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COATI NG OF A POLYMER LAYER USI NG LOW POAER PULSED
PLASMA I N A PLASVA CHAMBER OF A LARGE VOLUME The

wWEe@sost96i nvention relates t o the coating of BUI/GBC@®@S/001017

I n particular t o the production of oil- and water-
repellent surfaces, as well as t o coated articles
obt ai ned thereby. QO 1l- and water- repellent treatnents

EE%@GO%GLBOL\YNF? eMXEROSING KV ERYERP E-SED RLARMAE P PRARIMAUGMBER OF A

exanhple, i t may be desirable t o inpart such
properties t o solid surfaces, such as netal / gl ass,
ceram cs, paper-, polyners etc. i n order t o inprove

Thepbﬁéﬁn\taiﬂx%t%@%ﬂalt% tOkb® dWRYBH 0O leub-PAHLI t 51
articul ar su’ﬁstgate whi ch requires "such

parib%‘fllar’fggo PEB VSO O OpdT tTRUMEFSF O SBEt G

surchodd)i ng el keats asled pott sheanptheh&lasRasy.and i n
mlitary applications . Their treatnents generally
require the incorporation of a fluoropolyner into or

Oilmppnd pakeycoeaelientt txefventd fdve asutdacerbity lod

surh®d iRy faknhesprtieusegr e6r oéxagﬂph angd. walb %e

el | enc s a function.of th nber and | ength of
SRS E P CAr H=Er U POPRTIHGE i T SORAR THifAstR FRCPcRs
metiehi aylidae, ansaindbt g Epace .polireexy emberm heder to improve
pregg e%ltoﬁ fo %rg%eg U%Q g%lp%gr t he lattv\,g\r/le]rlngt he

répel T'enc diti on1
poI ynmeri c compounds nust be abI et o formdurable

A pQQ@ﬂ&Jl%tihﬂstE§a§é'b/§hEEt§equ9:és s%'&?i @@é@i Ef@pﬁlel brics,

textjle treatments are gener al based
in PRYGYTEET yiteT SUEfRRT SLeCHipS| & ltca51?%r |SE°1Ft~°1‘Velaﬁ e
leiborewat anl dgusolis-eyulsdldnatde .f abhét tesBimsts

corlf SRV A0 S AN LIRBLL AL o 81 S D0 L SALIEIY
MOXR| wi‘dﬂl&bvém efitx4qd opto |Hhe sprf@mcet ob Huk elotidse
rapki&l shas gho-abl 6s &lﬁeh@%tép%b@?én&) 18PPl 2l Woh Mo e
the nmr‘?berl ggc’% Ilg gtr:gsolf 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
fluorcopolymers that are applied to fabric in the form of an
agueous emulsion. The fabric remains hreathable and permeable
to air since the treatment simply coats the Ffibres with a very
thin, liquid-repellent film. In order to make these finighes
durable, they are sometimes co-applied with cross-linking resing
that bind the flvoropolymer 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 bixi e |CQoropolyner treatnment t o fibres
Wi | st good | evels of durability towards | aundering

wa@pasdsder! eani ng can be achieved i n this wayPCT/KG82005/001017

cross-linking resins can seriously damage cellul osic
fibres and reduce the nechanical strength of the
material . Chem cal nethods faer producing oil- a
wat errepel l ent textiles are disclosed for exanple in

vedrie %O%Fi_xéﬁ_‘g%§ ddd SHPALER MR L2 O03 @b 34413024 ana

e Sci ence and
Bethheh qw;enwamel 107 9P ke M | AEWinNely afor k| Headigend of

}l Lﬁé aciedlk % gng}f‘@él'ﬁfolg?y’ Fﬂﬁ%@ dBQ0S:teN Inc , New York,
ave been quiie

gues w dely used for the
depeslﬂkﬂnZOprotmeﬂhaptebd%+ngs onto a range of
surfaces. This technique is recognised as being a
cl ean, dry technique that generates little waste
conpan ederos itdnvehedisHanefebath dificPal et HEdS 1Y UFRG tor the

dl%:pecu Icpzp%f Bb 1 QI B208R8E e b 0ah & WNistirfaces. This

which”are subjected to _an electrical field.
\m@hnmu@ jiss r¢speniped Wé BeERe i € 16PN SOhHECRPEAUE Hhat

l.eal & Q.'lq:trfél @8§£§%o‘ﬁl§a£@@ €O e i ond el aBsmical
olynerise In gas phase and react with aﬁ%#omnn

methees - flqﬂﬁnﬁhthhé BeiEety AP LRSS\ PERL PBRSTALSE) fRER organic

sikheskts, tends Eeré@éijé%%e& 8 IaSceonta rﬂlréﬂd When this
repeat units which bear a strong resegﬁ%anc t he

fehegee shddiedregresesf & poPSatsetRer k@ af8d

Ui NG uae P! &6 L aBmBEuRX ihe BRE Yo il @¥1yi¥Ri/H8hl¥he gas
descri bes the formati on of oil or mategﬂre el |l ent

aBHsen 889 orPaf s B8 TGt & Jriig ggpstrate.

ﬁfcﬁﬁf@nﬁégm%vgql@&ﬁraﬁﬂnﬁﬂés@ér teﬁd&g ado wasatics &tt&ﬁhctures
al ocar bons ich are ri se n the surf
LﬁﬁqﬁilﬁlﬁgaE§RFQEeﬁ8§F?|¢%+cén58%55 qggpF%?emb &ce to the

tess
RESHHHERS s §aOTk D Mh@mdaswﬂ:@blyﬁeflmeﬂwOr&ogEmemﬁ;edanding a

this is illgstrated inall-scale units of 470cm

PR [ARt %dﬂﬁﬁ?%@ éhﬂ &ations much | arger scale

production

WO098/58117 describes the formation of oil 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
state 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

warmbis®erl e unit in [arger chanbers did not pPEOHGB2005/001017

satisfactory results. According to the present
invention, there is provided a nethod for depositing a
polynmeric material onto a subs$trate, said nethod
conprising introducing an nmononeric material in a

