WD 2005/ 089961 PCT/ GB2005/ 001017 COATI NG OF A POLYMER LAYER USI NG LOW
POADER PULSED PLASMA | N A PLASVMA CHAMBER OF A LARGE VOLUME The present
invention relates to the coating of surfaces, in particular to the
production of oil- and water- repellent 5 surfaces as well as to coated
articles obPat8%hereby. G I- and water- repellent F?gg?ﬁ@%%@"¥ br a wide
variety of surfaces are in w despread use. For exanple, it may be

desirabl e to i opanke Jich fLopar tAvR t9ansalowdrGibkk awesep such as 10 netal,

gl ass, ceramcs, d;paper polynmers etc. in order to i nprove preservation
properties, or t PEY it 2 GRAPHhICBIEEE O PifRCA Y9&FY¥H cul ar substrate which
requi res such coatings are fabrics, in particular for outdoor clothing

applications, sportswear, 15 | ei surewear and in mlitary applications. Their

treat nent SrhéJQE'@ééHd Tin{réﬂtlidrﬁ rbigtdsn€or gy abheindlorashifegpoiyner into or
nore particul arl fixed onto the surface of _the ClOthléﬁ fabric. The

degree of RAICIGWIEMACeER? SFAGUSHESP P ¥ uARfi BT e er and |ength
of fl uoy ocaurdTaBeg) GlgPFelI 4Witet tescddhartid) esanbixei deidt tRekdgt.o t he avail abl e
space. The greater the concentration of such noieties, the greater the
repellency of the finish. In addition however, the polyneric conpounds mnust
be abl e t 00i125ahdrwatdurabémelientdstrdatthente foubstwistee vatidty afid wat er -

repel | ent era Lasef o opol yners that are
applied togﬁﬁ%F%g i{ &ggg%%ﬁ?%EdQE% aq%%%us e%ﬁ Qt Ifﬂéq‘lﬁ{he fabric remains

br eat habl edesidapée msabmpart cughr pxeperéienda Sééﬂmﬁﬂrfgflwl yuebads the fibres
Wi th Ay et et39, 1 fidks, b@yaaasepsgﬁapt psiynrarsl ateroh%r ot:aefr%elhp@a% finishes
dur abl e, ey arée sometl nmes Co-app cross-linking resins that bind
the fl uor o@@%ﬁwm%@rﬁﬁﬁ#w fP’ért@sPrWﬁqtsPrgb‘%}HLblIte§%’rgJ§-n€f durability
towards |aundering and dry- cleanlng can be achieved in this way, the

Cross- Ilnklng resins can serious| g
A particular substrate which requires such coatings are fabrics,

in particular for outdoor clothlng applications, sportswear,

15 leisurewear and in military applications. Their treatments
generally require the incorporation of a fluoropolymer into or
more particularly, fixed onto the surface of the clothing
fabric. The degree of oil and water repellency is a function of
the number and length of fluorocarbon groups or moieties that

20 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

25 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

30 thin, liquid-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

35 damage cellulosic fibres and reduce the mechanical strength of

the material. Chemical methods for producing oil- and water-



35 danmage cellulosic fibres and reduce the nechanical strength of the
material. Chem cal nethods for producing oil- and water WO 2005/ 089961
PCT/ GB2005/ 001017 2 repellent textiles are disclosed for exanple in W
97/ 13024 an British patent No 1,102,903 or M Lew n ’ bood of
Fi bre Sciéﬁ§§m§Wﬁm$%chnology' Mar cel and Dekker Inc., ﬁ%&ﬁ#ngPU%?ﬁ984) Vol
2, Part B Chapter 2. 5 Plasma deposition techni ques have been quite w dely
used for the deposition of polynmeric2oatings onto a range of surfaces.
This technique is recognised as being a clean, dry technique that

gener at es Jobbi] SrWaske LRARRE efl A o8N VRR Eid1eWeh WeN e9d24l@nget hods.
Usi ng this method, asnas are generated fromorgani ¢c. nol ecul es, which are

ret pl .
subj ect ed Brétish ertent Nl LP21P3 Mk LRFE St 3done HardPRRd Bfesence of a
substrat e pibhe d3dheal snBndcni®l REul Bsrcell &h® DebRpe Uit i, NNéw erorkas ma

pol ymerise in the_gas hase _and react with a growi ng polyner filmon the
substrate.(lfg'lbéﬁ}eﬂti]ﬁ&é:l BpSﬁW gynt hesis tends to produce structures

contaiBing repeat units which bear a strong resenblance to the nononer

speci es, ereas, a pol yner_ network ner d ing. I e
ext r enel yvgg‘(?ﬁﬁ? e%pogb{:%b@eggﬂ (?‘legeg%r’?el])%%ﬁt(ﬁ%i%eogﬁg?lllg#%%ge%%a%rg wat er
r epel | ent depoattiings of rpelyseriacerardngs ansroaerangeunt asunfaces. omipdai c

compounds. . i il AT ELEiAkHNAA I A &l NBkRC A ORSeniHuEN e POl yITer | sed
on the surface Using a pllasna deposition process.” This process produces
good oi | mfdevates litpbe Iwastecoemangd, taranyentional wet | ¢t ed using

smal | -gealecupass obifAd 0o mgﬂﬁqdmgiamh@ig@@_nﬁfﬁ@écﬁ ClolmOBEgameh | ar ger

scal e production wunits are required. However, initial trials reveal ed that
replicati dwleFuldfe ¥BhER (FEnSURIREANtR FR shethrisadl Eiehd -t Whep F&ifar ger

chanbers digdapgé i @dHCErdince! € 0EMbSRSL] Sthe radicals and
molecules of the compound in the plasma polymerise in the gas
phase and react with a growing polymer £ilm on the substrate.
15 Conventional polymer synthesis tends to produce structures
containing repeat units which bear a strong resemblance to the
monomer species, whereas a polymer network generated using a

plasma can be extremely complex.

20 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

25 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
30 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
35 state into a plasma deposition chamber, igniting a glow

discharge within said chamber, and applying a voltage as a



According to the present invention, there is provided a nethod for
depositing a polyneric material onto a substrate, said nethod conprising
i ntroduci ng an nononeric material in a gaseous 35 state into a plasm

deposition chanber, igniting a glow discharge within i , and
appl yi ng Q891552 WO 2005/ 089961 PCT/ GB2005/ 0010 &&?9&8@@% field, at
a power of from0.001 to 500w nB for a sufficient period of tine to allow a
polynmeric layer to formon the surfaée of the substrate. 5 As used herein,
the expression "in a gaseous state"” refers to gases or vapours, either

al one or pmddaXEysrs, as MepdweaSof afodsol 01 theseowaldidd @ns are particularly
suitable for_ depositing.good, 10 _quality oil and water re | ent surfaces of
uni f or m t FrEidcdsRt pqrﬁgga‘?gélﬁ‘ﬁaﬁ% ,c’wf%rpoéxﬂﬁﬁ%\qﬁﬁefhfaﬁé’% Fhere the

