Filtration Media The present invention relates to fibrous filtration
media, in particular nonwoven or woven filtration nmedia which are in
5 particular reusable or intended for prolonged use or use in
particul arVe@RPRU#E%Ances such as in electrostatic filt Bt eBrEI0%ERE) |
as nmethods for treating these so as to enhance their properties in
particular in ternms of their filtration efficiency and anti-caking
properties. 10 Filtration of solids fromliquids or gases is wdely
used in many fields including thkelbiasehenses | ndustrial processing,
| aboratory testing, food & beverage, electronics and water treatnent.
A wide variety of materials may be used to carry 15 out such
processes (Thel picisegtponouginentslates os Gbltens tfijesavfonmedidda, in

Merbrane fLLLEIS, ALC BAUMMS, OF JIELOROIAUS: bl MByusads Lo Lar Ly out
these types of operation. Menbrane filters are produced by 20 vari ous
met hods? i ReFbHFHGrcastiaRyener hodsendae hfas psplonasastbaglr disp £asti ng

and doct or phl-afe,1Gasti AimsHOWBYErsu At DETirt ¥Res: RfscaRt &r#:ak rapghd n
particular fibrous materials are used in sonme situations, in
particul ar 25f 871t R P MUIPovar Gieard athl &° dist-opartantes tiom
air. Al rboprepétiSiespaf tpdta@snl an ipakerddllcdr thédDSeilbaitime i nsol ubl e
i n body flukgs Presentda quorkhealth hq;ard and can give rise to or
exacer bat e ST 88pi Fatof §° di'seaSd ™ Fth&y“are ‘theref ore frequently renoved
in for 1éxanple, air conditioning systens and in 30 particular in

respirators;used [far ok r&atiyag: paj ifﬁa&§dé’“ofrh LESPI;Isal 05 A SEaS
Fibrous filtration nedia may be of a conventi onal woven ‘nateria ,

where the PorE Sicddsdepeidsngpdie thesengeisy el BB sair i ah EEAES B9t he

warp and watbopftdReLautely, akoodlQVBYRE radd) BBEYLGASES NRNVWAVER
materials are used. These ma 2 constructed b¥?prOV|d|ng%Iayers

; be
or sheets BFQ?HFeé’tti've‘i\yw%dﬁnH%HVYaPFaWLF?BrW oSk dMpFarusi ng a
conventib onaltcaudh pgops oadiuneludiokl pyeth sbyehiappidag oans: Hec bapd € alt
bondi ng using?barbed needl es or points of a desired size. The action

5 of the néedles passi ng through the massed fibres has the effect of

bi ndi ng them together and, at the sane tine, creating a pore

structure gf.a-pledet e ned siZ8 dbstEiMLEes.d Fithe (N k6 carry

out these types of operation. Membrane filters are produced by
20 various methods, including casting methods such as spin

casting, dip casting and doctor blade casting.

However, other types of material and in particular fibrous
materials are used in some situations, in particular, for the

25 removal of for example dust particles from air. Airborne dust
particles, in particular those that are insoluble in body
fluids present a major health hazard and can give rise to or
exacerbate respiratory disease., They are therefore freguently
removed in for example, air conditioning systems and in

30 particular in respirators used for treating patients with

respiratory disease.

Fibrous filtration media may be of a conventional woven
material, where the pore size depends upon the relative
35 arrangement of the warp and weft of the material. However, in

many cases nonwoven materials are used. These may be



These nedia are generally of a polyneric material and in 10
particular a robust polyneric material such as
pol ytetraf| uorcet hyl ene (PTFE), pol yethylene terephthal ate
pol ypropyl@ﬁé""g@é?%%ll ose di acetate, mpdacrylic and acry‘i'qjifcws‘"fsﬂ%&?
may al so conprise natural fibres such as wool, cotton or silk, or
resins. They are robust and reliable fgltration nmedia 15 with a w de
variety of applications. However, they require cleaning at regular
idnt erval s tnedswdd bgtpﬁdaﬁ)ald@ r@terﬁesﬂrmle@t@g%&embtmﬁyst |
eaning may he carried o S|ng echni ques such as air asting an
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conventi ona asti ng process. erto, the pro
addr esséd I8 &bplyaasderi RRASdrehEMeWh treaaeend stinresi papdnei effeat

fluorocarboi shedm faknbheaiqmnts Haveabeen appkiethe, HoWEMEhg ENSore
results achievable are limted. 30 In addition, sone of these fi brous

medi a have SFarEFett & apﬁb’ﬁd@ét&‘r’r&weidn SiRe HisEFAPBEios &Rt PR EaPFEC-
filtration. The use of electrostatic filtration nedia is commonpl ace

in particulate resnpirators trets veasem er Nt electric
field (j ustT%as nadﬁetsr%a%eeneé:agf rﬁifﬁlen méaﬁé i e g;a hd® he 35

el ect r d9t atriagt thavage aonobure: @béytemic fnamle-allrrpu@vw t he f| ltration
efficiency 4 %&@EeéwlueLoMﬁgxe TRShHan! C}?Alyfelt.lng(fér?e teSeptddiL] onal

advantage is the electrostatic nedia's ore size corrpared to
mechani cal POLVPEIPHEREa SFLISLATPE Fios8FbR nﬁ‘ﬁéécrﬁﬂct PRE | T YdéviEs

t hat errﬁl oyhekesdy qls.tsat t&ngfﬁ%bﬁﬁaﬂﬁ@lafglﬁmast Q@?I@fa%r Qo@ﬁ r&@%?h:c &Pt er
in wel ght and. nore act than equivalents ron1nec ani ca 1lter
medi a. The Sflgﬁr es 6§éanfn ﬁlﬁg Lonstructi g Gt HESe H FIETS iR e

abl e td5holwdta sharaggevébaeognert spdidehatiged), and certain pol yners
such as pol ypropyl ene, cellul ose diacetate, 10 pol y(ethyl ene
terepht hal ate), nylon, polyvinyl chloride, nodacrylic and acrylic as
wel | as cottogavesi Itheyr remdire( ahtatingayt besuhborimatredl ortcoeheryd se

treated forpgxapple den&P%e'cBHeV\éltJ&gQW Pbn ERY. be cﬁ%hﬁﬂl&}[ Ghy ﬂé I'n
particul ar, m xtures of g05| ti'vely charged and ati ve

charged fi l?raé§1?%r%tau§b‘% t@& P5AYSSr Saﬁh é}seétlFo%ltaa?ttllegf?rlq éF‘eE%Jd??pl es
of sui abl eicwie¥é i %spawledre&ag;l beikeby £ St Absads ordeskdal fof

El ectrostatic the .content of which is
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el ectr ost atancefidrnethpediteycane beotr gdutedbygaekposemnevéd delhaias

aerosol s t%oﬁvéﬂl&r gagfl[ b@é%@%g tﬂ}%geggchani cal filters. This
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potentlal uction in

25 Hitherto, the problem has been addressed by applying liquid
chemical treatments and in particular fluorocarbon chemical
treatments have been applied. However, the results achievable

are limited.

30 In addition, some of these fibrous media have particular
application in the field of electrostatic filtration. The use
of electrostatic filtration media is commonplace in particulate
respirators. Electrets have a semi-permanent electric field
{(just as magnets have a permanent magnetic field) and the

35 electrostatic charge on the electret fibre improves the

filtration efficiency over that of purely mechanical filters.



25 efficiency is a problem in particular in cases where nai ntenance
of performance is critical, such as in respirators and the like. A
nunber of nmechani sns have been proposed to explain this 30
phenonenonYORW¥/1#Hét ance, it is thought that neutrali sdBRGTERBHYPYPBHEE
charge on the fibre by opposite charges of the captured aerosol
particles may be a factor. Alternativety, a |layer of captured
particles may be shielding the charged fibres. In the case of liquid
aerosol s, thek@ditS oRaPossiddichyd yid hak &0HtGo3baciNELEl4AQN 10€64ISore
through the.liquid filmon the fi re. resul%ing:én.digcharge of the
electret. FiABITYPAREr S "ECRFYT2 4T A Fod&PBF 19 v PHhE: dependi ng
upon the natufermgncehe Filiretawd delécaeridsel emplhey atecsalstaddefi es
the electret fibre d.ts C ] I ' . di ion. 5
Pllasma. depadt (T on aena ice avs Been auiterary Tadle 38 e
deposi t Pon cefPel yiveRi eTwival EREs fonmorechaangel ofilggrfaedisi- and in
particular onto fabric surfaces. This technique is recognised as
being a clean, dry techni que_that %enerates little waste conpared to
convent i ondPewEtP S Te P el e PRoTRESTEBC GG Tt RS emdt hbRES ﬁluggrf% are
gener at ed fab0&n 5 g@nibca nlaeedl 65sconBi thilicRasydyectad ¢rtaAn
electrical field. VWien this.is doqe in tﬁﬁ presence f_ a substrate,
the radi caP$ 8t the"EonPodRa T T he™Br asira "poTy TErLEEsH t he
substradfe. rEdnVertilenal tgaiphnerlahent heglien,t eatgviny lpebthuddest r uct ur es
15 contai nix3g,£ apaat aH@'at&yﬁQ?tasb%ﬁl 8, $1dQ00n I ESERDLANGR 1t Gyt
nmononer species,” whereas a polynmer network generated using a plasma
can be ext FéHery CORPIRUCCATRE PFFELEE dsrasft e hEe egarpehiovceedting can
depend uporithenhdinyr ga ot Reisihsyrate as well as the nature of the
mononer used and conditions under 20 which it is deposited. Treatnent
of filtration nenbranes using a plasma pol ynerisation process to

pr eventl5t henr ppenitduoar pfnixeagents ebch heosStifare dhargescamidbed in
VWZOO?/OBl%%Z%EiE:e ggqp&gp%§ ig %@@% ga%%dZEaQom%vgragre general ly
of cheap matef i al s ‘such Aas ce? Ul 6Se of i trocell afose and these are
for singl ecdsetzardather&fldee . corfsicdel et 4fo sbétallgboiatwres are
consumabl egjesc - IULKE! smidhe <8f { £C! %oginélﬁgg BOedBdisfar A bR,

particular the electrostatic filtration
{1988y 81-98, the content of which is incorporated herein by

20 reference.

However, the efficiency of electrostatic filter media can be
reduced by exposure to certain aercosols to a far greater extent
than mechanical filters. This potential reduction in filter

25 efficiency is a problem, in particular in cases where
maintenance of performance is critical, such as in respirators

and the like.

