depending upon the
nature of the compound of formula (I} and the type and number
of items being enhanced in the batch.

25
Suitably a plasma chamber used is of sufficient wvolume to
maximise the annual through-put and so the size and number of
an individual chamber and the nwrber of items such as shoes
that can be processed in a batch cycle wiil depend on numerous

30 factors such as, but not limited to, (a) annual production
volumes, (b) operating hours per day and annual operating days,
(¢) factory operating efficiency, (d) capital cost of

equipment, (e) size of footwear and materials used.

35 The dimensions of the chamber will be selected so as to

accommodate the particular items being treated. For instance,



The pul ses are applied in a sequence which yields very | ow average
powers, for exanple in a sequence in which the ratio of 20 the time

on : timeg&gf is in the range of from1:3 to 1:1500, deﬁendl ngwﬁp
t he natur %R Hononer gas enpl oyed. Although for nbhYl *tn

may be difficult to polynerise, tinme on : tine off ranges may be at
the lower end of this range, for exanpBe from1:3 to 1:5, nmany

pol meri sations can 25 take place with a tine on:tinme off range of
1: 500 to 19tBemrllparyludraraéxamphess gfzys behssidqbénctonrewsdyuances

where povelori §o,0n ek od- 208, i f aceX e@%gte?’gn?’r@d%(AnQﬁiarj or from
1000s to 30000ps, in particul ar about 3000 Typi cal average powers

obt ai ned i FRERPESWRY dfe WRETCESE %elrfqeépd%u%léifs%’ tHoPY ayfiered
from 30 secantsblio sQ8od nutes, preferably from5 to 60 ninutes,
dependi By upon the nature of the nononer and the substrate, and t he
nature Of the target coating required. 19 Suitable plasmas for use
in the netfod dianttee mawénrt koredladladecnrieiaeguitdd bilowmfoh-asatacs such

as those %%@S&Q%@é% errPf.d'mQE/r&%b%%befnl(eﬁF) anéﬁo%?lé‘gé’ %rth%I 1266,

current ( operate at at nospheric or sub-atnospheric
pressures é?@ a%%ws enbouwbs Beihisagr dn qirﬁ%rt?@%@f?alpuﬁd@weﬁs tH&y are

generglt ed %rﬁﬁ%ﬂ@fﬂ @ﬂugfecuaﬁi%ﬁ%)aﬁel Etkfﬁsl breases ca?@i&\ang:c scharge : S
suita nite app I n a | reguency . vol t age, or  exanpl e
o 15 M SRoshr e OB Ing % Sulef dielleess Jr BEETRRTer nal
or exter nalaxbmahﬁ:adha@bmmnggH frol. tuge gasespfad alsgedsmfelmambﬁjs fake

Internal . egfatﬁ];)]ié ql?ll % &%L%cgaﬁithv Q%ﬂlsqgltlglﬁE%ea}é’t urﬁolesvesu ?l | eﬂ at a

rate 15 of east ard cu iccen re per sccr‘r) and
pr ef er abl y ailAotbre noangeloftof prrmebst @ta_mwcﬁvoﬂwanfhet msglﬁeztﬂwe

mononer vapeutsutdi $ri élo%lél £8bI 36 3upRL 18d Abe@ FAL CwRfsthi A 1caks”
80- 300r1*g/m nute, for exanpl e at about™ 120ngy per
The applisc¢ fields are suitably of power of from 20 to 500W,
sultably at about 100W peak power, applied as a pulsed field.
The pulses are applied in a seqguence which vields very low
average powers, for example in a seguence in which the ratio of
20  the time on : time off is in the range of from 1:3 to 1:1500,
depending upon the nature of the monomer gas employed.
Although for monomers which may be difficult to polymerise,
time on : time off ranges may be at the lower end of this
range, for example from 1:3 to 1:5, many polmerisations can
25 take place with a time on:time off range of 1:500 to 1:1500.
Particular examplesrbf such sequence are seguences where power
is on for 20-50ps, for example about 30us, and off for from
1000ps to 30000us, in particular about 20000ps. Typical

average powers obtained in this way are 0.01W.

The fields are suitably applied from 30 seconds to 90 minutes,
preferably from 5 to 60 minutes, depending upon the nature of
the monomer and the substrate, and the nature of the target
coating reguired.

