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Filtration Media The present invention relates to
fibrous filtration nmedia, in particular nonwoven or
wowwendfset trati on nedia which are in parti cul aPCT/GB2009/050596
reusabl e or intended for prolonged use or use in
particul ar circunstances suqh as in electrostatic
filtration, as well as nethods for treating these so
as to enhance their properties in particular in terns
of their filtration &ffi¢Penty "t 2ant i - caki ng
properties. Filtration of solids fromliquids or gases
s wdely used in many fields including.the. . .
THY et B eS T NSt PEAR B ORedePRED: | Bgratopy medias in
phesiduigr hoatoderbevernagen ®llechronnhosednd whaterare in
treatment. A wide variety o terials be used t.0
oeb Ry shedb i arosh s LT RGBT LasnBs ahts o
patthistultaypesrofimdredicas Meabreanenf el ¢ et sameipofolusraafion,
mcr porous ms. used to carry out theg% %xgg§agnheir

as well". Réé s for r??tlgg th Q. A8
operati on. rane r1i er ar e produce by varl ous

prepdrads;s inchbandiing leastn ngemet bédshsichfids rgpion
st.ir}lgf dip casting.and doct%t bl ade casti ng.
"% Spﬁ an rti

1cCle 1—-Ccaxin I e S. . h
WEever, er types of material and in particul ar

fibrous nmaterials are used in sone situations, in

j.cul ar : r val. of fo ml e . .
wBELLd ety LT DS RETRULL 8 L O SR 80U} e un
npay t§iculdar 1phbséinchaheapecdqisolcabl elndndsady L f predsssing,
1RE&SeNE- A 0Bl ol heal hhohazard and.can. gjve.rise [0 Qr

exacerbate respiratory dlsease.lTﬁey are therefore

treegirent| yArenbved ity ort exeirpliel s aiay dondped oft mgrry
o§ys&ﬁﬁ§p§ege§§bs including porous membranes or other types of

media.

Membrane filters are porous or microporous films used to carry
out these types of operation. Membrane filters are produced by
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
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 frequently
removed in for example, air conditioning systems and in
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
arrangement of the warp and weft of the material. However, in

many cases nonwoven materials are used. These may be
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particular in respirators used for treating patients
Wth respiratory disease. Fibrous filtration nedia my
wheooofi4@2ronventi onal woven material, where theCPGB2009/050596
si ze depends upon the rel ative arrangenent of the warp
and weft of the material. FQMever i n many cases
nonwoven naterlals are used.” These nmay beconstructed
provi di ng | ayers or_sheets of relatlvelﬁﬁrandom

C%%/? e ESf Phries V%Pge%%rﬁﬂse GsPRGEES COnvENEFbratY
r@@&ﬁﬁﬁgaﬂﬁaﬁ@@ﬂﬂﬂibr%@||ﬁMEdn@M@ﬂap@$ﬂg;aﬂdoﬂﬁéﬁﬁﬂhdaﬂ
bond usi bar r .po nt of _a desj
o SRRt T U LPRET HBedree PSS g SR BUGH (Hgding
uﬁﬁﬁﬁ&@xﬁbbres@hag bhepeiﬁE£kﬁD%.beﬁﬁuﬁgshhenrtﬁ@ekhﬁﬁon
a_pore..structure o
o e PP R o S O e P PO R RE e PP, Bet THaL sl rect
oﬁeldirailaargetgernettqa;}eltylemf alad,podtyrmm sammttemreal camltarrrg a pore
art cul ar. a rob ric teri.al, .such
P ylltraF ?U%ré%i y eﬂ%yﬁﬁffE%ES Holyethyl8ne nEpe fabric.
terephthalate polypropylene ceIIquse dlacetate

THQ QG '1:@? r)éllllg V\%ta[ tp'%‘i@{@}’c% erlgﬂT’Mé

ura res such
paeﬁnquiarThey0bM$§ robuserandertelriabl sudh lasr at i on medi a

péé‘i .13 % 06 Yar teyleOfP rf’é’)' ' %%:128‘81? 14?@’"%\4%Bhﬁﬁhe are,

ulre cleanin re u rva s to ensure t
p@hﬂyrmlﬁoté b@@drréoebo@g@@emtten rﬂg@acrx@li@aﬁhﬁgamshl@ebut

th&y rrﬁa%}j 294L H&MﬂsteeEQE‘uPé‘leSfl%%Q a8cildls %8§t'&9ct%%dor

the |I'ke. However, a problemnay arise |f solid masses
Sei:kcakfegeéf-nparﬂthear éscarerygr ped oalide erddilarafiresgedia

weakes TRy adhers, ¢ appextantnihat they are not fully
or easily renoved during a

However, they require cleaning at regular intervals to ensure
that they do not become clogged with dust. Cleaning may be
carried out using techniques such as air blasting and the like.
However, a problem may arise if solid masses or cakes of
particles are formed on the media. These cakes may adhere to
an extent that they are not fully or easily removed during a

conventional air blasting process.

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.

