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COATI NG CF A POLYMER LAYER USI NG LOW POANDER PULSED
PLASMA | N A PLASMA CHAMBER OF A LARGE VOLUME The
wWEe@sSo8t96i nvention relates to the coating of sPCT/&@Be®s/001017
in particular to the production of oil- and water-
epel |l ent surfaces as to coated artlcles

obt SPHIC t‘?Fef*eB?PYM@JRILAYﬁ%dJ%? - POEER| TEHE

treat nBAkHa fOF adpiciie MBRBEE Yoroh SiHckaggwMare in
wi despread use. For exanple, it nmay be desirable to

i mpart such properties to solid surfaces, such as
metal , glass, ceramcs, paper, polynmers etc. in order
Thﬁoprmrm/enweégerpm/aﬂtqléﬁesr Deftd €9atdrg phrawdacesr in

payfembmgr STl Ithegpr&alr&rlbhc gk agisuRsHr @&éfefm'x%@e&@&% res

such coatings are fabrics, in particular for outdoor
suEEBERS nFapelicas | bnsoaspdrasvikcdes phrainedwsherahd- i n

mlitary applications. Their treatnents generally

require the incorforation of a fluoropolyner into or
Oifdpr engyaratiazul #FPGL I ETeBRPN T osupt Bk opripby of

u":EIfQE:Qé nNg-d abr WEdedPeefLUEBE OfoidxarBle Wait€may be

repellency is a function of the nunber _and | ength of
desiiab bR drb GHPGEBUPCH PTRBREE TS th&PLEAnSHEaceEt effuch as

mdtBL Y §hes AV dic-ahh 8s S ARgR:, THE1LE@t ekct My order to improve
concentration of such noieties, the greater the

Prﬁ@ﬁéV?%&Rﬂ/HﬂOP?ﬁEl?$¢n%ﬂ1“°|ﬂr%ﬁﬁﬂq|°6an%R&§Jéﬁ°1%h%g
pol ynmeri c conpounds nust be able to form durabl e bonds
wth the substrate. Ql- and waterrepellent textile

2 ppghi ekt SyPstyRRe rHP BETRH Th SUCRoFopIRARe AESt Falprics,

ifbarapphied foe babadsr idlothend cigplataano@suepds tswear,
emul si on. The fabr#p renalni+breathable andtggrneable

leigugpredy fd dRe™ i HEAR APPSRt Coat SheHe HieBHRENES

gaietrl1 By iefguiitrel Bhel iporthor@pedh egdt af tEle)rd@bl@linéer ih®o or
finis

o GabE D 1 RS B AR of OB Tt

fabric. The degree of oil and water repellency is a function of
the number and length of fluorocarbon groups or moieties that
can be fitted into the available space. The greater the
concentration of such moieties, the greater the repellency of
the finish.

In addition however, the polymeric compounds must be able to
form durable bonds with the substrate. 0il- and water-
repellent textile treatments are generally based on
fluoropolymers that are applied to fabric in the form of an
aqueous emulsion. The fabric remains breathable and permeable
to air since the treatment simply coats the fibres with a very
thin, ligquid-repellent film. In order to make these finishes
durable, they are sometimes co-applied with cross-linking resins
that bind the fluoropolymer treatment to fibres. Whilst good
levels of durability towards laundering and dry-cleaning can be
achieved in this way, the cross-linking resins can seriously
damage cellulosic fibres and reduce the mechanical strength of

the material. Chemical methods for producing oil- and water-
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that bind the fluoropolyner treatnent to fibres.
Wi | st good | evels of durability towards | aundering
w@r@s@s9pe1 cl eani ng can be achi eved in this wayPCT/G82005/001017

cross- linking resins can seriously damage cellul osic
fibres and reduce the nechanical strength of the
material. Chem cal nethods for producing oil- and

wat er -repellent textiles are disclosed for exanple in
repR 1gmEl Beatlilaeml aBei tiisil qrede for Nexampil@2 19080 047 M3024 and

0 of . K b [ and
Br#'elv%w ogy Pﬂ?arcg%eagg'% : I%derts‘ﬁ?? eecnI\Ie‘:'i\j&v Yorﬁam%bl o§14
Filed szienParand Teedpoépoy’ Mamlcaén@n@aﬁﬁqem snc., New York
(1§86NRjques B @ @BA QL t2 Wi dely used for the

depositi on o po ynerlc coatings onto a range of
surfaces. This technique is recognised as being a

Plgén%@r&ep 6Y &6 U Awe kb thagz%ngééﬁetiut'et wlaem@%seea for the

npar e to conventional wet chenical nethods. |ng
depn gt REdPokimeTHES CaRElngEn OPEP el YaNSIR Ofgawrfaces. This

teml%iél 88, r¥b it RIe a8 UBE B @t 8a@N @Jye%&hﬁg%ué It%'a@-

his is done in the presence of substr
geﬁ%ﬁﬂﬁﬁﬂ d1ibkYe Masdculcesrared Ko eoRyIHeicA vAk ?ﬂ%ﬂﬂﬂ&l

me@l%d/sﬁer UEend NeRNe 32808350 AR LR GentrbRed ﬂf&l’{"‘cﬁ%anlc
ymer filmon the substrate. Conventi onal pol y

mo g iREs | YhLERCAKY 0B BUERD 161 PCEIRE (G Ry Mhen this
is! &RRal nURht SpMH Ll DBRN 3 as@asrtgaeer e@@é@aameslé Oaddhe

nmonomer speci es, whereas a polyner network generated

MO LTG50 OF | BEREETROURS Wt TSB e Sh0  GRe B o B gy 92

ph8es dridesatherf! mbrenied dikmer Pallon’ @RE! s@Mtrate.
coatlngs on a surface. usjng nmpnoneric unsat ur at ed

CopyeunioRad oRpbIIRIs, SY&ﬁBe?HS PchP RTURSEt GFaE@res

cofigd tiaigh @8 ea tWirtit sAtB1 G0 DL hSSErdYy HRQeHHIIREEL to the
usi ng a pl.asm de ositio rocess. This process

moR Rt SBECBB0 1T SRR VER ST BET YR SEBEFPRES, g 2

pladihs dan bkl ustraiad usiplesmal | -scal e units of 470cnB.
For nost commercial applications nuch | arger scale
production

WO098/58117 describes the formation of o0il or water repellent -

coatings on a surface using monomeric unsaturated organic
compounds, and in particular unsaturated halocarbons, which are
polymerised on the surface using a plasma deposition process.
This process produces good oil and water repellent coatings, and

this is illustrated using small-scale units of 470cm®.

For most commercial applications much larger scale production
units are required. However, initial trials revealed that
replication of the conditions used in the small-scale unit in

larger chambers did not produce satisfactory results.

According to the present invention, there is provided a method
for depositing a polymeric material onto a substrate, said
method comprising introducing an monomeric material in a gaseous
gtate into a plasma deposition chamber, igniting a glow

discharge within said chamber, and applying a voltage as a
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units are required. However, initial trials reveal ed
that replication of the conditions used in the snal

WO s@aloggdenit in | arger chanbers did not produckCT/GB2005/001017
satisfactory results. According to the present
invention, there is provided a nmethod for depositing a
polymeric material onto a substrate, said nethod
coggr|3|ng i nt roducing_an nononeric material in a

pu

§heldt Atte § REBeR Pf dil dePBkita GROWHENTOE, 2

suf:ﬁ'&!ﬂehegp@rﬂid)\féfdt§ﬁQaEc9%l\Mo¥ﬂhérb ghr@rqban@@éf iﬁf‘qform on
ying a voltage as apul sed fi el t a power of

thsf %feceoﬁft%‘%ﬁﬁﬁfﬁﬁa‘?%r a sufficient period of time
to allow a polyneric layer to formon the surface of
the substrate. As used herein, the expression in a
As s hisr €t dPhey @F@F%SQJ&I’gééésao?aiﬁ&b’éu FEatef typfers to

gasdORe Qhpbilrdll Xikher &Soeldr 38 RBAHASQ, Sas THESE as
conditions are particularly suitable for depositing

aexRssdSqual ity oil and water repellent surfaces of
uni formthickness, in |arge chanbers, for exanple in
chanbers where t he gl asma éone has a vol une of greater

ThedfarOBOOLHES 13 PREELAEE OYSRE! b ifofer deresidsngr grpd

qu@llﬁﬁﬁolﬂﬁﬁncﬁﬁdit%hﬂ tabéylait shevicddhr TherbAy &S ckness,
ni cal strength and

d t hi h d
in rfearrfgelén é%%%?%% i8] 9’%%&}?19 og@egﬁ?‘ﬂ?%W heTe ohire RiieSHEl zone

hag\as Rolgnpr of exeatébetpaneookavelfor andctdd iCBhArdy more,
hat , %ﬁe t he best rgsults are

t he pawer Si i es,
SUGR) R Fﬂ%ngt 5 b’EofW vy v 2hs¥PYh s ThEdayprs
foyed ¢S thirmivmyi $1aqt§i geodinexcheni el sltﬁ:eﬂ@thl @mi aferdaRa
i at romg%OOlto lQOW/E’B uj t abl
s o017 5 FOF R, RGN AoRer ot rat nteShibarbcess.
W II be sel ect ed so as to accommdate the partl cul ar
at.ed bu ener al ] be of . a
The g% sona%gvgfar ge s artl a&é&’oﬁ?r%opaqwgr athtl el Xnde
give the best results are 1ower than those conventionally used
in this type of process. This is quite unexpected. In
particular the power is applied at from 0.001 to 100w/m?,
suitably from 0.01 to 10w/m.