35



20 m nut e dependi ng upon the nature of the nmonomer, whilst the pul sed
voltage is applied. Gases or vapours may be drawn or punped into the

pl asma regj n.?{g articular, where a plasnma chanber is used ases
or vapourg""g%0 ’Q‘ﬁe drawn into the chanber as a resul FCHFP 5008/9”2“6

reduction in the pressure within the chanber, caused by use of an
evacuating punp, or they may be punped;” sprayed, dripped,
electrostatlcalIzglonlsed or injected intg the _chamber as, i s, compn

in liquid h3HdRPhE. PLEETREI {8 at? diei Ee K% QEI?%FP&‘E‘%’&%%PHBME
vapours of m@RedeisiwihehpBisagbsindniasedhade prassattezisbef from 0.

400nt orr ui at__abou 0- 100t
2009/0107411‘-?6{1‘/3%%%‘6%?0685& P S %\gﬁé’ GF CBFPhe' 551 y mersY
bei ng deposidedpeastanelt] atmodrherhat @ubfa‘mllt@pgabm rEeesared wel $r6be

det er m ned kﬁﬂd&glﬁo%ﬁé %@tnEtfHDgﬁr@{EUﬁ%E bRt ecll QUeSyexERED by
di mensi ons of the chanber will "be selected so as to accommpdat e the

particul ar WFQ@&EI&leéeW@e bei ng treated. The chamber nay be a
seal abl e container, to allow for batch processes, or it nay conprise
inlets and outlets for the substrates, to allow it to be utilised in
a continuous process 10 as an in-line system In particular in the
| atter caseln tahﬂ passsuregtondiittbasyendeessidraply ot gcitedt bngrplpiasma

di schar g¢ w, aFPéa%&é%%gb%Jl % MRY Nl @{bﬂgﬂa ug! Ry, %\}\%ﬂ% Vofﬁi%e pumps,

as is conventl 'h a device witih a st 11 ng ak"
However it wwejiedl soinse %9@‘@?@9@ t@hﬂmho@éﬁsbﬁjrlﬁgew?ldépfl Yeryrrgystens

at at nosphefjp& PERBSHS SutOin GIHRSEatd oMegatdNEnbSe e el Mternal.
"whistling | eaks". The hydrophobicity of the treated shoe nay be
assessed using tests conventional in the art, such as the test nethod
AATCC 20 193u2G05v( Aterdaeanvaissa@coatgaan moktextisl sufgaliedr atstss ratd
Chem st f& .

of at least 1 standard cubic centimetre per minute {sccm) and

preferably in the range of from 1 to 100sccm.

In the case of the monomer vapour, this is sultably supplied at
a rate of from BO-300mg/minute, for example at about 120mg per
20 minute depending upon the nature of the monomer, whilst the

pulsed voltage is applied.

Gases or vapours may be drawn or pumped into the plasma region.
In particular, where a plasma chamber is used, gases or vapours
25 may be drawn into the chamber as a result of a reduction in the
pressure within the chamber, caused by use of an evacuating
pump, or they may be pumped, sprayed, drippsd,
electrostatically ionised or injected into the chamber as is
common in ligquid handling.
30
Polymerigation is suitably effected using vapecurs of monomers
which are maintained at pressures of from 0.1 to 400mtorz,
suitably at aboult 10-100mtorz.

35 Precise conditions under which the plasma polymerization takes

place in an effective manner will vary depending upon factors



The invention will now be particularly described by way of exanple
with reference to the acconpanying figures in which:- 25 Figures 1

and 2 sho aphically the extent of water uptake over _t.i )
vari ous c%@%ﬂé{?ﬁqy avai |l abl e sports shoes which havepé—ggﬁz%ﬁwgﬁ ed
by pl asma processing (shaded) conpareg,to their untreated