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
electrostatic charge on the electret fibre improves the

filtration efficiency over that of purely mechanical filters.
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conventional air blasting process. Hitherto, the
probl em has been addressed by applying |iquid chem cal

woe@attemer s and in particular fluorocarbon cher@T/&B2009/050596

treatments have been applied. However, the results

achievable are limted. In addition, some of these

fibrous nedia have particular application in the field

of electrostatic filtration. The use of electrostatic
AFI?@drlattluoaﬁl@%Y%Hagecbmﬁ?ple&%tmsbaaﬂq gGfage® large pore
swespicrr@taeéa tElecihket sahate ta rsasti: pesfmanent ael ectric

st as nmgnets have a pernm gnetic .
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fle’béJE niedpBovEs tHeerckblt riad lnmraieeﬁﬁgm@naya e¢eght hatd abre

CBYELy sTeshgnLenh LLLY o5, sddi onal sdvamtage 1

ec or e 'si ared to
rrechanl cal filter nmedia of si m I ar per f or mance.
I fbarte' on dgw ces t hgrtlsggrp trost %t ll%?fl I glest be
i'a can theretore S

abbmxatthotlham @Cﬁng\eal (eatemd rt(xmbnehhagﬁct‘)al afhdl tertaedi a.
e bre t h onstry of ..t ilters
o Ei9 50 B ef P HOPHC Ry SR oS Sibachre FrLEEehr ged)
rahyl (gentlana p@qmecﬁ@lsmh ay lpol ype bpyilredechéetridd ose
mg&?&\f}fﬂtcean y(dlqtch)égeé?&lt ely eEBEg@JI ,atsq])lk’ oYL, O, (which
i nyl

C | ori nodacrylic and acr IC as we
m@r)tlt@n:hlsywkamd mobtmhwx:flﬁ rray abed cfr‘ﬂmreIXﬁapé@I Yo coatlng

wOt NEfWSe. RE%%&‘%m%b%ﬁ”’m e by coating with nylon,

may be suit In particular, m xtures of both
positively char ged and negatively charged fibres form

IR ﬁgg%iJQQ§E§ &f&tﬁy%s of both positively charged and

negatively charged fibres form a good basis for an
electrostatic filter. Examples of suitable mixtures are
described by Smith et al., Journal of Electrostatics, 21,
(1988) 81-98, the content of which is incorporated herein by

reference.

However, the efficiency of electrostatic filter media can be
reduced by exposure to certain aerosols to a far greater extent
than mechanical filters. This potential reduction in filter
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
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
conduction occurs through the liquid film on the fibre,

resulting in discharge of the electret. Finally, there is also
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el ectrostatic filter. Exanples of suitable m xtures

are described by Smth et al ., Journal of
web@otsmst ati cs, 21, (1988) 81-98, the cont entPOf/GBRI0CN50596

Is incorporated herein by reference. However, the

efficiency of electrostatic filter nmedia can be

reduced by exposure to certaln aerosols to a far

greater extent than nechanical filters. This potentia

A RUUTEIIN T ntF3 1t SPPEPFIET ey £8° n?fr%ﬁl 8 tip fibre and
tp@raaﬂaﬂoar the casesowhesei NMalsntapante-tafetpei b oE Manee £ due

IS criti such as in respirators and the like. A
CRUFBEH S ﬁ%%ﬁ%ﬁ?%ﬁg Habve Been™ proposed to explain

this phenonenon For |nstance it is thought that

Teq%ra |sat on he char the f bre ﬁélogp d L.
chalyes 8? he' cap Ur &g eroso “pa r%?éi yYbesa -°
tﬁaekﬂms1Ahber@BQKMehyrla<h&yemgefomapkunedgpa®fixﬁnﬁaces,

aWQXu1 @thganJthe CEQ{gqgm%gbreS '4“ the ﬁaSQKPES
P “derosols, ere I's” a possr%rll y S hat™t
reemﬂu&@@oason@umsathﬂeagh<nhetbquthé|ﬂmmtogem¢mates

th tr
lﬁigﬁelwas%guggéég%ed tg'§8£¥géi blﬁ%twgﬁ %g%l gﬁ methods

al'soa possi e endi
Uap@mrﬂhe natuwre® Gﬂaﬁhesf¢bi6ﬁ@ﬁdath@ %@mosebantme

mé‘ é&ﬁ%'s,”%iéﬂ s d '%%bgég‘t‘é hbé%é%ﬁ@a 995151 O yhen

em cal reaction or I ssol ut |on asna pOSI 1 on
the%:hlrﬂ qees havesheersquit eowiedehysusee f ohet hedicals of

tﬁ@p&zﬁdﬁo'u% of pRl WTBLhS %e‘%@%eo&‘i O RBgE Ofc .

surfaces, and i1 n particular onto fabric surfaces. This
Cometiigne i BOFeeeoghivabEe 3iss endg Ao gt eaicedpyructures

cbechnigue rLhalt ggneratgs: lidtd @ Vs\@§<§r§‘g CRIRALEE LD o the
conventional wet chem cal nethods.
monomer species, whereas a polymer network generated using a

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.

Treatment of filtration membranes using a plasma polymerisation
process to prevent the retention of reagents on the surface is
described in W02007/0813121. The membranes in that case
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
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.
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Using this nethod, plasmas are generated from organic

nmol ecul es, which are subjected to an electrical field.
wOb@n/14es i s done in the presence of a substrBCEGBRIVE/050596

radi cal s of the conpound in the plasma pol ynmeri se on

the substrate. Cbnventionalépolyner synthesis tends to

produce structures containing repeat units that bear a

strong resenbl ance to the nononer species, where
THol %Pgﬁcﬁéﬁo?%(vegéﬁéflﬁt E*aahﬁynﬁrﬁab}%ﬁébé%s JCelltratlon
meXid emahy eoamplLXprotbes ptiopeldritesnicd F rtesuhé@id may be

coatln can, g $ g_upon the nature of the substrate as
evﬁﬁqce SEHBT WAt e Yof the nonomer used and conditi ons
under which it is dep05|ted Treatnent of filtration

anes u satlon r
A%?%%éﬁp'%ﬁeg?etensen o?v$ ents on %%épg %éiﬁgbrous
fﬂesmﬂnbﬁdmen1N%BQ&%/@8iﬁi%ihasTbeenHmhh&ne§ bn ¢h@atsure to

fe ho ver.are % nerally gheﬁg naterlal§ such as
pos 1tiqQn O OS1lt o}
c% FosePor * nit't 6cef Fuf ose 4 e aré forY S|ng e

coseirandhehepef ore consi dered to be ~l aboratory
consunabl es’ . However, the effects of such treatnent
on fibrous filtration nmedia, and in particular the

th@kmenifiﬁibhtﬁuwayeﬁaa sed fiomndl eetlrost api eignificant

e%ﬁééﬁ%; R ?? SQ%mQQBElféﬁgﬁi%ﬂep£$d59U3&¥1ST$£§%%PE%e

e effect o treat on the perfornance an
teethaliacitt yhot tHeckvorpdd ol ¢ soasdtnanberst dedoThesd thereon