The dimensions of the chamber will be selected so as to
accommodate the particular substrate being treated, but in
general will be of a reasonably large size, to accommodate
plasma zones having the volumes described above. For instance,
generally cuboid chambers may be suitable for a wide range of
applications, but if necessary, elongate or rectangular chambers
may be constructed, for example where the substrates are
generally of this profile, such as wood, rolls of fabric etc.
Sheet materials can be processed using a “roll to roll”

arrangement.

The chamber may be a sealable container, to allow for batch
processes, or it may comprise inlets and outlets for substrates,

to allow it to be utilised in a continuous process. In



10

15

20

25

30

35

pl asma zones having the vol unes descri bed above. For
i nstance, generally cuboid chanbers nmay be suitable

wo ocvosasamde range of applications, but if neceRGHGH2005/001017
el ongate or rectangul ar chanbers may be constructed,
for exanple where the substrates are generally of this
profile, such as wood, rolls of fabric etc. Sheet
mat eri al s can be processed using a "roll to roll"

PABEFHHGENEAt the RS TERaRBES: ndlf BECESYERIOBLAtEent dgrsesary

fot o AdtQWT ar p DalnGh REEELESE Sui tAini thEBhGBRPT hSL
inlets and outlets for substrates,  to allow,it to_ be

majptainedy ushng ehth vMeduls Eﬁq§ﬁbs§§.1?ﬁﬁ§PFP@&P%?1iﬁPﬁ:he

exhip1LrirCaSBevi &€ WAItBS sUrEhTaNdinGi 0asknecessary for
creating a plasma di scharge within the chanber are
mai nt ai ned using high vol unme punps, as is conventiona

Inf QsreXABRke tRe andimicgecWhdderd aiWhE sS4 Ihdt@digakas .addtribed
. particular, the npnoner i¢c material is a material as
10 GUORR TR T n SRERBTSELTY: S B APF a0 |G OB § TR
whOtl afﬂniprfi@l@'éobj r@aﬂﬂﬁioepcaﬂpm? Ia%0msa @f? aJldakﬁtf s6@¢ o which
atons, a east SO ich are preferably
ar?d%%?ﬁ%ﬁ%h%& 59b§ﬁﬂ€£§?%.b?ﬂhi%ﬂQﬁncular, t he conpounds
are unsaturated and so contain at | east one double
bond or trip bond that is capable of reacting to .
e SR ey ke oo e b BRREHBR o4 (AL ShpLee ¢
leastit@nd) dalublleabénd e detiple Hwmdd thBy i< haipablesofmanicting
. that the égrbon at ons farnw rg? %h% or,_.branched d .
OchATRS BOIVFSHE T, CTREVEHAI ns S EABLY g iOmPIHRds contain
atchapouinds: dsedlérbddde net hod of the invention include
at | east one such chain. Suitable chains have from 3

to 20 carbon atons, nore suitably from6 to 12 carbon
Byatomsivbria meant dwipahrdsatised aitoms hformetdtadi gy or

LN e.a .daubl r'pk b Wi thin chain _and_so
br%%ﬁ%%?égﬁg%%alk§%§£%%y2| ﬁ%éﬁﬁgms are no cycilc. e
compounds used in the method of the invention include at least

one such chain. Suitable chains have from 3 to 20 carbon atoms,

more suitably from 6 to 12 carbon atoms

Monomeric compounds used in the method may include a double or
triple bond within a chain and so comprise an alkene or alkyne
respectively. Alternatively, the compounds may comprise an
alkyl chain, optionally substituted by halogen, as a substituent
which is attached to an unsaturated moiety either directly or by
way of an functional group, such as a ester or sulphonamide

group.

As used therein the term “halo” or “halogen” refers to fluorine,
chlorine, bromine and iodine. Particularly preferred halo
groups are fluoro. The term “aryl” refers to aromatic cyclic
groups such as phenyl or napthyl, in particular phenyl. The
term “alkyl” refers to straight or branched chains of carbon

atoms, suitably of up to 20 carbon atoms in length. The term
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respectively. Alternatively, the conpounds may
conprise an al kyl chain, optionally substituted by
wh 20060989961 as a substituent which is attached tBCEHGB2005/001017
unsaturated noiety either directly or by way of an
functional group, such as a ester or sul phonam de
group . As used therein the Term "hal 0" or "hal ogen”
refers to fluorine, chlorine, brom ne and i odine.
“aPaeny LUlzafey sphef srraidhiiaby ranpbsdanesdtweited Theins
: ’ ! S, t 0 c groups such as
su%ﬁéﬁ%YQ%¥hﬁ§L?%8% 2ﬁ%’%2r??@3 a%%% ényl The term
"aIkyI refers to straight or branched chai ns of

uofiShOP: AFunsll fldl b Ul Ehnb2] DOMAARR: tbea
albyanehed hemydt oreves msnst%@q é@rrypna@mcmglgf coatngo
wh%ghcéfé)%t%trogﬁ%)l Mpngner i Pg gsaaog%ﬁgin&hﬂ & e SHRAL NS the

rise unsu tuted a enyl groups are
htx@ypga@l atdmsy ipr chese rf-élaé@at tirpe whiadhs avetlnagttedeast some

harlggé'}llﬂgms B%li“?é;%% 1D Imay a{l%%s'beseﬁ@ilfélfretdhﬁ téhe

rogen atons in ese Chains these c ns wt
cop@agg sonme hal ogen atons, oil repellency may al so be
conferred by the coating . Thus in a preferred aspect,
the nononeric conpounds include hal oal kyl noieties or
Thgsnphi 3 PuRficsarPRensPect. Therrinmeripr epepablds thelude

haﬂ'o@ﬁ&?l yssddibst B E@ﬁﬂi@.@eoﬁai&ﬁ]& Y/@Qt "ﬂ{éf@floke

nprise a nononeric unsaturated oal kyl contalnlng

DrGRERAPEY COIRBUAGTE BT RBs Lo SR garyeation will

com@PPes N Sndrdmes e lhﬁbatd%%aeas@qms;aqﬁ(%h@oﬁﬂa&@ﬁhboar@é&c
conmpounds of fornula (1) where Rl are

comRAEBendent |y sel ected from hydrogen, al kyl, hal oal kyl
or aryl optionally substituted by hal o; provided that

at | east one of Rl, R2 gr R3 is %ydrogen and
Examples of monomeric organic compounds fofr use in the process

of the invention are compounds of formula (I)

Z>=< 1)
R R*

where R', R®> and R® are independently selected from hydrogen,
alkyl, haloalkyl or aryl optionally substituted by halo;
provided that at least one of R', R* or R® is hydrogen, 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(CH,).Y- where n is an
integer of from 1 to 10 and Y is a bond or a sulphonamide group;
or a group —(0)zR°(0)4(CH;) .~ where R® is aryl optionally
substituted by halo, 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 q is 1, t is other
than 0. 4
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R4 is a group X-R 5 where R5 is an al kyl or hal oal kyl

group and X is a bond; a group of fornula - C(O Q(CH
WQwsososhere n is an integer of froml to 10 aPdI/gBe®s5401017

bond or a sul phonam de group,- or a group - (0) PR6

(O g (CH2)t- where R6 is aryl optionally substituted

by halo, pis Oor 1, qis or 1andt is O or an

integer of from1l to 10, provided_that where q is 1
sut talslethedoalkah Growds fabl B/ hEf od’kgnd Foaps flororRelkyl

R3 d r | [ kyl I

o: g5 no T RvE; ol O RE! B o RANRE o el mav
ingyefi¢ ccvrdiict nesetiry. R5, the al kyl chains suitably

conprise 2 or nore carbon atons suitably from2- 20

carbon atons and preferably from6 to 12 carbon at ons
For For tRe aRyvhrmhefss ghkyablohspmerise 2gesemar ycarbon

feLr: I b f I

BN A il e R
12graupon pdoMseul arly a perfluoroal kyl group of formula

CnF2mti where mis an integer of 1 or nore, suitably
from1-.20, and preferably from6- 12 such as 8 or 10.
FOSUR{T)aBﬂ e2rf iyl gteipshrdns mare RENgKal Re sraferiednta haye
FOmCArfoONy 088N . 1 &6 er ably however, at |east one of

Rl, R2 and R3 is hydrogen and preferably Rl, R2, R3

are all hydrogen. Where X is a group -C(O Q(CH 2)nY-,
pr_rbsaBlly KTt €964 NWicRNKPL OVAEE Sioe ShH-d B a®1§PAC8Erhaloalkyl

group. In particular, nis fromlto 5 referab
IrghBut PTtikpr iyl @ ReATINORaR e @FBHBsoi o’%ﬁ?‘uilﬁcf:m%el

whekesge D drorrubger N R 6FSEBrahena tRB1{ srhnndrnogen kg

al kyl such as Cralkyl, in _partjcular nethyl or ethyl
preferably from 6-12 such as 8 or 10.

