1 Filtration Menbranes The present invention relates to filtration
menbranes, in particular reusable filtration nmenbranes, as well as
met hods 5 Y&R ﬁg,ﬂgg{q ng these so that they retain consi REERB20§EPIE64
si zes, even when subject to harsh washing conditions, for exanple as
found in a caustic wash. Filtration of golids froml i qui ds or gases
is wdely used in 10 many fields including the biosciences,

industrial processing, |aborat O%ﬁ%@il qv% m{t)?gﬁjes& bever age,

el ectroni cs and water treatnent rane €rs are porous or
m croporous filnms used to carry out these types of operation. 15

Menbrane fil t@Spiadainghi KR0S & NEL KNP £ 8B 15¢E 68 NmbSLENES i n
m Cropor ous filters, mcrofilters, ultrafilters or nanofilters)

retain solid %H?%‘él%uﬁﬁusé?lﬁaﬂ%tﬂa&orbF“eﬂJP‘?:ar“ﬁér Zhivehd &t é“etWﬁfth
are | argers t ham thﬂtﬁn@Oﬂf}@:sSI Z@,thami they bytsin ﬁ:aﬁﬁl.sﬁ:aﬁtU;Bﬁ:e 5058,

particles smaller than state ore.size rr%¥ fLetaine
ot her mechani snts W}}—%l é e,Ctl %?tlfaé:ls se‘i‘ShIL tlonnadr ane % |almf’g? sa%'

general ly on @hedbaslascmsttlhew‘}ﬁhe si ze and t he pore size
distribution. The precise nature of the pores size is very inportant,
since the 25 pore size rating will effectively control the utility to
whi ch the merfstaR-eR| ?%rsq%aa S PFoput iTNids nahyweEss o' Vi ARLY UseR &t on
menbr ane Igay nbﬁyUBﬁidEeﬂﬂﬂhedhty e Byﬁcz.aﬁ@és),ngﬁdumrlamd;snodéaemgent Iy

in such case vi.ta t the nme a roper vvashed or
ot her wi se saill P?saetc?rl‘j’e ?/\S/etéﬁlg(lséosc}% ﬁobeé‘r\%age’crrolggjcﬁo ﬁn‘f”?i% 36K The
pores of the tHrebhtmwarg.can Meabbang fpareisclees Pl deNGUinkep ooy afi 1319E,

whi ch may pr t rd,gK h sks. Thus there is a
need to use ﬁ%lggt?é\?tecg%%adru?h%%%&gl(gggﬁ]?)gngﬁé}ﬂﬁé i ng caustic washing

agents to avoid these risks.
15 Membrane filters {which may also be known as screens, sieves,

microporous filters, microfilters, ultrafilters or nanofilters)
retain scolid bodies such as particles or microorganisms etc.
which are larger than their pore size, mainly by surface
capture, Some particles smaller than the stated pore size may

20 be retained by other mechanisms.

However, initial selection of membrane filters is generally on

the basis of the pore size and the pore size distribution. The

precise nature of the pores size is very important, since the
25 pore size rating will effectively control the utility to which

the membrane filter may be put.

In many cases, the filtration mermbrane may be used repeatedly"
or over prolonged periods. Frequently in such cases, it is

30 vital that the membrane is properly washed or otherwise
sanitised between uses, to avoid cross contamination. The
pores of the filters can harbour particles including
microorganisms, which may present other risks including health
risks. Thus there is a need to use relatively harsh

35 conditions including caustic washing agents to avoid these

risks.



2 Because of the relatively fine and delicate nature of the porous
structure, hi n rocedures, in particular where harsh chenicals
such as t%&%‘i’aﬁ(gﬁchem cals found in many cl eani ng 5PSNEBIYRIPEIOLE ng
products, can erode the nmenbrane, so that the pores becone | arger
with tinme. Therefore, it is inportant that where nenbrane filters are
intended for repeated use that the pore size retains its integrity
and consi stency through repeated washi ng processes. O herw se, the
reliability of the 10 filtering process nmay be jeopardised. In order
to achi eve t BFEus&| phabiNe relatinel vefipeatiet delbcatedeatwomofatier i al s

such as hi ghbyrdi@skst@turaNdidshghgl fgtalg@%%,%ﬁ %a@_tfﬂ'&?il}égwg%%gggﬁ ch

have the desired characteristics. 15 Exanples nay inc .
PTFE, but thESEYFALRrTURs2F i ER He o Shetiradpsiqupd Pr aens efegsddnei on
t echni ques hanve sheéni guigt proviudeby wsedrddy thbendd@past | i@NtRit the

pol ymeri c coatijng 0 range, of. .surfaces 0 and in particular
onto fabric ufre%aggg&ﬁerﬁlgggefre%ﬁﬁ? queSi's ?@838%?%96&53150&?“?1‘&%?“& ean,
dry techni qu’éhétthél{leg%rmmht@lse filtérs wastinteodpdried tepcardenid enat
vet chem cal cuiodSe1 koo, il scambiod:: o) 25005, e dRNSLALEd,f T om

organi c nol ecul es, which are subjected”to"an electrica

25 this i s dbTHEERIHSIPPEIVNERS IS -a St ae e, thehaeimdiidaty off thihe
conpoundld n tileeplasmopety il 5& RBphh@ ssubstrate. Conventi onal

pol ymer synthesis tends to produce structures containing repeat units
that bear a strong resenbl ance to the nononer species, whereas a

pol ynmer netwot lorgenefcatzedi¢isd MPi@ reliability, the membranes are made
from materials such as highly resistant and rigid polymers with
2 high modulus which have the desired characteristics.
15 Examples may include PVDF and PTFE, but these materials tend to
be fairly costly.

Plasma deposition techniques have been quite widely used for
the deposition of polymeric coatings onto a range of surfaces,

20 and in particular onto fabric surfaces. This technique is
recognised as being a clean, dry technique that generates
little waste compared to conventional wet chemical methods.
Using this method, plasmas are generated from organic
molecules, which are subjected to an electrical field. When

25 this is done in the presence of a substrate, the radicals of
the compcund in the plasma polymerise on the substrate.
Conventional polymer synthesis tends to produce structures
containing repeat units that bear a strong resemblance to the
monomer species, whereas a polymer network generated using a

30 plasma can be extremely complex. The properties of the
resultant coating can depend upon the nature of the substrate
as well as the nature of the monomer used and conditions under

which it is deposited.



30 plasma can be extrenely conpl ex. The properties of the resultant
coating c nd . upon the nature of the substrate as well as the
nature of a‘?ﬂg&’%ﬁﬁg?ﬁer used and conditions under which FET/CE2008/003644
deposited. 3 The applicants have found that by treating filtration
menbranes using such a process the propgrties, in particular the
resi stance to repeated washi ng, may be enhanced significantly. 5

According to ﬁgealﬂj’l%sﬁ'%s ihﬁ¥§nfdugpeb?alec|’ t%VI &e%&??%%ﬂt%a@fénh%gngﬁga{nﬁgd

mai nt ai ni ng pore size of a reusa ration 7 ane,” sal
conpri si ng e¥5é8% riyc8at PIPreEs diicoRroratdiahe inoparyicasan tenpri sing a

hydrocarbon qiesfétececes hepe SRNOWBEL SR, 8fad Bl ORI R AOL YIBIF: Cad@yer
on the surface thereof. 10 Treatnent in t?}l};seway haée beedr;fﬁf ou%d %ﬁrg

nmake a reusable filtration menbrane retain pore size nuch nore
consi st enfl y Acevefinghen thebpeedentoi owdist bt WREBI 1Y prdbidsi WSRekhod

herein, the r i i c.washing" refers_tq an rocedure in
whi ch cheni cgfié?cﬂ?%zllﬁlg%élngﬁé?\%es sé\g%t %]% ni ng- a}bgﬁl §rd rﬁé}r/i"gé“e hp¥itent s
such as sodi §H-AyEOR{ domar ésitg kkpetingThi sl ifntt raissonnmeenpreheait ag

and sani tisi pUafpiOAURLS SiRg! Mdiag.bleaches And ' Sy tgbl e
filtration rrgn%r anes L\%VI I Il ge tﬁg}sg made of a sflél‘%%gltolbléﬁ%ngﬁgﬁe% éa%

material . HoWBVET™™ PrPRAYERFHF YAWET ePthafiCehitriace oHireped- by t he process
of the ind@ention, the polynmeric material may.generally be of a

cheaper or | r. cost, mer_ 25 _than has been used hitherto, where
resi st ance tg’\égv\%ts einﬁg”ﬁ%é prove afrc}bec?él gml“?d;%f’irﬁad‘er ActBts2PEs for
exanpl e, pol yettmdténa denbramg imenane dsraneszamaychengqreodocdd tahiich have

good wash regisfapes i Lherelane. /Ry, 0f; ysed. 30 Depending upon the
nature of the polyneric nmaterial deposited,” the filtration nmenbrane

treated in this way may al so be water and oil repellent, and al so
resi stantist oasl @g@i RgreibheyndrBkphay s daseballsti shake i iy "rdH0peLd 189
al so, reduci ggocrédsug:eo:{n (V:W ng?néh%%gggln C%Lgr?{ngvﬁggxlltnsg'conéaining highly
alkaline components such as sodium hydroxide are utilised. This
includes many cleaning and sanitising products including
bleaches and the like.
20
Suitable filtration membranes will be those made of a synthetic
polymeric material. However, in view of the enhancement
conveyed by the process of the invention, the polymeric
material may generally be of a cheaper or lower cost polymer
25 than has been used hitherto, where resistance to washing has
proved to be a limiting factor. Thus for example,
polyethylene filtration membranes may be produced which have

good wash resistance and therefore may be used.