1§pcmlyc§1%tl§c£]§é/§ tthlélﬂd I‘I%veb:y Egﬁéﬁﬁﬂ% ngﬁoyﬁ’e nature of

[trati on nedi a usi ng such a process t he per or nance
tbeﬁ e riedi demesl ise ehhanvebesitg s f ¢ € antirpus AL b ditign

nk@id heRresentid nyentiQh thene L Provided achlhrQus o¢
the media. In the case of electrostatic filtration media, the
performance as demonstrated by the aerosol test, may be

enhanced significantly.

Furthermore, the polymeric coating material becomes molecularly
bound to the surface and so there are no leachables; the

modification becomes part of the media.

The media may be preformed and then subject to an appropriate
plasma deposition process, or the fibres used to form the media
may be treated before they are formed into a media using
conventional methods. 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
massed fibres. Where the fibres are plasma treated prior to the
assembly 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.
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filtration nedi a whose surface has been nodified by
exposure to a plasma deposition process so as to
waelepodit2a pol ynmeric coating thereon. Treat meneCT/GBRIVDS50596
way has been found to have no significant effect on
the air perneability of the dia. This may be due to
the fact that the polyneric coating | ayer deposited
thereon is onl%t ol ecul es thick. However, depending

Thpord HETAGL TPE 0P FRE nefterisal ad]é}s%%c?&hé)@lct ﬁ%atl“g A

hpdoperddiescoit fidrousehts triafuiani nged & wfk‘l@llSEXélI'ﬂp:lv&nlgngas
of the anti-cakjng propertjes of the

OF heL Qe POr < of ARt A FESTIA t 1 SPFor i Ch Ly Whesul

fpe rxfeoftrmgc ep@biceast 1 a@edaﬂ;mpnhea aeresohnt ﬁsdh, camy
hanced  si gni fi cantl Furtt her o[ e, t he rrerl c

ec%%‘iruoﬁldcnﬁP%r? Oo&e S e s Mol SEarPAr T y %oﬁﬁ&mPoet

ssugdace handlsopd hérerane aiold,eachabd asjontele transducers,

1 bora1L‘t|ocat| onlbmeecoct es _part of the nedia. The nedia may

Bé prefr rmed and t fen subject to an appropriate plasm

dep03|t| on process, or the fibres used to formthe

e.treate th are far into .
ARG SRR SRR L D5 SRR B oo
1 pewet reatdi ags nat ureersef it h@lqﬂ%éﬁhrﬂéjalttrr@miorreramat ratd

21 0e form,ef. { h&ﬁ%@ﬁ‘cﬁéaﬁ & %ﬁqc!aél&%‘ GLILLI £8lsn 881 ters
it V\ﬁ I dl

ene rate eep Into pes or |nto masse
uf¢dhries haﬁmedealyﬁe sf/i bperd gt spliagpeand eatredcpt i orokeo

fﬁfl@eﬁssse'i’@ Ys Ogarttq%uflgpfy sulttQQXeWI téqe@t§8g§§tl\/éﬂ tftllter

untreated fibres i n various proportlons to control
mpdidl Uskdefertoteati E0€hdrgimegorahtof §la’€@ﬁ“|?@%efﬁlfltn

pgf%ﬁéf%%ql&ﬁQEefore, whilst air can continue to pass through
them, particles and in particular dust particles will become

trapped in the media.

The selection of the monomer and conditions of the process (for
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

the active species for polymerisation.

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

Any monomer that undergoes plasma polymerisation or

modification of the surface to form a suitable polymeric
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fabric . The polyneric coating nmay conprise a

hydr ophobi ¢ coating. A hydrophobic coating prevents
woO capairgr4aengress whil st all ow ng gas or air to PEBEE&B2009/050596

through the nmedia. This is particularly useful for

venting applications, for exanple as used in nedical,

el ectronic and autonotive applications, for exanple

for sensors, headl anps, hearing aids, nobile ghones

07 GHEHICERE, O F aBUraCer O RGUiPeAt @t ¢ hel\/@b‘Féa t &t dge

flLDtJﬁﬁﬁ.@rndaGﬁBa \Matyh sblﬂeabrweﬁat Iu@@dﬁ&YE}Q&anléedof nsddhquu d
and gas .fi ass fib iltrati

G hEEe e PBATS HenGCaBEr | Catoner el Ta
pt@dlﬁdﬂdgehsdusﬁibblm: baem@huaj ¥®ias j nsw wd sdlbessaﬂ% ba/nd
rg]a lsrm e ters S partlcularl tabl e
oP i RR P aet g e Srebrtinst 45t Leai . Lalibi e
ctheourerspwal i of xaaardwwaefldmsttlomaﬂt gcdbess, “ﬁlaetéef:mIaegly
| st a| c caontin throuhthe
mQS‘ia“tl a& At |c1ﬂ[ Ereeg CO% “dswﬁﬂe Becone

ro
i°‘n - par par
9t7ra$ftﬂe1d [ pethhlmduaaedTein&es@sedWao@ of alhe fbeonerteand