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

atoms.

Preferably however, at least one of R', R? and R® is hydrogen and

preferably R', R?, R® are all hydrogen.

Where X is a group -C(O)O(CH;),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 -
N(R’)S0,” where R’ is hydrogen or alkyl such as C;,alkyl, in

particular methyl or ethyl.

In one embodiment, the compound of formula (I) is a compound of
formula (II)

CH,=CH-R® (II)

where R® is as defined above in relation to formula (I).
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In one enbodi nent, the conmpound of forrmula (I) is a
conpound of formula (I1) CH2=CHR5 (Il) where R5 is as
waledosngdenbove in relation to fornula (1) .1 n PONEBEH01017

of formula (11), Xin fornula (1) is a bond. However

in a preferred enbodi nent, Lpe compound of formula (1)

is an acrylate of formula (111) CH2=CR7C (0)0(CH2) nR5
(I'11) where n and R5 as defined above in relation to
formula (1) and R7 is hydrogen, Cl-10 alkyl, or

InC&?.ﬁ&Md%ab%ykomdl% R%&S' el A1 #RBlnliBa pdr ageq. Bcsn@

uch as methyl. A particular exanple
conpound of formula (III) is a conpound of fornula

Ho&é@gr(lﬁyk ﬁ@@fé&f@ﬁ'e&beélﬁﬁﬁﬂ'q%ﬁeap un%ngf' rmula (1)

particular is drogen and x is an I nteger
15t@ﬂ£ﬁcrﬁhﬂtelﬁ§t fr6ff® to 9 , and preferably 7 .

In that case, the conpound of formula (1V) is IH |IH

2H, 2H hept adecaf |uoyodecyl acylate . Using these

conpounds i n t heChreR&S9) B CENeRT nvef®iIdn, coati ngs

W th good water hydrophobicity and oleophobicity

val ues are_achi eved. These properties can be tested

whese iy 3 Fests MafAsad alawes ias reketiom 6p| foapela didyand R
isT89&rdgen,(3M,, &ﬁ:yi\/btdioﬁl.‘/? 1§Hétlo|alk§=988)lnaﬁgré‘1c‘!‘@ita%r R’ is

repellency t est t he wat er repellency Test 11,

hyfaeesn aﬂ%@h@?llﬁfjoﬁu%sf"s BAFEst 4 PamNICRdatr ®EAMYES of a

cofeBb@Rerofl forhlS8) (1rhess LesdnHoang gestanrdat ergpt ect
a fluorochem cal finish on all types of fabrics by

measuring: (a) agueous stain resistance using m xture
of water and isqpropyl alcohol.

H
H R

where R’ is as defined above, and in particular is hydrogen and x
is an integer of from 1 to 9, for instance from 4 to 9, and
preferably 7. In that case, the compound of formula (IV) is

1H, 1H, 2H, 2H-heptadecafluorodecylacylate.

Using these compounds in the process of the invention, coatings
with good water hydrophobicity and oleophobicity values are
achieved. These properties can be tested using “3M Test
Methods” such as the 3M oil repellency Test I, (3M Test Methods
Oct.l, 1988) and a water repellency test, (the 3M water
repellency Test II, water/alcohol drop test, 3M Test 1, 3M Test
Methods, October 1, 1998). These tests are designed to detect a

fluorochemical finish on all types of fabrics by measuring:

(a) agueous stain resistance using mixture of water

and isopropyl alcohol.

(b) the fabric’s resistance to wetting by a selected serieé

of hydrocarbon liquids of different surface tensions.
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(b) the fabric's resistance to wetting by a sel ected
series of hydrocarbon Iiquids of different surface
W0 ensiogns1 These tests are not intended to gi veP@NGB2005/001017
absol ute neasure of the fabric's resistance to
staining by watery or oily theriaIs, si nce ot her
factors such as fabric construction, fibre type, dyes,
ot her finishing agents, etc., also influence stain
resi stance. These tests can, however, be used to

TheQaPAL & %&jeoﬂétfix{;ée%ﬁ%a- £d NELYALES aﬁ&gﬁlﬂee REXshES IS the
conprises placing drops of a standard test liquid
fabohs| stien} s¢hnspekd fSt@ANBRG PO Madesyobr vritler mapgrials,

si%%?péfﬂég l.egp ls&ﬁh.%%'FES%fH“d%n%@?uE%fﬁﬂﬂafégr?otype,

ynerised surface. The surface Is gon3|der
dyeepedthér £inighing jFoepteer e19. s@dsadiniuasce geadn

regﬁgpé?ég{'“?he@@ttégg%'%ggfiﬁowégéf? %Qi sed N9 W?ﬁgére

repellTency rating 1s taken as being e test liquid
vayiohs t Fnighest er The ofpéeri 5pPRFLAnsypFepls ampshors viblating
3 B’i‘é;?@s%f gf Sta3k r(il] ”tdéé%e 1%gufd Qforis!igtﬁ?hég SLRPlkerEYy

test, rops o ydrocarbon liquid are placed on the
preparetonyrdfageter fang tiseraopgke Ohoby erpdpgt Pake dihe

p198hk! oL HertiR@al 80F Al FHE dib il § ADEd L lgAbRET BG Crepel
occurs and no w cking around 2 of the 3 drops is

thagi él%e‘ﬁ‘tii}d tife R EERE Jt%setecioledﬁas%éiﬁ thiRe3 ofifonse gl Pehcyet the

£Falb@LENY tford A88, t endGalche highesdncpuiberss fieshikh ad d
whi ch does not wet the fabric surface (where the

beilrgr BB FREth diEBEA (B §PB Rt Gl PEPRRAGS IRy of isopropyl

a1k¥HbOCRE AN Rlaks and ekl ac t@RSias: of iR besults
obt ai ned using_these tests _are variabl e, dependi ng upon

g : P
TePRELAREYIr T Pher Rb AL Y@L OGP I Lparid @ncaplafied on the

coaeughsestacd. t he selhst 3at echitls &R bahBRHAMMCHE wetting
obt ai ned usi ng the npethod of , the i nvention have

ofy EhpetRrr e TR ot ¥BHEbTEPTF ViAIteELa6e FWS 2BiapRy
wiekenphobhaid v val tes Piar8phyidmansedt, then the test is

passed.

The 0il repellency rating is taken to be the highest-numbered
test liquid which does not wet the fabric surface (where the
increasing number corresponds to decreasing hydrocarbon chain

and surface tension).

The results obtained using these tests are variable depending
upon the nature of the substrate, and in particular the
roughness of the substrate, but certain products obtained using
the method of the invention have achieved water hydrophobicity
values of up to 10 and oleophobicity values of 8 by means of
large scale production. In fact, some coated materials has shown
repellency to heptane and pentane, which represents a degree of

oleophobicity which is off the normal 3M scale.

Other compounds of formula (I) are styrene derivatives as are

well known in the art of polymerisation.
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| arge scal e production. In fact, sone coated materials
has shown repellency to heptane and pentane, which

w0 esesent s a degree of ol eophobicity which i SPOf/GBRIVS/001017
normal 3M scale. O her conpounds of fornmula (1) are
styrene derivatives as are %pll known in the art of
pol yneri sation. Suitable plasmas for use in the nethod
of the invention include non- equilibriumplasnmas such
as those generated by radi ofrequencies (Rf) ,

Su{q:%%\i%%mgg E&f l?b(iHr £&d tme(tlﬂg)i of Tﬁ?é’ 1%%:199&5 axt_rf‘clude

nnsp eric or s atnnsp eric pressures as
noRreAuiliipribe plasmas spaht a2 fihesehgareeated ey ar e

raaf&@{@%ﬁc%s agﬂof LEGUERSES R} recd BI85 S '(*B@ | edney

asnma nber may conprise a vapour of
mayoPRAERGSC agonpoesricalioner Bi-asrerehebly priesshiges as are

kns%bir{‘%ewa&fﬁ a £ARSSRL 98Sr HIkeRREL 1 G Cﬁ% arre ehé‘fz{ged by

as such elium’or argon. 1In parfl ul~ar |un1|s
rag¥@$@¥ﬁ§@céaﬁrK%ﬁ)gas as this mnimses fragnentatlon

of the nononer. The ratio of the nononeric gas to the

carrier gas is suitably in the range of from100:1 to
The: g9, sUprl lefstanidie icdache ¢hamReroray remnprdse agvapour of

the: ﬂgﬂbméyyé meB@&ﬁd‘Hﬂoﬁé a%ﬁ%“préféraﬁlﬂ-zg% iSUEBmB e

apbout 1:5. This hel ps to achieve the high flow rates
WlFBqﬁl?%ﬁ¥H§¥ gheé- ﬁﬂbé@§§1691§4w3ﬁﬂn9§ﬂ¥Y(ﬁﬁS stichap$ yheHam

orgé§g6¥£ gas ghi’ctﬂé@lalxs heupehi 8 Abrareat&y Qfar%&eke@éé ak
standard cubic centinetre per mnute (seen) and

this FEHEHISES) Aregentaiderop f?QﬁﬁmPnP@e¥(xbccnn Gases
are suitably drawn into the chanber as a result of a
reduction in the pressure within the chanber as a

Theekgtio Gif &hevh S4i§ PRAPLC g RBYrhey B¢ panpettably in
thenir@ng@ Q)L‘C raghe1 0o Polopner ie@f i hﬁsﬁ&ﬂé@mrﬁ tﬁ_faf @&ﬁg@l of

ecBRL 0 VOIS Somounds ef Lor e, (1) W3 4180 such s
at about 1.5. This helps to achieve the high flow rates required
by the process of the invention. Suitably the gas 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.