A number of mechanisms have been proposed to explain this

30 phenomenon. For instance, it is thought that neutralisation of
the charge on the fibre by opposite charges of the captured
aerosol particles may be a factor. Alternatively, a layer of
captured particles may be shielding the charged fibres. In the
case of liquid aerosols, there is a possibility that ionic

35 conduction occurs through the liquid film on the fibre,

resulting in discharge of the electret. Finally, there is also



Therefore the effect of such reliability of such nedia is treatnent
on fibrous filtration types of fibrous nedia used in not been
reported previou . treatnent on the performance and not under st ood.
5 The appl‘iveéﬂoc”é“ﬁé%/e found that by treating fibrous filGYERIOEHHLEI a
usi ng such a process the performance of the nedia may be enhanced
significantly. 5 According to the presént invention there is provided
a fibrous filtration nedia whose surface has been nodified by

exposur e LQ fopdasma +depos, theﬁermla@eﬁﬁoﬁQﬁaSniﬂ;ﬁéeaesme &la% YATRI | C
coating t eon._ 10.Tr atnent as. been nd e, ho
Nt { cantre TET0N Ehe EPPoRarRaABiTT 15 oF Tie Sredl e FPEr ity be
due to thetbachemﬁmw.téﬁpqm@hyqenhasebatmng | ayer deposited thereon is
only nol ecul es thick. However, depending upon the nature of the

mat eri al deposited, the propertles of fibrous filtration 15 nedi a,

for exafpl é’lﬁﬁm%ec}ﬁ?@setl%éeahﬂm@akhﬁvge peepenieites waflebhasgddfer In

the case oftpel @@éc{sﬁ%ﬁaﬁl&f fobh bmaticonogetia, ohb& aO%BQé f@fn%ﬁrﬁéces,
denonstrat ed b{vfé he aerosol test, may be enhanced grg? icantly. 20

Fur t her mor &4 ﬁ@ﬁF&ﬁ%&?ﬁ:°868tf%ﬁflﬁa?%ﬁﬁ%%esbeégﬁék BAifatfy bound
to the surfraceg@nctdsastieimg ar eldm, Iaa@hﬁhhﬁSquéIﬁﬁaﬁD@&ﬁdﬁaabson
becones pant . t he ref rmed_and

subject to an9%%6F§6F|C?Q§?E§Q Fa conv%%ﬁ%%ﬂaﬁlgn prgﬁ%ggflmetkgﬁe fibres
used t dOf otiminhethiedinatimsy béasmasaped daforeet hprapegddoned into a
medi a usi ng.goRYRN! | QRaty MREhods;.cThe i ghl ¥1penstiat fng nagyLe of
the plasna tr eat ment means that the formof the material treated is
not criticaPisak® i%rgi 11 PenBreEcdebp? iMPE pfi%es tBF Taiti6230 dfassed
flh brfesb Whene &ds}@;d‘uhbrﬁs tafeeppéﬁfw@ﬁnywﬁl%d @ié |L§He tapthetassenbl y of
the fabric, e with untreated fibres in various

b oport1 on SNBSS co G 6 81 BHIPost dIA R T TG SERAL i s
achi evéd i mohhaimiegukepertt fuabt$ cthatbbdde spekysmy iresenaldmg MaYthe
conprise a [ 0 r oatin [ vents l'iquid
i ngress vmﬂlgxg%&lp@ggcgeg 3%1 g%asa;%r g%égylgé;gglg% OICk %‘ﬁan{a%&@eae ra.>Tthis is
particular@&aayeﬂwm b@rewwﬁmﬁhg<ampﬂﬁcatﬂ@ﬁsprﬂﬁﬂfexaﬁﬂiéhas used in

medi cal , r%gﬁﬂarr&nbea@% %HBO&@én\ﬁeuﬁcprmﬂh%aE&% ol Of n £XRBRLE £afO
sensors, headl anps, hearing aids, nobile phones, transducers,

| abor at or y 28qtf Prést the atusai &f ttlhéaP%‘HD“Ieﬁ 488 radgn 60 R NP hgnder

i nvent 20n maycheituseddéposti@ehi quid and gas filters, in glass fibre
filtration media and also in nmedical and heal t hcare appl i cations,
such as in filters used in haenodi al ysis, wound dressings and

surgi cal sroketdddt efsfildraitsopardubecahay [npsisgi 4 glilaemé grolgmeet saosifcat i ¢

filter medigy used.f g AXAMRLE [l bS, 1OXal Of. 8k Dor g, dust 115

particles. “Ther et ore: air can continue to pass roug hem
particles &lﬁéclf*be@a#fll ERAG /88531 Par t Thed é@mWfMeSbééoh@att capped in the

medi a. 25 however are generally of cheap materials such as cellulose or
nitrocellulose and these are for single use and therefore

considered to be ‘laboratory consumables’,

However, the effects of such treatment on fibrous filtration
30 media, and in particular the types of fibrous media used in

electrostatic filtration has not been reported previously.

Therefore the effect of such treatment on the performance and

reliability of such media is not understood.



The sel ection of the nonomer and conditions of the process (for 20
exanpl e pul se cycle, pressure and power) are selected so that the
presence Qf a free radical initiator is not required to initiate

pol yneri sa¥P MW 14ME* conditi ons used | ead to ' hard i oni S&I/GFRUI0YIF0596
which there is at |east sone fragnentation of the nononmer in the

pl asma process. This fragnentation creaites 25 the active species for
pol yneri sation. Furthernore, the nononer and process conditions are
sel ect ed santhatpitikent$ baeus réudd rakt oy nedbainy Mbbses mdothdtion
exper i encemgg}_/a Cuhsq.?l eS'LtIC t he.ircl;cesusr ftgce ehr og:rrr]lggcse fo%l L}(‘?g\limne it hrt?a)plbgsma
30 deposition process " Radi £Fonaly, Tt he mononer: and pr ocess

condi ti ons eahensuclkighafidamelpore sizes of the fibrous filtration
medi a remai n t he unchanged foll owi ng the plasnma deposition process.
35 Any nononer that undergoes plasma pol ynerisation or nodification
of the SurP&ERTHEY 6P ntlie PAFEEBT & NFBT ST ithery ioREPHHdayefilyous
surface nodkfi£atiicanméiid h@osardacecofndhectilidattk on wge@&ﬁome to
sui tably be Ufed. Exangljf es of such nononers i ncl.ude those known in
the art topB EHFabfROBIEITFoBIGITS A9 dtDPRoBFRCTd FrBri¥eEd4t i ngs on
substr at es chyt inpltasrecpol yneri sati on i ncludi ng, for exanple,

car bonaceous conpounds havi ng reactive functional groups,
particularly substantially -CF3 dom nated perfluoro conpounds (see WO
97/ 38808) , Tperfrandr inatlud akkeres dbevantpuet hb  haveham Matrefi¢9es,

2212-2214) o shydr ogenngontabainginsal Waked cOMROUNds; Q9P apal Iy
cont ai ni ng hal ogen atons or perhal ogenated organi c conpounds of at

| east 10 c&PbBEF He6hstiae MNP IY 5813 7902 4 Pgatf ¥ c BRPOLTEE ElfTOMsi ng
two doubl eibossls; (AD-O9LA662}) . SR ETSE, edepEGRHLC upoRPHENdSt @y iog an

optional ly substituted, al ky chain of at | east car bon ons_ .

obt i onal |y EPRCIEG8E AG W EF a TSt BFORGRECVES GOPSB00 . CopiThal | y
subst i it ededikyrfes éXND0E/ 201830)ms pbdHl et het i stisinipt ptacrai&kenes (US
6, 482, 5313 cro S t al ni te. et e tom, (US
T A e A O e s LA
r ef er ence. PRI ERCEI %Moy P oiRFedf Proenmeesowhi dhshayndyebased to

produce the nedicn Qfighive RAnesent invention include conpounds of
formula (1) 25
20 Furthermore, the polymeric coating material becomes molecularly
bound t¢ the surface and so there are no leachables; the

modificaticen becomes part of the media.

The media may be preformed and then subject to an appropriate

25 plasma deposition process, or the fibres used to form the media
may be treated before they are formed into a media using
conventional metheds. The highly penetrating nature of the
plasma treatment means that the form of the material treated is
not critical, as it will penetrate deep into pores or into

30 massed fibres. Where the fibres are plasma treated prior to the
assenbly of the fabric, they may be blended with untreated
fibres in various proportions to control the level of
electrostatic charging that is achieved in the resultant

fabric.

35



where R1, R2 and R5 are independently sel ected from hydrogen, hal o,
al kyl, hal oal kyl or aryl optionally substituted by halo; and R6 is a
group -X-R5 where R5 is an al kyl or hal oal kyl group and X is a bond;
a group of WPAPR{IF422C(0)0-, a group of 30formula - C(0) REBFIPNS0S96
where n is an integer of from1l1l to 10 and Y is a sul phonam de group;
or a group -(0)pR6(0)q(Cl42)twhere R6 6s aryl optionally substituted
by halo, pis Oor 1, gis Oor 1 andt is 0 or an integer of froml
to 10, prowvhdesol yMr200894al4 6422 T %B2009/ 090606 ki Batoahiage & is 1,
t is other n gan Od'b.f or at.suffi Ci en% Rgri% .%f time t.g ?l I]%w a

pol ymeri ¢ PAGEPPIDIFor B % RES LTt Pacs T As 1H885° T REF&Fh T HEVERT H2S
"hal 0" or 'olmabkbyew' presetlsraughbtid wediae, Tohkois rerthroimrig asaful

| odine. Pardlepl Al Bhel £k DAl OLOURS ALE {ddiPLg. nddiRaber m

“aryl" refers to ar Ic cyclic groups such as phenyl or naphthyl,
i n partfculcdrcphery andtosekivaldppilicetdioass for seaaphtfosr branched

chains of GahbersathelBiamd,t abkyiQf alBs | o216 asHeR sat O st engt h.
The 10 term "al kenyl" refers to straight or branched unsaturat ed

chai ns sui t'/3BPYAHHVI AP TR EME2°ED 20 carbon atonms. "Hal oal kyl " refers
to al kyl chains as defined above which include at | east one halo
substi tuen 15Sui t abl.e. hal oal kyl groups .forR2, 3 .

R and Ro MPaEIsroarky asraant o THE R e e g e 48Pt or
branchél addanky andckedefdyelrse imigdepestibEer IRB; ratthen atddile ehdi ns

suitably coiREi 58 redQbaly HaLPAN24 MBar S44d ARLYN fLOMN22 20 o s
carbon atons and preferably from4 to 12 carbon atons. For R, R2 and

R3, al kyl @&B&Fns" dPEmgeireivaliPy PWETefretifgshane Furgafal t¥ebecar bon
atohrrsl. ZFKEFQE@fabI thiSsi;%plaiBTaimlykyhﬂ;aaﬂ@ mflallf( Qell@’chr:@é@Mfi)éf @iltelr
per hal oa roup, particularly_a perfluoro .group o ornmul a
OnF2. 1 whelEhRt SIS FRE GGRFEBE S0P e pTEovaNi TRBH Y PPF OS50, and
pref er dbl y phromYesl2 Theodfcas, dyhBlaar aBr SO Suhtableetal kyds ghooypsh f or
RS, R2 and tﬁgmb%/a%tfilé?& ]Emtdoig Igg‘gtl?L%Glg‘nt_‘ Ocm%t pgrticles will become

trapped in the media.

The selection of the monomer and conditions of the process (for
20 example pulse cycle, pressure and power) are selected so that
the presence of a free radical initiator is not required to
initiate polymerisation. The conditions used lead to ‘hard
ionisation’ in which there is at least some fragmentation of
the monomer in the plasma process. This fragmentation creates

25 the active species for polymerisation.

Furthermore, the monomer and process conditions are selected so
that the fibrous filtratiocon media or fibres do not experience
any change to their surface hardness following the plasma

30 deposition process. Additionaly, the monomer and process
conditions are such that the pore sizes of the fibrous
filtration media remain the unchanged following the plasma

deposition process.