30  Depending upon the nature of the polymeric material deposited,
the filtration membrane treated in this way may also be water
and oil repellent, and alsc resistant to clogging. They may
have useful “shake dry” properties also, reducing risk of

contamination after washing.
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Furt hernore, the enhancenent material or |ayer becones nol ecularly
bound to the surface and so there are no | eachabl es; the nodification
becones par? 2YPUBE menbrane. 5 Menbranes treated in aReHFEARBI3G4 1
the invention retain their porosity, as the coating | ayer deposited
thereon is only nolecules thick. Therefgre, the liquid or even snall
particles can continue to pass through them in particular when a 10
positive pressune . is ap a, ne ye pressure is

applied to t e ot nar g ?nqaﬁm%ﬂgnrﬁ)m%emtal dr aw W e%ag%l guid through.

rane
However, |ar gelemdratcwllusmw te tﬁ@tﬁtp%fgsetMCbughtlnm geebrcane. 15 Any

mononer that 1uA4eR9ees AR08 ARLYIE bealhd oot dichi Gl 0f the
surface to forma suitable polynmeric coating | ayer or surface

nodi fication on the surface of the filtration nenbrane nay suitably
be used. Exanples of such m)norrers incI ude those knovvn in the art to

be capable o roduc hy dro |c pol i.C, coa
oubstrares byBTsERE poAeer T AP ORATrel CHithaner b e tain theiz
car bonaceous pooridyndss haei noptriegctanee ﬁemftut@r.iathegcreoup& only

particularly: tialdy e n d Bl yerQ,.qo Ngs, -
97/ 38801), per§1\:|(F(I~Q1J}C)lr%?’n{:}tlt?leCJ ﬁg%egggé %‘h@ lﬁg{fd b2 éé’mﬁwga%glri g% tglgcggs

2212-2214), ﬁ%r@g@ﬁn%rﬁ%pﬁﬁgthaﬁ%ﬁt ﬂ} alpedub@ﬁﬁ%mﬁgro‘ﬁtqnoﬁal |y

Icont ?i Qioflg hgbgg@itn;ea{apé&&@ pﬁrgég/ﬁhpaﬁ&ate@b arigank c o&omc.iﬁcﬂsv@f at
eas carpon ato see ani_c_conpounds co r|S|ng
oo toub! o bBRBS A S BIEES) L0 Sht TRrES HoRh B ORRBtATES CRomHe a

optionally smbstliqmedtrﬁfbughky Hokaver Oof_laafed eastidesarbin naltoms

optionally i S g et eroat om (WO 00/ 05000), optionally
substituted g}lg&%ﬁi E ﬁ%@f%ﬁ%%) pol yet her substituted al kenes (US
6, 482, 531B) and nmacrocycl es containing at | east one heteroatom (US

6,329, 024§) Ahpemmtegnﬁmotn@éﬂgogé isER @18mRel&iM 03564 ncor por at ed
by reference. particul ar group of nonomérs which nmay be used in

t he met hod of“ofih%lcﬁ‘Fég%rﬂf tﬁ%éﬂrféﬁe|WcFﬁHE %S%BWSPBWI?E&FHUI a (1)

coating layer or surface modification on the surface of the
filtration membrane may suitably be used. Examples of such
monomers include those known in the art to be capable of |

20 producing hydrophobic polymeric coatings on substrates by
plasma polymerisation including, for example, carbonaceous
compounds having reactive functional groups, particularly
substantially ~CF; dominated perfluorc compounds (see WO
97/38801), perfluorinated alkenes (Wang et al., Chem Mater

25 1996, 2212-2214), hydregen containing unsaturated compounds
opticnally containing halogen atoms or perhalogenated organlc
compounds of at least 10 carbon atoms (see WO 98/58117),
organic compounds comprising two double bonds (WO 99/64662),
saturated organic compounds having an optionally substituted

30 aiky chain of at least 5 carbon atoms optionally interposed
with a heterocatom (WO 00/05000), optionally substituted alkynes
{Wo 00/20130), polyether substituted alkenes (US 6,482,531B)
and macrcocycles containing at least one heterocatom (US
6,329,024B), the contents of all of which are herein

35 incorporated by reference.



R3 R4 (I) 5 where R, R5 and R5 are independently selected from

hydr ogen, aIk hanaIkyI or aryl optionally substituted by hal o;
and R4 is ¥ ‘%3@3 2X-R5 where R5 is an al kyl or hanaIR?ﬂG§F8ﬁ&B&Hd X

is a bond; a group of formula -C(0)0-, a group of fornmula 10
-C(O)O(CHZ)j- where n is an integer of §rom1l to 10 and Y is a
sul phonam de group; or a group -(0)eR5(0)q(CH2)t- where R5 is aryl

optionally SHQ&%&%&Gf&% 1H?%8’m£hgﬁ%agdﬁﬁﬁ: 5% QSéH.l% %&?H@th§d

or an integer ron11 , provi ere t her
than 0; for af diefpedsent pornddopfincluge tapnpsurds| eﬁv @rmﬁ—yrr@r)l c layer
to formon the surface. As used therein the term"hal o" or "hal ogen”
refers to fluorine, chlorine, bromne and iodine. Particularly
preferred hal o groups are flRyoro. JR8 term"aryl" refers to aromatic
20 cyclic groups such as phen napht hyl, in pap i cul ar phenyl .
The term"al kyl" refers to s#rai ght pr branched chai.ns of carbon
atons SU|tany of up to 20 carbon atons in length. The term
aIkenyI 'Srefers to straight or branched unsaturated chains suitably

having from g,4.Q g0 %aral?ﬁnaﬁta%mm H@L&’é}lt‘i}(/' sel%@té&fﬁro% hQaiden!

chai ns' as defined above which include at | eéast one hal o substltuent

Sui t abl e hal dbf¥Ry| ha}wdbe!l 1oy aRBL RS lopel lynguipsigneed |yoPakg kypnd R’
groups. The & kyhrefmi-asrimeyebe Btidighhivn btanahedkpndrday 2 x

i ncl ude cycliciygie les For R5. th aaLgéb §bains Sui T Iér Qnpri se 2
or nore carboh ? P8 ? Suftakty ??Wﬁm 2- 20981 bdh AP B tak PHeéterably
from4 t0 12-canbobHatOAswhere n is an integer of from 1 to 10 and Y is a
sulphonamide group; or a group M(O)pRs(O)q(CHﬁtf where R® is
aryl optionally substituted by halo, p is 0 or 1, g is 0 or 1
and t is 0 or an integer of from 1 to 10, provided that where g
is 1, t is other than 0; for a sufficient period of time to

15 allow a polymeric layer to form on the surface.

As used therein the term “halo” or “halogen” refers to
fluorine, chlorine, bromine and iodine. Particularly preferred
halo groups are fluoxc. The term “aryl” refers to aromatic

20 cyclic groups such as phenyl or naphthyl, in particular phenyl.
The term “alkyl” refers to straight or branched chains of
carbon atoms, suitably of up tco 20 carbon atoms in length. The
term “alkenyl” refers to straight or branched unsaturated
chains suitably having from 2 to 20 carbon atoms. “Haloalkyl”

25 refers to alkyl chains as defined above which include at least

one halo substituent.

Suitable haloalkyl groups for R', R?, R® and R® are fluoroalkyl
groups. The alkyl chains may be straight or branched and may

30  include cyclic moieties.

For R®, the alkyl chains suitably comprise 2 or more carbon
. atoms, suitably from 2-20 carbon atoms and preferably from 4 to

12 carbon atoms.



6 For RI, R2 and R3, alkyl chains are generally preferred to have
from1l to a?on atons. 5 Preferably R5 is a hal oal k and nore
pr ef er abl &PAl%al kyl group, particularly a perfl uéFTﬁF—"WF’"‘BFﬁup
of formul avvhere inis an integer of 1 or nore, suitably from 1-20,
and preferably from4-12 such as 4, 6 og 8. 10 Suitable al kyl groups
for re, R2 and R3 have from1 to 6 carbon atons. |In one enbodi nent,
at least one of 111, B2 andR3 is hydrogen. In a particul ar enbodi nent
R, RR, R3 are all hydrogen In yet a 15 further enbodi nent however
R3 is an al kyor g¥olf sut® aslkel hgHains proppherallyheserxedstabgreoup
- C(0) 0(CL42) ¢ X5 1N+bSe 3 hE4 €48Hhs Whi ch provides a suitable spacer
group. In particular, nis froml 20 to 5, preferably about 2.