(unshaded) counterparts; 30 Figures 3 To 5 show graphically the
enhanced durabili t% when exposed to water of wvarious comrertiilazliéy
®

avai | abl e 8pdr 85 SPOERTRER M FASPHEERT PPk FEROBY OFr adfre™®
processi NgenEXawpke dr t32 Aétahos yarir antedes Moeetmiined téind oot bed

renoved) was placed into_a,glass, chanber. e of approximately 13
litres in o m?ﬁh?ﬂtst ﬁn%%oreff%g?ﬁgﬁcggl ﬁ%d copper coil electrode

and evacuated for one mnute using a Leybold screwine SP630 and a

Leybol ds Ronh s BLAWEToAPAFVIELL RUBRBLAGK: ) AbE &le1BUERA NG BEr rone m nute,

a continhuous wave p asma was struck at Wfor for 30 seconds .5
using a Dr essbwodatestie P3TbicWadi sr¥FEgientsy d5amet A9rdahtrHone

made mat chirng HELWAEKySP0 vaSatashiyai@tbbresurbaselef ohebdnt wear .

Following this a perflugrinated acrylate_nononer iner ced into
t he chanbeP*9FeES%SmoRbner m?‘db‘éont?ﬁaﬁ%/ PSS~ H é)élr?glgﬁ%n |t?lgéjns of 20
M Cr 0Secon@sonOfrdtede, tG bkl isavondsutti0iefd in mecantimupeakPyrerRes of

50 W a_period of 5 m es. . LR i t he R SHBP) Yenwas
tur nedqéff ,aga§nvﬂ>§lsqtlﬁ% srﬁ%%ﬁér Iso%rggél%&r}éét l'lélr%)'/est em vented to air,
fol | owi ng whistutcheostive angsneedrpsd. To5 crApEing 2aBda¥¥EREcharee

determ ne the, hydropRobidt ¥r0fndiReaShae us$ng atilghedoDitke BYmPs acisng
droplets of water (or mxes of isopropyl al,cohojl#hT on\(@].t h?.shoe and
assessi ng tifecoRAEaEcHRl rEFePIAMRY? A %dj[eﬁll:%n"‘-’ ZantwertThg /

wi cki ng acqaeding drelrbe ftesti 1 AANCC 393230514 AnepircasssAsisogi ati on of
Textile _ 20 Col ourists_ and emsts)..The h rat | f
W6 accdRdl FGIEEETHIV LR TrothBuo T B RatRaD T () Tor Y e 1 aaded
shoe conpare@ heed foor Fesioridhaglamksi’'eat ed shoe can then be assessed
by wei ghing the shoe before and after exposure to standard conditions

simulating the human foot at a high 25 stress |evel (34C and sni/ hr
sweat rat e)Thgs hrgraebSATRA OAdVER Ce@aiBt sthnte™Va sy AneRtScfe8f YBATRA

TNVB?G)- rests conventional in the art, such as the test method AATCC
20 193/2005 (Rmerican Association of Textile Colourists and

Chemists).

Thé invention will now be particularly described by way of
example with reference to the accompanying figures in which:=~
25
Figures 1 and 2 show graphically the extent of water uptake
over time for various commercially available sports shoes which
have been protected by plasma processing (shaded) compared to
their untreated (unshaded)counterparts;
30 Figures 3 to 5 show graphically the enhanced durabllity when
exposed to water of various commercially available sporits shoes

which have been protected by plasma processing.

Example 1
35 A Victory branded shoe (with the footbed removed) was placed

into a glass chamber tube of approximately 13 litres in volume



Exanple 2 30 The extent of water penetration for various conmercially
avai l abl e sports shoes treated according to the nethod of Exanple 1

was determned according to the test nethod of EN | SO : {E).
In this t&d]?""m(’?:ﬂ is an internationally recognised té‘gﬁéﬁa@gfg@ﬂ{eﬁty

footwear (often referred to as the 35 45car wash ' test) the item of

footwear in a defined depth of water i'S subjected to the nechani cal

action of rotating tte WD 2009/ 010741PCT/.GB20038/ 002416 22 brushes
AR b AR e R

and at the &n FEHB £ Bt §d SEREC T PBRAL S GEORET er
penetr at i onfés cdetermiteedsing exasymdd enredliaet 8B§X) wedea regbalted

using the c S [ por b ] ter
upt ake overlgc'%clrt‘r%egg %??ggﬁ%ﬁgﬁgi%ééat %%t%ﬁ%gép%% %ggc{))& tén?g‘é%The
resul t s obtaisradinepus oaieriagipyvas Sitrask s §8r ¥ sfxhdes MeweBardhce