35 Any monomer that undergoes plasma polymerisation or

modification of the surface to form a suitable polymeric



further enbodi ment however R3 is an al kyl group such as nethyl or
propyl. Were X is a group -C(0)0(CH2)fl Y-, n is an integer which 5
provi des a suitable spacer group. In particular, nis from1l to 5,

pr ef er abl yVAB814%#22 syi t abl e sul phonani de groups for Y RGBS
of formula - N(R7)502- where R7 is hydrogen or al kyl such as
C2_4al kyl, in 10 particular nmethyl or #thyl. In one enbodi nent, the
conpound of fornmula (1) is a conpound of formula (I1) 15CH2=CH R5(11)
wher e Rg is:foasud@fja@ed @ab()s\tﬁfiaﬁe rmeldateh eft to Barmﬂ aufkice off théln 0
conpounds e |n 20 rmul a (I
is a bond. e \f?v’éé\l/telron mg ‘2 é%'eﬁ ﬂaatbq%bgﬁluﬁs %’E’a 2% gf fornul a
(1) is an aconyhat=we :Loi:lﬁ@ﬂf ripoae (kidwn ZSORE@R‘iafb () CQP@J:]Ie io2)

NR5(111) f Vv royla (1)
and Rre. i 5 podrosmn VR gtrle ORRRS Gl Es) B pL i Beular Rrd
is hydr éger@1@ﬁmwolaaﬁkwat§96hlra%lqﬁﬂéﬂay|forAepaWJi%ur:arb@mﬁP@ 30 of

a conpound Rfpbdihav{hd Ineakside %ﬁ@@&'&?’alot;rg@ﬁémlpér£iéﬂlar19 wher e
le is as defined abgove, and in particular is hydrogen and x is an

i nteger of SPPSHMCESLY, ({‘Fdrd?r?fé’taéﬁéepefrrf&l’ff’ﬁot‘i?“@ou f pref&laply 7.
In that case/38ém) COﬁBﬁﬂl‘ld)r@ﬁaf:ér[ rAlkanéd Wah§ et al., Chem Mater

1H, 1H, 2H, 2k, hept.adec or odec | acyl a 5 Accordin a _particular
enbodi nent , 9?% ?%1 y%t%!rdlﬁ)c C § %{ egn |C§n%'alm F Brﬁsaetxuﬁgg?%lg YWB hhe
filtratiPon omvemraaltlo’ pbasrtaiconprliengaodies or perlelopgaaic] rogamer i c

conpounds, RhobSREL @NEt Ui £/ LQABRT SEst WO-L AfPQR7 S@rgn doubl e
bonds for a suff|C| ent 10 period of tinme to allow a I neric | ayer

to form on SFRBNLEY PHRRUNDS, COHBT {5 e LR RIRAE RS %/ﬁéﬁ%he
doubl e bongzeerPIdES 8sgan LOPaptthf hhoimla 6Mio1n'ény substituted

alky chain of at least 5 carbon atoms optionally interposed

15 with a heteroatom (WO 00/05000), optionally substituted alkynes
(WO 00/20130}, polyether substituted alkenes (US 6,482,531B)
and macrocycles containing at least one heterocatom (US
6,329,024B), the contents of all of which are herein

incorporated by reference.

20
A particular group of monomers which may be used to produce the
media of the present invention include compounds of formula (I)
R1 R3
>=< (1)
R R*
25

where R!, R? and R® are independently selected from hydrogen,
halo, alkyl, halcalkyl or aryl opticnally substituted by halo;
and R* is a group -X-R’ where R®> is an alkyl or haloalkyl group
and X is a bond; a group of formula -C(0)0-, a group of

30 formula -C(O)O(CHz}),Y - where n is an integer of from 1 to 10
and ¥ is a sulphonamide group; or a group —(O)ﬁf(O)q(CHﬁt—
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 310, provided



R3\i/R10 R11R12 \R13(V) where le, le, le, RI, Rl2, and 1212 are al
i ndependently sel ected from hydrogen, halo, alkyl, haloal kyl or aryl

20 optionally substituted by halo; and Z is a bridgi ng group.
Exanmpl es otV OSM14HW2% bri dgi ng groups Z for use in the é%ﬁﬁ@%ﬂ&mgpﬁm

formula (V) are those known in the polyner art. In particular they
i ncl ude optionally substituted al kyl ggoups 25 which nay be
i nterposed with oxygen atons. Suitable optional substituents for

bri ?lgi ng gll’tChEFSWIZeﬂdl@ uger per mal&@le!fyﬂllg{ ?’4p$or;an s@@Ei&:Er‘réBHtg_beriod ]
per f [ uor oal kyl . gr qups I n articul ar referred enbadi nent, the
P gt o iy b8 38R0y, s o fulO TrEl b RS S SheC R gk R ans. |

particular, the bridging group of fornula Zis a group of sub-formula

(Vi) 11 -8 i.n re.Qf, _f.r om. s ' from1l to
3, each Ruﬂgn g%%ﬁ??E?nﬁgg%h§§%?I§%§8Ié%?g%agggé?hf%?%ééﬁ%yhalo,
al kyl of hdllsarksd. cblsuinsabbyomBie R8I RrfinRaj , PRIZ cudmel yReraferred

hal oal kyl sugh &Soddsugroadikile. Orrraydepgenyhn paddiisCld alrohbBeyc are
al I hydrogen. Sui tabl 'y the conpound formula (V) contajns at

. 0 ]
| east one FUCKAF GHIRYP FHIUFS Pret¥er 8bI PRLEHEN hat b BRKYH CYrguphenyl -
Par ti cul ar TexanptresaakyromeadndstOfstiaidid ar( Mrandhebludeirieor

fol | ow ng: wherein Ru and.Rm are as fined abhove and at |ea one
of R o CRECFEIDTHENS e AT ctor RS A (Fearh SRanet & BF Ruon s
conmpoun i setrhe"cidmpolfidreferbotomdtaaBght or branched unsaturated

chains suitably having from 2 to 20 carbon atoms. “Haloalkyl”
refers to alkyl chains as defined above which include at least

one halo substituent,.

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

include cyclic moieties.

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

12 carbon atoms.

For R', R® and R’, alkyl chains are generally preferred to have

from 1 to 6 carbon atoms.

25
Preferably R® is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perfluoroalkyl group of
formula CiFom1 where m is an integer of 1 or more, suitably
from 1-20, and preferably from £4-12 such as 4, 6 or 8.

30

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

35 a particular embodiment R!, R?, R?® are all hydrogen. 1In yet a



20 /712 C8Fn In a further enbodinent, the polyneric coating is
formed by exposing the filtration nedia to plasma conprising a
nononeri c 25 saturated organi c conpound, said conpound conprising an
optional | YWOUBYHH¥t ed al kyl chain of at |east 5 car bonP@eRIV/AES6
2009/ 147422PCT/ GB2009/ 050596 12 optionally interposed with a
heteroatom for a sufficient period of 9inme to allow a polyneric |ayer
to formon the surface. The term "saturated" as used herein nmeans
that the numemRsr de@sabmndtat neQated ®° MM tinphekPOREASUH I s1>h douil@yor
triple bondi) betwpen two carbon atons which are not part of an
aromatic rlng e ‘term "het er oat om' i ncl udes oxygen, sul phur,
silicon or nitrogen atons Where the al kyl chain is interposed by a

ni trogen agﬂg}e% 1V¥ Fgupsulé%’é(.gﬂepny 185151% f%{gﬁ%rsggﬂgjdary 10 or

tertiary am ne. silicons Wil e subst) |
appr opr Pat é’lr§?V1¢%? aeﬁah*ﬁﬁ@ev\nSPﬁCQWraPRoxﬁ“gP@H‘iﬂsculaParfE iiGuifaeh yt

sui tabl e MROBPrhLedREP Hp¥ht)2 M R16 organi ¢ conmpounds are those of
R17

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

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

formula (ITI)
15 CH;=CH-R® (I1I)
where R® is as defined above in relation to formula (I).

In compounds of formula (II), X" within the X-R® group in
20 formula {(I) is a bond.

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

is an acrylate of formula (III)

25 CH,=CR™C (0) O (CH.) ,R® (ITI)
where n and R® as defined above in relation to formula (I) and
R™ is hydrogen, Ci.ip alkyl, or Ciphaloalkyl. In particular R’

is hydregen or Cygalkyl such as methyl. A particular example

30 of a compound of formula (ITII) is a compound of formula (IV)

0
H F
>:%{\o/\/(c 2>, (V)
H R



M R R20 RR1 R 15 (VIl) 171918 R R, - where R16,xand Rn are
I ndependently selected from hydrogen, hal ogen, al kyl, hal oal kyl or
aryl optionally substituted by halo; and R21 is a group X -Rn where
Rn is an Z‘UO&P%W"‘%? hal oal kyl group and X is a bond orP@/GFtse396
formula -C(0)O(CH2)".Y- where x is an integer of from1 to 10 and Y
is a bond or a sul phonam de group; origa group where R23 Rn is aryl
optionally substituted by halo, pis 0 or 1,

where R’ is as defined above, and in particular is hydrogen

and % is an integer of from 1 to 92, for instance from 4 to 9,
and preferably 7. 1In that case, the compound of formula (IV)
is 1H,1H, 2H, 2ZH-heptadecafluorodecylacylate.

According to a particular embodiment, the polymeric coating is
formed by exposing the filtration media to plasma comprising
one or more organic monomeric compounds, at least one of which
comprises two carbon-carbon double bonds for a sufficient

10 period of time to allow a polymeric layer to form on the

surface.

Suitably the compound with more than one double bond comprises

a compound of formula (V)

15
10
8 R 544
R // R R12
= >=< V)
R pA R13
where R®, R®, RY, R', RY, and RY are all independently

selected from hydrogen, halo, alkyl, haloalkyl or aryl
20 opticnally substituted by halo; and Z is a bridging group.

Examples of suitable bridging groups Z for use in the compound
of formula (V) are those known in the polymer art. In
particular they include optiocnally substituted alkyl groups

25 which may be interposed with oxygen atoms. Suitable optional
substituents for bridging groups Z include perhaloalkyl groups,

in particular perfluorcalkyl groups.

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

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



sisOor 1landt is O or an integer of from1l to 10, provided 25
that where s is 1, t is other than 0. Suitable hal oal kyl groups for
R16, R17, RIP, Rl 9, and Rn are fluoroal kyl groups. The al kyl chai ns may
be strai giWOPHEBE anched and may incl ude cyclic noi etfI<CBIIPNTETE
for exanple from1l to 6 carbon atons. 13 For R22, the al kyl chains
suitably conmprise 1 or nore carbon atams, suitably from 1-20 carbon
atons and preferably from6 to 12 carbon atons. 5 Preferably R22 is a
hal oal kyl , and nore prgferably a perhal ogl kyl group, particularly a
per fl uoroal kyl group formul a CzF2r4 ere z is an integer of 1 or
nore, suitably from Ganqzmﬁsm abl rom6-12 such as 8 or 10.
10 Where X is a group -d? )O(CH2) 7Y- Oy is an integer wWlch provides
a suitable acer .group. In particular, i.s from1l to 5 _preferably
Sbout 2. TBEF e SRR eGPl 18 TR Thdb &S of
fornul a - BBcN(R23B0R-° wheimldRR8destlydebgeargd dkdy|hyvirobat 0dlakpl
such as Ozéﬂgggxéj IRo Jﬂ_cular nmet hyl or ethyl. The nononeric
conmpounds used prePera y conprises a C6..25al kane optionally
substitdted by hal ogen, in particular a 20 perhal oal kane, and

especi al |'y sa1pgsfy woy aatl kane . r*ACGoT,dAg #'0 AROLAES2BSREEHen the
polyneric coating_is formed by exposing the_constituent fibres or the
filtration ABaFefisel P tyPrastm ¢onBTT SiTG2an- 5t FoRatyly hydrogen.
substituted al kyne for a 25 sufficient period to allow a polyneric
layer to formomthe surface, Spitably, the alkyne comppunds used
conprise chains car bon atons, ‘inctudi one Or "nore carbon-car bon
tripl elBondslodhel30 etmi psefayalbe eppédrdbbykyhtoroppsed with a

het er oat om and may carry substituents including rings and ot her
functional groups. Suitable chains, which may be straight or
branched, RFaveifHeh X256 ehr Howoandseet foreui VabiscidsntBeto 18
carbon atossi1dhey:my be present either in the nononer used as a
starting

j\ R14
O
R15

15
wherein R"™ and R are as defined above and at least one of RY
or R is other than hydrogen. A particular example of such a
compound is the compound of formula B.