Gases are suitably drawn into the chamber as a result of a
reduction in the pressure within the chamber as a result of a

evacuating pump, or they may be pumped into the chamber.

Polymerisation is suitably effected using vapours of compounds
of formula (I) in the chamber, which are maintained at pressures
of from 0.01 to 300 mbar, suitably at about 80-100mbar.

A glow discharge is then ignited by applying a high frequency
voltage, for example at 13.56MHz. This is suitably applied
using electrodes, which may be internal or external to the
chamber, but in the case of the larger chambers are preferably

internal.
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of fromO0.01 to 300 nbar, suitably at about 80-
100nbar. A glow discharge is then ignited by applying
w@ 2005080961 equency vol tage, for exanple at 13. 5BVF&EB2005/001017
This is suitably applied using el ectrodes, which may
be internal or external to e chanber, but in the
case of the larger chanbers are preferably interna
. The applied fields are suitably of power of up to
S500W suitably at about 40W applied as a pul sed

mhi %&leﬁhmﬂééeaw 61808 & bewérS@ﬂ%n%s %bxﬁh suitably

yi very | ow average powers, for exanple in
at seleiin déWi, nampl igtdl @ifear pel e iehd- t iThe @ﬁlseﬁlaﬁée @oblied

:|.nI a é er @H:géh %/fleflﬁgmrérﬁq_%wt Qvéréf_%)%owg?g ' fﬂﬁ.L ‘Hxa.mple

exanpl es of such sequence are sequences wher e power IS
inpp gesuepgrsinnthisiy ther raEmatottasting zz@oeotme off is in

thgypéﬂgaé RVeLrafe PAELS ebi@idedphpriimR¥kaRbEed of such
04W The fields are_suitably applied from 30 seconds

Seﬁﬁe@ﬂﬁrﬁﬁ@uﬁ@@ue%ﬁQﬁ=@@QBPyP¢WQﬁn1§ 120 @R¥|%0H§té§d off for
I
fr%ﬁ) an gpgg%ﬁgﬁate&gﬁfbéﬂﬂdgggggg ynerlsa %%ﬁé&‘fﬁ this

wayomp@dh@§W0f formula (1) , particularly at average
powers nuch | ower than previously used, has been found
to result in the deposition of highly fluorinated
Theobi¢kiss amigi ehiobiivbiepphigh noweB8 sécdnddr 6phdBimirtutes,
[ r
prB2L-AhRPRRG dgt%nsoemﬂuwggl RAHERS LA b Bfure of
theeeemrdumnd of f@ﬁﬂu&@nﬁémndn@ﬁthaasnhﬁtriﬂ% aﬁccurs in the
coating layer, which may be attributed to the direct

pol ynerisation of the al kene nononer for instance a
Plapig riesdivRelesabiemet ¢orpunrdshioghF9rmuisc 3 iy bbarionillagly

atbgagrag{é RS reRHAGdr PRI | %Jv%ﬁyly ulsteae %S%e%fn

ynerlsatlon of conpoun s of fornu
fOHB@v‘éO neRaEL t) B Brnvsierpatl skan afabmth|f31m@rngat¢®rcoatlngs

whRERAMesD wehlgn AARAKEds hydrophobicity and oleophobicity,
even when produced on a large scale. In addition, a high level
of structural retention of the compound of formula (I) occurs in
the coating layer, which may be attributed to the direct
polymerisation of the alkene monomer for instance a fluoroalkene

monomer via its highly susceptible double bond.

It has been noted, particularly in the case of the
polymerisation of compounds of formula (III) above, that low
power pulsed plasma polymerisation produces well-adhered
coatings which exhibit excellent water and oil repellency.

Furthermore, the coatings are of a good uniform thickness.

The greater level of structural retention can be attributed to
free radical polymerisation occurring during the duty cycle off-

time and less fragmentation during the on-time.

The gas is suitably supplied to the chamber by way of a

temperature gradient. For example, gas is pumped along a heated
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coati ngs which exhibit excellent water and oi

repel l ency. Furthernore, the coatings are of a good
wariosos9yst hi ckness. The greater |evel of struckdr/aB2005/001017

retention can be attributed to free radica

pol ymeri sati on occurring dur%ng the duty cycle off -

time and | ess fragnentation during the on- tine. The

gas is suitably supplied to the chanber by way of a
plbenbmdairmar Ergn aaligast SuPDLY eb@riileeplasma icélambﬁped Ehomjpe

is ﬁu ngafebfﬂphﬁﬁgtéc?asq{dﬁg tBEE”E}g? g%&‘&&ﬁ:}’e ‘% tg%at tﬁéf%g the

e pipe Is sulta ated suc
chhﬁﬁ@ﬁrﬁ Aremo3 0 gas 60AC erdewnﬂhagmhpmb&hel satuwiomdd the

60C, d f the d. |
mORGRET SR PR TRISHIRE Uy B TRE D R Ao P RGO The
en€Bahercdes chaﬂia@f asp h@&ﬁéﬁblp&@ﬁ@@%w%d@ abes ,hltdm&

the gas | eaving the sup ¥ he sup is suitably
threpthatoasBraning etrﬁs?eﬁapa ¥, &hesﬁ}l Yy‘-selsélﬂ‘*a'ﬁl%lf kept at

amb€8Re’ Latlsd, a5y 3096he1pIAIRdeRendidiG a¥R08 g&@n as

nat ur e t he nononer involved. Using heating of the
308@p pﬂgyalp; pegenthidioc HRADethe mathirs ehythet menaper | burstlyed.

have found that the nonomer vapour is transported

efficiently into the chanber, and once in the chanber,
Usiegahestinsbicfetharaupnlyagires aaidf chimper depsbiisi vay aridhe

apgﬁzhngﬂé Srfaatv‘eoﬁ?ﬁfxd TBATEL AU AL SES. gmeganSported

ondensat i on of gas, may Occur 1n

effficiertly jaker khe mftaﬁ@@gh fetdngg 40 the C&’!@a‘h@év hemains
moB?ch Usﬁﬁéﬁ’&%x&@gﬁ& Béf'f&c%&é'@ep%ts‘ihhgxg ﬁd)?)%igﬁérié‘atlon

er to keep et products nobil e, can
ofpmongpeiattad NEBHALSeS endnperdensghon f (S@ésswhschdllay

ock8UL £ 0d-d1R EPBEcH &FeRhel Bﬂi,&m aﬂﬁtﬂ&féfﬁ%@é&h& 4 the
unexpected that heating is preferred. Novel apparatus

chegperseas eeReURRd RIEVAELELY bidt PABSTR, S @HMdaPFaresRes in

ordepecd Wded l@echn;yledau&@ nSPELd [ iseakhys #hs, @Bpapat us
conpri ses a plasma deposition ‘chanber , . a punpi ng,
ev§§§§gﬁ§a§qqgn§ga chamber, such a process is not required in

the present instance, and therefore it is unexpected that

heating is preferred.

Novel apparatus for use in the method described above, form a
further aspect of the invention. Specifically, the apparatus
comprises a plasma deposition chamber, a pumping system arranged
to feed monomer in gaseous form into the chamber, at least two
electrodes arranged so as to ignite a plasma within the chamber,
and power control means programmed to pulse power supplied to
the electrodes so as to produce a plasma at a power of from
0.001 to 500w/m’ within a plasma zone within the chamber.