?3?&?&'%1%&@ €51 N AP 8EMB-HEROBLET 08 HhaTRErsS0r a

gl ow di'scharge wthin said chanber, and
appf;yqnmgltapeni@@gef Admapto stld oM @l Bolwera cpaer ofo form on

tre #}gyg; 5@ 500w B3 -£eL. a sufficient period of tine
to

ow a polyneric layer to formon the surface of
t he substrate As used herein, the expression in a

gssgée bAlg, 8l eé:@regsﬂé’r?aﬁrp% YaROM S stikbMefefers to
one or in mxture, as well as aerosols . These

gBAES t4TDIVEPRHES paetihedl atPye U tEbMExEwre d@§oWrLil P
gaod-gual ity oil and water repellent surfaces of

uni formthickness, in |arge chanbers, for exanple in
chanbers where the plasma zone has a vol ume of greater

H‘B@Qe SN 3 onkOfrd Elr@NEE1 & BB A aBDE E50rS Webod st ifi@Mood
5n8-10n8 and suitably at about In8 . The Jaye

ﬁelaf#éey ik BPS HRATShAFeSHbe MEtHETFEaPTt HHER éf“htah?}messl

eMak s Wishdei b al For idkaRbagein tdHaughs vty ehbi ph@ma zone
washi ng process. The]fomer | evel,s, _and, artlcuéqéwy

tRE PoVRIITHfeRSi FFEaten frapngP AT hef i stiSFangP or more,

| BN aé hdbet DOSR® -CIRY eHd @mlatlamjdsaaﬂ abdut hi® .t ypRe ofayers
process Thi,s is quite unexpecte Cfé artl Iar t he

Forea, tn g avaleTs GHOS, BT T SFR0AF Ao R AP bryRLn

fa @ Onila11ey 1awbn8ce, 'EaneodgHdecﬁﬂ&rmeoﬁ&ﬂe walsthgr process.
W Il be selected so as to accomnmopdate the particular
substrate being treated, but in general will be of a

rers poadt V1 dvarlge sha eparttdcataohnodat @ower densities, that

give the best results are lower 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
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el ongate or rectangul ar chanbers may be constructed,
for exanple where the substrates are generally of this
profile, such as wood, rolls ot fabric etc. Sheet

mat eri al s can be processed using a "roll to rol

%&iﬁﬂﬁ?ng tln Eﬁéeﬁgbégﬁxeas%aytﬁs ﬁkéﬁ?ﬁrab&éhé%%ﬂeibnﬁécessary

bat ch processes, or 1t may conprise
|ﬁd1:etcseahdn@u?t [edasmp o@l%nhmreawe‘éhnt &hel Fanber @gehe

%&ﬂdtﬁ@ﬂeanusalrﬁgg@ﬁ'gﬂu%ﬁﬁm@' QeRSs, -ad ri%aEBhGé&llﬁroﬂaﬂ be

'atter case pressure conditions necessary fo
cexsamilagin @Imedwe’éma? Jahisthing thfakéhanber are
mai nt ai ned using hi gh volune punps, as i s conventiona
for exanple in a device with a "whistling |eak" In
P tiag Gl anla¥ he-hfo AORERTE hiperFaRl i 2 Rateriad ags described

des GidoRedsh 1y W%&!e’i@%&aﬁlﬁp% tbeptldes bh 606aMiS®maBund,

organi c conp rises a chain_of carbon
e cafnpree%fe ascﬂli*él%foﬁ/\kﬁaéfl#’oér BtPResf dtabpyst some of which

sybstydetbedpby haldgented bypaklibgehar, the conpounds
are unsaturated and so contain at | east one doubl e

bond or triple bond that is capable of reacting to

f of B cReLYHB! | €hs QIRpERLs Riref ahabtyrdtea esgpssindsmtain at
contain at | east one doubl e bond. B¥ “chai n"

t heast weec aPRBHE KBS OF o MRS Lrght tRAt BFaﬁéﬂ%ﬁFe "6 beacting

chai fisrm 3Ubb§§&ékld|&@m§5@ﬁdﬁ5 arpeefietasyclche. cdiigounds contain
conmpounds used in the thod of the invention include

aft| koSt GRE oM TRRA: Suitable chains have from 3

to 20 carbon atoms, nore suitably from6 to 12 carbon

aton§ Mangoneric co used i n tE hod .

| TR GG ey RRF or i SR EReTE TR PSRt 6T

ChARMdiR®E ahadh&enesudrtabBlkynehe chains are not cyclic. The
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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unsaturated noiety either directly or by way of an

functional group, such as a ester or sul phonam de

group . As used therein the tesm "hal 0" or "hal ogen"

refers to fluorine, chlorine, brom ne and i odine.

Particul ar| referr hal.o _ar :

ety o)+ B PE Ml o B shibBifucct Bnaine

pheipbler haaptdyirom 2 ntpah iceuban gheawyl . The term

"al kyl" refers to straight or branched chai ns of

carbon atons, suitably of up to 20 carbon atons in

| Morgrmer i Theotmruridsl eeme "theetbpins ccarasghinsyubstituted

branch r j ' I ' ;

20 Bone SR ot YiBHpe A BullcabEl o BELAde LS Nt s

comprhi seeuwstbstiapel eentd kyHY spbakkieuhinggrbupeasily some of the
[ r - [ ar.e

HOeR, PP AFLRE, GRE Uty GRaRk R L Least some

hyalraugonasooss ¢l rhesblert mevt Abse hehgnserred iyt the

'5@§%in ome hal ogen atons, oil repellency may al so be

conferred by the coating. Thus in a preferred aspect,

t he nononeri c conpounds include hal oal kyl noieties or

CORRY 119 ahBLeALKERY hipecd NEHRS AbRondF &f @LABbYndd8include
pl asma used 1 n the ne?hod of the invention wll

chandlde lanababhes icF ofBREiFatedondkenylisyl TReREE TR ng

Op S8 tra 13 YTRRY NG 2 % ATBLE Si P T HEDABAREA G Ok8aNi Svention will
conpounds for use in the process of the invention are |
COARIUAES 2oRORYRPICa UPFF EWIRTSE. RELORKn FORSa{pEg organic
| pgeRerdent |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 or R3 is hydrogen, and

Examples of monomeric organic compounds for use in the process

of the invention are compounds of formula (I)

>=< U
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)0O(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)pR%(0)4(CH,).~- where R® is aryl optionally
substituted by halo, p is 0 or 1, gis 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.