20

S BUUN

HZ
CSF1 7

In a further embodiment, the polymeric coating is formed by
exposing the filtration media to plasma comprising a monomeric
25 saturated organic compound, said compound comprising an

optionally substituted alkyl chain of at least 5 carbon atoms



35 material, or may be created in the nonomer on application of the
pl asma, for exanple by the ring opening 14 Particularly suitable
nononeri c organi c conpounds are those of fornmula (VII1) 5R24-C= C- X1-
5(VITI) m‘@Pgﬂwﬂ% hydrogen, al kyl, cycloal kyl, hal odIG&/$BEpIUp3PE
optionally substituted by halo; X1 is a bond or a bridging group; and
R25 is an al kyl, cycloal kyl or aryl grigup optionally 10 substituted
by hal ogen. Suitable bridging groups X include groups of fornulae

(C|2‘|2) ( EZHZ; Qgéiéﬁﬁa)yes Ozﬁlnt%pdSGHZX}itﬂog( £82d Zraicom £GHR) f@?fic(i%%@%p&;%h
- - ere is . r an .integer o rom 0 :
15 and o aPs. FRERHabHTy Srelfild PRUst it E0ah SofF rOmECFo 20
and R26 i s hydrogen, alkyl, cycloal kyl or aryl.Particular alkyl

groups for ' (f1 al kyl . _in & , t r yl. .20
Wiere R24 iT?g]ajf%% grgt‘%ﬁr%gl k%?,usletd Fg%eﬂnggéﬁ%ytﬂgﬁe@e{ér rngjéloﬁ%glh%\?es
from1l fo Gotarprriat brktirle Bpidpbliechaw@lRydPT gréaps HadsRo4

i nclude fl yeEQadkWwodkQtRs: atbRs alkkh £haiis g@yt Re shraightior
branched and may include 25 cyclic nmoieties. Preferably however R24

is hydr ogeﬁ.i“@r ef Brabfy" RIS CFEOH Al 651:%&}4@,3 SR STor 81 P ter abtiFoR

per hal oal kylr giotgyenpaténul anéye anpesituorcaal kyils grospodafedf By raul a
CrF2,1 where,.r is an integer.of. 1 o r sui t abl 0O from 1-20, and
orof orably EERTE 230kl g8 v o TPh e b D P aF Sl B d PR o
conmpounfl ofoxf bendaay( ¥idg. | §inl borkyount ighnboviil &e($0)stiv@red

2009/ 1474228GTL CRAAQ9, 050390k h ek en Syles 2380 lplagls above and R27

i s hal oal ky I'n particular a perhal oa such” as a C6-12 perfluoro
group |ike Co-Fn.

Particularly suitable mcnomeric organic compounds are those of

formula (VII)

R16 RW

R18 R19
20 521

15 RTR (VIT)

where R'®, RY, R'™ R! and R* are independently selected from
hydrogen, halogen, alkyl, haloalkyl or aryl opticnally
substituted by halo; and R*! is a group X~R* where R* is an

20 alkyl or haloalkyl group and X is a bond or a group of formula
-C(0)O(CH;) ,¥Y- where x is an integer of from 1 to 10 and Y is a
bond or a sulphonamide group; or a group - ({0)zR*’(0); (CHp) .~
where R’ is aryl optionally substituted by halo, p is 0 or 1,
s is 0 or 1 and t is 0 or an integer of from 1 to 10, provided

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

Suitable haloalkyl groups for R'®, R', R'¥, R'?, and R*" are
fluorocalkyl groups. The alkyl chains may be straight or
branched and may include cyclic moieties and have, for example

30 from 1 to & carbeon atoms.



I n anot her enbodi nent, the conpound of formula (VIIl) is a 5 conpound
of formula (X) a1(0)0(CR2), R2Z7 (X) where p is an integer of froml

to 20, and is as defined 10 abovelnrelatlontoforrmlaéj)g)
above, in WQFP‘P@GT“&? a group C8F17.Preferably in this RE@B20pES4,
integer of from1l to 6, nost preferably about 2. O her exanpl es

of conpounds of fornmula (1) are conpoursds of 15forrmula (Xl)
CHHC( CH2) pO(CH2) , R27, (XI) where p is as defined above, but in
particul ar sos 22%, Qties a&&yﬂ&fﬂaﬁﬁé @Mlbu&odﬁhaari idUhake i &arbonand

EF%IZIIBS 28 %&E%ﬂgﬁg%ui}ﬁﬁé?%f J:1‘0 or %u?)ofor F’ruﬁ‘ étﬁ(ﬁmé( @é)%%%%%ﬁcluyl( %&aﬁ%rt%up

R27( Xl 1) wher eapears aasmglef i ned above but in particular is 1, g is as
25 defined above but in particular is 1, R26 is as defined above an
in particular is hydroggen, and R27 is as defined in relation to
formul a3(1 ®refemblar Ri'ciiPar helgrbkipt -CRPEoNORST PERRpAidsaof fornul a

(XU11) 30 CBoGa{GHANIPAROLa BORRATCNY 14 Joor 1bRL g1 [ 8:cRp def i ned
above, but in particul ar is as defined above an

particul ar 8™ athyi=Fant R 7 ésa%n deft-Fhed C?>f5|1n°¥ d1o5€y oﬁultt(?hﬂéﬁr nul a
(I1'X)y, in parbnciHar, angroyFec8Fily.frohb6+12 ancal derenati ve, enbodi nent ,

t he al kyne nononmer used in the process is a conpound of fornula (XIV)

5F29CC( CQ2), , SIR29R30R31 (XI'V)
10 Where X is a group —-C(0O})O(CH;),Y-, y is an integer which

provides a suitable spacer group. In particular, y is from 1

to 5, preferably about 2.

Suitable sulphonamide groups for Y include those of formula -
15 N(R¥)80,” where R™ is hydrogen, alkyl or haloalkyl such as
Ci:alkyl, in particular methyl or ethyl.

The monomeric compounds used preferably comprises a Cszs alkane
opticonally substituted by halogen, in particular a

20 perhaloalkane, and especially a perfluorcalkane,

According tc another aspect, the polymeric coating is formed by
exposing the constituent fibres or the fiitration media itsell
to plasma comprising an optionally substituted alkyne for a

25 sufficient period to allow a polymeric layer to form on the

surface.

Suitably the alkyne compounds used comprise chains of carbon
atoms, including cone or more carbon-carbon triple bonds. The

30 chains may be optionally interposed with a heterocatom 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

35 material, oxr may be created in the monomer on application of

the plasma, for example by the ring opening



where R29 is hydrogen, alkyl, cycloal kyl, hal oal kyl or aryl
optionally substituted by halo, R29, R3 and R91 are independently

sel ected from al kyl or al koxy, in particular Cl-6 al kyl or al kox 10
Preferred ‘69891"8@14'éﬁ are hydrogen or alkyl, in particul FCTHFB0UISI3
Preferred groups R29, R3 and R99 are Cl-6 al koxy in particular

15et hoxy. In general, the filtration rngdia to be treated is placed
within a plasma chanber together with the material to be deposited in
a gaseous state, a gl ow di scharge is igni ted Wi thin the chanber 20
and a suitapl i on ric
coat | ng. oo e BT GdIget AP BUCTBLT S i CORAROBLA Ve e
deposi ti on foondld i (3T but pul sed pl asma may be preferred as this

all ows closer control of the coating, 25 and so the formation of a
nore uni form polymeric structure. As used herein, the expression "in
a gaseofils state" refers toRfases0rRVapours, éviher alone or in

m xture, as well as aerosols. 30 Precise conditions under which the
pl asma pol yneri zatl on takes place in an effective manner will vary
dependi ng wpsHe fRiCticr §vduedenas el kel ngyat @2 8fvly hea sy ror telrer L

flItratlonogegb@aﬁlg,eahsgclt%leHdzsmaagt hethe mBbes i@ of peragahigeh it is
made and the pore ize etc, and wi| be deternned usi ng rout| ne

net hods ané’FBPpt &% Ech]rﬁ Ghedlkylyy CSEH“"&B‘IY@: PF S TFHP 9861777 tie
met hod 10f tshestisarti bp idiekyde non-equili brium pl asmas such as those
generated by radiofrequencies (RF), mcrowaves or direct current

(DC). They 5 nay operate at atnospheric or sub-atnospheric pressures
as are knowmitsblehbradgind grpapt Démnaﬂu@@vmps vhepranbagener at ed by

radi of requengj;8s- (R%bf(é@p ous £05 1 @f) equl paenty ey he used to

generate gaseous ‘10 plasneS.” Gener élﬁ tqh se con‘brl se coﬁt ai ners or
pl asma chard6Rs eff R Wi%h: pihesres iy Bé Fedetrased.oParen clultar 20,

exanpl @5 ofangughRIULRERH AL &y dRSCEE B d Aol 1 hs]eaRCBE i fkom 1 to 20;
W2005/ 089961 and W02/ 28548, but many ot her conventi onal Iasma

generating a&ﬁp%r at s M EP P I ai FHBIe. © LOREYa%” fredent %IFHF?II‘%%e

pl asma charbeyl nbupenpst SE° aivap@dr C,s alkyl, in particular, methyl
or ethyl,

20  Where R*™ is alkyl or haloalkyl, it is generally preferred to

have from 1 to 6 carbon atoms.

Suitable haloalkyl groups for R* include fluoroalkyl groups.
The alkyl chains may be straight or branched and may include

25 cyclic moieties. Preferably however R* is hydrogen.