pl asma zofige du@face i the @ibsgreaser than 500cnB, for instance 0.5n8 or
nore, such as fromO0.5nm8-10M and suitably at about 1n8. The | ayers forned

in this way have good nechani cal strength and remain 15 substantially in
pl ace, 5 t hrougledahersiventhersdpreasivmd ipr @ @essous Hatpdweefdusvebs, and

part ! cul alayed e rodC0Rd e oAl A 1R clibe, DRSheigspl ts are fower than
t hose conventi ona used "1Tn'this type of process. IS 1S quite

unexpect ederdsel20 particular the power is applied at from0.001 to 100w n8,
suitably from0.01 to 10w nB. The di nensi ons of the chanber will be selected

so as to accommodate the particul ar substrate being treated, but in 25
gener al WResehHEoBHL G NS, 36 AL LFRRFd Ys FREcahls 5%&%&68&?@%98%& zones

havi ngo t hguypltymes1 dasr whbed ey Bent-GurEdsds2BE uni @eRetRl d¥heslhoi d chanbers
may be suitable for wi de_range o{_’% ,apELI at i O{}ﬁ bu |flnecessary,
el ongate &F +3%@€af Schﬁ%@%@"p v ?:"ﬁ?%tsr $50 ERP OPLaSPRnBPRE wher e t he
substr at eBa@re® volume of greater than 500cm®, for instance 0.5m* or more,

such as from 0.5m*-10m’ and suitably at about 1m’. The layers

formed in this way have good mechanical strength and remain

15 substantially in place, through a conventional washing process.

The power levels, and particularly the power densities, that
give the best results are lower than those conventionally used
in this type of process. This is quite unexpected. in

20 particular the power is applied at from 0.001 to 100w/m3,
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

25 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

30 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
35 processes, or it may comprise inlets and outlets for substrates,

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



30 generally of this profile, such as wood, rolls of fabric etc. Sheet
materials can be processed using a "roll to roll"™ arrangenent. The chanber
may be a seal able container, to allow for batch 35 processes, or it may
conprise ip outletsfor substrat es to allowi ised in a
cont i nuous” {3?@3’8@3‘% in WO 2005/ 059961 PCT/ GBZOOSlOOlOl'F%T}J&ZQOr%{OFﬁC’H ar in the
| atter case, the pressure conditions necessary for creating a plasma

di scharge within the chanber are muirkained using high vol une punps, as is
conventional for exanple in a device with a "whistling leak". 5 In

particul arpartﬂﬁnrmnmetfﬂe: mater icalsej Straa préssirl casdileonsi herkssany

W98/ 58117. Speci fical rls ani d, which conprises
a chain oft°CarBsirt Qf’oﬂ'sallag I‘glaS agg %?”‘ﬁ/h %C%amgé%%g erably substituted
by hal ogemaidtaimedpasing tigh, v¢1\mecpmmrunds s eoconsatiomafiefioand so contain
at | east o I 0 | lw h S capable of reacting to
forma poﬁ%%i eq@b%p%%ngz B éfabPﬂgﬂhgbc%%%%unds contain at |east one
doubl e5bond. 15 By "chain"™ is neant that the carbon atons form strai ght or

branched a a i n T ds used in
t he net ho ?le%eci:ih%eg‘??eogbgﬁ%&gt}%eﬂg%&r%%stQ : %ﬁ%ltgﬁ%:%l %ﬁa?ﬁﬁ%%:éta abl e

chai ns hav@ W 5$1E3 - 28pecdfheml at okt CTWrABRe JUPFIMIF LPBRYW' Y 0 12 carbon

at ons anqmen%&wmaem& dhaef w cabBorRitlRd, TEY 1eaSt Ustheaodosilc or  triple
bond within a chain_and so c;o i%ﬁn al kene or al kyne respectively.

Al ternati \Pé]eypr?ﬁfﬁé'a%}fpﬁﬂ?’ﬁ&%t 148 25 al kyi chain, optionaily

substifput ed by hal ogen, as a substituent

In particular, the compounds are unsaturated and so contain at
least one double bond or triple bond that is capable of reacting
to form a polymeric compound. Preferably the compounds contain
at least one double bond.

15 ,
By “chain” is meant that the carbon atoms form straight or
branched chains. Suitably, the 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,

20 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 ‘

25 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.

30 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

35 atoms, suitably of up to 20 carbon atoms in length. The term



which is attached to an unsaturated noiety either directly or by way of an
functional group, such as a ester or sul phonam de group. 30 As used therein
the term "hal 0" or "halogen"” refers to fluorine, chlorine, bronine and
iodine. Particularly preferred halo groups are fluoro. The ter ryl”
refers to‘&?&?f’é{“?s’(?“)c/ycl ic groups such as phenyl or naﬁpﬁﬁﬁmoqsﬁmﬂéﬂrtl cul ar
phenyl. The term"alkyl" refers to straight or branched chai ns of carbon 35
atonms, suitably of up to 20 carbon atoss in | ength. The term WD 2005/ 089961
PCT/ GB2005/ 001017 5 "al kenyl" refers to straight or branched unsaturated
chains suif BE fi g}@ t onpounds where
t he chai ns é%%% }sgtgggﬁbs F%%?E%ﬂ?g 8? a en%?ggggﬁégngre sui tabl e
for produciwigabbutliavgeg fhorec|2 &PezQ/va?ﬁéPOIF @selbent . By substituting at |east
sone of the hydrogen atons in these chains these chains with at | east sone
hal ogen atons, oil repellency may al so be conferred by the coating. 10 Thus
in a pref HMOBCELD SOMDOPRES fefrhisc Céﬁiﬁfoﬁﬁ%r}ffﬁ:l“ﬁﬂﬂbs%&@kyl noi et es
or conpyi sehal eal vl s. gffchgfseaﬁé %ultﬁﬁfg &lo2bbyoduteng! ésdtanysed in the

met hod of the_ invention wll corrprl se noneri ¢ ynsat ur at ed hal oal kyl

cont ai ni ng"HrGaRFe WaLsT cHERRIGFEE - Pléit CiRh Gl eesorigin of ctg’r?pounds f or

use in thenyreees Satoids ﬁhethemeeaham ahes« eipOnhs da thf af dreusicaség 20 R R3
Ra R where R1,

hal oal kyl %?1°§F§}R2‘b°p8‘ﬁ'oﬁé’r|§/ep E elrligggatllbs)y? %’gl ‘g‘?&f%%rga%@ gygrogen.alkyl,
coating.
10
Thus in a preferred aspect, the monomeric compounds include
haloalkyl moieties or comprise haloalkenyls. Therefore,
preferably the plasma used in the method of the invention will
comprise a monomeric unsaturated haloalkyl containing organic

15 compound.