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 formula -C (O O

w@ aiB)psov¥e1 where n is an integer of from1l to 1BCEHG®2005/001017
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is a bond or a sul phonam de group; or a group -(0) PR6
(O (CH2)t- where R6 is aryl optionally substituted by
halo, pis Oor 1, gis Oor d andt is 0O or an

i nt eger of from1l to 10, provided that where g is 1

t al gal ksl o]
it Rt AR pRYets el o8 o PO Bhostin
chraiups - r‘rﬂ?heb@lémlaﬂgmnmmam bAcHeh lahg ﬁﬁyblramhﬁ@eand may
%glhﬁen&é@flce%o£9{e§5 , the alkyl chains suitably

conprise or nore carbon atons, suitably from 2-20
car bon atorrs and preferably from6 to 12 carbon atoms

-rd0ks Rlp %5}@ i lgylhtsﬂﬂy NSmkesdeNe&r@hdo¥e carbon

preferre ave from1l to carbon atons .
Rrteins aBPJyt%lY §r8mh%11'%9alqaﬂbonaﬁﬁomﬁaraé‘dppé?%?%ﬂﬁlw grom 6 to

ppj@gggghké({oﬂ oup, particularly a perfluoroal kyl
group of formula CnF2mti where mis an integer of 1 or

nore, suitably from 1-20, and preferably from 6-12
Szhts&hRaS Qhalf:, §§Jk§v@mkﬁa1@fskﬁ|re%éﬂé&%lﬁ.?r%%ﬁeﬁ?edaﬁg have

have from1 to 6 carbon atons . Prefer |y however
afrqnb&sf—ooﬁec%’fb%latﬁ?sand R3 i s hydrogen and
preferably Rl1, R2, R3 are all hydrogen. Were X is a

rou C.( CH2 i.s_an i nteger which provides
SasPEIE ROGE 3 By Lparbd it Prateifion perpripalivl

%gﬁﬁg ebal‘b{:jéc@ftmr?lﬁf 3 $e:§£ud&fua&k§ylﬁw@amfdeognmwsmmm
or i n¢l ude those of _fornu ere

WY 69 8n 18r 3| k‘%‘e%ﬁcﬂf as G m&’élekyigu“?e\%?s’a%h%ujr ?r and
metdpdra®iyethyh 6-12 such as 8 or 10.

Suitable alkyl groups for RY, 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 i1s a group -C(0O)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")SO,” 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® (IT)

where R® is as defined above in relation to formula (I).



In one enbodi nent, the conmpound of forrmula (I) is a
conpound of formula (I1) CH2=CHR 5 (Il) where R5 is

w@200d0899ned above in relation to forrmula (1) .PET/GB2005/001017
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conmpounds of formula (11), X in forrmula (I) is a bond.
However in a preferred enbodi nent, the conpound of
formula (1) is an acrylate of formula (111) CH2=CR 7C

(0)0 (CH2 nR5 (111) where n and R5 as defined above in
relation to formula (1) and R7 is hydrogen, G -10
al kyl, or Cx-iohaloalkyl . In particular R7 is

yd cogpounds GEf Gatkyla sUSH ,a¥ et fgdmulA pA) tisc@ &end.
exanpl e of a compound of forrmula (I1l) is a compound
of formula (IV) where R7 is as defined above, and in
pmw{eweul an a@ﬁﬁierng@rsmlmens athd ﬁp@geumbfoﬁ fomla (I)

t an , and preferably 7 .

R %ﬁa?ggg§gﬂ§ eﬁggﬁg%gwﬁl&? formula (IV) is IH IH
2H, 2H hept adecaf |uorodecyl acylate . Using these
conpounds in the prRCRSS-Ad)d e, | RYeNnt i@py) coatings
W th good water hydrophob|C|ty and oleophob|C|ty
val ues are achi eved. These properties can be tested

Udie n3Mhdest JMeidodsg %@t}eafn tﬂéﬁa@%ﬁ"&o [RRRLIENEY and R
Test | , (3M Test Methods Cct. 88) and a water .
riep&VidsREGNt €S0 ALK SMV@H@F&‘%%&Y%MW Ragtticplar R is
V&%}a‘%fc/g%lnceboé gen@ﬁ}lt@ééh aMnlest1l 2 3M-Testidkidhafsie of a

t ober These tests are designed to detect
acmwécﬁéniﬁ%mulﬁu hEER) off & IcopppEd OF £apFIER
measuring: (a) aqueous stain resistance using mxture
of water and isoprgpyl alcohol. (b) the fabric's
resi stance to wett g by a sel ected series of

hydr ocar bonH_i qui d |ffe urface
t ensi ons. Thes St s fg\hG/ H?énd@ﬁ to give aflV)

absol ute nepgure q@7the fabrlc s resistance to
staining by watery or oily materials,

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 series

of hydrocarbon ligquids of different surface tensions.



since other factors such as fabric construction, fibre
type, dyes, other finishing agents, etc., also

w0 pfos/08396E St ai n resi stance. These tests can, POWEB2005/001017
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be used to conpare various finishes. The water

repel l ency tests conprises placing 3 drops of a

standard test |iquid consisting of specified

proportions of water and isopropyl alcohol by volune

onto the plasma polyneri sed surface. The surface is
considered to repel this liquid if after 10 seconds, 2
ofhdsee t@stisopse dotnohteeied o babeian aPsomnthimsasue of the

V\j@}b%:rl r%p?ﬁg?ﬁ'&hﬁc(eak%)ggtéﬁl B‘%kgg} xﬁg‘t%ﬁ)l G Ehfytn?a%grlals,

I|qu e grea pro tion sopropy|
a¢xnﬂaﬂotWBrcﬁa$nnm§esucheaseiﬁbrlpncwnﬂ;nﬂa§eonf fHweokipe,

GRSl | ARk 88lucrofr 99S,l ikt 00ROl e A in

he coa I'f'a O seconds no
pea.fﬂartsrtamcen oFfheset tieags o¢an,hé10MaEf:rc kﬁ usigd to compare

| iﬂﬁihoqfsf %ghaghégﬂ erhacha 05C ezeqm%na? K esmﬁfl%gdp%acmg

rops 1s evident, en t est Is asse
Thedmms pépel peardardatesy lnsmlsikéﬁnﬂﬁtb@gt Ré spec1f1ed

1%H%b85e§5 é%sgnh'ﬂéﬁﬁkdﬂylcglégﬁgi %QIvﬁﬁﬁmé'Hito the
ace

fa I c sur ere the i1'ncreasing
colausp Medymesithi SEEERAg- hﬁ*@o@&?%@?ﬁ clh?auCﬁnah@lered to repel

spihf 808 SBRSEPMrrer B E8581dsS Qbbai figd 3U§1k895tcﬁk?$1%t wet the
tests are variabl e dependi ng upon_the nature of the

striat e Fraﬁdthw:péhﬁ vater HepelieRghi@ddngr 16 gken as
SHOsiS atre thdt CeRpdid ﬂilﬁﬁog%:tg%eﬁbéﬂ ola’.f%h.Bﬁ $H8 sopropyl

nmet hod of the invention have achi eve
hy e dpHoBidichy PeedQfe 16 LePL t 0 TPOTAR oc"’lﬂee(?ﬁh 5Be cfitly

Vabues 8 th¥e Means-oghk bargRIrsrakBoRrodEH aPe dlhiced on the
fact, sone coated naterlals has shown repell enc

héﬁ%ﬁ% srdapeént arfe 2R c RO %epﬁoé'éién?% %%Iagéo%for wetting
obeophw ity WhiHe 1S g0l 8- tdw-iR0oh ABdr B&MeS @aktrs and no

wicking around 2 of the 3 drops is evident, then the test is

passed.