Sui t abl e sul phonami de groups for Y include those of formula -

N( R7) S02-5 whererdRébi ¢ RIyds analwlk@bkyincﬁmebe asreCidabiyh, in

particul ar oun of
Pormuia (1) PetroBheel ibur Rarhira T aresedFrs BB%ic o rs
i s as defi nedoabivecif..r ehaté on isoad dmrmt;ar (clf) 1 or more, suitably

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

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

atoms.

In one embodiment, at least one of R!, R? and R® is hydrogen. In
a particular embodiment R}, R?, R?® are all hydrogen. 1In yet a
15 further embodiment however R® is an alkyl group such as methyl

or propyl.

~ Where X is a group -C({0)O{CHz},Y-, n is an integer which
provides a suitable spacer group. In particular, n is from 1

20 to 5, preferably about 2.

Suitable sulphonamide groups for Y include those of formula -
N{R')S0,” where R’ is hydrogen or alkyl such as C;,alkyl, in
particular methyl or ethyl.

25
In one embodiment, the compound of formula (I) is a compound of

formula (II)

CH,=CH~R® (IT)
30

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

In compounds of formula (II), ‘X’ within the X-R’ group in
formula (I} is a bond.

35



I n conpounds of formula (Il), "X wthin the X-R5 group in formla
(1) is a wever in a preferred enbodi ment, th ound of
formul a (Pﬁglg“s{wgﬁsggryl ate of formula (I11) gTIEB%SIOOSM-t
CH2=CRThC(0) O(CH2) 0115(I1l) where n and R5 as defined above in
relation to formula (1) and Rmis hydrogen, Cl.10 al kyl, or

C _Nhal oal kyl . In particular Rmis hydrogen or Cl..6al kyl such as
methyl. A paﬁaae@yk afn @ \ﬁf@e‘%r@& ém%ﬁﬂ}ﬁ’él{{ndtﬂé Jo&éxg P el kb S )
conmpound of formula where Rmis as define ove, and i n

particul ar % RPdrOT ﬁt%n%F Eormulgn (Thtleger of from1l to 9 for
instance from4 to 9, 15 and preferably 7. In that case, the conpound
of formula (1V) is 1H, 1H 2H,  2H hept aﬁﬁgfa yuero ec¥l acyl ate. According
to a particular enbodi nent, I: 09(9 Bl Coat i 5 I's formed by
exposing X he filtration menbrane to plasma conpri sing 20 one or nore
organi ¢ non Sqepal. e 0 se

car bon-car bg'yfgdou%lcagﬁg %q ?eﬂtﬂeh %?%vl c?gnr%lg\g%rg o?n? r%@ S% al ow a
pol yreri c | ayérist BydgiasnerCithelsvk f areC:-2baBudlkabl y trheacbipdandR™ t h
nore than ongs @Lgumg%nb@fwb samaﬂ %@%haawﬁe@ﬂnd af qu;&@uh@r (Mhmp T
/["1211 /| R12 [-\Z)---\ Rpl Rfl, and are

al | i ndepend&nf §°% é’luéet%fd fPFB‘H%/&FBbe’ﬁ ah?ff‘“@oua?i@fi fopmlsn| Byl or
aryl optifonally substituted by halo; and Z is a bridging group. 5

Exanpl es of suitable bridgi groups Z for use in the conpound of
formula (V) are thosernown n the polymer art. In
CF
H R?a

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,

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

According to a particﬁlar embodiment, the polymeric coating is
formed by exposing the filtration membrane to plasma comprising

20 one or more organic monomeric compounds, at least one of which
comprises two carbon-carbon double bonds for a sufficient
period of time to allow a polymeric layer to form on the

surface,

25 Suitably the compound with more than one double bond comprises

a compound of formula (V)



particul ar they include optionally substituted al kyl groups which may
be interposed with oxygen atons. Suitable optional substituents for
bridgi ng JYO&PY*F81nci ude perhal oal kyl groups, 10 in pBFETCEOgPO3644
perfluoroal kyl groups. In a particularly preferred enbodi nent, the
bridging group Z includes one or nore aé;yl oxXy or ester groups. In
particular, the bridging group of formufa Zis a group of sub-formula
(M) where n is; an,integey, of ,from1l.to 10, suitably from1l to 3,
each RH and 'BE5ei 8+ hdefendBnt |5 s&Peck et Gt nife8§R e M kyl or
hal oal kyl . 2€&18diéabirymROydfGenR halkw, a2, BsbaRwyare halbal kyl such
as fluoroal kyl . or dr ogen. .| articul ar, they are.al.l hydrogen.
Suitably thea/pctéh%%hf]d Sgggiflorurif‘ﬁ a}Py( \k})a&cébn né% %sl%ta 55§qlngn "Nl oal Kyl
group, preferably a perhaloal kyl group. 25 Particul ar exanples of
COITpOUI’ldSS OfE)Ia%wé aoﬂ g)li{a&g.leugfi&gq?ng &J:Au%\éﬂ RO9for %sg\hﬁf &ho Eﬁ%éuﬂtﬁld
R1.5 are as defined above and at |eaSt one of R14 or R15 is other
t han hydr oge?t IATPaka i (¥Ul aFe Ehappl'Eosr YudheaPTomSsudd i sIthe
conmpound of farAYhaaBehdy idtiaqé Wddiehaenbedbseitutel A RO! yi®ipisC
coating. IS TATRILY w2 BRBLAR LA ! LEAHCDeBRIPT 806 4P AT
substituents for bridging groups Z include perhaloalkyl groups,

10 in particular perfluorcalkyl groups.

In a particularly preferred embodiment, the bridging group 2
includes one or more acyloxy or ester groups. In particularz,

the bridging group of formula Z is a group of sub-formula (VI}

i 14R15 i
5~ (CR¥R ’\o i

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

15

each R¥ and R'® is independently selected from hydrogen, alkyl

or haloalkyl.

20 Suitably ®®%, R®, RY, R, R'?, and R are haloalkyl such as
flucroalkyl, or hydrogen. In particular they are all hydrogen.

Suitably the compound of formula (V) ﬁontains at least one
haloalkyl group, preferably a perhaloalkyl group.

25 | |
Particular examples of compounds of formula (V) include the

following:

//j[\ R
0
R15



10 nononeric saturated organi c conpound, said conpound conprising an
optionall $ﬁb§bl %ut ed al kyl chain of at |east 5 carbon at

optional | 5” PePP8%ed with a heteroatomfor a suffici eﬁ?Tlﬁg?‘l"?fﬁi‘BW
time to allow a polyneric layer to formon the surface. 15 The term
"saturated" as used herein neans that the nonomer does not contain
nmul tiple bonds (i.e. double or triple bonds) between two carbon atons
whi ch are nof, I is0 - er.m" Q 14

i ncl udes oxyge‘%ae ih ﬁ)h%{r?j §S| ig@%:on %%Ed Qk?r‘%)egeaﬁha om; gad On@ Of Ik

al kyl chain s B'ht &7 podet Bprahnitqasgen foentidulay ﬂaHI@ées@f)sﬁtuphu% ed
so as to forgg,rg:pc,%ggoi’gjachg poBhd i ¥ ¥oies, Simlarly, silicons wll
be substituted appropriately, for exanple with two al koxy groups. 25
Particul arly suitabl e nononeric organi c conpounds are those of
formula (1) R16 R17 Rla R19 R20 R21(VII) 10 where R16, R11l, le R19
and Rn are independently sel ected from hydrogen, hal ogen, alkyl,

hal oal kyl or aryl optionally bstituted by halo; and R21 is a group
X- R22 where Rn is an al kyl on{ hal gal k gr and X is a bond or a
group of fornmula 5 -C(0)0 ) X /\j\.ﬁeﬁgx's ninteg®& of froml to
10 and Y is a bond or a sul phonam deigrou or a group where R23 R’
is aryl optionally substituted by h?#g',‘zp sOor 1, sis Oor 1 and
t is O or an integer of from1l to 1 provi ded that where s is 1, t
is other than 0. 10 : a1z

In a further embodiment, the polymeric ccating is formed by
exposing the filtration membrane to plasma comprising a

10 monomeric saturated organic compound, said compound comprising
an optionally substituted alkyl chain of at least 5 carbon
atoms optionally interposed with a heterocatom for a sufficient
period of time to allow a polymeric layer to form on the
surface.