Examples of monomeric organic compounds for use in the process

of the invention are compounds of formula (I)

z>=< M
R R*

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

20

alkyl, haloalkyl or aryl optionally substituted by halo;

25 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(O)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 —(O)pRS(O)q(CHz)t— where R® is aryl optionally

30 substituted by halo, pis 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. |



25 provided that at |east one of Rl, Rz or R? is hydrogen, and Ris a group
X-R5 where RS is an al kyl or hal oal kyI group and X is a bond; a group of
formula -C(0)O(CH2) Y- where nis an integer of from1l to 10 and Y is a bond

or a sul pr}gggwgﬁg??{oup, or a group - (O)2R6(0)Q(CHZ)t Zg%éP)gP)l; aryl

optionall tuted by halo, pis Oor 1, gqis O P&t Is 0 or an
integer of from1l to 10, provided that where g is 1, t is other than 0. WO
2005/ 089961 PCT/ GB2005/ 001017 6 Suitabl e hal oal kyl groups for RlL, R2, R

and R are fluoroal kyl groups. The al kyl chains may be straight or branched

and may ifQgkddte %qba@kyplg%u% £or RO RRD ROt &ve &P katbe GhabASaIRYLL ably
conprise 2 or nore_carbon atons, suit tably .from 2-20 carbon atons and

pr ef er abl Y58 6 T abvl GhedRS ABMbe igHt ¢» brapcked aaf WY chains are

general |y Hatueer®gitie Meva-iekt) from 1l to 6 carbon atons. Preferably R is a
hal oal kyl , and nore preferably a perhal oal kyl group, particularly a

perfl uoroal kyl group of formula CrF2Zmtl where mis an integer of 1 or nore,
sui t ably frayrl- e alikkllThpies esdhbyly roonrpﬁzsléz 2suthncasa gapborl0. Suitable

al kyl grou s for d aefr o Preferably
however, cimgasf'uor?é’ I3leB gnggxen and bl% rab y Rl, R2,

R are aI Ilm)pdrbg@mtommre X is a gr oup C(O) O(CH2),Y-, n is an integer

whi ch provides a suitable spacer group. In particular, nis fromlto 5 25

preferably about 2. Sui abI e sul phonam de gr ou s for Y include those of
formul a - MRR}sﬁﬁ-a%é?re arilescﬁwrsOgéﬁ gsmesp J,ar psgépreed ¢p. Baykyl, in

particyl arswget AYEo 08 RkBYh -atoms.

Preferably R® is a haloalkyl, and more preferably a perhaloalkyl
group, particularly a perfluoroalkyl group of formula CpFam:
where m is an integer of 1 or more, suitably from 1-20, and

15 preferably from 6-12 such as 8 or 10.

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

atoms.

20 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(0O)O(CHy),Y-, n is an integer which provides
a suitable spacer group. In particular, n is from 1 to 5,

25 preferably about 2.

Suitable sulphonamide groups for Y include those of formula -
N(R’)SO,” where R’ is hydrogen or alkyl such as C;4alkyl, in
particular methyl or ethyl.

30 .
In one embodiment, the compound of formula (I) is a compound of
formula (II)

CH,=CH-R® (I1)
35

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



30 In one enbodi nent, the conpound of formula (I) is a conmpound of fornula
(1) CHR=CHR5 (11) 35 where R5 is as defined above in relation to formul a
(I'). WD 2005/089961 PCT/ GB2005/001017 7 In compounds of fornula (I11), X in
formula (1) is a bond. However in a preferred enbodi ment. the ]&grg)ound of
fornul a (IWO2095089%n acrylate of fornula (111) CH2=CR &66@@%? (111)
where n and R5 as defined above in relation to formula (1) and R 10 is
hydrogen, CI-10 alkyl, or C _10haloalkyl. In particular R is hydrogen or
Cl_sal kyl such as nethyl. A particular exanple of a conmpound of formula
(rrr) is a compound of formula (I1V) O HOY(CF2), CF3 (IV) H 15 where R7
is as defined above, and in particular is hydro%en and x is an integer of
from 1 to If, cémpoundst af deoriusm Yo B, imfgrmprefld) abt y» POnfn that case, the
compound of formula (1V) is 1H, 1H 2H, 2H hept adecaf | uor odecyl acyl ate. 20

Usi ng these conpounds in the process of the invention, coatings wth good
wat er hydHOPRBEF citt ¢ BFRESIEES pHRAERERE o Ahgecomponnd b iforEyla THase

proper tsi essCan Ne-hastest UpirR@la MrIgst Met hods" such as the 3Moil

0
I
I

repell ency Test I, (3M Test Methods 25 Cct.|l, 1988) and a water repellency
test, (the 3Mwater repellency Test |1, water/al cohol drop test, 3M Test 1,
3M Test CH,=CR’C (0) O (CH;) R’ (III)

where n and R’ as defined above in relation to formula (I) and R’
10 is hydrogen, Ci-io alkyl, or Cijchaloalkyl. In particular R’ is
hydrogen or C;.salkyl such as methyl. A particular example of a

compound of formula (III) is a compound of formula (IV)

0
HMO/\/(CFZL \CFa (IV)
H R’
15
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.
20

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
25 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:

30 (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.



Met hods, Cctober 1, 1998). These tests are designed to detect a
fluorochemcal finish on all types of fabrics by neasuring: 30 (a) aqueous
stain resistance using m xture of water and isopropyl alcohol. (b) the

fabric's resistance to wetting by a selected series of | i qui ds
of differeh? 243"%38% tensions. WD 2005/ 089961 PCT/ GBZOd)g?é%g‘%gBRnghese

tests are not intended to give an absolute neasure of the fabric's
resistance to staining by watery or oi8y materials, since other factors
such as fabric construction, fibre type, 5 dyes, other finishing agents,
etc., also influence stain resistance. These tests can, however, be used to
conpare various finishes. The water repellency tests conprises placing 3

drops of hesanbestr PEStIY OFEREhEPTHIRy 2Bf ARFRISTLI BRPSUSLOPBI®Ns of
vater and f-39RF0PWesakeahed thysvindife BRtwatele D cphasmarapabyspri sed
surface. The surface is consi dﬁred Y repel this Ilqﬁ’lrd if after 10
seconds, Figret feher FAGpTHSFUR taﬁlvef{a Fhe CHShFRetiory obd i SYP8he wat er
repel | encydyeat i Behérs iakemims aghsigigetlie, taAsd nfjuiedcwi dtninhe greater
proportion_ of, isogr opﬁ‘k’1 al cohol _whi %h %éésseg thee %st.ol %rt he case of the
oi | 15 repYERRY T est o8 FSpE S hyarorarnsh 19 cﬂ[.uia W ®%Faced on the
coat ed surfadeus! fimifshes. 30rhecvatels repellbarelr heston compwetasi pdaciofg t he fabric
at the liquig-fabric i IS i cki.n 2 of the 3
drops is g#i%@ﬁgéé haeﬁg%'ﬁaegfaggfgiegﬂqééggééoﬁq%%léfo%gé%&e lency rating is
taken to herdreethoghest waterh@nddisarropyl iajwotiohtiw vodiwes anée tke the fabric
sur facg, (hRlaha! 861 yrld}I6EA Sl aBUITD FheCRLF RRRONS:dnds HEFLPL B! Ppdly U OCar bon
chain an sur?ace ension). 25

this liquid if after 10 seconds, 2 of the 3 drops do not wet the

fabric. From this, the water repellency rating is taken as

being the test liquid with the greater proportion of isopropyl

alcohol which passes the test. In the case of the oil

15 repellency test, 3 drops of hydrocarbon liquid are placed on the
coated surface. If after 30 seconds no penetration or wetting
of the fabric at the liquid-fabric interface occurs and no

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

passed.