The pumping system is suitably one which can supply large
amounts of wvapours into the chamber, and to ensure that this
remains in the chamber for the minimum adequate residence time,
to achieve the desired effect. It may comprise a series of

pumps, and large conductance pipes. The pumping system may also
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to feed nononmer in gaseous forminto the chanber, at

| east two el ectrodes arranged so as to ignite a plasm
wowakiosposhe chanber, and power control means prPOLGRLGSMH01017

to pul se power supplied to the electrodes so as to

produce a plasma at a power .of from0.001 to 500w m 3

within a plasma zone within"the chanber. The punpi ng

systemis suitably one which can supply |arge anmounts
beopryapma $£0i Arawtdns oanberihardiambernsurevachatetdis

anfBP0R1 ASddd £HE SRAMGE, T 95 LR ?eﬁ' mum adequat e

residence tine, to achieve the Sired effect. It may
conprise a series of punps, and | arge conductance

mpapﬁémmﬁa&wamﬁ&n@fﬁt € Ph&BY @ Bbsyééél@ Brl Qe gy

gas out of the chanber to evacuate air, and/or reduce
PURRE. priesEdisg, PUBD rafy FoPEd. PYTP a WhaFh| 91| 3l talvbda riieh

vol. Bfe PUIRY, nqsss{%ﬁfa&p RRr b§§éuatﬁ’¥3 aﬁk}mé%o ﬁf 15%&11&8&5&’ water

or roots punp ch is suitabl
VapQUA PRIRFE@Tt BoRGRIE s S ahyCy ai?ﬁ@ fzbamh@:r udim @r@ar eiT:O do

thY@ple'flé?Lren‘%tl er @AY 9@3&&5&%&1&1&%}@@%@“}& in mind
order to_ do his efficiently, and in a reasonab

thej fbFe ffe thise SRATREYT n tRENE i ol Ssispé tably e rengrBeglose to

thehEn A | SndUELRRA M RI' EBNIE D hRSL o oatgh@lgqlaa@%lght
and connected to it by way of a S|ngle strai ght pipe,
Pigey Whidh |agy éérﬁed? &F@G“@Feésa%&%ﬁsﬁp e. M \glye iL§ provided

inPERYi SEsk igd thet Pbiee $Ret BRAMIHIIC BakhBe&hanhekahag, bﬁ@fban

evacuated it can be sealed. A second punp is sui t ab 'y
CaSERNRT - vol une punp, such as a dry rotary punp. This
i's SU|tany connected to the chanber by the sane

ening as the fjrst is arranged so that it
n QR L et gD A Bowag iolafle BTy aChags| ALY
rothey chaiher Tat sais Wiidhbeyradrtectiad ﬂalfﬂéﬂdhahbér by the
desi r ed, ressu nd resi dence t,ine o%wgas within the

SaR A PREILIOTAS BARpE S TEEME- Skt 41 Sriended 66 Ahfhriacen

drafenen@idt, together with any carrier gas into the chamber at
a suitable rate, and maintain the desired pressure and residence

time of gas within the chamber.

The pumping means suitably vents to a furnace where any
remaining monomer or £fragments therefore, are incinerated before

the gases safely pass into the atmosphere.

Preferably the apparatus further comprises heating means for the
chamber. These may be integral with the walls of a chamber, or
present in a casing surrounding the chamber. They may comprise
electrical elements or recirculated, heated oil filled

elements, suitably under the control of a temperature
controller, to ensure that the desired temperature is maintained
within the chamber.

Preferably also the apparatus comprises a container for nonomer,
which is connected to the chamber by a suitable pipe and valve

arrangement. Preferably, this container is provided with a
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remai ni ng nononer or fragnents therefore, are

i nci nerated before the gases safely pass into the
waeessgdser e. Preferably the apparatus further BOTEB2®SH01017

heati ng nmeans for the chanber. These may be integral

with the walls of a chanmber,;or present in a casing

surroundi ng the chanber. They may conprise el ectri cal

el ements or recirculated, heated oil filled elenents,
hegign.aphychndell taid owohhe groneley Eenpetwaled above ambient

oMUk 1 £t e bbard heidesix e AtyNGd S
mai nt ai ned ]\;\A%ﬁﬁ%%éﬁe i(5:)harrr‘oer lP?e &%ﬁ%@g glgéc? eé
chaphrir-at BEeEenplris ddheacentridiarer the roiam deadinghfrdn |l§ to
th€ WMNERLdahE Lhe &4&%@%@@1@ avbtahl &, icRg, agty Yal
arrangenent. Preferably, this container 1's provid éz
hegi {19 k@RS erTe VHITERMIRA| FO RYGHCEhEN MoIeasing brperature
grieatad abaye Ratiam JkePReAuher. i f required, before
bei ng introduced into the chanber. Preferably the
container, the pipe leading fromit to the chanber and

A gmlgh@rfbearﬂélelgfa@hayal 1f healedeq arkk tenhegtd NG the

neans are arranged to DFOdUCG an increasi ng

CoORMRATa Pl IBT alli WhithaF ofiPR e CREL Be dTassed ABkenEle A

costPar af cafhiRid,0as BBYer it beadhEéed éﬁ@fﬁen&e@tﬂ% of
to. the container and gas fromthis E%ﬁ)ply can

gap 1t HhRt ShERRET it 8?%‘90? ftheedEFt Jﬁeﬁuék‘r:eler to
produce a sufficient flow of gas into the chanber to
produce the desired result. In use, in a batch

Inp‘ll%ec'e§§l 3t RACFR BROES Spet Mo dttEMSaFe PtG8dEEd S nt o

J.ntf’@i&]h’ﬂﬁiﬁto e a:m@ibbrculﬁf ephodi FEy hbhBaen&HtE these
gar nent s, a water and/or oil

h
armg— 2%%% Seo%%wrﬁﬂass £8 ‘%é’pﬁi VBT BR{OF08tt | FRPRIfent
copolngErs e ba&aﬁpwe@hedagaidm&tiﬁ@tm p*ollgzmef ocd hdhe

| d | t " | t
£ e, oBFBant | RAYRn G Al it SRS o REd 1BCkiEhor

productidnchad ra&lﬂdWerWhCGitiM@uhé achieved, including areas
such as zips, fasteners or stitched joints, which would

otherwise remain uncoated.

The chamber is then evacuated, for instance using the entire
pump suite, but in particular the large roots pump where
provided. Once the chamber is evacuated, monomer vapour, which
is suitably warmed, is fed into it from the container. This is
achieved for instance, by drawing using a second pump from a
container in which a supply of liquid monomer is held. This
container is suitably heated to a temperature sufficient to

cause vaporisation of the monomer.

Preferably also the pipes and conduits which lead from the
container to the chamber are also heatable. This means that it
is possible to ensure that monomer is not lost through

condensation in the feed pipes.
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ot herwi se remai n uncoated. The chanber is then

evacuated, for instance using the entire punp suite,
wheaosioseoprr ti cul ar the |arge roots punp where PCDGBA®E/001017

Once the chanber is evacuated, nonomer vapour, which

is suitably warnmed, is fed |nto it fromthe container.

This is achi eved for |nstan&e by drawi ng using a

second punp froma container in which a supply of
Ifl dgeidedoromerrisr elsd. wEhily mayhb@iﬂerinerﬁsabsabhgh as

arER 50 Al il CTREIQEE BN MO nkf SO chrough che
chamtex ot wirdsrwhd abr dweide ﬁrswﬁﬁﬂﬂ;e@bngesrﬁiow:@Othehleve the
de%lﬂ?gggorﬁre?ltggﬁfog@ krglugg'kﬁmgﬁéﬂélﬁFost %ﬁbﬁer in the

0SSi ble to ensure that nononer 1S not
Ch@mhdensatlon in the feed pipes .If desired, a carrier
gas, which may be an inert gas such as argon or
helium and preferably heliummy be fed through the
Algkandieively  ongeemnen YRPOWdea by firpwh efifony ddief container

an@C Qhﬁé’@q&éﬁ%lgeﬁiiég m&%cﬁﬂér@éfﬁ%?: BQQ %ﬂé’f%rably rior

om)genel ty of nmononer I n the ch ternative Y,
tonBasHeS . FAISOBPIABGT BERMUAWAS flé?ékﬁﬂeldh éhé@tmfauan i auhd/ vapour

£19WDESGURNtIY . M MRk Wit nbBResaId118kis ORSre JA 3&8%?&%1’

prior to mxing, the nonomer vapour is passe roug
nixipg oee AEEEEr Che GlesdsRar 51T OITRRET AT MRGerempnomer.

Ina%lliai\éldwf &neo8hy ot Aling BEXiny nIo?ioﬁ\éP' ¥R b eﬁgﬁiéﬁ%r
ratio of carrier gb > nmonomer. In a d|t|on

tb@n@ﬁmwmreofmw eriREEpL lethdnderpaienteld HF the flow
RPEAEHEY &, MBYrBGRIH OLbsct 1 RIRBEASHA InayOkul BSh1y be

f ow requi renents. FurthernDre reacti ve nononers nay
stogPflabt the CORERERRY ANGRE 8BntlftieAtupsRCLe ToRepxample, a

n1&&6§é@ﬁﬁﬁ%s&ﬁér@xaﬁﬁhﬂab@yntﬁéQﬁﬁﬁa@h&P%ﬁﬁﬁEﬁ pressurised,
Suitably the contajner may be pressurised, so that the

SonithRbgEtf N CARBTR L MSEReRFRO dGreresirgs £ as to

assist the flow of monomer vapour from the container into the

chamber, which is at lower pressure.