15
The term “saturated” as used herein means that the monomer does
not contain multiple bonds (i.e. double or triple bonds)
between two carbon atoms which are not part of -an aromatic
ring. The term “hetercatom” includes oxygen, sulphur, silicon

20 or nitrogen atoms. Where the alkyl chain is interposed by a
nitrogen atom, it will be substituted so as to form a secondary
or tertiary amine. Similarly, silicons will be substituted

appropriately, for example with two alkoxy groups.

25 Particularly suitable monomeric organic compounds are those of

formula (VII)
R15 R‘IT

R18 ‘ ' R19
20 521

RTR (VII)



Sui t abl e hal oal kyl groups for R16, RI', R18, R19, and R2E) are
fluoroal kyl qgr The al kyl chains may be straight or branched

may i ncl U&Og@?@ﬁgﬁi%. eti es and have, for exanple fron}’ﬁwﬁgz‘@s’ﬂ‘mﬁon
atons. 15 For Rn, the al kyl chains suitably conprise 1 or nore carbon
atons, suitably from 1-20 carbon atons gnd preferably from6 to 12
carbon atons. 20 Preferably Rn is a hal oal kyl, and nore preferably a

per hal oal kyl groupas pgi-t i gul gl per§ r I o) | a
C2F2v4i vvheregz [ E( dnﬁl ht%gegl o) ndaR gn%%gldggéﬁe%% egtié %&I&mand
preferably fhydr®ren? kauldyens H kol 1111)31025k3(/%@reawl @P&i@ﬂ&ddﬁ

-(0)0(d 2) y¥ubsty1tlu%e§-rbyl 'BE@Qeran\ﬁ’hk’@ h; Pr:0oytdgs xapBuiiatl §22Spacel
group. In particular roml to 5, preferably about 2.

Sui t abl e sul ﬁ%}‘ﬂarﬁrdéa%?a&&ﬁé QWPYE?CM‘I fifle® t199Le° DR PEPTRICE fompla
N(R23) S025 where d?ca&)ayhydfeegea,1sabkyin@@ehadﬂ)ah:l§fyl 1 secho amddvisd kyl

in particula The nmononeric co n S in the
et hod of t nEOTTwEnei SREP BV Beo B ar: eS8 ch Ulobal Pafd !

optional |y substé (Rit ed byy135phidregeén, substpantdcc bl aral®, perimltoak kiane,
and especi al Ly; a @%&fiua{d()@' i@gﬁor dl AeeoLdi Retdh aneL hey, 88Petded

the polyneric coating is forne exposing the filtration fmenbrane
to pl asma coiprt sihegean icpii ohalsl 9t1§m§-@iﬂﬁlﬁ ed al kyne for a
sufficienp period to allow 5 a polymeric layer to formon the

surface. Swtabl t he ne conpoupds used,,;i n_the. et hod .pf the
i nvention conp cﬁﬁf )Léii %rﬁr’zgﬁnf%&’rs R”ncﬁllu’dlfﬁg SH‘g Sr At e

car bon-car borflt:dsthmaybogmps]'ha‘hehalm naylrbae mapthoakhighkOor
. q ' . el udi
e POs e ot Biin L AR 4O Th AN MBYC A hfs SIS LKL, | AG UM

rings and ot unc |ona groups urta
from 1 to 6 carbon atoms.

15
For R*?, the alkyl chains suitably comprise 1 or more carbon
atoms, suitably from 1-20 carbon atoms and preferably from & to

12 carbon atoms.

20 Preferably R* is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perfluorcalkyl group of
formula C,F,,;; where z is an integer of 1 or more, suitably

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

25 Where X is a group -C(0)O{CHp)},¥—, vy is an integer which
provides a suitable spacer group. In particular, y is from 1

to 5, preferably about 2.

Suitable sulphonamide groups for ¥ include those of formula -
30 N(R®)S0,” where R® is hydrogen, alkyl or haloalkyl such as
Cy.salky}, in particular methyl or ethyl.

The monomeric compounds used in the method of the invention
preferably comprises a Csps alkane optionally substituted by
35 halogen, in particular a perhalocalkane, and especially a

perfluorcalkane.



whi ch may be straight or branched, have from2 to 50 carbon atons,

nor e suitﬁg(l?% grom 6 to 18 carbon atons. They nmay be present either
in the no PROEF as a starting material, or 15 may BEVEBMBMES44,

t he nononer on application of the plasma, for exanple by the ring
opening Particularly suitable nononeri {or gani ¢ conpounds are those
of formula (M11) 20 Rfl-CnC- X1-1225(VIT1) where R24 is hydrogen,
al kyl, cycl oal kyl, hal oal kyl" or aryl optionally substituted by hal o;
X2 is a bond or a bridging 25 group; and R25 is an al kyl, cycl oal kyl
or aryl groupcopdionaid ynetipst espé@d lite hadlggenic Svataly dsbfodgidngy

X in n8r i i 3 nar D 1n - (CH2
20 (Ciiz) - (Bl (o gy habght B B i pstret ez, o o | 5
0 or an intefgerlowppliy GPstiyited, apurd for & sLFfbesendesnioy seladéped

fromintegers gfiyheons laber 20 rapd JR26nk Ssurrdeogen, al kyl, cycl oal kyl
or aryl.Particular alkyl groups for R26 include Cl-6 alkyl, in

particul ar, nmethyl or. ethyl. 35 12 Wiere R24 is al kyl or hal oal kyl,
it is generabhitapiefera edkie havpodddamided dnbtEarma@Ro@tdmBhe

Sui tabl e hal oal kyl .grauns;for 4 incl f l_uor oal.k roups. 5 The
al kyl chai ns may t%g scg)r g?b %)Cgrgg%? aér%g %%%annﬁg?rlﬁsy ilﬁc#‘ﬁ%élgcg%? i°¢
moi eti es. PrBPe &Brcttorehet tR2rnle donder odidns. cliRrigiseraplbe REBidrmlay

hal oal kylo apgkdmEseprak8r alete@oaton and may carry substituents
including rings and other functional groups. Suitable chains,
which may be straight or branched, have from 2 to 50 carbon
atoms, more suitably from 6 to 18 carbon atoms. They may be
present either in the monomer used as a starting material, or
15 may be created in the monomer on application of the plasma, for

example by the ring opening

Particularly suitable monomeri¢ organic compounds are those of
formula (VIII)
20

R¥_C=Cc-X'-R?*® (VIII)

where R* is hydrogen, alkyl, cyclealkyl, haloalkyl or aryl
optionally substituted by halo; X' is a bond or a bridging

25 group; and R® is an alkyl, cycloalkyl or aryl group optionally
substituted by halogen.

Suitable bridging groups X' include groups of formulae
= (CHp) 5=, —CO2{CHz)p=, —(CHz)p0(CHz)q~, - {CHp}N(R?®)CH,) g,

30 - {(CH.) N({R**)S0,-, where s is 0 or an integer of from 1 to 20, p
and ¢ are independently selected from integers of from 1 to 20:
and R*®* 1is hydrogen, alkyl, cycloalkyl or aryl. Particular
alkyl groups for R*®* include C,¢ alkyl, in particular, methyl
or ethyl.

. 35



per hal oal kyI group, particularly a perfluoroal kyl group of 10 formul a
an integer of 1 or nore, suitably fro 20, and

Cr F2r #i
preferably {)ﬁ%ﬂ%ﬂﬁﬁ%ﬁ such as 8 or 10. In a particul ar EWWWH?“*% he

conmpound of forrmula (VII1) is a conpound of fornmula (1X) 15
Ale. C(CH2)s-R27(1X) where s is as defiped above and Rfl is
hal oal kyl, in particular a perhal oal kyl such as a C6_12 perfluoro

TP ke R 5200 bPTnSTRog oAt s d BeogerRL D AL Lo w2
where p-i s ahavstfggerl gio frembrnt at@G.- and Rfl is as defined above in

relation to formula (IX) above, in particular a group CaFi,
.Preferably in this case, p.is anlnteg of from1l to 6, npst
fe

preferably abbiffeb3e By alkEl HeRRP| & BFosiEn BLuPAE BY IFauRY ) ar e
conpounds5 of Theraluya ¢PdinsGhiy a€ §GHANhPOof GHR)h R ZRE ¥y 1dSlude

cyclic moieties. Preferably however R* is hydrogen.

Preferably R®® is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perfluorcalkyl group of
10 formula C.Fuyv: where r is an integer of 1 or more, suitably

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

In a particular embodiment, the compound of formula (VIII) is

a compound of formula {IX)

15
CH=C (CHz) «—RY (IX)

where s is as defined above and R?’ is haloalkyl, in particular
a perhaloalkyl such as a C4,; perfliuvoro grouﬁ like CgFi3.

20
In another embodiment, the compound of formula (VIII} is a
compound of formula (X)

CH=C (0} O (CHz) ;R*" (X)

25
where p i1s an integer of from 1 to 20, and R* is as defined
above in relation to formula {IX) above, in particular, a group
CgFq7. Preferably in this case, p is an integer of from 1 to
6, most preferably about 2.