20
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).

25

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
30 wvalues 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.

35 Other compounds of formula (I) are styrene derivatives as are
well known in the art of polymerisation.



The results obtained using these tests are variable depending wupon the
nature of the substrate, and in particular the roughness of the substrate,
but certain products obtained using the nmethod of the invention have

achi eved rophobicity 30 values of up to 10 an ggg [ GiLty val ues
of 8 by n\é@hg&g@xﬁfgr ge scal e production. In fact, somcel’cgjé e%%%)ﬁléri al s has

shown repellency to heptane and pentane, which represents a degree of

ol eophobicity which is off the normal 8M scale. 35 O her conpounds of
formula (1) are styrene derivatives as are well known in the art of

pol yneri sati on. WO 2005/ 089961 PCT/ GB2005/ 001017 9 Suitable plasmas for use
in the nethaod of the invention include non-egui |'i brium pl asmas such as

those gencftaBleplasnas ofeeygentt &oe(BgShodnPE  imdavertia ABetudeyr r ent

(DO). Theyndn-BayiDNEE ahepBismkNBsfheki thoe gube@idmaspheri c pressures as are
known in the.,art. In particul ar, however, they are generated by

r adi of r eqUENEPEECTIRTS: eqhgféasmgma]vga ?roI&P%%c‘blcé’gﬁﬁn’E h{ﬁ‘r“ger conprise a
vapour of mal0 opbeattae@Nethaspherpe wd sabarmosphér iy eresaldes astares conbi ned
with a carrier gas, in_particula n_inert gas_.such_as_ heli or argon. In
parti cul ar 18P gnmsfi}%e &rgr efféﬁ' Pgﬁgiccélﬁra Felrlov‘beérggasthetyhﬁgen?erﬂerﬁasrré by

f ragnent atragiiodfequencienofl®f).. 15 The ratio of the nononeric gas to the
carrier gas is suitably in the range of from 100:1 to 1:100, for instance
in the range of from10:1 to 1:100, and in particular about 1:1 to 1:10,
such as dfhealgeat supBiedthie thel ptasny shamkarenanecdiipghse| dwapauesok equi r ed

byt heypr oaeshofbndie: LBHSAOR10M LAR! Yrdfaeatns, Uk 8ScAbiBbAtUre S

supplied at,a rate of at least 1 standard cuybic centinetre_per mnute
(sccn) and¥iePefREHARY H28 héy RAGELORAFr AR 1Pe¥h IPS0SEEM 2CREeEWre suitably
drawn i nt oot hegehanher pastfcy18@sUhé1idin @s a preferred carrier gas as

this minimises fragmentation of the monomer.

15 The ratio of the monomeric gas to the carrier gas is suitably in
the range of ffom 100:1 to 1:100, for instance in the range of
from 10:1 to 1:100, and in particular about 1:1 to 1:10, such as
at about 1:5. This helps to achieve the high flow rates reguired
by the process of the invention. Suitably the gas or gas

20 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
25 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
30 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

35 chamber, but in the case of the larger chambers are preferably

internal.



25 reduction in the pressure wthin the chanber as a result of a evacuating
punp, or they may be punped into the chanber. Polynerisation is suitably
ef fected usi ng vapours of conpounds of fornmula (1) in the chanber, which
are mai ntained at pressures 30 of fromO0.01 to 300 nmbar, suitably at about
80- 100mbarWO 2005/088861di scharge is then ignited by applyi r?@Té;BﬁP‘BWO%%quency
vol tage, for exanple at 13.56MHz. This is suitably applied using

el ectrodes, which may be internal or external to the 35 chanber, but in the
case of the |arger chanbers are preferably internal. WO 2005/ 089961

PCT/ GB20051001017 10 The applied fields are suitably of power of up to
500W suitably at about 40W applied as a pulsed field. The pul ses are
appl i ed iTheaaspldednteelds eheyswltadly edfy PPEor Dfenngeo IR ssuiftgblexanpl e 5

2 SequeROyL. Wikt G okl & R1LhE LI, Otne biMBedbbel dppiiet he range

of from1:500 to 1:1000. Particul ar exanples of such seguence are sequences
wher e powdin Bssefenge woihs vaatds eIy ofow AVeFAIE0B0oNerE o L2008 Py pi cal

aver age powehSsQpledlcBedh ivhikhi She Wa¥idI6F @n84MmelBnTheriieebes i @nsui tably
applied from30 seconds to 90 m nutes pref er abl %uf rom5 to 60 m nutes,

dependi ng tWSoRaRgRe OFafte® 15P00t ¥R TedAddunE2BF i FYARuEXARaLesSaAfl S48 substrat e

etc. 15 Plasene®lateesbdadrices wheoppeds of foar auhe 4dd ofpagdd cul arly at
average powers nuch | ower than previously used, has been found to result in

t he deposifioBnl®I0us §RI 0GA0usr i TRMPdgat AMFAGR PAMSEE RISt 1hitdHs| evel s of
hydr ophobigit ¥r@nsl calyeophobi city, even when produced on a large scale. In
addition, a high level 20 of structural retention of the conpound of formula
(1) oc®¥urs in the coating layer, which may be attributed to the direct

pol yrer i safteoni @fdd heeatkiari®1poassiiedl tforl Bt semdas €6 LB @ahitess

preferably from 5 to 60 minutes, depending upon the nature of’

the compound of formula (I) and the.substrate etc.

15 Plasma polymerisation of compounds of formula (I), particularly
at average powers much lower than previously used, has been
found to result in the deposition of highly fluorinated coatings
which exhibit high levels of hydrophobicity and oleophobicity,
even when produced on a large scale. In addition, a high level

20 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 forlinstance a fluoroalkene

monomer via its highly susceptible double bond.

25 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.

30
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.