1091 ands Pe@éﬂnél aUplesdi@rPrasRARt eth @r aRhi & atdahubAcd Qelib oM BS adgand 2
respectlveld%. romthese results it can be seen that the treat gd
shoes (shadddie 4R TRFRORS RSB YPT ESs TR BT VERA en EPFFL AR5 PEat ¥
count er par t spotdweadi Nepilewshgninfscanid nflhesmaveidghtr@aitn. mdpnrke-guaes 3
to 5 present_the results t al in.his test f i nova
oos o (xai b et OB 2o b s “miilen Plnd 3527 SUREHD
denonst r at | plpstee cordidrionpt @k & Oofil ciaseshods um-thiner ek i hiceghnds

occurs. 14 N g+ QL€ CASESK I dowe@NoP & B G RoE Al ML T DECRKYIREOUgh

occurs consi derably sooner for 20 untreated conpared to treated

shoes. After this time the RF supply was turned off, as was the
monomer source and the system vented to alr, following which

the shoe was removed.

15 Initizl assessment to determine the hydrophobicity of the shoe
is carried out by placing droplets of water (or mixes of
iscpropyl alcohol) onto the shoe and assessing the degree of
repellency by both run—off and wetting / wicking according to
the test AATCC 193/2005 (Rmerican Association of Textile

20 Colourists and Chemists). The shoe has a water rating of wé
according to this test method. The ‘breathability’ of the
treated sheoe compared to a corresponding untreated shoe can
then be assessed by weighing the shoe before and after exposure
to standard conditions simulating the human foot at a2 high

25 stress level {34°C and 5ml/hr sweat rate) using the SATRA
Advanced Moisture Management Test (SATRA TMV3T76).

Example 2

30 The extent of water penetration for wvarious commercially
available sports shoes treated according to the method of
Example 1 was determined according to the test method of EN IS0
20344:2004 (E). In this test, which is an internationally
recognised tesi for safety footwear (often referred to as the

35 “car wash ™ test) the item of footwear in a defined depth of

water is subjected to the mechanical action of rotating wetted



23 Cainms 1. Anethod for protecting an item of footwear from
wei ght gain due to uptake of liquid conprising exposing said conplete
item5 ingludi r}%lag%steners to plasma in a gaseous stat

sufficient %@P’f of tine to allow a protective |ayer F%Lg;ém@?’g(gf]é”d

on the surface of the item 2. A nethqod according to claim 1,
wherein the fasteners are selected fr | aces and zips. 10 3. A
met hod according to claiml1l or claim2 wherein the item conprises

sports shod¥Ushos ard gt ¢ SBE RiUiSAGRt BrovsymPed deaitngeriosi fe wher ei n

the 15 proteatthverd ayesr igenadt POLASTELE CAdANAR ndDIEh cksmGl-0aLgd by
exposing the itemto a pul sed plasma conprising a conpound of fornula

(n 20 where R1, R2 and R2 are independently selected from

hydr ogen, d&hkytegstrakeat kidpeetedrndingptionelrkyssatasbirt uitedabyd hal o;

and R4 ks g, gLPUR RO MELE RS l‘@él r..hal oal kyl group and X

is a bond, & group of for m%?a ?c&eo)w%{@?ﬁ_ Bi‘g(%’f?fz}?”w‘ﬁ g\/‘3ﬁel|';’ée%Gl%s an

i nt eger of fomirep§edocshrg Yoike soppdeedr a sul phonani de 25 group;

or a group -(0)pR6(0)q(CH2)t- where R6 is aryl optionally substituted

by halo, p.s 0 or 1, i.S r 1 and t.is O or _an integer of froml

to 10, pr oﬁaeﬁeﬁ%ﬁf’ %q@rlélea f%r Forper g dilfefvIHAR O, SHBits ashoes

suf fi ci ent Nper baichnok 109 aha Béd:awIdufl ofreCbiyerRelysRigne chayerint 0 be

creat e(ioon Etieﬁrééjrlf 4§ é)fretngc‘Hi%Ty. From these results it can be seen
that the treated shoes ({shaded) take up considerably less water
than their untreated counterparts, leading to significantly

less weight gain.