30

Other examples of compounds of formula (I) are compounds of

formula (XI1)

CH=C (CH,) ;0 (CHz) R*, (XI)



where p is as defined above, but in particular is 1, qis as defined
icular is 1, and Rfl is as defined in_relation t

b b t
?o?\r/rﬁl au(l‘&élﬂ%%%ﬁﬁgrtl cular a group C6F23; 5 or corrpouﬁﬁyGB?‘mF/B‘f"‘ﬁ‘HI a

(XI'l) CHE, C(CHOON(RM (CHOg OM(XI'l1) where p is as defined above, but
in particular is 1, g is as defined abqgge but in particular is 1, Rm
is as defined above 10 an in particular is hydrogen, and Rmis as

defined in relatd gMnid Qsf QEMHed fhaVe, bt P bhetilanad OF QUpg GE-35; or
conpounds of formyla (XI11) 15CH+eC (CH2) pN (I%g% SOZRZ?&%% 1) V\/nere
pis as deﬂﬁ%“&ﬂo‘%}‘é’veb’a‘f i BaFti¥dParts % r| @0 it 48 definfeqt®

above an in pardtichl |y fbsmethyhx) ane Ehitisuasr defgrned dsmskel ation to
formula (1 X), in particular a group C2F17. 20 In an alternative
enbodi ment, the al kyne nononer used in the process is a conpound of
formul a (Xl \Br QuEpEGi{dSHEE nEBmRFRNTITI) XI V) 25 where Rmis hydrogen,

al kyl, cycl oal kyl, hal oal kyl or aryl optionally substituted by hal o,
Rm Rm and Rm are independently selected from al kyl or al koxy, in
particular CL_6 alkyl or SHROIGH:) JORD) &ted ¢ 8§ gr oPEL'R' are hydrogen

or al kyl, 'ane cil a5 Ghed el Mm Proe{%r edr G QuURs RM1,Rp andsOn
are Cl1_6 al kox particul ar ethoxy. 26
de 1ned above but in partlcular 15 1, R*® is as defined above

10 an in particular is hydrogen, and R¥ is as defined in relation

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

or compounds of formula (XIII)
15 CH=C (CH,) ¥ (R®*) SO,R? (XITI)

where p is as defined above, but in particular is 1,R* is as
defined above an in particular is ethyl, and R¥' is as defined
in relation to formula (IX), in particular a group CgFiq.

20
In an alternative embodiment, the alkyne monomer used in the

process 1s a compound of formula (XIV)

R?*C=C (CH,}, SiR¥P°R¥RM? (XIV)
25 where R*®® is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl
optionally substituted by halo, R*®, R¥* and R* are
independently selected from alkyl or alkoxy, in particular Ci

alkyl or alkoxy.

30 Preferred groups R?® are hydrogen or alkyl, in particular Ci.g
alkyl.

pPreferred groups R?, R¥ and R* are Cis alkoxy in particular
ethoxy.
35



14 In general, the filtration nmenbrane to be treated is placed within

a plasm gether with the material to be deposited in
gaseous s&?ﬁg@g}gﬁgﬁow di scharge is ignited within the ERHFHEISARES

suitable voltage is applied, which may be 5 pul sed. The pol yneric
coating may be produced under both pul 3¢d and conti nuous-wave pl asma
deposition conditions but pul sed plasma may be preferred as this

al | ows cl oser, g?ﬁ‘éfa% ple tf@?tfé)(?itoinggemﬂx%él@ngo T tc;%?‘egr faton.af a

more uni form polymeric structure. used herein, e expression "in
a gaseous StH{-BINrefPdAENG FhambRis é99BFNSFayati sheel i aal Bhécor in
m xture, as agbkies 28r@sRbss Jutkl esi fRwCanslinakgasi Ungel cahivgbnihe

pl asma pol ynerization takes pla in an effectiye manper will vary
dependi ng updh FRETEFs? @hsgétat%ﬁg BAtA% of Rt ﬁayﬁé?h e e
filtrati on mestbeane treated including both the material fromwhich it
is made and 20 the pore size etc. and will be determ ned using
routine methods and/or the techniques. Suitable plasmas for use in

t he nmet hod ditet helineréataqtinnciaydee noreduged |Undek uratyl asheed s0éh as

those gener ated ; BYo 2P whbAdiAEERAURREEL €6 dnRE ndiHiehOWANEeSu DEe i §6ha
current (DC). They may operate at atnospheric or sub-atnpspheric
pressures aseyr BeIRTGRRTTIE Afet 2t 2D S PP RUIRPEROWETeF e t39871 5% e
gener at el byandadb ofeequanciies ¢RE hordQinV@biwusliasng et recmirpient
may be used to generate gaseous plasmas. Generally these conprise
contai ners or plasma chanbers in which plasmas nmay be generat ed.
Particul ar ecanpeeésegkisudhectrpmmyentn dria desorepbedstage” i nsfteanceei n

02005/ 089961, a0, MAQ2L2R548; hull ABAY At her,caqventional: 33 pl asm
generating appar a{ us are avallable. 15
aerosols.

15
Precise conditions under which the plasma polymerization takes
place in an effective manner will vary depending upon factors
such as the nature of the polymer, the filtration membrane
treated including both the material from which it is made and
20 the pore size etc. and will be determined using routine methods

and/or the techniques.

Suitable plasmas for use in the method of the invention include
non-equilibrium plasmas such as those generated by

25 radiofrequencies (RF), microwaves or direct current (DC). They
may operate at atmosphe;ic or sub-atmospheric pressures as are
known in the art. 1In particular however, they are generated by

radiofrequencies (RF).

30 Various forms of equipment may be used to generate gaseous
plasmas. Generally these comprise containers or plasma
chambers in which plasmas may be generated. Particular
examples of such eguipment are described for instance in
W02005/089961 and W002/28548, but many other conventional

35 plasma generating apparatus are available.



The gas present within the plasma chanber may conprise a vapour of

t he nono {)ut it may be combined with a carrier

parti cul 2‘5{102}#}09}'3?]«3# gas such as heliumor argon, if gﬁy%BéQPsm?sﬁ“
particular heliumis a preferred carrier gas as 5 this can mnim se
fragmentati on of the nonomer. Wien usedisas a m xture, the relative

anounts of the nononer vapour to carrier gas is suitably determ ned

in accordancehaidas pracedureshidisd @hens UNLEBEE ONF/ cbrﬁbﬁﬂéé & fapodbe
anount of 10 N psleTels=]s added. wi | | de end to sone extént on the nature

of the particular HoRSHEr 2b%iG1g° HEe’cF TERPNSPTPE ST ViR &S GBET R e
bei ng treat edastHe piztecolathenplasagebasther astieliGRney alchyn, i1 the

case of convepiiiqpal cha is delivered.in an amount of
from 50-2 Ong?&mlnute fo?ggiizc#pggq%{ﬁa ral & BFShH FrofRrrIer gas as

100- 150ng? ni htt®e CaPtmwlmPsﬁefr@ﬁfBP@@t&pedomManomhat the rate will
vary dependi ng on the reactor size chosen and the nunber of
substrates rﬁ U|red to be Processed at _once; this in turn depends on

consi der at | oSS R &S PhBLHMTGal thh FELYH-SURTP WS P& Ehendondwer
capi tal out | wypou20t&ararireer gas $sCduidsbheldedBrhshetiUit b rdance with

adm ni st er ed, gty nt rate for exanpl.e a rate of from 5-90
standard.cubf c cceeﬁ’tg%]re%{hrge% Pe %ﬂ;l“ﬁelﬁtlo’fsrgc)clﬁ) gh? & Cexal @mPPymMeE

15- 30sccHl | FesaRE M@amb@ dE'phled rtat bonefexiremoner the n'.aalufré &t gas
Wil be in 2Suiheutandenele! 1AL, Lol nh0: Lor insiance i the

range of from10: 0 1:100, and in particular abou 6 4-10. The
preci se rat i Rei8g| E’é‘faé(?dw e séze pladhe o lasgar eharivar tte fE@verraatiE,

requi red by ime:hpr@e(msfl soeht ened. cBSdls$oEhRasess R1PF&ldgmiary
conti nuous pgwer Ias 5?) ﬁgé{ uck for exarrpl e for from 15 seconds
to 10 ninutes. For e exarrp il THLM TRt S8 WiERPhE (e 2ckalifbeE. Thi s

may act Bs afwonr Loed Some/iredbnelt wilehe epﬁwdﬂgeal‘&aiweRrbﬁ rEe el
attaches itsgld ﬁ?ﬁp'xﬂa¥yt@eﬁepﬁn§ rofna%ﬁ“ 29108133 3q5 s% rl sation

occurs, the coating "gro on the strface. ThéigFes t et ep
may be condudFear et éPESWFGQ@rEQ&Q ﬂvternmmdeﬁmm ohhe; cﬂmaabiarr,

in the presenge Qép@ﬂ%}/o:@-%&n@@&éraﬁﬁ%ns ThenPlasip bﬁn&ane@hlséﬂgtha
switched to aqgul sccie n@tlts to

ire e capital outlay.
20
Carrier gas such as helium is suitably administered at a
constant rate for example at a rate of from 5-80 standard cubic
centimetres per minute (sccm), for example from 15-30sccm. In
some instances, the ratio of monomer to carrier gas will be in
25 the range of from 100:0 to 1:100, for instance in the range of
from 10:0 to 1:100, and in particular about 1:0 to 1:10. The
precise ratio selected will be so as to ensure that the flow

rate required by the process is achieved.