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

temperature gradient. For example, gas is pumped along a heated



mononer via its highly susceptible double bond. 25 It has been noted,
particularly in the case of the polynerisation of conpounds of fornula
(1) above, that |ow power pul sed plasna pol ynerisation produces

wel | - adher gs which exhibit excellent water a ency.
Furtherrmr‘g8 (ﬁﬁa%ggtlngs are of a good unlforn1th|cknggnﬂhhggﬁgﬁk;greater
| evel of structural retention can be attributed to free radical

pol yneri sation occurring during the ddty cycle off- tinme and | ess
fragnentation during the on-tine. 35 The gas is suitably supplied to the
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the nature of the nononer used. gartlcul ar, t\E:t{:all;lr’%erature of the gas 5

ent er i ng RROBAE R84 - j sIIhllij"FfEFCUIp?rref }F%b‘i‘e;}“p%%ti}{rele than the gas

| eavi ng Vlfim%&!ﬂﬂ& Yene! BRardPh ¥ h%h%i‘ tﬁztéﬁérbsm oyt Pceni ghaper ature, or

sllghtly el evated tenperature suc 0C, agai n dependi ng upon the nature

of the nordwsyr the\assyégaviy GBe nFumdat | n@‘%ﬁuﬁ’ﬂ’i’é’ d8ppritahlyekerth@tchanber in
this way, 8 endPilddedBtsrdlave &oiyie1yhatedahed MARERE VAP YER 85t ransport ed

efficiently into the chanber, and once in the chanber, remains nobile. This
| eads to e?@ﬁc@gﬂlndéwdtmsnum the| sateresat ithe mERORAFN AFEPLVashd ni ni mi ses

any condensation of gas, which may 15 occur in "cold spots” of the pipework.

Al t hough heating of the_ chanber_has been used previous|y in plasna et chi ng
pr ocesies Wsindoheriingo okelf SUBRLHIIBEE 1ANGSBATET 48 ERbt Weley™R%in be

evacuat ed {ganchhes ARdBbESunds BESE aH ﬁs@&@ﬁ fraﬁ&ir Hequtdthoredt he present

i nstance, and therefore it is_,unex ect
efflcgently into the chambe 3 once 1n the chamber, remains

mobile. This leads to efficient deposition and polymerisation
of monomer, and minimises any condensation of gas, which may

15 occur in “cold spots” of the pipework. Although heating of the
chamber has been used previously in plasma etching processes in
order to keep etch products mobile, so that they can be
evacuated from the chamber, such a process is not required in
the present instance, and therefore it is unexpected that

20 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

25 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.

30
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

35 pumps, and large conductance pipes. The pumping system may also



20 heating is preferred. Novel apparatus for use in the nmethod descri bed
above, forma further aspect of the invention. Specifically, the apparatus
conprises a plasna deposition chanmber, a punping systemarranged 25 to feed
nmonomer in gaseous forminto the chanber, at |east two arranged
it 2 o

so as to iYRPPEOEM asma within the chanber, and powe hins

programmed to pul se power supplied to the electrodes so as to produce a
pl asma at a power of from 0.001 to 500w nB within a plasnma zone within the
chanber. 30 The punping systemis suitably one which can supply |arge

amount s Ofbevtag%ﬁsed %Odﬂ(}? gabagheros and dnamBOS W liBdlatd by, remains in the

chanber for e m ni num adequate residence tinme, to achieve the desired

ef fect. | tangdpr cerfnces Ehe BresFREe 0S35ePHHSE: and | arge conductance pi pes.
The punping system may al so WO 2005/ 089961 PCT/ GB2005/ 001017 12 be arranged
to draw gas out of the chanber to evacuate air, and/or reduce the pressure,

as required 3 RRELICHLAT A BRRLi TR PUIRIRE BYRRTTGOSSER E8dmpri ses two 5
punps. sA fhumpk . PUNTEiI®EtL! S@IS opUARetsWbinad), iwhisHi {8k tabhi ghhiyiel une punp, is
arranged to _evacuate any vapours i ncl Uditp% wat er vapour %é ot her

cont am nanf&YPF o e 18h% o4 1P SVEEFA LD 28 YIRS SetFFHCEREI VP ind in a
r easonabl evdponef samthelbeasntapinants fodomt thee shaebef. trheoxdwmmerdot he punp i s

sui tably arr.an . ¢l o to .Lh . an ec fa i y way of a
Single o ranertpfltiy (i ab's 5a8Ehahe THLAABCTRELLS 1 SIS, O
provi ded the sheepipaheochdmiterontke hwp cimvarably apranges adaaee, it can
be sealg£d. n ug%irj italkyy £ (U PUTR A oBEICh as a dry
r ot aryhgun%fléfﬁlalgﬁ% su?ta f%(t;:%ﬁnedzt ed }?oa_he c%gr%bg?eby tﬁg _same openi ng
as the firgipepunwpth 1as L3rge rafgeBesy PAAROSSibEgn A valve is provided

in the pipe so that once the chamber has been evacuated, it can

be sealed.

15 A second pump is suitably a lower volume pump, such as a dry
rotary pump. This is suitably connected to the chamber by the
same opening as the first pump. It is arranged so that it 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



draw nononer, together with any carrier gas into the chanber at a suitable
rate, and maintain the desired pressure and residence 20 tinme of gas within
t he chanber. The punping nmeans suitably vents to a furnace where any

remai ni ng nononer or fragnents therefore, are incinerated before the gases
safel y pas¥ORP83%¥He at mosphere. 25 Preferably the app&fAtU8* PP Her
conpri ses heating neans for the chanber. These may be integral wt h t he

wal | s of a chanber, or present in a ¢asing surrounding the chanber. They
may conprise electrical elements or recircul ated, heated oil filled 30

el ement s, sy Lably, UGt 00169 HeOhotined ESTREHALHES arb0BliililegE, 1O ensure

that the desired tenperature Is maintained wthin the chanber. Preferably
al s0 the ASPRSERNIFSeohDmesmired cHREAFRLEiPG intsnenesd iM38 W ch is connect ed

to the chambpbedy arstdialerpeR®ndathetdl ¥Re WigeaNoLMBIY £réeferagbl y, this
container is gr ovided with a WO 2005/ 089?}% 5” GB2005/ 001017 13 heater,

whi ch wi | IERg| Wﬁeﬁea%ﬁa?thW%elﬁﬁ%@tfe hepbednendt Biperat ure, if
requiraed, H@@Emga mRahB Jatd taredhgaT toi pitaiucbean clhrirbesindrehpedvuyet he

cont ai ner, ip Iea to_ the chanber and the chanber itself
are all h«?&ta H?IP AdOPHet q? %8&1{‘ ‘%tﬁ?ﬁ dNS°4Fe arranged to produce an
i ncreasi ng tenper ature gradient along the path of the nononer. A supply of

carrier 93s ¢ 136 of cggfﬁdéreﬁflobﬁé 8 Qr&Q tﬂ%e &Qégtaeldngg %d gas from

this supply s € passe tarner require In order to
produce a contéindre@ndf gasy fofom glaks |SnPD11t Wencb@m@lsedolrpnm@h@e t he desired

resul t C o ngméfﬁ 1¢ 9@&&%@ Oﬁ%&dezch@o 'pksaﬁcé % bere0ated &1 &y é)'fnt roduced

into t particul ar enbodi ment, these 15 are rea
gar ment s %6 mmwh& m@eraﬁe/mw@r—ﬁ ?f@pérewfﬂd result.