The o0il 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.



O her conpounds of formula (1) are styrene derivatives
as are well known in the art of
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of the invention include non- equilibrium plasms such

as those generated by radi of requencies (Rf) ,

m crowaves or direct current (BC) . They may operate

at atnospheric or sub-atnospheric pressures as are

known in the art. In particular however, they are
generated by radi ofrequencies (Rf) . The gas supplied
teuitablel asasmahdorensanin dorpreseod ofaber iovention include

TRODEELLS 1 BRIE W1 BadnEnci ts REELET ARkl 1P

carrrer gas, I1n part an inert
geadlisifoteqmentidd UROL Bigoewaves pardixadtaculeentuntcy .a They
PES] IS G T Sl ARReRPo A Bl DEIbSERHIAGIEN IO are
IF' 3{ nonomner . e nononeri c gas to
cenowreringadei srsui tIalbpyrtnquwer havigeenf bﬂweornm@(gepetr@ted by

1,100 ' n in the range of from10:1 to
it cgbqfx;e%glehgf’é@ §&>

I'n par ular about 1:1 to 1:10, such as at
about 1:5. This helps to achieve the high flow rates

r'?ﬁé“;i gas ng m&%%%sp9£f$$ haﬂlﬁ@?tlhﬂfn coﬁB'ri@t—plé/ vtatﬂa%ur of

gas M xture i s su at a rate of [ east
sthﬁdmrmmpccmqn%ﬁﬂ@nﬁerbqﬁ Rueéerajelam lﬁnﬁs Comblned

p&f&ﬁraa@a)mert&% r ang8aPti S, 1ah0i AOIB B sGASEE helium

are suitably drawn into the chamber as a result of a
r eIV | ﬁntwfplrc‘é’é‘@e” Behiymnils pherefRifss casrier gas as

r efdd tnQfind s8Y¥ 2 R aRYBR, o OehkNRYn sy be punped
into the chanber. Pol ynerisation is sui t abl y effected

usi ng vapours of conmpounds of formula (1) in the

ChRELEL 1 i IMYFCBharfordBicttial §86 2 tRECSSHF RS @tasfwrgultably in
0.01 to 300 nmbar, suitably at about 80-I QOrbar.

dtBengange iof £Rem $qhilt 58 byl Upp EPF Pt 1Pr1é]%ﬁjé??€‘yge of
VeLbRoes . f o exanp) et ih3p5setdl afhibowts 1sui €abl 10, such as

aglabout 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.



usi ng el ectrodes, which may be internal or external to
the chanber, but in the case of the |arger chanbers

wae®@spswberably internal . The applied fields aP€r/GB2005/001017
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suitably of power of up to 500W suitably at about

40N applied as a pulsed field. The pul ses are applied

in a sequence which yields veny | ow average powers,

for exanple in a sequence in which the ratio of the

time on : time off is in the range of from1:500 to

1:1000. Particul ar exanples of such sequence are
ﬁﬂmja@@ése&wmreédpoaee $eiteilyorf 20merand b ftd GO0y ofyitably

0Qy
4T et g e Lot Y T R A GNP R Syl B8l apptica
fimm 3egsermnadrich g0ehinwesy, 1ow efwaralgkypewesnd 5 fog egample
MUl es gr;@ee&gi B HROP N2eBB! Uf el dilie GOMPQURR BEr is in
fror mu aq? e su

Strate etc. asna
ptzﬂeyn:@mgsacbf ofragf 1c6APotnds 1@ﬁ0forl?ﬁntdcelllyr examples of such
%#e %|a5£¥ RLA9EnPWRLRIULH dpuRr §5E§1and off for
previ ously use as been found to result in the

dapmS|ﬂm00nso&otﬁQﬂMOustlLmypuma&edv@x&na mgwenhi gdtained in this
exhi bi t | evel s of hydrophobicity and

of' &0 5%|C? y, even when produced on a large scale. In
addltlon a high | evel of structural retention of the

C 0 of fornul S
SRR 8o 8Lkl BGEUEE s 1P SABLAISL BPptnaces,
Obréfmcaailkefaeomrcﬁwmmlﬁof Dindest, adeEemiangJ opoa| Kenmarature of

MDOONES égﬁa 115 Al ahhy 35;@@;%9&9%@9%%%289& I't has

b&én no part’icularl € ca
polynerlsatlon of conpounds of forrmula (I11) above,

tpﬁ dﬁ;ggg;g@h@aml%%do@'é uBh%VH?rf 119N (Pf OdUERS cularly

coatings whic I bt excellent water
aad @vetrangepEoW@rﬁ:ynuqhuﬂW@r ried, Pravi iy Hged arkaspfoegn

998&&”‘&0“ ?Egﬁig LKNERS qep b 9y %at)frh:l.@i’l%} f9fiorinated coatings
structural retention can be attributed t
which exhibit high levels of hydrophob1c1ty 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



free radical polynerisation occurring during the duty
cycle offtinme and | ess fragnentation during the

Wo@eeosiosm61 The gas is suitably supplied to the PCEHGB005/001017
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by way of a tenperature gradient. For exanple, gas is
punped al ong a heat edpi pe | eading froma gas supply to
the plasma chanber. The pipe im suitably heated such

t hat the tenperature of gas entering the chanber is

R s A PR O LI Bl e e

gbs mnttebimghctdrt@dciwnbethats tmeghempelpﬁrterrer abl geslsnpering the
10C her t han the avi ng. t he _sup .__The