Preferably R*® is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perflucrocalkyl group of
formula C,Fj,+ where r is an integer of 1 or more, suitably

30 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)

35 CH=C (CH,) ¢-R?’ (IX)



of the nmononer alone, but it may be conbined with a carrier gas, in
particular, an inert gas such as heliumor argon, if required. In
particular _heliumis a preferred carrier gas as 20 this can m ni n se
fragment at V88432 nononer. Wien used as a nixture, tHel/¢BIAY§HF6
anounts of the nononer vapour to carrier gas is suitably determ ned
in accordance with procedures which aris conventional in the art. The
anmount of 25 nononer added will depend to sone extent on the nature
of the partinewbas iBENESfRRANGLM&LAndt K NAtdNBaDEy 1, henSphaticat er
bei ng treated 1tlkﬁe iikz§ of hthe %lo sma_chanber etc, 1 neraELIy, in the
case of cofvERtIONAl “Ehatitsar §° Fofforetcts  aal iIVEHBd 1 & ahount of
from 50-250ng/ m nute, for exanple at a rate of 30 from

100 150M0/ HNUESendd olbbd i APPEL L ABSEL QY Sy LN 1NN s5aL e wi
vary depending on the reactor size chosen and the nunber of
subst r aPes qoagonre @it Sopelgr d€essed at once; this in turn depends on
consi derations such as the annual through-put required and the
capital outlay. 18 Carrier gas such as heljumis suitably

adnini stered at a constant rat@=dP) @iGhpiRe’ d¥)a rate of from 5-90
standard cubic centinmetres per mnute (sccm, for exanple from

15-30sccm I n sone instances, the ratio of nononer.to carrier gas

will be in"8efReP riangd YItFHREnPL0TD tota:2Pe0ant dt  ifFseand&d iRt he
range af) fraeewd0id fe0adidi0QGo @behmila paxt iapdvar abeurtic@ldr) i:d&upThe
precise ratdf) sel ePcrte(Egrggll I igetﬁios as Lo ensure lInhcat trhef ftJrowii te
required by®tfe process e dChreved® 10 8 n°sohe CA98&S, ©a Brei T nihary
cont i nuous fpowest plrasrualmay abeustd.uck for exanple for from 15 seconds
to 10 mnutes, for exanple from2-10 mnutes within the chanber. This
may act as a surface pre-treatnment step, ensuring that the nononer
attaches i t46pf ed@ley 2 cORBOWRAT adefommlphal) el 5opRtuyssr ¢Sati on
occur s,15t heoematd ngrjgrows” on the surface. The pre-treatnent step
may be conducted before nononmer is introduyced into the chanmber, in
the presence of only an inef#=g&g: 2O0CHENE pl asrftll s then suitably

swi tched t qnharBub siedapl &simBekioaddd OWLRP! MTBEL-E8LIRT 19 PF Qcegdas at

| east when the nonomer is present. In all cases, ,a glow discharge is
sui tably i gRiTEBeE BPOEBpPYS g BB E PR T dqueRtyR volf ade, defbred il e
at 13. 56MHzeldhisn it apphiled (0s) Ngrebecticades, a Wb 0@y-;be i nternal
or ext ?Pnal to the chanber, but in the case of |arger chanbers are
generally internal. 30 Suitably the gas, vapour or gas mxture is
suppl i ed atoracempeingts af Jogagial®¥tlandard cubic centinmetre per mnute
(sccm and preferably in the range of from1 to 100sccm In the
case of the nononer vapour, this is suitably supplied at 35 a rate of
f rom 80- 300ny/ mi nut e, f ofHeXdHp] & (BY) aWfeut RE20ny/(Hiihut e dependi ng
upon the n fit r e sjze . .and_t he
surface ar g}gg% I?hleS ggo%gaﬂc}?l u?lf%\‘lgé'aglﬁgrelﬁ %%Fg%m}rl%% \%E??gg tl%egspul sed
vol t ag@si s dggpheddibore Rty iMoRevieculps Worle BPptoprd geéinet above
industrial s$Ccahepdis8chPaPavendafdgeed Lot &> mpoeuedehdyany rLhatiow | |
vary with respect to the 5 defined process tinme and will al so depend

on the nat (Pefof™ e (Fdhorer PAnd THE t 2 FHiiBal "eff ect required.

or compounds of formula (XITT)

30
CH=C (CH,) ;N (R*®) SO,R?’ (XIII}

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

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



Gases or vapours nmay be delivered into the plasnma chanber using any
conventional method. For exanple, they may be drawn, 10 injected or
punped into the plasma region. In particular, where a plasma chanb

i s used, dﬁgé@'6$4§%pours may be drawn into the chanbeﬂwggngow@§EWP
of a reduction in the pressure within the chanber, caused by use of
an evacuating punp, or they may be punped, sprayed, dri pped,

el ectrostatically ionised 15 or injected into the chanber as is
comon in quuid handl i ng. Polynerisation is suitably effected using
vapours of compounds. f exanmpl e of f ) | are.maj.nt ai ned
at pressureés o rSﬁP QT’ m%%%ﬁ%%?f 1(:)%w 13 %yI%FOQEOJF“Tb f0dkt orr .
20 The applirededd élsds aﬁgmwudtabﬁyr@ﬁl@OWEW)of from5 to 500Wfor
exanple from20 to 500W suitably at about 100W peak power, applied
as a continuous or pulsed field. Wiere used, pulses are suitably
appl i ed>in a sequence mhlcﬁ%Vkél@Eﬂv@nwaﬁﬁfzaXéverage pomers for
exanple in ence r f off IS
in the ranggeﬁ q?rgﬁl?&?ﬁ t aipgbog&?9b£%%%n§T%u%§kggout 7 650.
Parti cul ar CBxiPRAldy eroUdHtedRieFecar® s&quandeR” whies e power is on
for 20-50psnaépinranpl £1abest SOpsa1rnd Lf b1foly,f ramdAQCpsat @,
30000gs, in_30 partlcular about 20000ps. Typical average powers
obt ai ned i Attht LWAYAFE 0.1 - 0.2 W The fields are suitably applied
from 300seconds to 90 nlnutes preferably from5 to 60 m nutes,
dependi ng naf u npound, 0

fibrous fIPQQP %{ﬁé gé?a or t%é %%ﬁx%g |bgg ibéfhgafréé téd. 81?0

Sui tably aapkakia chanber used is of suff|C|ent vol ume to accomuodat e
mul tiple nedia where these are preforned. 5 A particularly suitable
apparatus and_nethod for produging filtration nedia in accordance

w th the i R¥&RIGH Héméféssc?rvbg% F‘ﬁdW)ZOBS? dBg9slkothénceritentlat

whi ch 18 heegby i ncorporated by reference. 10 In particul ar, when
usi ng high volume chanbers of this type, the plasna is created with a
voltage as a pulsed field, at an average power of from0.001 to

500W n8, fon gexamplle dte firiom &t BHl ntoid OCWhaBt st egul § alilageat wifuham
0.005 to 0.5 ul_ar for
deposi ting g%\ﬂﬁﬂq F?%_%eﬁsjﬁlo %ﬁ%rtcgg??n%{se m?ﬁé 15& ltg %é/rﬁs)é ggp‘%%rm
exanpl e i nachavdress skt e at EémpId&§ﬁﬁa2@ﬁ195ha§mate\¢owm@lbfthgr eardner
than 580cnBnaforsuiReh 8GR 10ad88: OLEPI&s SHEDL 3% f 5@ Q-s28- 10n8 and
suitably at about 1nB. The | ayers Forned in this way have good 20
mechani cal strength. The dinensions of the chanber mnll be sel ected
SO0 as to acaernpmdakeit heapanyiwd)l ae pidducabi emddredbsh Shaeks ofa bat ch

of fibres belpg trealed R9L,LNRlange: . 9e08halCuo0 d1Chambers.
may be preferred as this allows closer control of the coating,

25 and so the formation of a more uniform polymeric structure.

As used herein, the expression “in & gaseous state” refers to
gases or vapours, either alcne or in mixture, as well as
aerosols.
30
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 media treated
including both the material from which it is made and the pore
35 size etc. and will be determined using routine methods and/cr

the techniques.



25 may be suitable for a wide range of applications, but if

necessary, elongate or rectangul ar chanbers nay be constructed or

i ndeed cylindrical, or of any other suitable shape. The chanber nmay
be a seal aBPE"OAH ner, to allow for batch 30 processdETER20PsNG
conprise inlets and outlets for the filtration nedia, to allowit to
be utilised in a continuous process asl7an in-line system In
particular in the latter case, the pressure conditions necessary for
creating a plasma di scharge within the chanber are nmintai ned using
hi gh vol u 3 u as_i.s_conventipnal for e le in.a device with
2 Puni sl Ry ran Bipakls e SRRl AR S elctachidig
2009/ 147422PCT¢CE20094 050596129 sivdetis Tfoski beratated pedi a or bat ches
of fibres at al AOSPAREILs PRESS W& roRhyEd A gl Poc1@URELAY (e negd for
"whistling | eaks".” A further aspect of the invention conprises a

net hod of Bapr ejpfditRgah FHISEBRTHS [ofr BEP G REBISr igs PHRITISEellS a6V e,
whi ch net hedoGONMa it88Sa£XPOShNgh SAicd18B 086 - f | iHegSaf4 Quunvhhedy they
may be construc}ed to a plas pol yneri sati on process as descri be
above, so a&UBTFERIE Pl fic coating thereon, and if necessary
thereafter, formng a fibrous filtration nedia 10fromthe fibres.
Anot her as t of i ti onprises. . a thod for preparing a
flbrous 11 Peraeiodoaia & Sobsflh o TRy Shyedaetortinetts BeatPhy

cl ai ms 10saipdaamashod Gebeprlilyi hesx posbniseicchepind(si prapfdsprous
filtration ReghérOhin(IhdcH BEERd Gad P ARNR-§OOPr | $LDE; @1Rydr ocar bon
or fluorocarbon nononer in a plasma process wthout the presence of a

free radi c&FAPRtRS &foFUdb SHEIPBEToRRE PSRBT | 101 APetansi® €Re surface

t hereof , amd200stde@seasendfiolr I854B0r FifGradyf bHQUShTdddiahkon medi a
fromsaid 2 wher ei n thqﬁglasn& i S g#Lsed. The polyneric

fibres,
| ayer forn@gaEWFtQ%SegﬁFFﬁbépﬁﬁﬁa RYGrBMdBPtS: In yet a further

aspect 15the invention provides a nethod of 25 filtering fluids such

as gases Ofrh%'%;g %eﬁéf%‘t! %Qﬁ&b%&%@%ﬂé'dﬁ%ﬁ@% Ga7eL i%%”RrﬁTAo%Q

passi ng fl ui rough a filtration nedia as described "‘above.

particu|aroﬁhéh¢|m9mgmer alone, but it may be combined with a carrier
gas, in particular, an inert gas such as helium or argon, if
reguired. In particular helium is a preferred carrier gas as

20 this can minimise fragmentation of the monomer.

When used as a mixture, the relative amounts of the monomer
vapour to carrier gas is suitably determined in accordance with
procedures which are conventional in the art. The amount of

25 monomer added will depend to some extent on the nature of the
particular monomer being used, the nature of the substrate
being treated, the size of the plasma chamber etc. Generally,
in the case of conventional chambers, monomer is delivered in
an amount of from 50-250mg/minute, for example at a rate of

30 from 100-150mg/minute. It will be appreciated however, that the
rate will vary depending on the reactor size chosen and the
number of substrates required to be processed at once; this in
turn depends on considerations such as the annual through-put

required and the capital outlay.