In use, in a batch process, the items to be coated are

introduced into the chamber. In a particular embodiment, these
15 are ready made garments, to which a water and/or oil repellent

coating is to be applied. By depositing the polymer to the

" finished garment, rather than to the fabric used in the

production, an “*all over” coating is achieved, including areas

such as zips, fasteners or stitched joints, which would

20 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

25 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 ligquid monomer is held. This
container is suitably heated to a temperature sufficient to
cause vaporisation of the monomer.

30
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.

35



coating is to be applied. By depositing the polynmer to the finished
garnment, rather than to the fabric used in the production, an "all over"
coating is achieved, including areas such as zips, fasteners or stitched
joints, which would 20 ot herwi se renmai n uncoated. The i en
evacuat ed, VP3PS8%¥Lnce using the entire punp suite, &%ﬁﬂﬁﬁ&ﬁgﬁv)gular t he
| arge roots punp where provided. Once the chanber is evacuated, nononer
vapour, which 25 is suitably warmed, 1@ fed into it fromthe container. This
is achieved for instance, by drawi ng using a second punp froma container
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heated to ‘& t6Rperat ure su feht to cause vaporisation of nononer. 30
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es. .35 WO
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Al ternati velternaOiNEIRY, MODMET mayoxhe mely dven direem fidven chat@inteinemand
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partl cul ar
mixing to achieve the desired ratio of carrier gas : monomer.

In addition, the environment of the monomer, and in particular
the temperature, may be controlled independently of the flow
requirements. Furthermore, reactive monomers may suitably be

15 stored in the container under an inert atmosphere for example, a
nitrogen atmosphere. Suitably the container may be pressurised,
so that the nitrogen is above atmospheric pressure, so as to
assist the flow of monomer vapour from the container into the
chamber, which is at lower pressure.

20
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

25 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

30 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
35 in which:



the tenperature, may be controlled i ndependently of the flow requirenents.
Furthernore, reactive nononers may suitably be 15 stored in the'container
under an inert atnosphere for exanple, a nitrogen atnosphere. Suitably the

contai ner may be pressurised, so that the nitrogen is heric
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into the chanber, which is at |ower pressure. 20 A glow discharge is then
ignited within the chanber for instance by applying a voltage such as a
hi gh frequency voltage, for exanple at 13.56MHz. Thereafter, the power is
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apparaiyis #hl choeRele s4388etdiean; STON-BRN tordhs | A GrloRKER! dlikenl 0 The

appar at us {rated in Figure 1 shows a process system containing a
pl asma chaferfaining RElespal dtedderebltled BRFigqulpeed heated oil filled

heating elements are incorporated into outer walls of the plasma
chamber (1). The temperature within the chamber is measurable
by a thermocouple (not shown), and this information feeds to the

15 controls for the heater, so that the required temperature can be
maintained within the plasma chamber (1). Also within the
plasma chamber, a pair of facing electrodes are provided, which
define between them a plasma zone of approximately 1m®. The
electrodes are connected to a suitable power supply which is

20 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)
25 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).

30 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).

35



heating el enents are incorporated into outer walls of the plasma chanber
(1). The tenperature within the chanber is neasurable by a thernocouple
(not shown), and this information feeds to the 15 controls for the heater,

so that the re(gw red tenperature can be maintained within tzhemglog_;rra
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are provided, which define between them a plasnma zone of approximtely 1nB.

The electrodes are connected to a suiltkabl e power supply which is 20
control | abl e and programmabl e. A nononer delivery pipe (3) which
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di agrammtlcalpl ure s conprises a Troots and rotary punp
conbi nat i oxﬁolartuanguil\iteo (é&hcﬁ@apeww@d Ehaige Pip@ (3ddt 8O AAMEO(29) s

connecye d {Qthte Eﬁéﬁg{% pCREePeTon e eaR Gnafipl pe (31) which is

prefera Iy strail which has as |large a dianmeter as possible. In this
case the dlaneter of the pipe is 160mm By ensuring that there are no bends

in the piRe dBdibiukd&apdusindN¢ss) QESatad) Reviddd FEngeds An
connectable to the pipe (31) downstream of the valve (33), by
means of a smaller pipe (37), for instance of 63mm diameter,
15 provided with an automatic pressure control (APC) valve (39) and
an isolation valve (41). A flexible by-pass pipe (43), which is
also provided with a valve (45), connects the roots pump (29)
directly to the rotary pump (35).

20 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
25 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

30 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

35 that produced within the generator (4).



isolation valve (33) is provided in the pipe (31) so as to 10 isolate the
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is in |inepwnd kaBSbé Medptoddmdgammlthrom Férepadamss( dhambdd® 2005/ 089961

ot CB2005L 00 1RhE vildn |13 LAL Sfdﬁ%&? g@ Lhe, %%de%sgﬁ%g)@nhgw

different n that rotary
i nt er connethad degcaibed n@bve&m\aylptmef,g/lfmlgﬁsng aysl @ct Rapigl ve (40) that

replacgs L{ as%'lxﬁsoflﬂgaén@r&é mﬂfthhli'Q:h@ gHénﬁoe?: egmsu BB ed RELPLPE (37) 5

cont al ni ng t € Process pressure control valve 39 al so connects to this
val ve. As 8peridyg valyef 330ARE it PBR IRsEEE1IRGdPEoPEry (294ndrdadfbe used to

draw gasesrybiiiégh L1 Rhecgsm qRabemowdyer, the roots pump (29) can
be isolated from the system by closure of valves (33) and
adjustment of valve (40), and more controlled flow of gas
15 through the chamber induced by the use of pump (35), which draws
gas through pipe (37) when valve (39) is open.

In this apparatus also, the monomer feed arrangement is also

modified to make it more controllable. Specifically, a separate
20 monomer handling unit (10) is provided. This comprises a

monomer reservoir (12), in which monomer can be kept under

controlled environment 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).
25 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

30 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.
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and vent themto the furnace (47) in a broadly simlar manner to that
descri bed above in relation to Figures 1 and 2. Rapid 10 evacuation of gas
fromw thin the chanber can be carried out by opening valves 33 and 40 and
operating the punp (29) and, if required, also the pung &g;%. However, the
roots punpVQ2e95/08936L be isol ated fromthe system by cl 8§& PV es (33)
and adjustnent of valve (40), and nore controlled flow of gas 15 through

t he chanber induced by the use of punms(35), which draws gas through pipe
(37) when valve (39) is open. in this apparatus al so, the nononer feed

arrangene 4@031289_6)@9%%&& chr{'Pé?embﬁon{ggn%’gg &qafﬁt?}\%pot?‘?eflofd cally, a

separat e nOMEr uni 10) 1 s provi i's conprises a
mononer r es@yoreltey 1A8) Whal%lléhc?ﬁﬁ?éﬁéﬁi iped Keppetaere control | ed

envi ronrrenéo:&%md% uhtff (209t anﬁfé tEﬁ&ﬂ"ﬂ%ﬂQgﬁﬁluﬁﬁnt@@ deRRkol Tk he dark,
under an at nosphere of inert_gas such_as nitrogen, which is sﬁgplled froma

sui tabl e géjsa)saﬁp‘f‘?f”(tflf?d g ?ﬁéE’éoJé@ﬂdF?ledﬁélrﬁ thath §BY{FRGERSA%es t hat t he
MDNoNers W hdnomRE i@ tdvagbyatsd y aRai S viboanat the alg@iteafeed out of the

reservoir (12 hr ough .a (1 din down rd om.t he ppnoner

cont ai ner %ﬁ“f%en%ﬁ?ﬁl 1§ﬂ§%£ Ghg F?f%rsroﬁll ‘%@ "fesstﬁ%w% ®ptt assi sted by
mai nt ai ni ngntidre prgsmsundector madt (&9 .within the reservoir at sonething
above at nospheric pressure so as to create a pressure differential. A

nitrogen bleed valve (32) is also provided in the system 35
.......... Within that unit, . tMDMHOBE032961r AGTMEBXD 0ELDOLIEd Fequ8redhe pi pe