S o5t hnd el SRHERIRS FRoraY ke, of the
Shb@tidry uekeyat B dagffpetddt)r eheucmper3RE of amé yas
dependi ng upon the nature of the nonomer involyve

UST Fef HgaFha clipmare 18uphylei pEstarPbhaknes & Ct higher,

Wean LR GRP! 1 &ARLY RAMeshRA thab SRS IRDNENBE: MaNQUkept at

is transported efficient]y into the chanber, and once

i AP [fSRBRFa YR OKs ShBH 11 e?ﬁV%t@%éH§@FBature such as

ekfé i L t f I

CHH) S RORATD S MLV EREL 0 Ul AN Lovcaven.

in "cold spots” of the pipework. Al though heating of

tBSlﬁ% Het n§ase agn 4 %%Sﬁ?y R %ogﬁhycﬁé}nb%lragﬂatﬁfé: RIS the

processes in order to etc roducts nobile, so

t hapltmscbﬁvﬁef@m @aﬁédther @fmnpm@r cYRpayeT issiedngported
PLOEESEartIyNOht b OHY I8l mbByr rh‘?ldJE)ﬁé@ Nip At éﬂ&rﬁbelam}emalns
erefore it Is unexpected that heating is preferred

l\mvbitl%tppghaﬁ ubeddy tpsefifhciont ﬁé?ﬁéﬁt%s@ﬂﬁbé@llmﬁeﬁatlon

F QE MhSnduidit NSha aRfeGh @b LRP ddheRALLLIon SREEhE! C@hc}h may

t he apparatus conpri ses a pl asma deposition chambe

pARBHAGs Y §Peth eRetiged £he frRiReRske ne@lqmugas%%%mg of the

f enmnbat %atshse&ham&i pravibeast mmglséx@&terteﬂ@ﬁ% processes in
arranged so as to ignite a plasma with

AREOBBVET HeBRt PERR RERCH db‘?b&l%ﬁedsPot%&EH §é‘e§09@i‘ be

SWPRLL&Ed @rom the 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 vapours 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



the el ectrodes so as to produce a plasma at a power of

from0.001 to 500w m3 within a plasm zone within the
W@ b@sogr961 The punpi ng systemis suitably one whiThOBe@001017

supply |l arge anounts of vapours into the chanber, and

to ensure that this remains in the chanber for the

m ni mum adequate residence tinme, to achieve the

desired effect. It rray conpri se a series of punps, and

e %errggggwd&f&‘r%wp tIB2 PHOPLAGSYSLERARAALS Qe

arrange raw a out 0 r to evacuate

and/candeduce m@reﬁéumle%ur@quysed equired. In a

parti cul ar enbodi ment, the punping system conprises

two punps. A first punp or roots punp, which is

s‘mtaabaytacwm eu@lodmelkﬁmﬁhel BUBPIhFYEteD euRyiiges two
5 A0YmOLBPONT 5 ) ron}anr s YARBUIwiRl Ot BCEui ta Ly a high

contam nants he chanber. Tn order to do t

efdlwicentny, Endrranged dus Givashate|amt rvan@ur%emqwglnﬁ water

ng, dﬁ:hSrs'i)’gﬁelpfcotnhl,gmgﬂéﬁ'&erfrroﬁlhgh@%ﬁém'bérsUiﬂ aéq_ldsérbto do

arranged close to the chanber, and connected to it by
\/\Talylibfefélgiﬂ@ﬂﬂéfrstaﬁél ghta mq@@onamﬁ winafzpge, gearing in mind
digdelict 88 POSHBerA Mal YRnbS 1Bl YiWedy Brigd Reose to

so that once the chanber has been evacuat ed, it can be

10 sighe cdhanpes el URECEE iRl HabPY WaY (e GoRYHR Shmpobt

SYLHe a%i@nday Iantg%')é BuARetekias bSsSblabhyveDAnaG @dtovided
to the chanmber the same opening as the first punp

| $0j SeaPLRA GRS ‘é?@tt REEe| the shapPaly Behawer, e‘t’%ﬁ&tﬁ@"r’ it can
Whe hgadnagcarrier gas into the chanber at a suitable
rate, and maintain the desired pressure and residence
time of gas within the chanber. The punpi ng neans

15 SHi §&dng pa:fapslé %Lﬂt&b%ﬁaé?eldoﬁé@ SoBiiye fpaﬂi@i nisﬁ\@n asf a dry
nononer or fragnments t er fore arel C|n e
ROCURL B0t oF g aies St oh oRRREE phaico Chpy Sratiay v the
t Ben@ppahahysad WHOELreoNpUmises Iheas | ailtgrali’@adSscﬁ othdthét can

draw monomer, together with any carrier gas into the chamber at

a suitable rate, and maintain the desired pressure and residence

20 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.
25

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

30 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 monomer,

35 which is connected to the chamber by a suitable pipe and valve

arrangement. Preferably, this container is provided with a



chanber. These may be integral wth the walls of a
chanber, or present in a casing surroundi ng the

W@ b@siogr61 They may conprise el ectrical el enent BCDGB2005/001017
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recircul ated, heated oil filled elenents, suitably
under the control of a tenperature controller, to
ensure that the desired-tenpenature i s nmaintained
within the chanber. Preferably al so the apparatus

;ibm%“ Sesm hC% ﬁ' 08 o tQ:‘rxanBﬂ&Fér t%bshnéécézp%@%%e&nblent

a sul e and val ve
a:ran@age’u@m 1Ffre'bqnab¢<§/ bléﬁpsed@ﬁﬂtlw AeEredugadiingedthe

heggmggeatﬁ¥efé@%ig2igﬁélc&ﬁth@ﬁéfr“iﬂ%?ﬁ?ﬂ@rlééhﬂﬁ% from it to

above anbi tenperature, 1f uired, before
bﬁmghamqaocmxﬁedmenpbambﬂ; dhanbBrarepdi eheansd t fad the

Cl’hé}atﬁhge eaﬁg]ear% %gar e@&? Y LEgGutd 40 ihbRaLdraPRenBBEature

heat ed, and the heat’l ng
rngscatvs et ea bonarided peoh pfpﬁad@@em@mm%r easi ng
tenperature gradient along the path of the nononer. A
supply of carrier gas may, if required, be connected
th Supelyont atareriesn§agasr dif rﬁ@sl%qsﬂppm cepnented to the

p dnbPt 9nd hes £ ALA E‘E{s ifupp@RUESE he EQS s&deindd the
roduce a sufficient flow of gas into the chapnber to

m@mm@erhef RESTHER % o481 QAT taseroqyFeaapgthtcient flow of

%—9&6&%0 the itEiBert Qobsr&nricednar @editenodyserk | nt o
e chanber. In a particular enbodi ment, these are

ready nmade garnents, to which a water and/or oi

rfﬂedéeen&ncaaﬁa% igrobeshe aepliteds By pdepestéd nged he
nmer to the finished garnment, rather than to_the