35



is air and the nmedia is an electrostatic nedia that renoves solid
particles such as dust particles fromthe air. 30 In yet a further
aspect, the invention provides the use of a polynerised fluorocarbon

or hydroc¥B3Md448 ng, deposited by a plasma pol ymeri SETCHHRSISHEE S,

for enhancing the anti-caking properties of a fibrous filtration
media. 22 In addition, the inventionlgrovides the use of a

pol yneri sed fl uorocarbon or hydrocarbon coating, deposited by a
pl asma pol XCﬁEfiéﬁTgia@nsmO%@SBel:’fﬁf ienhanebny idenpetéaiqance of a

fibrous electrostatic filtration di a, 5 Suitabl ugr ocar bon and
hydr ocar boii® R E% - obtaiha ”g a&esS % gb%b 73 ?‘12 Fubic
i nvention wehtlmﬂjwebep@amtlmom ardo;tmuesﬁm bedmﬂm,e \ﬁarymoIS-IS@sexraanIe,

Wth refer enge 1 LA ACGRPARYING ChAQKAOTBL | £ i ayi as 0, WU Gy
sho ts o

Flgure 1|s a graph oW ng e resu alr pernmeability tests
carri ed? outthénrff'ﬁ%’r 6tistfan tlpﬁt[? e reti@ tfesatetkange 150 déeordegreetni t h

the inventirepm NG uatm@oedancﬁlglubgr@lcsﬂg%aﬁm easyy adipardiLl e
size distributjon for dust used filtration tests (see bel ow);

20
Figure 3 .§ra%%éﬁﬁf? é%eéé?%rﬁﬁlﬂl BSt3RPENGC LTHEE ThF GEBdTFBF t he
det er m nat irabBe ofedulilréd aiy @hecplke-esel easehebfégi ency;, Figure 4 is a
graph showi ng the cake release result for treated and untreated
filtration nmedia; and 25 Figure 5 is a schenmatic diagram of the
appar al¥s dsegonfoorcagesodi wretiiiorirdecarriosohs tser Bkaangl eag 80 Air

per meabi | i Ly, J8Stso A SE1J165 10F LR8I $5 W BnGar £d 8¢ AUk}, D ous
filtration media both wth and without subjecting themto a pl asma

procedur e. eTAEPYedramverld ERARERS EEFREY RS FBITRAKS: TME may act as
2009/147423F§H¥f3%%099éﬁﬁﬂ¥595ent step, ensuring that the monomer

attaches itself readily to the surface, so that as

15 polymerisation occurs, the coating “grows” on the surface. The
pre—treatment step may be conducted before monomer is
introduced into the chamber, in the presence of only an inert

gas.

20 The plesma is then suitably switched to a pulsed plasma to
allow polymerisation to proceed, at least when the moncmer is

present.

In all cases, a glow discharge is suitably ignited by applyving
25 a high frequency voltage, for example at 13.56MHz. This is

applied using electrodes, which may be internal or external to

the chamber, but in the case of larger chambers are generally

internal.

30 Suitably the gas, vapour or gas mixture is supplied at a rate
of at least 1 standard cubic centimetre per minute (sccm) and

preferably in the range of from 1 to 100sccm.

In the case of the monomer vapour, this is suitably supplied at
35 a rate of from 80-300mg/minute, for example at about

120mg/minute depending upon the nature of the monomer, the size



23 No. Description FML Needl epunched pol y(ethyl ene
terephthalate)filtration nmedia, mean area density of 550gm 2 FM2
Needl epunched filtration nmedia with supporting scrim consisting of
hydr ophobi ¥OPPPAE*? bre, nmean area density of 750gm 2 PRE/GB2009/650596
Needl epunched pol y(ethylene terephthalate)filtration nedia, with a
fl uorocarbon chem cal treatnment ained & inparting water, oil and
dust release characteristics and applied by the manufacturer, nean
area densi toy ehe 550gne2 & theesh epuacheds pal yhetdrphese during a
terepht hal ate) Ll tratlon media i tha 8TIE qenbrane,  ozan 3t ea
density of PBO0GRIZ " Safplles °6f “Eadh 7edi T WP bl £E84*THt o '8 Piasma
chanber w thewaver.odesseryg appiropeiagfe fo80hdustriesl sTthée clrnter haves a
connect ed 19,34 SUART £ 0et BELIRAY Lk AASES A ALKV ARGULE: I dhe?

mass flow controller and/or liquid mass flow nmet'er and a"m xi ng
i nj ect of orlehbRBMEIOFEsRIViGEr 283 "Hpr 8hte Aceerd e dhanberurrast the

evacuat ed t@nbeéyesia SnandtchlipiOrdrrbase-cldipegssure before all ow ng
heliuminto the chanber at 20 scorn until a pressure of 80 ntorr was

reached. A continuous power plasma was then struck for 4 m nutes
usi ng RF atGa%3s5fr Mdpoats 30Q W¢ dHiAbted imkbsStiperdledma chamber using
1H 1H 2H, 2% feptadecabl 4Pdesy! aGy ke, (785 #ha/805 88-@a.af formula
10 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

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

Polymerisation is suitably effected using vapours of compounds
for example of formula (I), which are maintained at pressures
0of from 0.1 to 400mtorr, suitably at about 10-100mtorr.

20
The applied fields are suitably of power of from 5 to 500W for
example from 20 to 500W, suitably at about 100W peak power,
applied as a continuous or pulsed field. Where used, pulses
are suitably applied in a sequence which yields very low

25 average powers, for example in a seguence in which the ratio of
the time on : time off is in the range of from 1:100 to 1:1500,
for example at about 1:650. Particular examples of such
sequence are sequences where power is on for 20-50nps, for
example about 30us, and off for from 1000ps to 30000us, in

30 particular about 20000ps. Typical average powers obtained in
this way are 0.1 - 0.2 W.

The fields are suitably applied from 30 seconds te 90 minutes,
preferably from 5 to 60 minutes, depending upon the nature of
35 the compound of formula (I) and the fibrous filtration media cor

the mass of fibres being treated.



20 was brought into the chanber at a rate of 120 m | ligrans per

m nute and the plasma switched to a pul sed plasma at 30 24

m croseconds on-tinme and 20 mlliseconds off-tinme at a peak power of
100 Wfor YB2PHHHEE. On conpletion of the 40 ninutes tffpe'rf%piﬁwus%
power was turned off along with the processing gases and vapours and
t he chanber evacuated back down to bas® 5 pressure. The chanber was
then vented to atnospheric pressure and the nedia sanpl es renoved.
Fluid flow t hrough honogenous, ani sotropic, porous nonwoven

structures cap_.be described. by Darcy'.s.law 1 =k, x42 t Waere g is
The vol it R E T o Pat Eror BT INGEd H otk FTe o he e S80si ty of
the fluid, aApoinpdalie prlsisurenektiop vakonghelse eonduetolmeagt h of the
fluid flow, k and t are the specific perneability and the thickness
of the nonwoven filtration nedia respectively. 20 Values of specific
per neab? | i fyPEAbideely heditabt ¢ rsire Tpby el MeERPbifon Brasiucéng

excl usive afi1theciionf heencea notctheidhabrioH hhekness.tapsl {d viedciyne,

meani ng nonwoven Str res_of differing.thickness can, be conpared.
25 The spedt I Yar AEAEHT 1 B9 S oF i RenBb it Shabl IEZEaH T ZBPEM 5t ed
if the air bperedakinkety and the thickness of the material are
neasured. The air perneability of each filtration nmedia FML.- FMb was
30 neasured in accordance with BS EN | SO 9237: 1995 using a "Shirl ey"
ai r perfreaBnl Paytitcedper . whesi nginhing ghpyrlrecushanitve sr af ethgfs £vpav of
air passi ngnpespeRdi ¢4l Adt b OUgh QoBiMRN8re3khaPId1G, T $t an
measured at a given pressure difference acrpss the fabric test area.
35 average power of from 0.001 to S00W/m’, for example at from

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

15 These conditions are particularly suitable for depositing good
quality uniform coatings, in large chambers, for example in
chambers where the plasma zone has a volume of greater than
500cm®, for instance 0.1m® or more, such as from 0.5m’-10m’ and
suitably at about 1m’. The layers formed in this way have good

20 mechanical strength.

The dimensions of the chamber will be selected so as to
accommodate the particular filtration media sheets or batch of
fibres being treated. For instance, generally cuboid chambers
25 may be suitable for a wide range of applications, but if
necessary, elongate or rectangular chambers may ke constructed

or indeed cylindrical, or of any other suitable shape.

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

filtration media, to allow it to be utilised in a 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 wvolume
35 pumps, as is conventional for example in a device with a

“whistling leak”. However it will also be possible to process



Test conditions were as follows: WO 2009/ 147422PCT/ GB2009/ 050596 25
Test area:5cnR2 Air pressure: 50 Pa/ 100 Pa Each nedia, treated and
untreated, was subjected to 10 tests. 5 The test results are shown i
Figure 1 ang? ‘f‘ﬁ’b‘f"@lzi bel ow. Table 1 Media FML FM2 FMB MRBZUP%QSPS% T
UTUTU
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sheets of filtration media or batches of fibres at atmospheric

pressure, or close to, negating the need for “whistling leaks”.

A further aspect of the invention comprises a method of

5 preparing a fibrous filtration media as described above, which
method comprises exposing said media or fibres from which they
may be constructed to a plasma polymerisation process as
described above, sc as to form a peolymeric coating thereon, and
if necessary therecafter, forming a fibrous filtration media

10 from the fibres.

Another aspect of the invention comprises a method for
preparing a fibrous filtration media according to any one of
the preceding claims, said method comprising exposing either
15 (i} & fibrous filtration media or (ii) fibres te a plasma
comprising a hydrocarbon or fluorocarbon monomer in a plasma
process without the presence of a free radical initiator so as
to form a polymeric laver on the surface thereof, and in the
case of (ii), forming a fibrous filtration media from said

20 fibres, wherein the plasma is pulsed.
The polymeric layer formed on the surface may be hydrophobic.

In yet a further aspect, the invention provides a method of
25 filtering f£luids such as gases or liguids, said method
comprising said method comprising passing fluid through a
filtration media as described above. 1In particular the fluid
is air and the media is an electrostatic media that removes
solid particles such as dust particles from the air.
30
In yet a further aspect, the invention provides the use of a
polymerised fluorocarbon or hydrocarbon coating, deposited by a
plasma polymerisation process, for enhancing the anti-caking
properties of a fibrous filtration media.

35
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In addition, the inventicn provides the use of a polymerised
fluorocarbon or hydrocarbon coating, deposited by a plasma
polymerisation process, for enhancing the performance of a

fibrous electrostatic filtration media.

Suitable fluorocarbon and hydrocarbon coatings are obtainable

as described above.

The invention will now be particularly described by way of
example, with reference to the accompanying diagrammatic

drawings in which:

Figure 1 is a graph showing the results of air permeability
tests carried ouvt on fibrous filtration media treated in

accordance with the invention, and untreated;

Figure 2 shows the measured particle size distribution for dust

used in filtration tests (see below);

Figure 3 is a schematic diagram illustrating a test rig used

for the determination of filtration cake release efficiency;

Figure 4 is a graph showing the cake release result for treated

and untreated filtration media; and

Figure 5 is a schematic diagram of the apparatus used for a

sodium chlecride aerosol test.

Example 1
Air permeability Test

A series of tests were carried out on fibrous filtration media
both with and without subjecting them to a plasma procedure.