30 In some cases, a preliminary continuous power plasma may be
struck for example for from 15 seconds to 10 minutes, for
example from 2-10 minutes within the chamber. This may act as
a surface pre-treatment step, ensuring that the monomer
attaches itself readily to the surface, so that as

35 polymerisation occurs, the coating “grows” on the surface. The

pre-treatment step may be conducted before monomer is



5 all ow pol ynmerisation to proceed, at |east when the nononer is

present. es, a glow discharge is suitably ig

appl yi ng gﬂ%?ghm$$QQUency vol tage, for exanple at 13.5Ekﬁ§lﬂ$ﬁwg&ﬁs
10 applied using el ectrodes, which nay be internal or external to the
chanmber, but in the case of |arger chanigers are generally internal

Sui tably the gas, vapour or gas mxture is supplied at a rate 15 of
at | east 1 siahdaiide€Uilte €@NichERbEE PRrtHE pubeedc®CeMomRdapriafeetabl y
in the range of from1 to 100sccm In the case of the nononer vapour,
this is suit3bly supplied at a rate of from 80-300ny/ i nute, for
exanpl e at about 20 120ny/ m nute dependi ng upon the nature of the
nmononer, thegqs] t:he ; C I oduct
during a ar%?%éﬁ§$$?J%_&ﬁ?fgﬁﬁ%ﬁgﬂgSkggﬁﬁﬁgﬁgéggﬁﬁggégéf%gg.&qt may
however , ge AbYY ApPYRFAFAE Y 6P PFRASSHr i3l lsesl ehgBethe MRARE ifi xed
total nonomeprdelnicyery that will vary with respect to the 25 defined
process tine and will also depend on the nature of 'the nononer and
the technical effect required. Gases or vapours nmay be delivered into
t he pl asnma chamigr casdsngaamowc dnyedngenas swthiod; iboftexagpignlvihey
may be drawn i BLect 0, ed. i n ion..Iln
particul ar, ﬁﬁggg'gkﬁfgggﬁ %ﬁgﬁggfd?gl%gﬁgggggéggﬂgﬁﬁggpogPésﬁﬁy be
drawn i ni® taeeldisdnpeingaslectuodabt wfich matibet iwrerinal tdre epkessir &o

W thin the chabehm&ausad by dhaecffe 3R EMRRYALLABPYMhe QEndNAY yMBY
be punped, sprayed, dripped, electrostatically ionised 35 or injeécted
into the chat®er™@s-is common in liquid handling. 17 Pol ymerisation
is suitably effected using vapours of conpounds for exanple of
formula (1), ich are maintained at pressyres of fromO0.1 to

400mt orr, sufta al%>}ya NS 868t “THOrhoth ggrs.m LJ”r‘ﬁ% hspﬁluP%g%@fdi 8Fa? 48
sui t abl ylbof pbdwer le&st rlogt&ndayds0@WdS opneiatpk eodr oim@G: t(ec500Whd
sui tably at ghout 100Wpeak DOV »r &Rk £d..2808 &Nt i nuous or pul sed
field. Wiere used, pulses are suitably applied in a sequence which
yields very | ow average powers, for exanple in a sequence in which
the ratio of 110Heheatd M @Re ‘mdnbiBr Gfa&ohﬁ, ithibhes sang19f shpemely 200
to 1:1500. Pgrg;culgr exanpl es of, suc sequence are seguences wher e

power te of from -300mg/minute, example at ab
20  120mg/minute depending upon the nature of the monomer, the size
of the chamber and the surface area of the product during a
particular run whilst the pulsed volitage is applied. It may
however, be more appropriate for industrial scale use to have a
fixed total monomer delivery that will vary with respect to the

25 defined process time and will also depend on the nature of the

monomer and the technical effect required.

Gases or vapours may be delivered into the plasma chamber using
any conventional method. For example, they may be drawn,

30  injected or pumped into the plasma region. In particular,
where a plasma chamber is used, gases or vapours may be drawn
into the chamber as a result of a reduction in the pressure
within the chamber, caused by use of an evacuating pump, or
they may be pumped, sprayed, dripped, electrostatically ionised

35 or injected into the chamber as is common in liquid handling.



is on for 20-50ps, for exanple about 30ps, and off for from 1000ps to
30000us, i ar about 20000ps. Typical average powers obta| ned
inthis wa‘g"g@’é}“%f%%w 15 The fields are suitably appl ?SB’GPF W%s6
seconds to 90 mnutes, preferably from5 to 60 nminutes, depending
upon the nature of the conpound of form#a (1) and the filtration
menbrane. 20 Suitably a plasma chanber used is of sufficient volune

to accommda@elmamsptgomebglaﬁ%lyAemet;é@ WaAahbYvadsut-a0d € BRPAIRIUS
and et hod f(%r produ? filtrati ng g@_@g anes in accordance with the
1

i nvention is 25 GEYRFF bTd PR G2 137] FB1RGHTERL 2o PTRATEIRS s
her eby i ncor pérftwdOby troef4eﬂletrm:e:., bui tpdilyi otlsdont vileen o usidig . hi gh

vol ume chanbers of this type, the plasna is created wwth a voltage as
a pulsed field, at an 30 average power of from 0.001 to 500Wn8B, for
exanpl e ab f TBfn aPPA6ESt T e100\WHER SHhtREY altopeat of riarm05 085 50@ for

0. 5WnB8. Thesgafrdictb@ng aeesmrtgma@&wa@%beplﬁotqolse.@l@@gm' ng
good quality unj[formcoatlns ers, for exanple in 3

chanber s whePEP1HE ﬁFa%rﬁ?nbeéo%aEraP‘aéﬁﬁn@eéF gr‘@%ﬂréru%%np?ab%ﬁwﬁ
for inst ancea@e Mtablmp@llsmdm assdquentd. vﬁﬁ&hlﬁ;rﬁidanderylaoﬁw tably

at about red in. this_way have chani cal
strengt h. Th av%ﬁ%e E?g‘g‘%'o? ¥ R ERETET 2w %/c?ueﬁ %% g 53H1% 05
accommpdadPe the Yaet peul &iméidif asion tlfrenbérrzmeomfltmt ths@Xf trehbirsates

bei ng treat e@armullagsé;?aﬁ%@ges gﬁn‘g{l@ﬂ l%qﬁggﬁb%rghgém%ﬁéegr%e?geqower

suitable for a wide ran of applications hecessary, ongat e
or rectangul éﬁ %gﬁﬁe?%qiﬁ)ﬁy bfé;vr example about 30ps, and off for from

1000ps to 30000ps, in particular about 20000us. Typical
average powers obtained in this way are 0.01W.

15
The fields are suitably applied from 30 seconds to 90 minutes,
preferably from 5 to 60 minutes, depending upon the nature of

the compound of formula (I) and the filtration membrane.

20 Suitably a plasma chamber used is of sufficient volume to

accommodate multiple membranes.

A particulaxly suitable apparatus and method for producing
filtration membranes in accordance with the invention is
25 described in W02005/089961, the content of which is hereby

incorporated by reference.

In particular, when using high volume chambers of this type,
the plasma is created with a voltage as a pulsed field, at an
30 average power of from 0.001 to 500W/m®, for example at From

0.001 to 100W/m® and suitably at from 0.005 to 0.5W/m>.

These conditions are particularly suitable for depositing good
quality uniform coatings, in large chambers, for example in
35 chambers where the plasma zone has a volume of greater than

500cm’®, for instance 0.lm® or more, such as from 0.5m-10m® and



constructed or indeed cylindrical, or of any other suitable 10shape.