FantiuasaaTe (e FPEUEEE i o™ anPRRHCUdGEr SR these

' §ré‘%a@¥reﬂadé r@éﬁ@nﬁ@ af@af&lﬁ:MCB wat&t pad/bastEnetedpellent
or stitched jaoints, ere

oSt Lo b R ele (o feBo Bt bt hS; BPITHE Givedbe

Uﬁiﬂﬂsﬂe@egéﬂﬁéﬁﬁ, Pl ULha douthenfgarilc askdrim hehe

Iarg rqQots W@ere ) , , , .
duction, al over” coating is 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.



provi ded. Once the chanber is evacuated, nononer
vapour, which is suitably warnmed, is fed into it from

wo b@sogmsai ner. This is achieved for instance, P@GB2005/001017
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drawi ng using a second punp froma container in which
a supply of liquid nononer is held. This container is
suitably heated to a tenperaturze sufficient to cause

vapori sati on of the nononer. Preferably al so the pipes

ondu ts whi_ch h n
08 GRS S o0 B0 6ht 4 cucn
pasginbbe hel aunsuraadt haefenmﬁﬂehelsummayl bst fedridumpngh the

Cghan%gga“ Ograé&oté?;eﬁtrsnergao%ﬁfkic g5 480 oGS I ¥hieve the

as such as argon or
hé@snnmﬂ andcgmmﬁaNI@bByaM@erhmmnayommgqn@dchpéL@ﬂnqmﬁ§ in the
CQ@ er. in order to provide a sufficient gas flowto
achi eve 't he desired concentrations and vol une
honogeneity of nonomer in the chanber . Alternatively,

g@éﬁr t&@?fi} n@% 951?%\%: ila9mpok h&ra(i\ﬁ’lntf"i"bﬂe{:h@%ntalner

sequent a Wit h cafrier gas. Preferabl
pan@ rsufos emlﬂnhlﬂ mh@dlmnbbret?hev &p6 mexr gasassBEcfeFaugh prior

F%'nﬁ%l‘y vapo Liﬁorfci W 9915‘51539' 1ebasdbl SRLLARIE MBI uid/ vapour

re contr m xi ng to achi eve the desired
r Elow cobhtealteer gl&sts aﬁﬁi@ﬁ@rentl Alhews mogRk, cpperollable

QYL TBNL R edd ecﬂ@ RAREEfeq 3G ibNoPA G e-akat NE monomer.
tenperature, may be controlled i ndependentiy of the

f [[@v@ddéﬁapﬂenjé]ﬁ‘? SSIVEFORRER Frtfe theeBERIMAT : nBRENER sPakRj cular

Syht ablnbeRar8to! afhy et BEnCANMIRIN e haiRIcn@yi BE  the flow
at nosphere for exanple, a nitrogen atnosphere.

SHPEEHISRENE - cont%a‘%e%f/ebéfe}?rcééé’ﬂrli‘%r’é’@er§omﬂﬁa%mtq?@ly be

NELEAGEN nl $habeYEe: AlESDhE GrPlRSsH! &moERhdse! for example, a
assi st the flow of nononer vapour from the contai ner

| ALBTQIRE GRRBERSTShi SHAFIPLY GhewePRREETureY e PrRfsurised,

dissChaftd@ hleSnt BESgdrnist 8o tdtindsbher thareekukel so as to
In n
agts?stcei‘:he flow of monomer vapour from the container into the

chamber, which 1s 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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vol tage, for exanple at 13.56MHz. Thereafter, the
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| ow average power. As a result, a nonomer becones

activated and attaches to the surface of the

substrate, whereupon it buildsitup a polyneric |ayer

At the | ow powers used in the nethod of the invention,

rat IS0

%%'%u?a?glntquﬁ%ﬁmgﬁqﬁ? e Fgg%ﬂkééﬂq% ?fdé %ﬁ%ghﬁfbgﬁpply

t%’q@alt whecbfcaméoermaeﬁexn Fei egbadikntbef the Epwntiipn;

exanpl es provi ded above can give excell ent

hydr ophobi city and/or ol eophobicity. The invention

widuneow be padidwarmetic dexmesbatathonney af eReing system

Wik ifld @GR! BRCECAD sLNEnACHAMAM Gr UROLAVERE 6n; ana

drawi ngs in ich:Figure 1 1s a diagrammmatic

representation of a nmonomer supply system which can be
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lagrammatic representation of a pu ng system wh
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Figure 3 is a diagrammtic representation of

al ternative apparatus which can be used in an

e doperetes +hustieendi bh FimvEcappdiiisud Preeesy svegen

| Borft QWiSiglaSPONEnLA cBERABESS(19Y.St @Bt LNl 1dit—RENHeS- & 23R Filled
chanber % . Recirculated heated oil filled heatin

eheatemds e&?@@ﬁ% AFoLBECEPIFRIGDGRE? Sgrswatlehef € the plasma
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i S nmeasurab her nocoupl e (not shown

S e TATGIRL | GITtr ShEER) ¢ AHe Cabh PGERpE o8 ibeds to the
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mal nht al,ne | n e asna _.C
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pppa/sm@hamtezh defdireobetyeiary hestoddasme gooeidfd, which
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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 comnnected 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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control | abl e and programmabl e. A nononer delivery pipe
(3) which incorporates a valve (5) feeds into the

w@bk@snsoochanber (1) . A seal abl e chanber (7) fBPCT/GB2005/001017

nmononmer i s provided at the end of the pipe (3) .
Wthin the chanber (7) is arranged a support (9) on
whi ch an open container (11) fier nononer (13) can be
positioned. The chanber (7) is provided with a

I . [ -
SOBLESLAP BaNRohy L pLast 065 n bR e
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draghangpid cal '1360imﬂ FigHe@sfrind rEh%tSQHBfésﬁse &0l BQﬁés in

and rotary punp conbination, arranged to evacuate the
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peedpbeethe oy 28 hskErathéhgi Bheiwer CHRMPRE- pipe i s
160mm By ensuring that there are no bends in the pipe
31) , the conductance | 0ss can be mnimsed. An

dlodt VehUpal RRFAEIIPUNR (Hdy L 8edl §h PERFLBPRATIBLF so
%n&l@ctggi@tfotdm BUHP (3&9) dblast iy pEasha ma}d@%m A by

| ow vol unme rotary punp i s al so provided
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Finally, a furnace (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 altermative 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).