The media were characterised as follows:

No. Description




46.0 64.0 63.0 58.0 16.5 24.0 4 69.0 70.2 72.0 55.0 57.0 50.0 18.5
25.6 5 68.4 67.0 65.4 65.2 58.0 68.2

10

15

20

WO 2009/147422 PCT/GB2009/050596
23

No. Description

FM1 Needlepunched poly(ethylene terephthalate) filtration

media, mean area density of 550gm™

FM2 Needlepunched filtration media with supporting scrim,
consisting of hydrophcbic (PTFE} fibre, mean area density
of 750gm™

FM3 Needlepunched poly(ethylene terephthalate) filtration
media, with a £f£luorocarbon chemical treatment aimed at
imparting water, oil and dust release characteristics and

applied by the manufacturer, mean area density of 550gm™?

FM4 Needlepunched poly(ethylene terephthalate) filtration

media with a PTFE membrane, mean area density of 500gm™

Samples of each media were placed into a plasma 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.

The chamber was evacuated to between 3 and 10 mtorr base
pressure before allowing helium into the chamber at 20 sccm
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.

After this period, 1H,1H, 2H,2H-heptadecafluorodecylacylate (CAS
# 27905-45-9) of formula

0O
H CF
>:8LO/\/( 2)7 \CF3
H H

was brought into the chamber at a rate of 120 milligrams per

minute and the plasma switched to a pulsed plasma at 30
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microseconds on-time and 20 milliseconds off-time at a peak
power of 100 W for 40 minutes. On completion of the 40 minutes
the plasma power was turned off along with the prccessing gases
and vapours and the chamber evacuated back down to base

5 pressure. The chamber was then vented to atmospheric pressure

and the media samples removed.

Fluid flow through homogencus, anisotropic, porous nonwoven
structures can be described by Darcy’s law:
10

9 =k xAp
ul t

Where g is the volumetric flow rate of the fluid flow, 1 is the

15 viscosity of the fluid, Ap id the pressure drop along the
conduit length of the fluid flow; k and t are the specific
permeability and the thickness of the nonwoven filtration media

respectively.

20 values of specific permeability indicate the intrinsic
permeability of a fabric exclusive of the influence of the
fabric thickness and fluid type, meaning nonwoven structures of

differing thickness can be compared.

25 The specific permeability of a nonwoven fabric can be
calculated if the air permeability and the thickness of the

material are measured.

The air permeability of each filtration media FM1-FM5 was

30 measured in accordance with BS EN ISO 9237:1995 using a
“SBhirley” air permeability tester. Using this apparatus, the
rate of flow of air passing perpendicularly through a given
area of fabric is measured at a given pressure difference
across the fabric test area.

35

Test conditions were as follows:
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Test area: 5cm?

Alr pressure: 50 Pa/100 Pa

Each media, treated and untreated, was subjected to 10 tests.

5 The test resulis are shown in Figure 1 and Table 1 below.

Table 1
Media FM1 FM2 FM3 FM4
No g T U T U T U T
test
1 65.2 68.4 52.4 54.0 66.0 62.6 16.5 37.0
2 65.4 70.2 56.4 48.0 68.6 64.8 16.8 23.0
3 64.0 70.2 46.0 64.0 63.0 58.0 16.5 24.0
4 69.0 70.2 72.0 55.0 57.0 50.0 18.5 25.6
5 68.4 67.0 65.4 65.2 58.0 68.2 16.0 19.5
% 68.4 64.2 75.0 55.5 66.2 66.0 17.0 32.0
7 65.2 69.6 70.0 73.0 68.4 65.0 17.2 26.4
8 64.0 69.6 57.5 63.8 0.0 57.8 16.7 21.0
9 70.0 68.6 77.8 62.5 68.0 67.4 18.3 25.8
10 65.2 68.4 58.0 65.0 57.6 37.6 16.6 19.3
Mean 66.3 63.6 63.0 60.6 63.3 63.4 17.0 25.4
sD 2.2 1.9 10.5 7.3 4.8 4.6 0.8 5.6
CoV 3.3% 2.7% 1 16.7% | 12.0% | 7.5% 7.3% 4.7% | 21.9%
Where U=untreated
T= treated
10 SD = Standard Deviation

CoV = (Coefficient of variation

The mean thickness of the filtration media was measured from
five individual readings on separate areas of the media using a
15 Fast-1 (Fabric Assurance by Simple Testing) compression tester,

which measures fabric thickness under a loading of 2.00g cm™.

Using Darcy’'s law, specific permeability k can be calculated

using the following equation.
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The calculated specific permeability wvalues for the media are

shown in Table 2.

Table 2 — Measured thicknesses and calculated specific

permeability values for the media

Media FM1 FM2 FM3

FM4

Mean fabric 2.23 2.23 1.59 1.59 2.15 2.12 1.86

thickness (mm)

Specific 5.289 5.45 3.65 3.51 4.96 4.90 1.22
permeability

(1071 m?)

The results show that the treatment dcoes not have any
significant effect on the air permeability of the filtration
media tested with the exception of the PTFE membrane containing
media (FM4). This media was supplied as two separate Ad-sized

sheets, one of which was treated and one untreated as described

above. The media in this case had the lowest pore size (<7um).

Example 2

Filtration Caking Tests

Test dust consisting of fine particles of silicon dioxide was
prepared. The particle size of the test dust was measured
using laser diffraction techniques. Particles were passed
through a focussed laser beam and scattered light at an angle
inversely proportional to their size. The angular intensity of
the scattered light produced was measured by photosensitive
detectors. The particle size distribution of the dust is shown

in Figure 2.



3.3%2. 7% 16. 7% 12. 0% 7.5% 7. 3% 4. 7% 21. 9% WhereU=untreated T=
treated 10SD = Standard Devi ati on Coy = Coefficient of variation The
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media was clamped in a filter housing (1) which was in turn
inserted between the exit of a delivery tube (2} and vent (3).

S5 An air supply (4) was fed through a nozzle (5) to create an air
flow passing through a dust feed chamber (6) into the delivery
tube (2). 1.00g of test dust was fed into the feed chamber (6)
from a dust feed (7) over a 30 second period. The rig was run
for a further 30 seconds. The filter and housing (1) was then

10 removed, weighed and replaced in the reverse position. The
filter was subjected to a thirty second burst of air, to remove

the caked dust. The filter and housing (1) were weighed and

the percentage cake release calculated.

15 The results are shown in Figure 4. These show that the
treatment appears to have a beneficial effect with respect to
filter dust cake release in FM1l, FM2 and FM3. In these cases,
the treated filtration mediz exhibited superior cake release
properties compared to equivalent untreated filtration media.

20 The results for FM3 show that the chemical treatment was
largely ineffective as compared to the treatment of the

inventicn.

Although the sample of FM4 did not show this result, this may
25 have been due bo problems with the samples (see comments on

permeability results above).

Example 3

Tribocharged filtration media testing

30 Sodium chloride aerosol is commonly used for air filtration
testing. Samples of acrylic staple fibre, with and without the
plasma treatment described in Example 1, were blended with
polypropylene, carded to induce electrostatic charging, cross-
lapped and needlepunched to produce a nonwoven filtration

35 media.
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These samples were then tested using metheds based on the BS EN
13274-7:2002 sodium chlcoride aerosol test using the apparatus

illustrated in Figure 5.

5 A stream of compressed air is filtered in an air filter (8) in
the direction of the arrow and into a aerosol generator (9).
In the generator, a sodium chloride aeroscol in the form of a
polydisperse distribution of particles with a median particle
diameter of about 0.6pum is produced. This is then passed

10 through a test chamber containing the test filter, whilst a
parallel stream (l1l) by-passes this chamber. The concentration
of particles in the aerosol before and after it has passed
through the test filter is determined by means of flame
photometry. A& flame photometer (12) contains a hydrogen burner

15 housed in a wvertical flame tube through which the aerosol to be
analysed flows. Sodium chloride particles in the air passing
through the flame tube are vaporised giving the characteristic
sodium emission as 589nm. The intensity of this emission is
directly proportional to the concentration of the sodium in the

20  air flow. Accurate determinations are possible in the range

<0.001% teo 100% filter penetration.

The results obtained initially and alsc after 7 days are shown

in Table 3.
25
Table 3
Test Fibre Penetration (%)
Initial Measurement After 7 days

Untreated 0.5 0.7
Treated 0.405 0.304
treated 0.428 0.33%

These results showed that the treated electrostatic

30 {tribocharged) filtration media gave a marked improvement in



2.12 1.96 2.: Specific perneability (10-11n2) 5.29 5.45 3.65 3.51
4.96 4.90 1.22 1.S 10 The results show that the treatnent does not
have any significant effect on the air perneability of the filtration
medi a t est¥t 2™ Ehe exception of the PTFE menbrane cdiiB8FBARYISHEI a
(FM4). This nmedia was supplied as two separate A4-sized 15 sheets,

one of which was treated and one untregted as descri bed above. The
nmedia in this case had the | owest pore size (<711m. Exanple 2

Fi : trati gn p@agbﬂgan-l_:@st Sa cﬂe@crl?@gi iGU$h 1 ENnSiont bé@fc&haﬁ&@&ar@@gt&i; cles of
silicon dioxide was prepared Te tlc t dust was
reasur od uSPRC AL PATT I 26 PO Y EERKT IS BRI aretiieraepHit,

t hrough a froousdsd al asexr lyeamsaqnﬁ adtatrizried Ethyghtprableam. angl e
inversely proportional to their size. The angular intensity of 25 the
scattered |ight produced was nmeasured by photosensitive detectors.
The particle size distribution of the dust is shown in Figure 2.



27 Each fabric (FML-FM4 in Exanple 1) was tested in triplicate on a
filtration test rig (Fig 3). A weighed sanple of filtration nmedia was
clanped in a filter housing (1) which was in turn inserted between
the exit of a delivery tube (2) and vent (3). 5 An air supply (4) was
fed through a nozzle (5) to create an air flow passing through a dust
feed chanber (6) into the delivery tubBge (2). 1.00g of test dust was
fed into the feed chanber (6) froma dust feed (7) over a 30 second
period. The rig was run for a further 30 seconds. The filter and
housing (1) was then 10 renoved, wei ghed and replaced in the reverse
position. dhgmkilter was subjected to a thirty second burst of air,
to renove The caked dust. The filter and housing (1) were wei ghed and
t he percentage cake rel ease cal culated. 15 The results are shown in
Figure 4. These show that the treatnent appears to have a benefici al
effect wi t]h I’%SP ouEijflltlr @ lr{é&l§%:lﬁgs J.%%éeul é@"havyzba nd FMB.
In these cases, the treate T {ratT on nedia exhibfted superlor cake
rel ease erélff-?%§YcéﬁWJéé D Geglpsa éﬁmoﬂmﬂﬁ%aﬁr@ﬁeﬁ lgor agiten nedi a.

20 The resaddosif of pEm/iine&h@\Ncéatabgth@r@bﬁrﬂmhcwﬂ@%m twas dargely

i neffecti Ve, as €9 r{g_p@r “iﬁ{}% he treat nent od t he &Flven]%i on.

Al t hough thé&°SahPie TG 36t% SKORThiS &S i°f, P1HW"8 may 25 have
been due t@ppsebi@rmrwqdm: theursanpl| et ger fcoanwticadn Pelniabitki ty

results a%\ig)ner@gaﬁeh%%hoR'&@cnégcg%grfa lftr@étfmcgﬁqut&gééf ag 30
Sodi um chl oride aerosol iIs commonly used for air filtration testing.