(16) st ! aBidiuftAbE] E3-TROOHRY, 1sULA 2 hbAliindl/ VAROH dsf'f%w ﬁéwtt%g”er (18)

which i's con wthin a terrperature contro as unit The
t enper at ur &nigatienuiiie (@4ht frsim @r suitable. supply (17) by way of a

helium mass flow controller (26). Valves (28, 30) can be used
to isolate the helium supply (17) if required. The temperature
of the controller (26) can be independently controlled so that

15 gas at the appropriate pressure to achieve the desired mixture
is supplied to the injector unit (24). Mixtures produced in the
injector unit (24) are fed into the chamber (1) via pipe (3)
which is closable by valve (5) in a similar manner to that
described in relation to Figure 1.

20

Example 1

A pillowcase was suspended within a plasma chamber of the

apparatus of Figure 1 and Figure 2, between the electrodes and
25 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.

30 The plasma chamber was then rapidly (within 5 minutes) evacuated
to a pressure of 2 x 10~ 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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(18) is nonitored and controlled to ensure that any condensed 5 nononer is
evaporated, and the vapour at the required concentration |eaves the
controller via a valve (22), where it enters a gas injector unit (24).
Wthin that unit, the nononer vapour is mxed with the re%;i;i reg) 10 anount
of carrierVQaWsO8¥6h as helium which is fed into the PCAERBPUN ¢ (24)
froma suitable. supply (17) by way of a heliummass flow controller (26).
Val ves (28, 30) can be used to isolatie the heliumsupply (17) if required.
The tenperature of the controller (26) can be independently controlled so
that 15 9311l LBRORE hALCLRLEIRUEE: Wy B601RKR LN, ARl Lathdigt ure 16
supplied tothe injector unit (24). Mxtures produced in the 1njector unit
(24) are fteark padbcedshehshizerhdl) (d)d & seppemt(8y ofvipetiedrs 4D-68%bl énby val ve
(5) in a simlar mannel to that .deacribed inrelation to Figure 1. 20
Exanpl e 1 BRGFIAE 296 MBS B eH@ER within a pl asma chanber of the

apparatus of Figure 1 and Figure 2, between the el ectrodes and 25 therefore

wi thin the pl.as ne, 1 n.additi a_sampl f

1H, 1H, Zﬁ—l, 21 B{‘Ig)ﬁé@’ff Pﬁ%@&f@gﬁfac “afe® %gfav\t/a% hp Bc%kée i"MES St he cont ai ner
(11) Wit higndrdermpneymar cefisaraenré 9f 48¢8c,t Bhe td mRintden dal sestdat 21, 23 and
33 are closed. 30 The plasma chanber was then rapidly (within 5 m nutes)
evacuat ed t?‘&’e&abﬁl’é"s‘sure of 2 x 10-' bar by opening valves 33 and 45, and
operating the punps 29, 35 to draw air out of the chanmber. The rotary punp

35 was th i solated fromthe tem C j val v a 45. 35 WO
2005/ 08992\%1]15’5?/%2%%#80‘1%&% %eggér aissfré’e%%a‘?ﬁgg’reswgis éte”f?e?he%dded by the
heat er 1G4 n héld wmabhs fofom the supply (17) was drawn into the chamber (7)

by the operation of the rotary pump 35 at a rate of 60sccm. 1In

passing over the monomer, the helium gas acted as a carrier to

take monomer vapour into the plasma chamber.

15 After a period of 2 minutes, during which any remaining air was
purged from the system, the desired pressure was reached within
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°cC.

25 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 olil repellency Test I, (3M Test Methods Oct.l, 1988)
and a water repellency test, (the 3M water repellency Test II,

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 wvalues of 10 and

oleophobicity values of 8.



t he process chanber (1) and a tenperature of between 40-50C, in particular
50C was maintained. 5 Simlarly the band heater 15 was operated to heat the
nononer chanber 7 to a tenperature of 45C, and to naintain it at that
tenperature. Valves 39 and 41 were then opened, as were valves 21 and 23,
and 10 heMORWYEPHrom the supply (17) was drawn into YHECEREMWN (7) by
the operation of the rotary punp 35 at a rate of 60sccm In passing over

t he nononer, the heliumgas acted as @ocarrier to take nonomer vapour into
the plasnma chanber. 15 After a period of 2 minutes, during which any

TR0 B s VRO AL XSk el G sl B SRR ucs 1 eacher

W t hin | asma was | ectrodes.

The povver mmpl290mq$ub§e@‘ mﬁrtddatﬂt he ﬂm/\eppm continyougdei s and of f
for 20000s, N0 JHIAUghs tdae i P asimeghapber were passed out

t hr ough p| pe §$a o%&rriég% and intolt e furenace 47, which was held at

300C. 25 After 30 mnutes, the valves 39 and 41 were closed to isolate the
punp 35, and the systemwas vented with dry nitrogen. The pillowase was
removed, the oil and water repellency tested wusing 3Moil repellency Test
I, (3M Test Methods Cct.1, 1988) and a water repellency test, (the 3M water
repellency Test Il, 30 water/al cohol drop test, 3M Test 1, 3M Test Mt hods,
October 1, 1998). The results, even after washing in a conventional

washi ng machi ne, were water hydrophobicity values of 10 and ol eophobicity
val ues of 8. WD 2005/089961 PCT/ GB2005/001017 20 In contrast, a pillowase
treated under simlar conditions but wth 200 watts of RF power at 13.56M
Hz applied continuously



produced-—a—eeat+mg-wWhicT Was easi |y rubbed off. 21 Cdaims 5 1. A method
for depositing a polyneric material onto a substrate, said nethod conpri sing
introducing a nononeric material in a gaseous state intoa plasma deposition
chamber in which a plasma zone has a volunme of at least 0.5m,; igniting a
gl ow di scharge within said chanber, and applying a voltage as a 10 pul sed
field, at a power of from0.001 to 500w m for a sufficient period of tine
tdg Nallow a polyneric layer- to formon the surface of -the substrate.' 2. A
met hod according to claim 1l wherein the plasma none 15 within the chanber
has a vol unme of about Im or nore. 3. A nethod according to claim2 wherein
the plasma zone has a volune of betwé&n Imi and tom . 20. 4. -A method
according to any of clainms 1 to 3 wherein the power is applied at from
0.001 to 100w n?. 5. A nethod accor?ggmto claim4 wherein the power is
applied at fromO0.04 to 100w Ve. A met hod according to any one of the
precedi ng clainms wherein the nononeric material is an unsaturated organic