directly to the rotary punp (35) . Finally, a furnace
(47) is provided downstream of the rotary punp (35),

wakiosksd9sl provi ded so as to incinerate any gaseGI/GB2005/001017
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venting out of the system The conbination of roots
and rotary punp illustrated provides an overal

punpi ng speed of the order of 135018/ hour, which allows
for rapid punpdown of the plasnma chanber. An
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tly different in that the roots punp_(29) and
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the valves 41 and 45 of the Figure 2 enbodi nent.
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pi d
VREMEDL 8F RS (6 wi ¥ MOFRe %ﬂi‘étedcéﬁo‘ﬁe"f Jos
Calird &th @bk byamen Imgu&@a%ﬁ £33 avsl cﬂﬁ)p@ﬁ@ Qpey AtWhAGh draws
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systen1by cl osure of val ves (33) and adj ustnent of

V]?l % & pa%ggusmarlesoc,:oglgé omon%me}crl Peeé) fargcangement 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 enviromment 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.



t hrough the chanber induced by the use of punp (35),
whi ch draws gas through pipe (37) when valve (39) is
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arrangement is also nodified to nake it nore
controll able. Specifically, a separate nononer
handling unit (10) is provideds8 This conprises a
nononer reservoir (12), in which nononer can be kept

URle b1 Eant 1 o) Is%thBE | onrEnls £RShe ok EoL hHA858ur fiow

omer can be in the an
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condi
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ptlehatigr #pyipeiagreniseontpmdedr te senfiine that eaty eendgpsed

J!é&lan%%eﬁ%&a Aok 2k chhr Qg R BERSuE 1R) theadbgdirea

wnwar ds from the nononer container (11) (not shown
i prrdfindrapsornkasves ThesconteRliay v asdpdved(dy) . where it

nBgivd R B Best e SHLeSSUh e Of24hnert gas within the
reservoir at something above atnospheric pressure so

as to create a pressure differential. A nitrogen bl eed

VM M8 o 32hci Sndl SQHRT A¥hERE WApbDe Sy Hi&BATRERI R required
(16) suitably carries nmonomer Into a |iquid/ vapour

f 2o iy BRFEYSY B8P WARER 4Ss hebhmi mBycl dfi fed into the

ﬁﬁ?ﬁ&r RrULR: €040l el ga§u1ltrauoqe(§@;)p1y The )t sppRLAIDS 8
in the controller é 8) is nonitored and controll ed

t BehEl mesEhht O IRPRESRYLRE e bhonoRt VeSS @Papsf ht be used

apsl 1 atapens @l ithe sﬁﬁﬁw r(ad)CQBCﬁé&dﬁtddonTh@au@@erature
the controller via a

ente
GBS 111G SEPSFOLHT (@8d) St APtePRETSnt CoRRES Linfber that
VRO Wt itﬁlerriagsﬁﬁb;vﬂaltet beesm Itedam tle aaﬁﬁ@r mixture

um i s f ' |njec
S SR oP, b P PO SBFET St J217) Sp s toprdRicea in the
hehjemaorasait| o )caiter aebetnta2Ghe. cwahbees (@28v1£®1pean3
Q%hfSh is closable by valve (5) in a similar mamner to that

described in relation to Figure 1.

Example 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 10~3 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.



to isolate the heliumsupply (17) if required. The
tenperature of the controller (26) can be

w0 pabepgardent |y controll ed so that gas at the PCT/GB2005/001017
appropriate pressure to achieve the desired mxture is
supplied to the injector unit (24) . Mxtures produced
in the injector unit (24) areied into the chanber (1)
via pipe (3) which is closable by valve (5) in a
i.mlar n t t rLbed 4 (N t.q Ehqu
T8 s g, P AL ReEed b I BElPRr ik £h8UhALLs of
plras proebash@iantfert he) apphrataspefathiguid beawsbrFidQuBe°C, in
2 , between the electrodes and therefore within the
Ragu2aned 0°Cnvagdreinirigedanpl e of
| H, I H, 2H, 2H hept adecaf | uor odecyl acyl ate (1Q0g) was
placed into the container (11) within the nononer

5 chianbderly7yhe JRnG Reater e #RE QRFIRILS to heat JHie,ggnomer
3 clo T r hen. 1dl;
R R PR BT TP PR SRR Y g e
beemdmradpeni ng val ves 33 and 45, and operating the
punps 29, 35 to draw air out of the chanber. The
rotary punp 35 was then isolated fromthe system by
cVakvery 3thendad Vv awcrd3thay oenFhe pbdeeie opamperihwand 23, and

10 gﬁg%gf%%%ﬂf%ta?e REBLEL 1)t ngsw@&wa qfntbhghé)r&iféﬁx%ér (7)

and a tenperature of between 40-50C,
play t flea) lomersCoeh s thei netame®unsi 4P | &l 13y reke darfkPscem. In

hsat ﬂngl%vwstl%’%cfﬁltoﬁl@rt, otﬂzeg@telmﬁ_ @Q@%Fedcg§@t’ﬁcratr}ier to

to a tenperature of 45C, and to maintain it at a
t bR MENPREr VaRgWednto BRRI PARSHer eh¥RST -opened, as
were val ves 21 and 23, and heliumgas fromthe supply
(17) was drawn into the chanber (7) by the operatjion |

15 ohfEere & a9 R 39nutes [Wrdngf B GRY FRNpERIdIggir was
ONEFgdd ErRNERB sydead, hehé WBsd2edagtesk d% FaSaFdd@ed @ithin
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.
20
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.