155’é‘d'ztz’1%”§z9£ ”he %%g%%séo Jar;exan %%Lﬁ:%ltég &l Stinds
ressure and rOB re selected’so that the presence
optlcalaflrleecpa‘dainalngl hel patoratiogisnot peguilogdntéped organic

chégé%l@s o@og‘é/wleé’ésscatlbogaﬁ;g}h a‘&%ﬂg' @&M&%@%éﬁaﬂ to

I oni sati on In wh ere I's at | east
of gagire Ivoarp endpfconye 1 ppno e daubhe kyzﬂra@miwﬁr %%@@ 62)

sﬂ_{%éatferd%??@ﬁ?é | QR ELRAL er?ax;ﬁ% agt J;ﬁ!&o%%%%e%ﬁ@{ltuted

pol yneri sation. Furthernore, the nonomer and process
agondiftdiionsfare %ﬁﬂ%@cﬁe@aﬁﬁpqI@épmﬁh@P¢4Qﬂ@§&§ f it yrtsieon

wﬂaﬁhﬁrﬁkeﬁbgfa§ g@)@@pogﬁﬂﬂni%gg§onally 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.

A particular group of monomers which may be used to produce the

media of the present invention include compounds of formula (I)

Z>:< ()
R R*

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(0)0O-, a group of
formula -C(O)O(CH;).,Y - where n is an integer of from 1 to 10
and Y is a sulphonamide group; or a group —(O)ﬁ?(O)q(CHﬂt—
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
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any change to their surface hardness follow ng the
pl asma deposition process. Additionaly, the nononer
w@anwIpsmerss conditions are such that the porePGI/&82000050596
the fibrous filtration nmedia remain the unchanged
foll ow ng the plasma dep03|%gon process. Any nonomer
t hat under goes plasma pol yneri sation or nodification
of the surface to forma suitable pol ynericcoating
tPay e SGF Sutf ace odi PH&t i PR oRA’ tﬁ Surfdéecut ﬁ’@rmd
of i tiaatticonl pedi A graymsui ¢ abklywrbecuseth dnxanpl esr fce.
such nmononers include those known in the art to be
capabl e of produci ng hydrophobi c pol ynmeric coatings on
Asub&kramegeby1pka&@ampohynfrkﬁavh@no¢mm1uﬁElgs for
xanmpl e, r bonaceous. co nd hav eactiv
R IGnar BT Gikio D HRH £l hP o Babs A Abl g Ly e ferred
hd oo qratued peefflumno compouds (‘seel WR<FAr388013 onperit

| u d Kk 1 MVat e
chust) gL barss, (HNG < Shonyn e VLGE, 808, pyons.

ainin
Tb@tu&nmanykzbhtzﬁﬁmrngtha$tmﬁﬂghatoanIanMthah@gmmaﬂEd

[ t st 1
g e PR A SR R
tponds1(Ka0y 99/ BABE2) tosat vaiathed cor Gaam checonpoandsated
Féﬁ’w% @asg%'%'n'yf%&?si'é utgd al-ky, c hc%'gg Oi%ﬁoalkylﬂ

east carbon ato optional Iy Interpose
rhgtes dat ek WBIG0/ME56000)sfioptd ehal¢ ywisighstintclné at least

ofd kynhes (M0 00/20130), pol yether substituted al kenes
(US 6, 482,531B) and macrocycl es containing at | east

one heteroatom (US 6, 329, 024B), the contents of all of
swhi gh argr1berein J.uegspesated By Ref&lERCE re fluorcalkyl

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
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.

Preferably R’ is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perfluorcalkyl group of
formula CyF,y1 where m is an integer of 1 or more, suitably

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

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. In yet a



10

15

20

25

30

A particular group of nononers which may be used to
produce the nedia of the present invention include

weopounes of formula (1) where RL, R2 and R3 BCEGB2009/050596

i ndependent|ly sel ected from hydrogen, hal o, alkyl,
hal oal kyl or aryl optionallé substituted by hal o; and
R4 is a group -X-R 5 where R5 is an alkyl or hanaIkyI

group and X is a bond; a group of farmula -C(Q
f@?‘bﬁ% SFOPEtH et a ho@et’éf %Qeéklg?rﬁrlkylv\ﬁéﬂép n° é‘ﬁ nSthyl
obnpeger.of froml to 10 and Y is a sul phonam de group;
or a group - (0) PR6 (0) g (CH2)t where R6 is aryl
optionally substituted by halo, pis Oor 1, gis O
WDérdEﬁﬁd & tsob O amo'@mﬁ99¥ Oflkraﬁwﬂnﬁagekowhlch
r oVvi dedthat W?@re g ﬁ other tqan 0 ; or.a
PSUITICT Enf U pe? C?ud%“?%)m 0 VReEi e 1%y§Pm
tboSanmﬁ@mabh£<ﬂumtaee. A s used thereln the term
“hal 0" or "hal ogen" refers to fluorine, chlorine,
brom ne and iodine. Particularly preferred hal o groups
Saimkﬂleucsludnphéﬁhtenjtd@r mrbapgllf'orr ef énsltde athomat € Tywdule -
he aph , particul.ar
g%@ ée?%}21"@¥£ ﬁqﬁn e‘gﬂy %)%??Paggﬁ%ﬂ%%%yl’ ln
p@r@n@ﬁ@d‘mhahm$<u1e¢aybon at ons, SU|tany of up to 20
carbon atons in length. The tern1"a|keny|" refers to
strai ght or branched unsaturated chains suitably
Thaviengrordiment.o 20 carbomdatodnsortided odl kyk" a refmmosind of
5 on@l Kylrr¢hai ns as defined above which include at
[ east one hal o substituent. Suitabl e hal oal kyl groups
for R, R2, R3 and R5 are fluoroal kyl groups. The
al kyl chains may besteaight or brﬁﬁghed and may
i nclude cyclic moi et i es. For al kyl chai ns
sui tably conprise 2 or nore carbon

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.