conpounds whj ch Acm%aszsr eaegbawlugfa g;aiﬁmiatmrwhlomoas e optionally
substituted hal ogen net h

to claim,6 wherein the
nononeri c ST ??%%Bﬁ%&ﬁﬂpw a‘ﬁgfﬁﬂ‘f%" RUCIPEERIE 22 where R2,
R2 and R3 amaterimiepenalapisepus atate datbro plaguy dgmitiahkgﬂqnbhalmm kyI or

aryl optionglil¥ SYWRskhd Yead R¥e B2ume of at least 0.5w°, igniting a
glow discharge within said chamber, and a.pplying a voltage as a
10 pulsed field, at a power of from 0.001 to 500w/m’ for a
sufficient period of time to allow a polymeric layer to form on
the surface of -the substrate.’

2. A method .according to cilaim- 1 wherein the plasma zone
15 within the chamber has a volume of about 1m’ or more.

3. A method according to claim 2 wherein the plasma zone has a
volume of between 1m® and iom’. '

20 4. . A wmethod acéording to any of claims 1 to 3 wherein the
power is applied at from 0.001 to 100w/m’.

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

6. 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 optiocnally '
subptituted by halogen.
30 '
7. ° A method according to claim 6 wherein the moﬁomeric
. material is a compound of formula (I):

R! R3

—/ ‘ ()
. g Re | |



5 provided that at |least one of R, R2 or R2 is hydrogen, and R6 is a group
X-R5 where RS is an al kyl or hal oal kyl group and X is a bond; a group of
formula -C(O Q(CH2)"Y- where nis an integer of froml1l to 10 and Y is a
bond or a sul phonami de group; or a group -(OpR6(Oq(CH2)t- where R is
aryl optionally 10 substituted by halo, pis Oor 1, gis Oor 1 andt is O
or an integer of from1l to 10, provided that where q is 1, t is other than
0. 8. A nethod according to claim7 wherein the conpound of 15 fornula (1)
is an acrylate of formula (I11) CH2-CR C(OO(CH2) R (Il11) where n and R5
as defined above in claim7 and R is hygdrogen or 20 Cl1_6 alkyl. 9. A

nmet hod according to claim8 wherein the acrylate of formula (IIl) is

1H, 1H, 2H, 2H hept adecaf | uor odecyl acrylate. 25 10. A method accordi ng to any

Otnet of the pr?ﬁefjﬂ {ag, @z: ﬁdn@sﬁmngéeidaeﬁé}ﬂeﬂw t@_@lé&e_@fﬂmumldiqaea, gaseOtﬁ A

state is supplied to chanber_in_conbi nat { on. wi a carrier gas. .

met hod accor diaﬁﬁylt'oh@r?filﬁ‘yi(?’v\ﬁé)')ei°ﬁt’tcﬂ’ggbér é?ltgj‘ﬁgi}%y ?’3 ‘helium 12. A

met hod accor diprgvidedathatoae lefast heneppedédiRigocRAi s hyainegesi, naghiseous

material is syppli t e € I andard
RPR's gdgttogp )bef{’((:\?%g%ﬁs g%ag?}ﬁ%g Q%hﬁg%%gﬁll §Actlp dndx

cubic centinetre per  mhute according to any one
of the preceditfig? PR h IR OfnfEYOAr sCOP) HEHPoYmdbes? X df MmN a (1) in the

chanber are 5 iAtdgeirabneadont1 RocssWnasy afs & rsumdOoPh saLpHIBaniR grdup; A net hod
according to any one of_ 2 spLe {ng._cl ai . _Wherein th ower is pulsed in
a sequence i n°fht Hi°the (% g\}er&i“g&gkm ?'rc’)errezgi 1803 Yt ?etflc?f'g%‘fyom 1000a to
20000s. 1010 substituted by halo, p is 0O or 1, q 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.

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

15 formula (I) is an acrylate of formula (III)
CHp=CR'C (0) O (CH,) »R® (II1)

where n and R® as defined above in claim 7 and R’ is hydrogen or

20 C,¢alkyl.

9. A method according to claim 8 wherein the acrylate of
formula (III) is 1H, 1H,2H,2H-heptadecafluorodecylacrylate.

25 10. 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.

11. A method according to claim 10 wherein the carrier gas is
30 helium.

12. 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).
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15 A methed—aeccordiTg To any one of the preceding clains wherein gas is

"supplied to the chanber along a tenperature gradient. 15 16. A net hod
according to any one of the preceding clains wherein the chanber is heated
during the deposition process. 17. Apparatus for depositing a polyneric
material onto a substrate, said apparatus conprises a plasnma deposition
chanber, 20 at least two el ectrodes arranged so as to ignite a plasma within
t.Héchanber, a punp system arranged to feed nononer gas into the chanber
and power control means programred to pul se power supplied to the

el ectrodes so as to produce a plasma at a power of from0.001 to 500w m
within a plasma zone within the chanb@, 25 said plasma zone having a vol une
of at l.east 0.5nB. 18. Apparatus according to claim 17 wherein the apparatus

further conPrises heatin%l:ﬁ ns for -the chanper. 30 _19. par at us accor di ng
to.claim 172%r & BtYROHsaGERTEANT (Pt MY one RfpFhe rege § for nmononer,
whi ch is coitegeiredrapoutdiof chupishnds of 2brmAdPPalIdt iis thecchaibeg dre cl ai m 19

o adi ent "R Es Yokepdted bF HHA ] £F SRcCulll! NCT CASI NG TemPErature

14. A wmethod according to any one of the preceding claims

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

. on for 20ps and off for from 1000us to 20000ps.
10 - ' ‘
15.. A'n;et;.hod according to any one of the preceding claims
wherein gas is :supplied to the chamber along a temperature
gr;dient. . ' . :
15 16. A method according to any one of the preceding claims
wherein. the chamber is ]:'I.GétEd during the deposition process.

17. Apparatus for depositing a polymeric material onto a

substrate, said apparatus comprises a plasma deposition chamber,
20 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 plaswa at a power

of from 0.001 to S00w/m’ within a plasma zone within- the chamber,
25 said plasma zone having a volume of at least 0.5m’.

18. Apparatus according to claim 17 wherein the apparatus
further comprises heating means for the chamber.

" 30 19.°  Apparatus according tdé.claim 17 or claim 18 which further
comprises a container for monomer, which is connected to the
chambex . '

'20. Apparatus according to claim 19 wherein heating weans are
35 arranged to create an increasing temperature gradient between
said container and said chamber. :