Sanpl es of thadr §P§7E 46 a7 EORPHT &° (e FUaRFSMPERIRSSt RE PIcadHire
treat nent gesacédbedd thdpanpl €2k, ofveihe bilﬁdwedfimttrht‘p@'l yhlaagpyl ene,
carded to jindy el rostatjc .charagi Crass- |.appe n

needl epunched f?u %E eecséfo%%%w\%l {kgef ??ra i"on %% Irg?ed?roceS§8 These
sanpl es were then tested using nethods based on the BS EN

13274-7: 20;_02 sgdwm&ﬁal @mct%t@sﬁ 020k a t RS r 4Bt b i3PPASHRLYS,
illustrated in FlIgure : A stream of conpressed air is filtered in

an air filt&reggts ﬁxrt’?ﬁfddFPe%aﬁd Rlar APostt oW TQCTHit §°4C%er osol
gener at or {s%emblyn inhe geneiatwitioa w@deum chl ori de aerosol in the
form of a polydi sperse distribution of particles with a nmedi an
particle diameter of about 0.61lmis produced. This is then passed 10
t hrough a t-est Achipirde EbHRTACAPhECEhR aceetd¥nd terclaii I siheaepartdel el

stream ( llgoRgdpassesid RixposdanbesaidlRea&oneepddiatibANpQfceparticles in
the aerosol before and after it has passed through the test filter is

determ ned by nmeans of flanme photonetry. A flanme photoneter (12)
contai ns & -hydrogerrdyar Aektrebitrousdda iavcardiord iteadnyf laeec® ube t hrough

whi ch the ARLealy 9ahf: aRaby Sedah| AW, SOdU Ghlgpidaqaar ticles in
the air passing t%rou t he flarre tube are vaporised giving the

char act er i StiF€a 56 @ Jealfﬂsm on as 589nm The intensity of this
em ssion is directly proportional to the concentration of the sodium
in the 5. A fibrous filtration media according to any one of the
preceding claims wherein the fibrous media comprises
polypropylene, cellulose diacetate, poly(ethylene terephthalate),
nylon, polyvinyl chloride, modacrylic, acrylic, cotton, silk ox
wool which may be optionally chlorinated and/or coated with nylon

or blends thereof.

6. A method for preparing a fibrous filtration media according
to any one of the preceding c¢laims, said method comprising

exposing either (i) a fibrous filtration media or (ii) fibres to



20 air flow. Accurate determ nations are possible in the range
<0.001%to 100%filter penetration. The results obtained initially
and al so after 7 days are shown in Table 3. 25 Table 3 Test Fibre
Penetration(% Initial Measurenent After 7 days Untreated 0.5 0.7
Treated 0.405 0.304 treated 0.428 0.331 These results showed that
the treated electrostatic 30(tri bochagged) filtration nedia gave a
mar ked 1 nprovenent in
a plasma comprising a hydrocarbon or flucrocarbon monomer so as
to form a polymeric layer on the surface thereof, and in the case
of (ii), forming a fibrous filtration media from said fibres,
characterized in that during exposure of the fibrous filtration
media or fibres to the plasma, at least some fragmentation of the
hydrocarbon or fluocrocarbon monomer during the plasma deposition
process occurs to generate free to initiate polymerisation
without the need for a free radical initiator so there is no
change to the surface hardness of the fibre surfaces and the pore

size of the fibrous filtration media remains unchanged following

the plasma deposition process.
7. A metheod according to claim 6 wherein the plasma is pulsed.

8. A method according to claim 6 or claim 7 wherein the

monomer is a compound of formula (I)

where R', R’ and R’ are independently selected from hydrogen,
halo, 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;),¥- where n is an
integer of from 1 to 10 and Y is a bond or a sulphonamide group:
or a group —(0)pR°(0),(CH;) .~ where R® is aryl optionally
substituted by halo, p is 0 or 1, g is 0 or 1 and t is 0 or an
integer of from 1 to 10, provided that where g is 1, t is other
than 0.

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

formula (I) is a compound of formula (II)

CH,=CH-R® (II)



WO 2009/ 147422PCT1EB20091050596 29 perfornmance. A decrease in
filtration performance brought about by aerosols is an established
problem and the treatnent provides a clear neans of alleviating this
problem 30 Clainms 1. A fibrous filtration nmedia whose fibre
surfaces have been nodified by exposure to a plasna deposition
process so as to deposit a polyneric gpating thereon characterized in
that at | east sone fragnentation of a nononer during the plasm
deposition process occurs to generate free radicals to initiate

pol ynerisation without the need for a free radical initiator so that
there is ngGhangest s e S hiace har gness 10foddiand i ¥ eosiifagesr,and
the pore size of the fibrous filtration nmedia remins unchanged

foll owing the plasma deposition process. 2. Afibrous filtration
medi a accordi ng to cl ai m 1 onkeréicriof d tomes.Rar e (exposed to said plasma
deposition process before assenbly into the filtration nedia. 3. A
fibrous filtration media according to claim1 wherein the formed

medi a i s eXpIsed a6 Baidd priiawd Hérfdﬁ-f{‘l]oﬁnﬂr%ce’ssshydlngel\rf‘Flbuoous
filtrati onangdi ac:acedipgiya.any one of the preceding clainms which
is an electrostatic (tribocharged) filtration media. 5. A fibrous
filtration nedia according to any one of the preceding clains wherein
the fibrousl.nedi aetorprrsesiipol yprédpyh ehehecwin ghe sendpanktodt e,

pol y( et hylmuigr@ﬂhwaé actoﬁg,@uﬂaywnﬁorm@wvemb chloride, modacrylic,
acrylic, cotton, silk or wool which may be optionally chlorinated
and/ or coated wnth nyl on or blends thereof. 6. A nethod for
preparing B.fibraushdd kttatdiay tedilai@anotkBé iy nt oharpmpiendbrt he

pr ecedi ng d, et h ng.expQsing either (i) a
fibrous flﬁra i oh I&Y:)E‘dl a org‘?ﬁm%%gﬁr)%%or a @?’ a plasma conprising a
hydr ocarbon or fluorocarbon nononer so as to forma polyneric | ayer
on the surface thereof, angyin the case of (ii), formng a fibrous
filtration nedia fr sai d i bres characterl zed in that during
exposure of the fi bro s f] (ﬁ QFfI bres to (Wr)e pl asma, at

| east sone fragrrent tion 7at e hydrocarbo ér fluorocarbon nononer
during the plasm de ositi n process occurs to generate free to
initiate polynerisation wthout the need for a free radical initiator
so there 'Sh nQ 1gqlgangae t eftged%%rf: ce Igardndess Eg)fant hr‘?tf' bre Sful’f es
and t he pore SiSe 6F T HE DT olis Tt ratitn *nbdi®d FerEchs uncﬁanged
foll owi ng tché-pl asma deposition process. 7. A net hod according to
claim6 wherein the plasma is pulsed. 8. A method accordi ng to claim
6 or claim7 wherein the nononer is onpound of formula (

where R, B and"g&&*%r éC?WéﬁgnHér‘ﬁlFV“slell BRe e Of Ftbemcﬁ%?%tjjeﬁf hal o,

al kyl , hal Badnkyd V) aty|1HopH onaktyerzabstd d1nbecddry ) hatyaatand R4 is a
group X-R5 where R5 is an al kyl or haloal kyl 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 adbond srtEprSsarphisiiam be egivots oér crigpobipre 12 wherein the

-(0) 026(0)ﬁ3(1@§21)ion v.\@@{ae 0132515@5615314 RptEONA hyplsalélagtdetﬁéfsegl&y hal o,
pis 0 or or._ an inte eger from1l to 10,

D oui deq tfHer R ooy &80 fqel T i ¢t Y A AR g B ng
to cl ai m 8voadtegeiapptithed cenpopmicedf field.

14. A method according to claim 13 wherein applied voltage is

at a power of from 40 to 500W,



formula (1) is a conmpound of formula (I1) 32 where R5 is as defined
in claim8, or a conpound of formula (I111)

CH2=CRThC(0) O(CH2) "125(111) where n and R5 as defined in claim1l and
Rmis hydrogen, Cl-10 alkyl, or d _|ohaloalkyl. 10. A nethod
according to claim9 wherein the conmpound of forrmula (I) is a
conmpound of forrmula (I11). 11. A netB®d according to claim 10
wherein the conmpound of fornmula (Il11) is a conpound of formula (I1V) O
>R7aCF3(1V) where Rmis as defined in claim8, and x is an integer of
from1l to ¥ ®repgfeehsRrHeeordiany ¢ Gfathire wheéreFhritthéZconpound
of formil a{dr¥)nighelbbiltdgdli b, pilsbBepiradesaflones odeayl acrpbatfio 48. A
met hod acco%e(r:li ng to any one of. clai 6.to 12 Fhergi.g the filtration
medi a or B é8™ar? pl 5d€dOfh *E Pl a5 “8RFoST oW chadbér, L 530 ow

di scharge is ignited within said chanber, and a voltage applied as a
pul sed fiejd. alfechodBERAGAGCRS Lnddodd o5l A1 k36 Whenei n anpliad
voltage is at a power of from40 to 500W 33 15. A nethod according
to any one® GFelHRITEY195Fr 81 ST 1CUhEPETH PLAEMY, 3t ajfd- 18 Bult¥&d in
a sequencetfivrowhingdilikher rraki pimgkesthe tine on : time off is in the
range of from1:100 to 1:1500. 16. A nethod according to any one of
clains 6 to 15, wherein in a prelimnary step, a continuous power

pl asma i s Bppl ifedetrd Recdidinouls® wBdin 16r wherein phegreliminaAy nestdpod
accordi ng {0 ceh@idpebbi Whakepredhes pselahm nanyggiep i s conducted in
the presence of an inert gas. 18. A nethod o? filtering fluids such
as gases or liquids, said nethod conprising said nmethod conprising
passi ng flid.d tthmetighi afffiltteatdorflobds suat cor diepgs to@ amyuione ofid
clainms 1t . [ Gl aj | fluid
is air andpﬁtﬁlgdn%%{pgéf@aggg? g%t%g%gt%?‘?%?sﬁ% [ !aggt%gtgm?g{ﬁgvgg%%h%
particl es frléapE+d gpfla apgordRg bR engf OB ¥l ghEriSsédtd ISuor ocar bon or
hydr ocar bon coating, deposited by a plasna pol ynerisation process,

for enhancjng the antj-caki properties of a fibro filtration
nedi a accofrd;‘i ng % oﬁfy 257 1§Ign%o fe'if"bm 51.Sa Wg‘ir:el'i‘héh%ﬁub? hp air and
pol yner i sethd hadrapdar borelectnadrotanisdna coatti ngnoveeposlitdedatn/ caes
pl asma pol yngrisatd;en process, for enhancing the performance of a
fibrous electrostatic filtration nedia according to any of clains 4
or 5.

20. The use of a polymerised fluorocarbon or hydrocarbon

coating, deposited by a plasma polymerisation process, for
enhancing the anti-caking properties of a fibrous filtration

media according to any of claims 1 to 5.

21. The use of a polymerised fluorocarbon or hydrocarbon
coating, deposited by a plasma polymerisation process, for
enhancing the performance of a fibrous electrostatic filtration

media according to any of claims 4 or 5.