The chanbe‘g,ommg)é%lf seal abl e container, to allow for 2&@9"?@%%

processes, or It may conprise inlets and outlets for t

menbranes, to allowit to be utilised in a 15 conti nuous process. as
an in-line system In particular in thel8 atter case, the pressure
conditions necessary for creating a plasma discharge within the
chanmber are malnaiyned abshngidii gheneol syerspEERtad a8 151 < AAY EHvieORSdd
for exanple %{ch%nq%i C vvintt a "whistling leak". However 1t will also
be possible to process 26"Ftttrati on nenbranes at at nospheric
pressure, or close to, negating the need for "whistling | eaks". A

further aspegts Qfimbh&idnRVERLIRN LIRS r I i1 tration
menbrane whi ch has beer?@t rggaét}%dc y a%ngfe o%eaggg%gggs%#iabseggabove. In
particul af, EREWEABFAi®ei BAGH calay itz opongminane eatbecichl of such

as pol yet hyl eagorahss Weding firudtlal aspechstdnke, | JMRLLOP RELQYSHdes a
nmet hod of filc ering a I'#Dgui d"ttafﬁi d_net hod conprising passi ng a sanpl e
of 30 Iiqui dPHFSEGH™Y £FITHEEPOR fREndr &HE Z8PiR Sl PRRUECREH0RS . BRH

after use, washiergsshey,f elomgtteonr nerbaanNe sirNchat@dst by @ Ot her
cl eani ng sol H&ﬁs@%ub&@%?pgﬁ@éeldoQ}fi%%&g%ﬁf'orl D¢ ya%tar ?‘Flﬁeurr tsﬂ@é agpect,

the invention provides the use o ol ymeri se uor ocarpon or
hydr ocar Ko glaRs-ng, deposited by a plasnma pol ynerisation process,
for making a filtration nenbrane 19 resistant to chem cal attack,

such as that_to \ﬁhi ch they are subjected during cleaning. Suitable
f I uor ocar bon*Bh AP OEAY bdh e 65R1HYE SPHBBEEI HdbPales f@8skatidbed
above. 5 Thepidneents orrnit |mayowoheripar thxdtsabhy esets bed bye way of

exanmple, WP fghei S GRnbaddls 26°ATRAN 19 LAYATNBY'G Gravinos In
15 continuous process as an in-line system. In particular in the
latter case, the pressure conditions necessary for creating a
plasma discharge within the chamber are maintained using high
volume pumps, as is conventional for example in a device with a
“whistling leak”. However it will also be possible to process
20 filtration membranes at atmospheric pressure, or close to,

negating the need for “whistling leaks”.

A further aspect of the invention comprises a reusable
filtration membrane which has been treated by a method as
25 Qescribed above. 1In particular, the membrane is of a synthetic

polymeric material, such as polyethylene.

In yet a further aspect, the invention provides a method of
filtering a liquid, said method comprising passing a sample of
30 liquid through a filtration membrane as described above, and
_ after use, washing the filtration membrane in a caustic or

other cleaning solution in preparation for reuse.

In yet a further aspect, the invention provides the use of a
35 polymerised Ffluorocarbon or hydrocarbon coating,'deposited by a

plasma polymerisation process, for making a filtration membrane



Figure 1 is a series of graphs showi ng the pores size 10 distribution

data for I tion menbrane sold as E-14P02E sanpl | ot t ed as
cumul at i vé{?@\%@?}g%dégz curves; wherein (a) shows the resurﬁim&?oas”““““

menbranes wi thout treatnent in accordance with the nethod of the
invention before (D) and after (iL) wasling in caustic soda; (b)
shows the results of nenbranes 15 treated in accordance with the
met hod of t heeshseinti oh dnehbca @Braand sathers ChAxwashiwAgch rthegusid C

soda; and (c ho the .resyl ts .of nmenbr fore and after (A
Creat mont UsPHE THE narHa BoTHEs: nvantrane ATohtERnad 1 Vs
test A seri ebydfoqmibr arvesings exrpr odusedbby asubpectibegd @bgmsl-yet hyl ene
filtration nenbrane, sold as E-14P02E, to a plasma procedure. Sanpl es
of E-14PO2E were placed into a plasma 25 chanber with a processing

vol une of 7- 3b® tuepbson il cipihberPikid cebindc fesrtided upp¥edsobf t he
requi red gasesa@fit,OfiMaApRHEESendé 8o atHBRSEchRWyCONIdiakk &fmarnd/ or

i quid mass fdl ow et er ‘ﬁ{}d a mxing injector or nononer reservoir as
appropri at e. “38" % RAMIEP was evacuated to between 3 and 10 mtorr
base pressure before allowi ng heliuminto the chanber at 20 sccm

L1 PSSR Eh 10 ILALLYR, LERRIPGOAREI IS B0IP Pl
2009/ 05689 2 PEis CRITGSPBERGAa4Lor the filtration membrane sold as E-14PO2E
samples, plotted as cumulative oversize curves; wherein (a)
shows the results of membranes without treatment in accordance
with the method of the invention before () and after {A)
washing in caustic soda; (b) shows the results of membranes
15 treated in accordance with the method of the invention before

{#} and after (A)washing in caustic scda; and (c¢) shows the

results of membranes before (e} and after (A} treatment using

the method of the invention; and

20 Example 1
Wash test

A series of membranes were produced by subjecting a
polyethylene filtration membrane, sold as E~14P02E, to a plasma
procedure. Samples of E-14P02E were placed into a plasma

25 chamber with a processing volume of ~ 300 litres. The chamber
was connected to supplies of the required gases and or vapours,
via a mass flow controller and/or liquid mass flow meter and a

mixing injector or monomer reservoir as appropriate.

30 The chamber was evacuated to between 3 and 10 mtorr base
pressure before allowing helium into the chamber at 20 scecm
until a pressure of 80 mtorr was reached. A continuous power
plasma was then struck for 4 minutes using RF at 13.56 MHz at
300 W.

35



20 After this period, 1H, 1H, 2H, 2H hept adecaf | uor odecyl acyl ate (CAS #

27905- 45- Ia 0O --""CF3 HH 5 was brought into_th
a rate of %Bgég |grams per mnute and the plasm sw F%WZ;&%?"@“%G“
pul sed plasma at 30 m croseconds on-tine and 20 mlliseconds off-tine

at a peak power of 100 Wfor 40 m nutes0 On conpletion of the 40

m nutes 10 the plasma power was turned off along with the processing
gases and vapHuers tahg gelreoghamber, By aadsded dbask Wevde dy0. 26856 (Chs
pressure. Th nted to atnospheric pressure and the
menbr ane sarr%lzce’;s%J Egg%vgﬁﬂgflgoq%hégpore size distribution of both a
treated and untreated nenbrane was neasured both before and after

i mersion in caustic soda (NaCH) gplution. Caustic soda (NaOH) was
used in the tests as it |s co nt of many cleanlng and
sanitising chemcals for ar~exafh,~Fl ocl ean MC11 is

used 20 for the renoval of uIa s orrposed of organics, silts, or
bi ol ogical materials from n‘énbran s and contains 1% NaOH, to renove
fats and ils, proteins, polysaccharides, and bacteria from nmenbranes
by hydrolysis and oXi datl on, a solution containing 0.5N NaCH i s
recomended Y& PRARTHE 10FP rdis FPRMRSTOAT 25 rakE M éEBf?l%ltlrléfP% per
Handbook, 2nglirediet &on th@Rﬁlaférness»)ltchxhetcpqr galzseczgldsﬁ fakbgg i on data

for untreate eat rrbran hown i n g re 1 and (Ib
respecti vel ylgl%%g%%%m%eggl o af‘lllsecﬁgdfmci gf%ed &re%rtﬁﬁ% the
pore sizes hesrerbegniUingr é@sei@ vongieder@blopmbyetiva dAGHe Thimsinuessl t s
from danpge {0 Eassr&zorp%wéz MGE G fhePBYs %agswi& the érﬂo%teséi}?& ggggs

sarrpl e is not chem cal resistant to However ,
si ze renai netfd IPHRIKP éaﬁs*flsﬁnchﬁrﬁbecrhéwqﬂ@éteédbwwﬁmetq ﬁél$%at| ng a

hi gh | evel o@:d&aﬁk—braaﬂest:mr dherabaresnteherd reabopripr gtaci,ed the
sanple from NaOH atta Thenggre si ze éil stribution was not changed
By U he NaOH TTHTGPe fcand Sarbes fEnbe

15 The pore size distribution of both a treated and untreated
membrane was measured hoth before and after immersion in
caustic soda (NaCH) solution. Caustic soda (NaOH) was used in
the tests as it is a component of many cleaning and sanitising
chemicals for membranes. For example, Floclean MC1l is used

20 for the removal of foulants composed of organics, silts, or
biological materials from membranes and contains 1% ¥aOH: to
remove fats and oils, proteins, polysaccharides, and bacteria
from membranes by hydrolysis and oxidation, a soclution
containing 0.5N NaOH is recommended (C. Munir, Ultrafiltration

25 and Microfiltration Handbook, 2™ edition, CRC Press).

The pores size distribution data for untreated and treated

membranes is shown in Figure 1{a) and (lb) respectively.