A glow discharge is then ignited within the chamber for instance
by applying a voltage such as a high frequency voltage, for
example at 13.56MHz. Thereafter, the power is pulsed as
described above, so as to produce a low average power. AS a
result, a monomer becomes activated and attaches to the surface
of the substrate, whereupon it builds up a polymeric layer. At
the low powers used in the method of the invention, unsaturated
monomers form uniform layers of high structural integrity. The
effect of this depends upon the nature of the monomer being
used, but the specific examples provided above can give

excellent hydrophobicity and/or oleophobicity.

The invention will now be particularly described by way of

example with reference to the accompanying diagrammatic drawings

in which:
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assi st the flow of nononmer vapour fromthe container

into the chanber, which is at | ower pressure. A glow
waele®shsaoge i s then ignited within the chanber POr/GB2005/001017

i nstance by applying a voltage such as a high

frequency voltage, for exanplLe at 13.56Mz.

Thereafter, the power is pulsed as descri bed above, so

as to produce a | ow average power. As a result, a
Figupenkrihec §AesTamatist sepaetEniatienest t Moneneyr Sy

sygt;eﬁl %M%ﬁhaﬁs,ué@@r %uaﬂnerhﬂqémehesoﬂ Ifé HB#%HE{&?

ayer. At the | ow powers used 1 n the ne
i nvention, unsaturated nononers forn1un|forn1layers of

718,95 §t{§1%t a&agrélﬁ&aqa@ t¥prddn&lifisat ofa td%ﬁ@lﬂgpsy&sem

upon the nature of nmononer bei ng used, but

whd gl c¢dn cbee%léﬁél &3 amr @mb@éamg%\f# Ehe giventexee| hedt
hydr ophobi city and/ or ol eophobicity. The invention
wi Il now be particularly described by way of exanple

Fighen ¥ efedeAdaoTymatd caceprpipntiard on afralmrmampsive

apPh et SvHiRhWBhS e Hee id 48 SnfHaRRAEAETRE Ithe invention.
representation of a nononer supply system which can be

used in an enbodi rent of the invention; Figure 2 is a

Thei AgHAERIY 6 1188F AN ahi BNgefe A RUBRLENY p%%teg@ ¥‘§?ét°$in

can_be used_in an enbodlnent of the i nvention;
COPF@W%“% g ®lgspp aﬂ?aé‘%t i(é) r epﬁ%ﬁ?é@?%ﬁ] beﬁated 011 filled

hedkt 8§ Naldnta raPRAE it rdiraBed 3t oUEEH w118 of the plasma
enbodi ment of the invention, The apparatus illustrate

chapber g(e 1 TEROMRTRETHYE WL ERigt dhec ShAENSH rig §e®$%@ﬁﬁie

byC BaghermdcbupleRegbt GHowhed th&ﬂsohhféhﬁéﬁ@nheééaagto the
el e téﬁgr |ncor orated into outer walls of

CopEE8 &r %a‘i PR thRhpdtatGrEi fipd rﬁqmp@ﬁéture can be

ma&hgﬁb@éd |v&t;mea.sum@tﬂl%xsb¢dah&hﬁx;mwpl zelélcn Q?ltﬁmﬁ\r/]\ﬂie :
an t S.1Nn ormatlon eds to the controls or t
plﬁé’&?e&“&?r 'h&t PEHe qffe%a%% ?%@Pg?%rﬁ%mob’éded which

deffahat aétvetnwichbin na tglesphastie GRREBSEoLINatel A3 Witthi n
thg . . .
electrodes are connected to a suitable power supply which is

controllable and programmable.

A monomer delivery pipe (3) which incorporates a valve (5)feeds
into the plasma chamber (1). A sealable chamber (7) for monomer
is provided at the end of the pipe (3). Within the chamber (7)
is arranged a support (9) on which an open container (11) for
monomer (13) can be positioned. The chamber (7) is provided
with a controllable heater, for instance a band heater (15),

extending around the chamber (7).

In addition, a supply of inert gas (17), such as argon or
helium, is connected to the chamber (7) by means of a pipe (19)
in which are provided a valve (21) and a manual valve (23)
together with a mass flow controller (25). The gas supply is

controllable and can be observed by means of a display (27).
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pl asma chanber, a pair of facing electrodes are
provi ded, which define between them a plasnma zone of
wappsosidsat el y 1 nB. The el ectrodes are connectBCI/G82@5/001017
sui tabl e power supply which is controll able and
programabl e. A nononer del i éery pi pe (3) which
i ncorporates a valve (5) feéeds into the plasma chanber
(1) . A seal able chanber ( % for nononer is provided
Thgt ol fema hagioer h €l biige Prgyidedpnmiihnat bene Wemrbeger(ler)tu s

11%5@9&3@&1 %1%%99@5&1;:&%)119“1%{&:%” 29P ’Fhﬁ %tr?f)hgrﬁ':‘f

nononer can be positioned. The
roetavm%dfqmatrw BUED rRABIinablen hegranged oo |eﬁ@1canb@ tzhe

chQﬁBQr hea{ &/60tL5bump e(>gt9$ Ngi NGorditRd T:g e HTREha c?ﬂamber

addi tion, a supply I nert gas such as ar
bYomeﬁWWﬁna P4 PO ct‘@écflolfﬁ W@%ﬁbé? ffqallgyltn@la@sﬂ@fch

ha8 REPEakdd)a i@laMbi&h A oggpefiéied 8 xﬂi%/ecaﬂsél)chén& %neter

manual val ve (23) together wth a nmass flow cont rof
of( pBy Dirmesyd§OBhppIBY LESEBHIF dhegbFBerdrEaRobkends in

th@b§ n%aepls Dy, %ﬁanéoxgiu&aﬁbé Pléds (2f) be TRENNIZREAR  an
rovi ded with a punp arrangerrent

1SPFLPE§?IF a‘faéld’edl agt abmdriovafed it ghegpiee 2(31)THPsas to

1s60HBE | SRS RnpOQhS) arhn @har y1 N chanbepat i on, _
arranged to evacuate the chamber. A roots punp (29) is

connected to the plasma chanber by neans of a pipe

A (1.804) vihingd) rictapy ehenalizyg ) s.w a4 1HY paBdiadd Céi'ldh% as

di aneter as p033| le. In this case

CoaPng?@re d° £the BiRR (3<) 160MtusFme RS uFlil%gfatlwat (3her &Y

medhe 69 Pandslenr bhee Mi3Ne, (8d2 indthace0NH UhaNaeahOSS
can_b m sed. An . soI ation val ve £3a&§ pr ovi ded

PEERIORE T b ATy RS PEor O BnEREL RS ZOJVF 1) ana

ant Feommmaabm ) A mmafi%{@b?%{aﬁy Lﬁlﬂa’-’ %353 WiSich is
al so [OAY] | cO Cla e 0 e I

a1 Reor R i eBNE AnGo 1SS, Cisperts e Mdbts it (29)

dipepely 374 thef @btanst;ﬁm@e(suﬁ) 63mm di anet er,

Finally, a furmace (47) is provided downstream of the rotary
pump (35), which is provided so as to incinerate any gases

venting out of the system.

The combination of roots and rotary pump illustrated provides an
overall pumping speed of the order of 350m®/hour, which allows

for rapid pumpdown of the plasma chamber.

An alternative arrangement is illustrated in Figure 3. In this
illustration, the electrodes (2) within the chamber (1) are
shown. These are electrically connected to an RF generator (4),
by way of an RF matching unit (6). The RF generator (4) is
controlled by a function generator (8) which is set to produce
pulses in the RF field as described above. The RF matching unit
ensures that the pulsing within the chamber (1) is in line with

that produced within the generator (4).
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provided with an automatic pressure control (APC)

valve (39) and an isolation valve (41). A flexible
whyeopas®epi pe (43), which is also provi ded w t PCEGB2003601017