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

is an acrylate of formula (III)
CH,=CR’?*C (0) O (CH,) R’ (III)

where n and R’ as defined above in relation to formula (I) and
R’® is hydrogen, Ciio alkyl, or Ci.ighaloalkyl. 1In particular R'®
is hydrogen or Cj;galkyl such as methyl. A particular example

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

0
H CF
>:350“/( e, )
H R



atons, suitably from 2-20 carbon atons and preferably
from4 to 12 carbon atons. For Rl, R2 and R3, al kyl
webapngr422 e general ly preferred to have from 1P€DGB2009/050596
carbon atons . Preferably R5 is a hal oal kyl, and nore
preferably a perhal oal kyl gnQup, particularly a perf
| uor oal kyl group of formula 2mti where mis an
integer of 1 or _pore, suitably from 1-20, and
by et g? abi%y 2fr 6T ¥2or SGER a8 % I BABFi g largEt fpfeeIen
aad kylisgraupstégdr RE fE@m&ﬂde@ haye frranket 6rén carlaon,
enbod nent %east one of ,rgé_a d

B8 T 5e7aPaBen: (IR BPAEr ti3e AP arBa e T RIS )

iaredald, 2hy dregestaderayeto afderdtyheey esbodi ment however R

5 is an al kyl group such as nethyl or propyl. Were Xis
a group -C (0) 0 (CH2)n -r n is an integer which
Ap@@ﬁdﬂﬁ@sta supd abloelspasesodjmenp, tie parltyimeuiargoating is
fer b bout u bl e .

SR e e YRS fob AT i) G8EE nis &8 oFo1 67 IR 100

ohﬁld@:ﬁ@r@ mhgmmadqmomsmhydwogmmoondalkyilgaeh ans of which

cgﬁﬁfgs%ykwolgﬁe rt%%%kgd 6%k$%lb8 dgt{%g a su991c1ent

conmpoun npound
10 pefidbrafultam¢| 9 a@H@ﬁCH—RDBYH(eIm): Waeee ﬂ%flosmasn dté"fa ned
S?PR¥§Tin relation to.foynula () In conpounds of
ormula (I1) , X' within the X-R 5 group in fornula
(1) is a bond.

Suitably the compound with more than one double bond comprises
a compound of formula (V)

15

R10 11

S

R R13

where R?, R’, R', RY, RY, and R" are all independently
selected from hydrogen, halo, alkyl, haloalkyl or aryl
20 optionally 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 optionally substituted alkyl groups

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

in particular perfluoroalkyl 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)
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However in a preferred enbodi nent, the conpound o f
formula (I) is an acrylate o f fornmula (11l1) CH2=CR

WQ 2090042 (CH2 nR5 (111) where n and R a s def PCEGB2009/050596

above in relation to formula (1) and R7a is hydrogen,

G-io alkyl, or G _i Ohaloa kyl . In particular R7a is
hydrogen or G _ 6al kyl such as met hyl . A particul ar
exanmpl e o f_a conmpound of fo la (Ill1) is a conpound

of fornuLVjiHV)where R7a is a defi ned above, and in
particul ar |is hydr nd x il an integer of from1l
to 9 , &g&?&% and preferaahy 7
In that case, the conpound of formula (IV) is

wikkd b 2H, a2Hhhepjadercatéma rt@d@opyéﬁpaéal@t @r@m 1 to 3,
According to a particul ar enbodi nent, the ymeric

e%@&ﬂ?ng“F%RfoHﬁeanﬂﬁpﬁﬁaﬁﬁ§ﬂﬁgs%¥ﬁ§q%q FF%TlQ%?ﬁﬂ@&Pa potor
aPk{sR GAMPLisyINg One or nore organi ¢ nMonomeric
conmpounds, at | east one of which conprises two
car bon-car bon doubl e bonds for a sufficient period of
sti #ap 150 RlaJ Ird\r;]v aNpownepgin Arﬁyezﬁ3 Ta&eLQél@éJln{yth%uauriﬁcg
Sui t y the conpound with nore than one dou on
ELeMRASed” aC EonOua of Tortdi-aCEvyT Ye °RB, ¢ %%Yﬁfﬁge“'
, R11 , R12 , and R13 are all |ndependently sel ect ed
fromnh halo aIk aIk
ST SR T LPE A By HA 0 aRe 2 1Te BEhieayi g
h@t@mquEganppean@ﬁegabn@biQEhmadgan@ygﬂpwps Z for use
in the conpound of fornmula (V) are those known in the
polymer art. In particular they include optionally
Psubstiltaut edamp kad ogr oupsowdtisclo fmayriveld niver poskedianitik
£9XYIEN, ¢ atoms. Suitable optiona

j\ R14
O
X O’J\\T/ ‘\I£ﬂ§§~ A
R'5

wherein R'" and R" are as defined above and at least one of R
or R” 1is other than hydrogen. A particular example of such a

compound is the compound of formula B.