15  Figures 3 to 5 present the results obtained in this test for
Adidas Supernova GCS GTX (XCR), Asics Gel Yama and Brooks
Adrenaline sports shoes demonstrating the water uptake of the
shoe until break-through occurs. In all three cases it can be
seen that water break through occurs considerably sconer for

20  untreated compared to treated shoes.



30 24 6. An nethod according to claim4 or claimb5, wherein the
compound of fornmula (1) is a conmpound of formula (I1) Cl12=CH R5(11)
where R5 is as defined in claim4 or a conpound of fornmula (I11)
CH2=CR7C(0)0(CH2) , R5(I1l) wherein n and R5 as defined in claim4 and

R7 is hydrogen, C1_10 alkyl, or G _nhal 3l kyl . 7. A et hod
according to claim®6 mherein the conpound of 15 formula (111) is a
conpound of formula (1V) 0 H>R7 OA CF3{lh¥ys where R7 is as

defined in claim6 and x is an integer of from1l 20to 9. 8. A nethod
according to claim?7 wherein the conpound of formula (IV) is
1H, 1H, 21- 3, 2H heptdgec 4PF UprTdeEyhacyt ditem 25 Sootwapat Roam e Agin

to any of chakng, Juﬂt%.ké o%ffcﬁh@l Eaﬁ%e ﬁr@cgkﬁssiﬁg}/%ralasc@mﬂgmaeﬁ

| ayer which I's created by exposin itémto plasnma conprising a
conpound5 of ifgtwaiing @vﬁtﬁp@x%)qqlg asma in a gaseous state for a

sufficient period of time to allow a protective layer to be
created on the surface of the item.
2. A method according to claim 1, wherein the fasteners are
selected from laces and zips.

10
3. A method according to c¢laim 1 or claim 2 wherein the item

comprises sports shoes.

4. A methed according to any preceding claim, wherein the
15 protective layer is a polymeric layer which is created by

exposing the item to a pulsed plasma comprising a compound of

>:< (1)
R R

20 where R', R® and R® are independently selected from hydrogen,

formula (I)

alkyl, haloalkyl or aryl optionally substituted by halo; and R*
is a group X-R® where R® is an alkyl or haloalkyl group and X
is a bond; a group of formula -C{0)O-, -C(0)O(CH;),Y- where n
is an integer of from 1 to 10 and Y is a bond or a sulphonamide
25 group; or a group -(O)pR®(0)},(CH,).- where R® is aryl optionally
substituted by haleo, p is 0 or 1, g is 0 or 1 and t is 0 or an
integer of from 1 to 10, provided that where g is 1, t is other
than 0, for a sufficient period of time to allow a protective
polymeric layexr to be created on the surface of the item.
30
5. A method according to any preceding claim wherein the item

is exposed to pulsed plasma within a plasma deposition chamber.



11 /R (V) 25 where 128, R9, Rn, Rn, Rn, and Rn are all independently
sel ected from hydrogen, halo, alkyl, haloal kyl or aryl optionally
substituted by halo; and Z is a bridging group. 10. A nethod
according to any of clainms 1 to 3, wherein the protective layer is a
pol ymeric layer which is created by expaéing the itemto plasma
conprising a conpound of formula (VII) R1I6 R17 Rg R2 R21 (VIl) where
R16, Rn, R 8. R onehhgdRacapedingdépentiein |4 csekbeied f wBATES Hhdr ogen,
hal ogen, - al kithpolid Q! e¥lm®@Ta arnyl 19PLT QO aSYPSEd L d (By) hal o; ~and
Rfl is a group X-1222 where Rn is an al kyl or hal oal kyl group and X
is a bond; a group of formula - C(0)0(C112)"Y- where x is an integer
of from1l to 10 and Y is a bond-gLcg-gul phonamgg group; or a group
20 where where Rn is aryl optionally substituted by halo, pis 0 or

1, sisdor 1andt is 0 or an integer of from1 to 10, provi ded
that where gnkse Ir® tisl $s Udt8helin@d Oraim 21dr A IHRPAdaasEHFHgat O
any of clains 1 to 3, wherein the 25 protective layer is a polyneric
| ayer whi ch (f$Itreated by exposing the itemto plasma conprising a
compound of formula (VII11)

CH,=CR’C (0} O (CH,) .R*® (ITI)
10

wherein n and R° as defined in claim 4 and R’ is hydrogen, Ci.ig

alkyl, or Ci.jchaloalkyl.