(45), connects the roots punp (29) directly to the

rotary punp (35) . Finally, ;3 furnace (47) is provided

downstream of. the rotary punp (35), which is provided

So as to incinerate any gases venting out of the
Inshigninstiaaceonbhe aeumn syFtemots sdAdht by atif femept in that

|
th'e ka&&g ;5&%0 %091% x%'&agﬁeﬁ@hﬂ (@@ppaygapl punpa&‘es‘d by a
Sléﬂl? hfé-vm&am%ﬁam@rghmﬁ aeteatea vedvar f4hgdireht réslaces

thle! b&ﬁ&é@t@d and I OYF & Fl’!}l‘i‘ré fu %muobhyﬁéﬁ@t | Oyt Brﬁp (37)

el ectrodes (2) wthin the chanb (1) are shown.
cogfairinrg e Rrrgees mressEget %OWOIQFVQM% rt @rlspwonmcts

roneyi 8f van,&F E[Bt ghi-&g:14ni tné 6aomb1£B%lBE ﬂ&\{lﬁ ALa r&ry

is controlled by a functi on gener at or i s set
oUpp R dRR &S5l §8sAFFHY IR SRFERT QI §§edlé§@¢69§e§hél§b@é (1)

an@N@eht tVRdC RoNgndNFiRReUN£F) thaty bReadiy %1‘?{&1‘&@ IIHéu‘iher to
the _champer_ (1) is in Line with that produced wt

th?ﬁed@%ﬁﬁﬂﬁﬁdoﬁb92$ 1Wr¥9ﬂ§t§°mrﬁﬂzﬁ%§€reﬁhk P - SyBFE#ﬁ
eviagusti@htdsy @disf EesRNtidnint Bad dhepe@otsn ma&%géd% by

rotary pu 5) are interconnected by a si

n
Opﬁpbﬁ%s‘éa]f‘fe(ﬁjéﬁl AR sty SBCoPPEEANIEY 2DF PR (r2§|él 3@@5 i
rehb@ré‘@] VegisAtnangutl® @f5)t hendwaieg %h@"P&SHs‘T%ﬂEnp 5 can
E ét_ﬁ; cont aj ni n the grocess pressure control
bevé‘t P& 98 EBRn BYt FlSURS €. vakves r(@3i andt he
ad(jaﬁbﬂn@ﬂi Rvig vbQGéS(ml)d ra@aawr@lumt%am@@ #138A ol Og gl aw
ase thro t he, roces chanber é and vent t%emto
ﬁgg %fnﬁ??f R dF]§re HSH PAr PHBERINGS v owhight draws
ga@eSEfdnbﬁd rpeve3rn Wlﬁalnafvtamﬁetmg-_)l ger esed. and 2 . Rapid
evacuation of gas fromw thin the chanber can be
carried out by opening val ves 33 and 40 and operating
Int hblpuempara®hsaallso) fthe monomer feed arrangement is also

modified to make it more controllable. Specifically, a separate
monomer handling unit (10) is provided. This comprises a
monomer reservoir (12), in which monomer can be kept under
controlled environmment conditions. For instance, the monomer
can be kept in the dark, under an atmosphere of inert gas such
as nitrogen, which is supplied from a suitable gas supply (14).
These conditions minimise the chances that the monomer will

prematurely polymerise.

Monomer is able to feed out of the reservoir (12) through a pipe
(16) leading downwards from the monomer container (11) (not
shown in this instance). This flow may be assisted by
maintaining the pressure of inert gas within the reservoir at
something above atmospheric pressure so as to create a pressure
differential. A nitrogen bleed valve (32) is also provided in

the system.



10

15

20

25

30

35

required, also the punp (35) . However, the roots punp
(29) can be isolated fromthe system by closure of

wWQo 2008089983) and adj ust nent of valve (40), andPEDGB2005/001017
controlled flow of gas through the chanber induced by
the use of punp (35), which.draws gas through pipe
(37) when valve (39) is open. In this apparatus al so,
t he nmononer feed arrangenent is also nodified to make

Thiey piBE el o ShbEpBbY ecarTiesi FORAIY 1nfo se phiratid/menowertlow

congprdiiay umht whifh i d@)‘h@éhﬂ&ij wﬂ-:l?ﬂlﬁ 5088 e?:%%ugﬁep

nononer reserv0|rg%% , nononer can
coghgetled Masopés U roﬁﬁ%nFeWﬁﬁﬁﬁtPF@nﬁlthkn thescamcegller

(1igheigoisiRioreanahe é&ﬂﬂfo&@e&hﬁ)Q@&%reuﬂﬁ§ﬁjﬁﬂrcondensed
C

at nosphere of inert gas such as nitro 'S

mQ?@Bﬁ?l%ﬁiﬁW@QﬁFﬁt%@1t%ﬂﬂ &Ehgasarpp Fﬁa)reqummgée

coneBgttdOnm MeBi ek Send henehancas dihak %vaémmffefwﬁ\éfé At
prenaturelypsg%gnerlse anoner is able to feed out

SERES 2V di 95 WHroddh) a pi pe (16) I eading
downwar ds fromthe nononer container (11) (not shown
ﬁg this instance) . This fl ow may be assisted by

Bt W AG-Ehethe SROMET oY R HET tSgREX ! Vit ¢he required

amb&ﬁeerNdaﬁﬁ1e$0§@§hlgukhaEQVﬁbfﬂdﬁpsﬁﬁﬁéhClé“f@ﬁSHﬁ@Othe
O create essure differential. A nitrogen bl eed

p
ingpber (B 2y PhroFidEaP e SRR 1Ey &1 Binbrn ey pe 2
heg.llﬁlﬁ mauastE m:ow eolit IS STONQBES |V’atl?e§ k%@wa:bgvaaﬁ%e used
o contro is contained within a

%ﬁ s %8#&‘516 %”é’\&qe’aglbmf gegpired, Fhee peparafiure

ofWIthdal mortﬂmlaent (D6) eran( £8) 1m<$eﬁ€iﬁlehelﬁ%cﬁftd:o(1@€&r§$ lathte
%o ure that_a ny condensed i S evapqrat ed,

o5 %’68?%? T & SPEYLF r‘é‘ﬂ a& 8¥ﬁt?f&% 55 redakKture
1sthepplnﬂdwﬂolEhevimuerbmalualt2éz4) Whex€utds @rbahSed in the

| or, 4 | haf un t.he pononer
oGBS Lo 2 ol Lt RO
whlch 1s closable by valve (5) in a similar manner to that

described in relation to Figure 1.

Exémple 1

A pillowcase was suspended within a plasma chamber of the
apparatus of Figure 1 and Figure 2, between the electrodes and
therefore within the plasma zone. In addition a sample of
1H,1H, 2H, 2H-heptadecafluorodecylacylate (10g) was placed into
the container (11) within the monomer chamber (7). At this time
the valves 5, 21, 23 and 33 are closed.

The plasma chamber was then rapidly (within 5 minutes) evacuated
to a pressure of 2 x 107 bar by opening valves 33 and 45, and
operating the pumps 29, 35 to draw air out of the chamber. The

rotary pump 35 was then isolated from the system by closing the
valves 33 and 45.
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anmount of carrier gas, such as helium which is fed

into the injector unit (24) froma suitable supply
w@ 2005/0kpp6vay of a helium mass fl ow control | er ¥@BHB2005/001017

Val ves (28, 30) can be used to isolate the helium

supply (17) if required. The tenperature of the

controller (26) can be indepéndently controlled so

that gas at the appropriate pressure to achieve the
ThgeBiaeh rﬂhﬁt‘@?é Was Sspl heated lnhshenhextast lonkhe (2f)ls of

cnp PhOHE SpRRB ) Wl DL B SESER L LA R R

payahc\!@léﬁ)som WasS @l hasin@nner to that described in
relation to Figure 1 . Exanple 1 A pillowase was

suspended within a plasma chanber of the apparatus of

sifih UsF By kranBahié Ohdare 15bRhyesHbrbReqet & HdRd@BeaMMEhomer
therefore within the plasma zone. In addition a sanple

chgmber, T 2R, LRIPRIRtATE af | $1Codatd | e yiednsainGy) ataghat

cehbasgd it o the container (11) within the nononer
© % n%gu (7) . At this tine the valves 5, 21, 23 and

33 are closed. The plasnma chanber was then rapidly

Va@%g hw and A U;Es8) t@l\éicuagﬁédt %sawe Ssééc{f\?es"lez ﬁdlﬁ, and

bar op enlng val ves 33" and 45, perati ng
heée%sgazsg from £Be dyupplyi r‘li)UtWQﬁ dtrﬁynchlatimetlhe ¢hember (7)

byrghér&péEHHQo§5ofW¥hé|E%@ak§%%§#§@5f59“&L§ﬁﬁ§¥&t@G%g@h In

cl osing the_valves 33 and 'asma chanber was
PapRLRg Hee By e ENSieattbe ol gﬂal peted ashe prockes to

takBanbesmdrl apbor ai dtTRAEL VS SnPlchBgbyeen 40- 500C , in
particular 500C was naintained. Simlarly the band’

heater 15 was operated to heat the nononmer chanber 7

Afi:@raatﬁém%ﬁabﬂrﬁ RARE, @R dP WIRERL Ay xlehaéhlﬁélaélr was
erat ur Val ves 39 and, 41 were then opened,
puﬁge §§EZEY%ﬁﬁT12§heaﬁﬂSlred pressure was reached w1th1n

the chamber, and an RF plasma was ignited between the
electrodes. The power supply was pulsed such that the power was

on for 20us and off for 20000us.

Gases drawn through the plasma chamber were passed out through
pipe 37 and pump 35, and into the furnace 47, which was held at
300°C.