SUUUR

H2
C8F17

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

optionally substituted alkyl chain of at least 5 carbon atoms
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substituents for bridging groups Z include

per hal oal kyl groups, in particular perf |uoroalkyl
w@e@aps42i n a particularly preferred enbodi meneCT/GB2009/050596

bri dgi ng group Z includes one or nore acyl oxy or ester

groups. In particular, the i dging group of formula Z

is a group of sub-formula (M )where n is an integer of

froml to 10, suitably from1l to 3 each R14 and R15
OPE“?I}?&éﬁeﬁHE%W%F%WégFe% }fert(?ﬁﬁOWHIFo@%‘h FaF bt 4Ky Period

oortiiad aal kylow SwotighkyidqR8,aR?, tR166riRkh, tRd2suaiutbR13

are hal oal kyl such as fluoroal kyl, or hydrogen. In

particular they are all hydrogen. Suitably the
TE@HDQmﬂdseﬁuf@mﬂﬂ1as(N%e@Oﬂhathmainieﬂﬁk,ﬁhé monomer does

h ou ra per aloalk rou
n%?r??“ﬁ% ﬁ%ﬁes og gwpouﬁﬁ oﬁﬁ% it Q8£h
bétmﬁenjawbheafmbd(aMomg wivher eire E@ﬂ pami RfSaarer@matlc

defin ove an east. 0 ne of R14 or
PR "R ONE A Bha L8RS 0B 0L BHEAL Shighde Ol qon
or snithegeonpoound. ofihkeoentha aBkyll nhcalrf urst heterposed by a

ypa%an%ngﬁ thevﬁﬁhyggfgngQQLQQQ % :9&%39 PM a secondary
the ng a

|ng I'tration sta conpri si
OHUWQHEEKN satm*atéﬁﬂ@ﬁgahwc:ﬂdnpouﬂdmi§am@ eohpound ed

=fOPRL 3109, aN: 9P ANBH LY, SUDSLI! Ul £k Al el chai n of - at

¥ bon atons ptio l'y i nterpose
het eroatom for a sufficient period of tine to allow a

PQP&Q@H% rgylgyf%aﬁf% RgﬁgﬁéghéIy%g§H££866ﬁpdﬂggst§fénthose of

saturated as used herein nmeans that the nononer does
faptulgontvaith nultiple bonds (i.e. double or triple
bonds) between two carbo m%yens whi ch are not part of
an aromatic ring. The t het er oat ont' i ncl udes
oxygen, sul phur, silg! R'

R20 R21 —
where R'°, R, R' RY and R*° are independently selected from
hydrogen, halogen, 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 or a group of formula
—-C(0O)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) ;R (0) 5 (CH,) +—
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

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

Suitable haloalkyl groups for R'°, R/, R', R', and R* are
fluorcalkyl groups. The alkyl chains may be straight or
branched and may include cyclic moieties and have, for example

from 1 to 6 carbon atoms.
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or nitrogen atons. Where the alkyl chain is interposed

by a nitrogen atom it will be substituted so as to
w0 oooafrgr4gecondary or tertiary amne. Simlarl yPCT/GB2009/050596

silicons wll be substituted appropriately, for

exanple with two al koxy gr oyps. Particularly suitable

nmononeri c organi ¢ conpounds are those of fornmula (VII)

where R16, R17 , R18 R19 and R20 are independentl

FQB| Rt dd'F POAY hydtogen SURRTOGErOmREkYE , 1 IR HSFEy‘Fa%?OH
aasyd, optitanal | sreibsbdt ddetbbytbak osandrdcR2tabBy afrom 6 to
1grou X-R 22 where R22 is an al kyl or hal oal kyl group

N ¥ 9"s 25°Bdnd or a group of formula -C (0) 0
(CH2) XY- where x is an integer of from1l to 10 and Y

iS.a nd_or .a sul pho 1 de oup; or rqup - (0)
PEROT ROy & ( o i an g o Sy Pref e py
pstibstdadlityedgbyuhalpartpcibalyor perfdudmalkol drand off

IS or,an integer_aof froml to 1Q,.provi ded that
e Pe 1 e % A5 Rr 0T ST A har SRR
fgooups 0, orn®RLpre fREALl yRiBon R1Q, sand 26 arell.

fluoroal kyl groups. The al kyl chains may be strai ght

or branched and may include cyclic noieties and have,
Where ekdmpbhegfeam-T (OOOECKEArHoN vatiensn. ForedR22whithe

kyl _.chai i tabl o) |.se o] g rbon. at ,
Ty F o 120 ek bon Atoms andf prrarably 1 ome "
te oS AP redebohl ataieit Preferably R22 is a hal oal kyl, and

nore preferably a perhal oal kyl group, particularly a

perf luoroal kyl group of fornula CzF2z+i where z is an
Shhteyer sofrhlomrmimsr eroses tzldl Y frelide Zdosandt formula -

Nl@ﬂif@f %ZabeNeJer @m Q'sll?ry&f@brgs angI cg-ro-haloalkyl such as
Cisalkyl, in particular methyl or ethyl.

The monomeric compounds used preferably comprises a Ce¢-»5 alkane
optionally substituted by halogen, in particular a

perhaloalkane, and especially a perfluorcalkane.

According to another aspect, the polymeric coating is formed by
exposing the constituent fibres or the filtration media itself
to plasma comprising an optionally substituted alkyne for a
sufficient period to allow a polymeric layer to form on the

surface.