7. A method according to claim & wherein the compound of

15 formula (IIT) is a compound of formula (IV)

O
H
>=2Lo/\/(CF2)X ~cr, (V)
I R

where R’ is as defined in claim 6 and x is an integer of from 1

20 to 9.

8. A method according to ciaim 7 wherein the compound of

formula (IV) is 1H, 1H, 2H, 2H-heptadecafluorodecylacylate.

25 9. A method according to any of claims 1 to 3, wherein the
protective layer i1s a polymeric layer which is created by

exposing the item to plasma comprising a compound of formula

(V)
R10
Rﬁ\h__<<\ ;§i1_<<:FQu
— — (V)
30 R/ ‘ R®



R24- C-aC X1-R25(VI11) 30 where Rn is hydrogen, alkyl, cycloal kyl,

hal oal kyl or aryl optionally substituted by halo; xlI is a bond or a
bridging group; and 26 R25 is an al kyl, cycloal kyl or aryl group
optional |y substituted by hal ogen. 12. A nmethod according to any
preceding claim wherein the item5 to Be treated is placed within a
pl asma chanber together with one or nore nononers, which are able to
generate the target polymeric substance, in an essentially gaseous

state, a gl gu.di sphaggepis lenl gzezd Wi g hism 1.he aqkﬂaﬂﬁﬁép&{&lni‘l?w tabl e
pul sed voltage is appl’ied 1 A met hod according to claim 12,

wher ei n pul seseetras dppi bnd:rweal séqh‘éncﬁauﬁifﬁ whEPRtHyd pat @Wjof the
time on : tbﬁ?l&faflllys sliBstN8iRN8G RL14 1 QMalz590 4 &rky %@QQ

Use of pl asma pol yneri sation deposition process for ep03| t| on
of a Ilqiu d repellent coating on a conplete item of footwear

including fagt eﬁ%&hfoa 9!’:9&%:195%&:0'&1@%@ faramnue] g sgalRefiig te
uptake of liquid . An item of footwear treated by a nethod

accor di ng tara‘ﬁ%ctdfvezéa&%m% a ppgyngric layer which is created by

exposing the item to plasma comprising a compound of formula
(VII)

10

16 517

R™R

18 19

R

RZJR?1

(VII)

where R*®, RY, R'™ R*® and R* are independently selected from

15 hydrogen, halogen, alkyl, haloalkyl or aryl opticnally
substituted by halo; and R*' is a group X-R** where R* is an
alkyl or haloalkyl group and X is a bond; a group of formula -
C(O)O{CH,;),Y- where x is an integer of from 1 to 10 and Y is a
bond or a sulphonamide group; or a group - (0)sR** (0} (CH,). -

20 where R* is aryl optionally substituted by halo, p is 0 or 1,
s is 0 or 1 and t i 0 or an integer of from 1 to 10, provided

that where = 1s 1, t is other than 0.

11. A method according to any of claims 1 to 3, wherein the
25 protective layer is a polymeric layer which is created by
exposing the item to plasma comprising a compound of formula

(VIII)

R**-C=C-X"-R* (VIII)
30
where R** is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl
optionally substituted by halo;

X! is a bond or a bridging group; and



10

15

20

26

R*® ig an alkyl, cycloalkyl or aryl group optionally substituted
by halogen.

12. A method according to any preceding claim, wherein the item
to be treated is placed within a plasma chamber together with
one Or more monomers, which are able to generate the target
polymeric substance, in an essentially gaseous state, a glow
discharge is ignited within the chamber and a suitable pulsed

voltage is applied

13. A method accorxrding to claim 12, wherein pulses are applied
in a sequence in which the ratio of the time on : time off is

in the range of from 1:500 to 1:1500,

14, Use of a plasma polymerisation deposition process for the
deposition of a liquid repellent coating on a complete item of
footwear including fasteners to protect said item from weight
gain due to uptake of liguid.

15. An item of footwear treated by a method according to any of

claims 1 to 13.