After 30 minutes, the valves 39 and 41 were closed to isolate
the pump 35, and the system was vented with dry nitrogen. The
pillowcase was removed, the oil and water repellency tested
using 3M oil repellency Test I, (3M Test Methods Oct.l, 1988)
and a water repellency test, (the 3M water repellency Test IT,
water/alcohol drop test, 3M Test 1, 3M Test Methods, October 1

14

1998). The results, even after washing in a conventional

washing machine, were water hydrophobicity values of 10 and

oleophobicity values of 8.



hel ium gas fromthe supply (17) was drawn into the
chanber (7) by the operation of the rotary punp 35 at

wa@200a108996f bOsccm | n passing over the nonomerPCT/B82005/001017

hel ium gas acted as a carrier to take nononer vapour
into the plasma chanber. ﬁd&gr a period of 2 mnutes,
during which any remaining air was purged fromthe
system the desired pressure was reached within the
Inctanberst , andpahlREageathea s ungert ethidetrweenditicons but

: . p !
i B I Bt of A8 B S o e D s ey
prodavetd hicoaghng hérighawad edritiverubbed gifssed out
t hrough pipe 37 and punp 35, and into the furnace 47,
whi ch was held at 3000C . After 30 m nutes, the valves
39 and 41 were closed to isolate the punp 35, and the

systemwas vented with dry nitrogen. The pillowase
was renoved, the oil and water repellency tested using

3Moil repellency Test I , (3M Test Methods Cct. |,
1988) and a water repellency test, (the 3Mwater
repell ency Test |1, water/al cohol drop test, 3M Test 1

, 3M Test Methods, October 1 , 1998) . The results,
even after washing in a conventional washing machi ne,
wer e wat er hydrophobicity values of 10 and

ol eophobicity values of 8 .In contrast, a pillowcase
treated under simlar conditions but wwth 200 watts of
RF power at 13.56M Hz applied continuously - produced
a coating which was easily rubbed off.Cains 1 . A
nmet hod for depositing a polynmeric material onto a
substrate, said nmethod conprising introducing an
nmononeric material in a gaseous state into a plasm
deposition chanber, igniting a glow discharge within
sai d chanber, and applying a voltage as a pul sed
field, at a power of fromO0.001 to 500w m 3



for a sufficient period of tinme to allow a polyneric
| ayer to formon the surface of the substrate. 2 . A
woredosogbdaccording to claiml1l wherein a pl asma RONEB2005/001017
wi thin the chanber has a volunme of 0.5n8 or nore. 3 .
A nmet hod according to claim 3 or claim2 wherein the
power is applied at fromO. & 1tol100wWm3 . 4. A
nmet hod according to claim3 wherein the power is
applied at fromO0.04 to 1060wims3 . 5 . A nethod
according to any one of the preceding clains wherein
the nononeric material is an unsaturated organic
1.conpommehefli £or clnmesiiE6RI & ERdvHesic owtsonait ome a
suwg»cegt@r & 0P hn%EﬁB&yccf%bQ%hh&tﬁ%&\&ut&%‘h&%{‘ ndlometic
met hod according to c wherei n the nonomeric
majgréfl aln i caseonposiFrrofinter mplasme) debesitiRh, chambe,
1R cah8 4 INPAIENRLY c_%ec‘%Jl%ﬁlﬁdszifép@hlg}ﬁgéf’gegh%%#agibing a

or ary lonally substituted b
VOgitage ded a tpaxlsati fé%ﬂs@ Gife20POWRE, o2 fpm RB. 0051 to 500w/m’

£V A 098H; c ARk $0@ & R’ ER a5.l.l LepBPyhS- N gﬁ&/gz\f Lo

or hal oal kyl group and X Is a bon a group of fornula
formcopoylee (THLpRe- OhhEre Sﬁlb$§r%1¢f3 integer of from1 to
10 and Y is a bond or a sul phonam de group ; or a

group - O) PR5 (O q (CH2)t- where R6 is aryI
2.opt i ALY sBRATHRge HO by HA &, WReFeim aoplashma (gqne @ithin

thel cha@bBélr thdsS a0vBLudd JMthegsT 2f mbrem 1 to 10,
provi ded that where gis 1, t is other than 0. 7 . A

met hod according to claim6 wherein the conpound of

3.for mlhn@tﬁb&l é@c@rﬂl@@r }ib adraiaf 1f el Aol bl Wherein the power
III% ere n and R5 as defi ned
W

B‘BQ%ZL?‘?'I éttl> dﬁrﬁf%oamil P 8 rogen or C1-S al kyl

4, A method according to claim 3 wherein the power is applied
at from 0.04 to 100w/m3.

5. A method according to any one of the preceding claims wherein
the monomeric material is an unsaturated organic compound which
comprises a chain of carbon atoms, which are optionally

substituted by halogen.

6. A method according to claim 5 wherein the monomeric

material is a compound of formula (I)

2>=< (1
R R*

where R', R? and R?® are independently selected from hydrogen,
alkyl, haloalkyl or aryl optionally substituted by halo;
provided that at least one of R', R® or R® is hydrogen, and
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8 . A nethod according to claim7 wherein the acrylate

of formula (I1I1l) is IH,
wo o2kt hept adecaf | uor odecyl acyl ate. 9 . A ne€TG#2005/001017

according to any one of the preceding clains wherein

the nononeric conmpound in a,gaseous state is supplied

to the chanber in combination with a carrier gas . 10.

A nmet hod accordlng to claim9 wherein the carrier gas

‘iis RevrowR KR vhens ROdiaceordkvl 0 hadpadlel afrqume and X
spé%%ﬁ N8_GHAL™MMIBERL o 0333045 (EBYGFL Alndre aupk! Led

chamber at a rate of east st andar d
1nt%ﬁﬁn:o@eﬁrpmnﬁrt9 é@raﬁﬁn%t¥§ @s@@ﬁ? or :a SpiphoﬂamQQGWG@OUp;

or 38 G NG <bPPRaW> Qeg. 0 &H&@rRenyla}gflclto yheyein

vapours of fhds”'of fornul a In e chanber are
suhﬁtwL&eﬁeBYahab?,e@saﬁe@ of Yr étmlé 1% d 308 Hbdg 0T an

infedmt hed saggof didg of opéwl&raf @bt gy ecadi Ay f'?g r&her

erein the power Is pulsed in a sequence I n which
thagwer is on for 20nms and off for from| OOOMs to
20000nms . 14. A nethod according to any one of the
preceding clainms wherein gas is supplied to the
7. chafthBetiEh FGCaritnperarcirengt ddiesisin, ge conpepnfot

FoReEH diJikOaRNeRNa LRl of heoigeeding cl ai ms wherein
the chanber is heated during the deposition process.

16 . Apparatus for depositing a polyneric nateri al

onto a substrat egg,serT (@PPacEh e conpriiges a pl asma
deposi tion chanber, at |east two el ectrodes arranged

so as to ignite a plasma within the chanber, a punp

whe¥&trerandlr RANge dickronéeeshdRNaneE1486 6 Ahe RNa sChgabsfen or
an wer control means programred to pul se power
ﬁg'ed to the electrodes so as to produce a plasma
at a power of fromO0.001 to 500w nB within a plasna
8.Zong.£g££g JQ%%rﬁQEtho ‘claim 7 wherein the acrylate of

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

9. A method according to any one of the preceding claims
wherein the monomeric compound in a gaseous state is supplied to

the chamber in combination with a carrier gas.

10. A method according to claim 9 wherein the carrier gas is

helium.

11. A method according to any one of the preceding claims
wherein gaseous material is supplied to the chamber at a rate of
of at least 1 standard cubic centimetre per minute (sccm).

12. A method according to any one of the preceding claims
wherein vapours of compounds of formula (I) in the chamber are

maintained at pressures of from 0.01 to 300 mbar.
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17. Apparatus according to claim 16 7 wherein the
apparatus further conprises heating neans for the
W@ b@siogre1 18. Apparat us according to claim16 BPCT/GBa0§1001017
17 which further conprises a container for nononer,
whi ch is connected to the chﬁn‘oer . 19 . Apparatus
according to claim 18 wherei'n heating neans are
arranged to create an increasing tenperature gradient
13pet e eretbadf deermddinge £0 azmly swied of hbiid errec2ding\pplaiatsus
wiRSEOLILNG dfiet! 36 Myt B ANLLAdeeASn A RYNRERO b ver 15
escribed wth reference to the draw ngs . R
orrEblrodOfimrardepdsi fongfmonpdlopoms i o ANENtal onto a
substrate substantially as herei nbefore described with
reference to the Exanple.
14. A method according to any one of the preceding claims

wherein gas is supplied to the chamber along a temperature

gradient.

15. A method according to any one of the preceding claims

wherein the chamber is heated during the deposition process.

16. Apparatus for depositing a polymeric material onto a
substrate, said apparatus comprises a plasma deposition chamber,
at least two electrodes arranged so as to ignite a plasma within
the chamber, a pump system arranged to feed monomer gas into the
chamber, and power control means programmed to pulse power
supplied to the electrodes so as to produce a plasma at a power

of from 0.001 to 500w/m® within a plasma zone within the chamber.

17. Apparatus according to claim 16 7 wherein the apparatus

further comprises heating means for the chamber.

18. Apparatus according to claim 16 or claim 17 which further
comprises a container for monomer, which is connected to the
chamber.

19. Apparatus according to claim 18 wherein heating means are
arranged to create an increasing temperature gradient between

said container and said chamber.

20. Apparatus according to claim 16 substantially as

hereinbefore described with reference to the drawings.

21. A method for depositing a polymeric material onto a
substrate substantially as hereinbefore described with reference

to the Example.