30 The results show that in the untreated membrane, the pore sizes
have been increased considerably by the NaOH. This results
from damage to the pore structure, and points to the fact that

the sample is not chemically resistant tc NaOH. However, the



5 Exanple 2 Effect on pore size of treatnent The pore size

di stribut iyggselhsdshe E- 14PO2E nenbrane sanpl es before f
treatment as described in Exanple 1 were also 10 rreasu?ggl.(;%ﬁ%ﬂg)g%sﬁ‘é“

size distribution was found to be narrow, which is advantageous for
filtration applications, where the 'besil nenbranes woul d have a
nonosi zed di stribution of pore sizes. Taking account of the errors in
t he measur enpnte tséchntapad pet Nerrgeappeassato ihetho Segbed ine@abPtane

di fference 15 i istributions of the two
menbr anes, i 553?%%}&?%8 4t %glgf?%%s?ﬁr éjferaﬁgdr?g %%Sgﬁs%g%?%‘d BYFHSFr edltTrent .-
22 dains 1. trexEehsdeiteched rithgi pdmyepbren Hag8 oftagkr euBmbbere size

filtration 5qmerlLaneodia6hnds c%HHJi;@cPtbtyt PhL B Grideshi g, said

met hod copprising exposing said filtrafion nmenbrane to a pl asna
conpri si ngpa hydr ocar bon or fluorocarbon nmononer so as to forma
pol ynmeric | agesmpde £he surface thereof. 10 2. A nethod according to

el m L vher g A Gy syt 1 gl o e 1 of 2 oyntet e
synt heti ¢ pofygmeore weteediatribntpoty etthyheme l4862E menbrane samples
before and after treatment as described in Example 1 were also
10  measured. The pore size distribution was found to be narrow;
which is advantageous for filtration applications, where the
‘best’ membranes would have a monosized distribution of pore
sizes. Taking account of the errors in the measurement
technique, there appears to be no significant difference
15 between the pore size distributions of the two membranes,

indicating that this remains unaffected by the treatment.



4. A method according to any one of the preceding clains wherein the
pl asma i s pul sed. 5. A nethod according to any one of the
preceding clainms 20 wherein the nononmer is a conpound of formula (1)
R3 (1) where RlL, R2 and R3 are independently selected from hydrogen,
25 al kyl, hal oal kyl or aryl optionally substituted by halo; and R4 is
a group X-R5 where R5 is an al kyl or halaalkyl group and X is a bond,
a group of fornmula -C(0)o(CH2)"Y- where nis an integer of from1l to
10 and Y is &B6WI or a sul phonani de group; or a group

-(0)pR6(0) q(CH2)t- where R6 is aryl optionally 30 substituted by
halo, pis Oor 1, gis Oor landt is O or an integer of from1l to
10, provided that where g is 1, t is other than 0. 23 6. A nethod
accordi ng toicl ah méshwhefe mathenicanpopmc @ﬁzé(ﬂﬂnalaedd$b1b5ffutration

conmpound ef F 2 L) mh i.s_as_d djn
claiml1, gr ggco I%h%hk%?q%%rﬁgﬁa.(lPlﬁa égcﬁﬁﬁffﬂ)o ?€§1 El}?%d(lll)
where n and FBmEﬁ#ﬁﬁﬁﬁlﬁ%ﬂpﬂlﬁgc$%ﬂdnf11Eﬁﬁﬁﬂ@ﬁam¢mbﬂ®wérGgenpléﬁmaﬂ

al kyl, or .c@ﬁﬁ%fgﬂngyg +hydrocarbon or fluorocarbon monomer so as to form

a polymeric layer on the surface thereof.

10 2. A method according to claim 1 wherein the reusable

filtration membrane is of a synthetic polymeric material.

3. A method according to claim 2 wherein the synthetic
polymeric material is polyethylene.

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

wherein the plasma is pulsed.

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

20 wherein the monomer is a compound of formula (I)

where R', R’ and R’ are independently selected from hydrogen,

25 alkyl, haloalkyl or aryl optionally substituted by halo; and R®
is a group X-R° where R° is an alkyl or haloalkyl group and X
is a bond; a group of formula ~C{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)gﬁ{o)q{CHﬁt— where R® is aryl optionally

30 substituted by halo, p is 0 or 1, g is 0 or 1 and t is 0 or an
integer of from 1 to 10, provided that where g is 1, t is other

than 0.



7. A nethod according to claim®6 wherein the conpound of 15fornul a
(1) is a conpound of formula (Il1l). 8. A nethod according to claim®6
wherein the conmpound of fornmula (Il11) is a conpound of formula (IV)
20 (CF2),F3 (IV) where lea is as defined in claim4, and x is an
integer of froml1l to 9. 25 9. A net hod aﬁgordi ng to claim8 wherein

t he conmpound of formula (1V) is

1H, 1H, 2H, 2H hept adecaf | yorodecyl acryl ate. 10. A pethod according to
any one of tEé przécr%edﬁhﬁé i 1 nV\h%?@ﬁﬁWh%wﬁ“leF‘FJrréttithc?f%’r?blPQn% is

pl aced in a pbasute 30) depesrcbmwrunchafbBrnmuaagtow di scharge is ignited
wi thin said chanber, and a voltage applied as a pulsed field. 24

11. A nethod according to claim 10 wherein applied voltage is at a
power of from40 to 500W 12. PHaBHh®d accor dildy to any one of
clains 10s0r claim1l1l

where R’ is as defined in claim 1, or a compound of formula

(ITT)

CH,=CR’®C (0) O (CH,) oR® (III)
10
where n and R’ as defined in claim 1 and R™ is hydrogen, C;.iq

alkyl, or Ciichaloalkyl.

7. A method accoxding to claim 6 wherein the compound of

15 formula (I) is a compound of formula (III).

8. A method according to claim 6 wherein the compound of

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

0O
H CF
Fgﬁo/\/‘ P or, ™)
20 H R

7 . . . . . .
where R'® is as defined in claim 4, and x is an integer of from

1 to 9.

25 9. A method according to claim 8 wherein the compound of

formula (IV) is 1H, 1K, 2H, 2H-heptadecafluorodecylacryliate.

10. A method according to any one of the preceding claims
wherein the filtration membrane is placed in a plasma
30 deposition chamber, a glow discharge is ignited within s=aid

chamber, and a voltage applied as a pulsed field.



5 wherein the voltage is pulsed in a sequence in which the ratio of
the time on : tinme off is in the range of from1:500 to 1:1500.

13. A nethod according to any one of clains 8 to 12, wherein 10 in a
prelimnary step, a continuous power plasma is applied to the
filtration nmenbrane. 14. A nethod accorgi ng to claim13 wherein the
prelimnary step is conducted in the pr@ ence of an inert gas. 15

15. A reusable filtratiaon nenbrane which is subject to_caustic

washi ng whi cijf%has ApBRHYT BET TS IBY &P rﬁgiaﬁﬁdl%d@ﬁi‘lf?}gap%l%%wo&ﬁég%fls

t he precedi ngtchapaver 20 thom Aoreusabke filtrati on nmenbrane accordi ng
to claim15 which is of a synthetic polyneric material. 17. A
reusable filtration nmenbrane according to claim 16 which is of

pol yet hyl ene. 1225 Algethidnetérmydliiot €9 |laner png < kilgimngd,10passilrgmall
sanpl e of 51 i quideL:NrRUOR, A RECOL ddﬂge& 12 096ere %%ﬁ%gl&é Q2§
filtration menbrane in a caustic 30 for reuse. said conpri Sing
filtrati on mOAbFahER?, omnd tare etffude, inadisi Aangloft fomm iln500 to
preparation 1:18900.The use of a polynerised fluorocarbon or

hydr ocar bon coating, deposited by a plasna pol ynerisation process,
for making a filtration nenbrane resistant to chem cal attack, 35
wherei n the dRem gatedicbackcocBuystdwnyngnelfaniAgns 8250 12, wherein

10 in a preliminary step, a continuous power plasma is applied to

the filtration membrane.

14. A method according to claim 13 wherein the preliminary

step is conducted in the presence of an inert gas.

15
15. A reusable filtration membrane which is subject to
caustic washing which has been treated by a method according to
any one of the preceding claims.

20 16. A reusable filtration membrane according to claim 15
which is of a synthetic polymeric material.
17. A reusable filtration membrane according to claim 16
which is of polvethylene.

25

18. A method of filtering a liguid, said method comprising
passing a sample of liquid through a filtration membrane
according to any one of claims 15 to 17, and after use, washing
the filtration membrane in a caustic solution in preparation

30 for reuse.

19. The use of a polymerised fluorocarbon or hydrocarbon
coating, deposited by a plasma polymerisation process, for
making a filtration membrane resistant to chemical attack,

35 wherein the chemical attack occurs during c¢leaning.



20. The use according to claim19 wherein the filtration nenbrane is
of a synthetic polyneric material. 21. The use according to
claim 20 wherein the synthetic 5 polyneric material is polyethylene.

25
20. The use according to claim 19 wherein the filtration

membrane is of a synthetic polymeric material.

21. The use according to c¢laim 20 wherein the synthetic

5 polymeric material is polyethylene.