Suitably the alkyne compounds used comprise chains of carbon
atoms, including one or more carbon-carbon triple bonds. The
chains may be optionally interposed with a hetercatom 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 may be created in the monomer on application of

the plasma, for example by the ring opening
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Were X is a group -C (0) 0 (CH2)yY-, y is an integer

whi ch provides a suitable spacer group. In particular,
wQ@2009/1em 1 to 5 , preferably about 2 . SuitabtBEGB2009/050596

sul phonam de groups for Y include those of formula -

N(R 23 )SO2 ~ where R23 is Txdrogen, al kyl or

hal oal kyl such as C _4al kyl, "in particular nethyl or

et hyl . The nonomeric conpounds used preferably

conprises a C6-25 al kane optionally substituted by

rhat 0garrlynsparddieuhanode per habeak kaneypcandsespecnalskyor
2 erf | uoroal kane . According to another aspect, the

P fer("¢*Ebating is formed by exposing the

constituent fibres or the filtration nmedia itself to

pl asma conprising, an optionally substituted al kyne for

a sufficient peR ad=to*alN ow a pol yéfi® | ayer to form

on the surface . Suitably the al kyne conmpounds used

conpri,se chains of carbon atons, including one or nore
"Earbdh- car BEATPIE P € BEhdsCY TR LEHar nd2 1Ry e o arvl
oppidenald yub st erpesedyWhi 1y ;a xheteLoBb M ANG BRY d§aKJS Y

substituent.s including rings and ot her functional |

IHY Gip S ISk tablE 8&5?%5,0 i°CH ¥ by b St dr gt Btionally
shranchedd havieafdq@m.2 to 50 carbon atons, nore

suitably from6 to 18 carbon atons. They may be

present either in the nononmer used as a starting

suht &licalbriagimmyydoeper rat edlude tdheupnoeffeforanlae

goai o T M s Rl S b L

- compau(rls) ar.e, those of 1500 mut an( Yhtéyer of from 1 to 20, p
and g are independently selected from integers of from 1 to 20;
and R“® is hydrogen, alkyl, cycloalkyl or aryl. Particular
alkyl groups for R*® include C;¢ alkyl, in particular, methyl
or ethyl.

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

cyclic moieties. Preferably however R’® is hydrogen.

Preferably R*> is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perfluorcalkyl group of
formula C,F,,;1 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)

CH=C (CH,) ,—R*’ (IX)
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R-CCGX R25 (M 11) where R24 is hydrogen, alkyl,

cycl oal kyl, hal oal kyl or aryl optionally substituted
whygoobakm@22 X1 is a bond or a bridging group; aneCTR&B2003/050596

an al kyl, cycl oal kyl or aryl group optionally

substituted by hal ogen. SUIE bl e bridging groups X1

i ncl ude groups of fornul ae -?CH 2)S- , -C2 (CH2) P-

W%%%Z O RS S A Zﬁ%éb%gﬂaflff i patiipuLas

a2Psrimland kgl as e repeodenblkyrselectzedubr oimrd nt.eger s
of from1l to 20; and R26 is hydrogen, alkyl,
cycl oal kyl or aryl. Particular alkyl groups for R26
Ihﬂ&ﬂdﬂh@ermbﬁdfﬂd@ﬂ,,thé parddued| ar, fametdyl (oriet hd a

s_al k hal oal kyl, it is generally
C%m%?uenrdrRég F%rrﬁul\iye (fx?om 1 to 6 carbon atons . Suitable

hal oal kyl groups for R24 include fluoroal kyl groups.
The al kyl chai ns na¥ be stralghtﬂor branched and may
i ncl ude cyclic noi etfEs &fler8bl y*however R24 is
hydr ogen. Preferably R25 is a hal oal kyl, and nore

referably er hal oal kyl roup part|charIy a
“Vier dal Ky F"gi OuPe0 Of of Hdl PR Ehet e e be ghFlrea

ab@&@gﬁfrﬁﬂaﬂl@dTﬁDﬁarmﬁuatamdyabeG)anQwrﬁﬂGular, a group
preferably from6-12 such as Inap £t% %
ﬁ¥ rom to

Cerbodi mefit X e’ dBnpBuhd BT f8r Frﬁl %1“ NAFPFTi S a

6 compalnd et rilorymdvauf! X) CHC (CH2) S- R27 (IX)where sis
as defined above and R27 is haloal kyl, in particular a
per hal oal kyl such as a C6-i2 perfluoro group |ike C6F

OtBer examples of compounds of formula (I) are compounds of
formula (XI)

CH=C (CH,) .0 (CH,) ;R”/, (XT)
where p is as defined above, but in particular is 1, g is as
defined above but in particular is 1, and R*’ is as defined in

relation to formula (IX), in particular a group CeFi3;

or compounds of formula (XITI)

CH=C (CH,) ,N (R°®) (CH,) 4 R”’ (XIT)
where p is as defined above, but in particular is 1, g is as
defined above but in particular is 1, R*® is as defined above
an in particular is hydrogen, and R*' is as defined in relation

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

or compounds of formula (XIII)
CH=C (CH,) ,N (R*®) SO,R”’ (XITT)
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 CgFi.
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wob@pa4pa2i s an i nteger of from1l to 20,

I n anot her enbodi nent, the conmpound of formula (MI11)
is a conpound of forrmula (X) CHC (0)0 (CH2)PR2 (X)
and R2ICT/€Ba®9/050596
defined above in relation to fornula (I1X) above, in
particular, a group C8F i7. g’referably in this case, p
is an integer of from1lto (15 nost preferably about 2
. Ot her exanpl es of conpounds of forrmula (I) are
compounds of fornula (XI) CHC (CH2) pO (CH2)gqR27 , (XI)
TWhet & 1p eirfiaasvélefribdadmaboy eshdbut kifle pairioeul ased Sinl the

as defined abov in particular is 1 , and R27

oPad e St Prea o rore: Forrtd RaTRLCY €10 tin

particular a group C6F i3; or conpounds of fornula

Xl CHC (CH2) P 7 (X wh [
<(3Ief|21ed ab(()ve )b%!téTCn }rt(%ﬁgl)g%é)?s %I?D)q igrgsp R

wHefd ned abavarbgn,i nipantie 1afa1|k§/1;t ha R0 KyS 88 aryl
defi ned above an in particu ydrog en, and R27 is

oBEI YEFilHedUPRETiéI R BH }P%lq'oarul 5‘ (FRY, Kin2parti cul ar
i AP OURNETE §51e Hedcorpauds, 100 -f Q1 R4 3 (ﬁ(l bht{HGar ¢
CH2) PN (R 26) S2R27 (XIH) where p is as defined
%Y)Jvé)r tOFH- particular is 1,R26 is as defined above
an in partlcular |s ethyl and R27 is as deflned in
ation to for in parti rou