25 After 30 minutes, the valves 32 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.1l, 1988)
and a water repellency test, (the 3M water repellency Test IT,

30 water/alcohol drop test, 3M Test 1, 3M Test Methods, October 1,
1998). The results, even after washing in a conventional
washing machine, were water hydrophobicity values of 10 and

oleophobicity values of 8.



take nmononer vapour into the plasma chanber. After a

period of 2 mnutes, during which any remaining air
wor®spsmged fromthe system the desired pressPCBEGRaABS/001017

reached within the chanber, and an RF plasna was

ignited between the el ectrodes. The power supply was

pul sed such that the power waoon for 20ns and off for

20000ns . Gases drawn through the plasnma chanber were

ssed t ' i’ [ 4B
PO Ratetihe, BRI GRLRT, theaPa s 2unfiey! hllitins puc
tiechy 200 ewa 3% arfd RE1powse a¢l &3 ebl6M i3 sepated tdminmpusly

%%qa%%@dt e Syst moH9c Ve 8oyt Nedipedbke0gen. The

OWCaseé Was f wat er repel | ency

tested using 3Moil repellency Test | , (3M Test
Met hods Oct.|l, 1988) and a water repellency test, (the
3M wat er repellency Test |1, water/al cohol drop test,

3M Test 1, 3M Test Methods, Cctober 1 , 1998) . The
results, even after washing in a conventional washing
machi ne, were water 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
coati ng 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 nB for a
sufficient period of tinme to allow a polyneric |ayer
to formon the surface of the substrate. 2 . A nethod
according to claim1 wherein a plasnma zone within



t he chanber has a volune of 0.5n8 or nore. 3 . A
nmet hod according to claim1 or claim2 wherein the

w@owensdost applied at from 0.001 to 100w m 3. 4PCT/6B2005/001017
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met hod according to claim3 wherein the power is
applied at from0.04 to 100w m3. 5 . A nethod
according to any one of the przceding clains wherein
the nononeric material is an unsaturated organic
conmpound whi ch conprises a chai gﬂ f carbon atons,
whi ch are optionally substituted by halogen. 6 . A
nmet hod according to claim5 wherein the nononeric

terial_Ji %{Elr , d
rF]g ar eﬂl né pengent %/g%el?gg%e%%lom h))} r@%%eﬁﬂ% ﬁgﬁ"a“g
hallestidegke  osahd yietdiodi oerptisiaghdntredutingyananenomeric
%Qﬁ’éﬂeﬂ Eﬂa%é’éséogﬁsgt% ﬂ{toR% o d&Bok$tion chamber,

hydr ogen, Is a group X-R 5 where R5is an al kyl
ot gl iggl Rydlew ol cadox Wlsthimbéﬁéld chagiostp ond fapuhviag a

\%19 GH 2) B sedMgkean Ats 2BolBEegE £ Rm| of 6&M o 5 0w/m?

Y 1s a bond or a sul phonam de group,- or a
gf@mﬁ Suffjchrne QEBlofcrp Yine wRepblmy & polumgric laver to

OPLiRNA lheSubstddItRdiRY halRraRels O Or 1, g is O
or 1 andt is O or an integer o f from1l to 10,

provided that where qis 1, t is other than 0 . 7 A

! hodmﬁ&@{da raecbi)aﬁﬁgfltm @l%ﬁr@mﬂléﬂé@n%’ %aﬁ Qfme within
formula (1) is an acrylate o f formula (111 7C

(50 ¢ ﬁR‘Ba%Iql‘ﬁO]\Hﬁlér‘éf nOaSr‘FbaI 5 B edef i ned above in
claim6 and R7 is hydrogen or G _6 alkyl . 8 . A

met hod according to_claim7_wherein the acryl ate of
férm,ll B Iﬁql}gd lagcp;:pllngto claim 1 or claim 2 ‘wherein the power

2k 2pharbadecat b ar @decyd anytdi®, 9 . A net hod

according to any one of the preceding clains

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

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)

>=< (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



wherei n the nononeric conpound in a gaseous state is
supplied to the chanber in conbination with a carrier

w@a®5/089601 A nmet hod according to claim9 wher ePerT/GB2005/001017
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carrier gas is helium 11. A nethod according to any
one of the preceding clains wherein gaseous nateri al
is supplied to the chanber at  rate o f of at least 1
standard cubic centinmetre per mnute (seen) . ': 12 .

Jet hod or,dip ne_o
%erél % %I%%g)ur sbo%:va hgge oun sggf L%ww%ﬁ%f%ﬂ%]t ﬁ&ou and X
charsbéondr ea rm:mlpalolﬁeﬁomulpr es§tﬂ®b@(Qﬁzfan-r ohedfe(d i an

Prgc ar 0%3 rorﬁA‘ %h99 ﬁﬁiﬂq{r q' ng fxgnd?%\f %Péh&%lde group;
precedi ng c al s erein the power i's pu se
s@ e greup n- (Wi-Bh(Q)héCthowe rwliereoR® figr aZ@hsortnicoreflflyf or
fé\%gél%?ﬁ 1%%9 I%HQ)OO 1s Ol%r 1A &Ei@%ﬂ o?cgoéﬁichnlg tsoO or an
any one o e prece ing claing erein gas Is
sippidesdof ofrdre Ichanber ruwrigied thapeorherare % adi éntls, other
%an@.rret hod according to any one of the preceding
clains wherein the chanber is heated during the
deposition process . 16 . Apparatus for depositing a

po!l ymeg 'xﬁeﬂiﬁheﬁbébr@ﬂfgo 8 SHDEh r@tmﬁleré?ﬁ d t?&ggﬁﬂ%}&)&d of

.conprises a plasna osi t1on chanmper,

efearledds) ate amg@@rg ® afp fogmuie bUrﬂ)asrm Wi t hin
t he chanber, a punp system arranged to feed nononer
gas into the chanber ower control neans

nd
progranmed to pul s@%&ﬁe?‘&fbtﬁﬁzé@}‘to t(RET &l ect r odes
so as to produce a plasma at a power of from0.001 to
500w nB8 wi t hin pl asma zone within the chanmher. 17 .
A‘ﬁ%%‘feafluéngc%oﬁél ﬁl@f%reﬁdmaéaowmen?cm & #nd He is hydrogen or
appaeakys, further conprises heating neans for the
chanber. 18. Apparatus according to claim16 or claim
17 which further

8. A method according to 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.



conprises a container for nononer, which is connected
to the chanber . 19 . Apparatus according to claim 18

wob@seseheat i ng means are arranged to create BOI/GB2005/001017
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i ncreasing tenperature gradi ent between said container
and said chanber. 20. Apparatus according to claim16
substantially as herei nbefore described wth reference
to the drawings. 21. A nethod for depositing a

a7 el P BASEPE AR Wt RoVo PRP ot SHEChPRRAEAY cRins

wherein the power is pulsed in a sequence in which the power is

on for 20us and off for from 1000us to 20000us.

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 contalner 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.