C8F
P A o e Tt é%aa?%rﬁr 28 al 18 T HBMA Ci-

alsed. in the process is a conmpound of fornula (XIV)

Preferred groups R”’, R and R are C; alkoxy in particular

ethoxy.

In general, the filtration media to be treated is placed within
a plasma chamber together with the material to be deposited in
a gaseous state, a glow discharge is ignited within the chamber

and a suitable voltage is applied, which may be pulsed.

The polymeric coating may be produced under both pulsed and
continuous-wave plasma deposition conditions but pulsed plasma
may be preferred as this allows closer control of the coating,

and so the formation of a more uniform polymeric structure.

As used herein, the expression “in a gaseous state” refers to
gases or vapours, either alone or in mixture, as well as

aerosols.

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
size etc. and will be determined using routine methods and/or

the techniques.
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R28CC (CH2)n Si R 29R30R31 (XIV) where R28 is hydrogen,
al kyl, cycl oal kyl, hal oal kyl or aryl optionally
waamstii4er ed by hal o, R29, R30 and R31 are PCT/GB2009/050596
i ndependently selected from al kyl or al koxy, in
particular G _ 6 al kyl or alkoxy. Preferred groups R28
are hydrogen or alkyl, in pafticular G _ 6 alkyl.
Preferred groups R29, R30 and R31 are G _ 6 al koxy in
particular ethoxy. In general, the filtration media to
shetdyieatedsings pﬁo&C@@eV\Ii'uﬁ htt e @emhasnaaf chanhetchoget Hekclude
material to be de%os Lted in aag_%se us state,

n%ng?%%qd%&ﬁlﬁr%]eaﬁ@sl gHFt &t WPRFnItHe ér and a

rScﬂ]idSﬂhzlqﬁﬁeVlO]LéﬁngEl s appi:dmmizeswbn:chlfmyc kerpahsemdc)The They
Id}/rrerl Cc cgattln be pro g bot h gul sed

doud %\?e pﬁ%s?m Sdleps m??%nerclé:n&r?is ns bt

kpcudzrselda phasast mayirbeapt eferarethoasvéhi shalyl ews @droserted by

raglntfrre ug]% }'ng %\tl ng, and so the formation of a nore

unt t'or yrrer C 'Structure. A s used herein, the
expr essi on "in a gaseous state" refers to gases or

vX%‘Pou%rSfor%'tQPre 1%%& Ay AT ’ﬁ‘sgéeto Sc‘é@:fai% %Tseous

osol's . Precise"conditions un asm
pb@ﬁtsrwnarl rateonl fvakésspl a@aonweanoetimﬁnwernahma Wil |

cHBftedensndlng, Unon Lacher ©oueh-as. Lhe natuce, of. the

I'tration a‘treate |ncIU|ng
emeolmt efi akcl romimheeh dte desgudecd@nidt hasperes sunze

wg%](g(;so@%@ owh | L b&rsdel et g ned, s kady r Sutd Ne ABLACHS a1

plasma generating apparatus are available.

The gas present within the plasma chamber may comprise a vapour
of the monomer alone, but it may be combined with a carrier
gas, in particular, an inert gas such as helium or argon, if
required. 1In particular helium is a preferred carrier gas as

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
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
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.
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the techni ques. Suitable plasmas for use in the nethod

of the invention include non-equilibrium plasmas such
w@sgoovheme2 gener at ed by radi of requenci es (RF) PCT/GB2009/050596

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

at atnospheric or sub-atnDsQ eric pressures as are

known in the art. In particulfar however, they are
C%en,erated by radi of requencies F) . Various forns of

R

GUipnERt BT BE GSedUT ot Yererabey gdSdus tHFas s 2
céeneral Initthese COMPLESet ContadienNef St m 3-8 Mt £l HIe kSbic

i n_which plasmas nmay be generated. Parti cul anpl es
CBF = MU 8T priHY 1 4 G@ler i BdSF 8P [ her&Rcd T RS R In
sWR 005089961 and "M/ 2B54Gombtit tdredir ratkehefas will be in

onventi onal_pl 1 _generatjng_apparatus are
tHRai TR 81 THE' ga0 1 beent- Wt Ak tha Pisent Ehadidee of
fray oPprbse: Bvapedr iofpd e cmdponesowd ane, tbut:id. may
PPERPESAR5E MDA OPTL S, G0t Do PATLLEULAL, D, 216
rpee tieguligedhey it ipsoae ps eferaceédecadri er gas as this

can mnimse fragnmentati on of the nononer. Wen used

as a mxture, the relative anmounts of the nonomer

Iyapowr cegeearz irerelgasngsy suintabbyudeaeterari pédsid may be

S@JFC]&&! %@C%X\Mﬂ I%‘%C%?Hrﬁ €5 %ic%ﬂgérteo %%%%g&k&é‘,a'féﬂ“
the art. e anount of nononer added w Il depend to
exgnel exXtrent 2oh0 ttheutasuretlof tthe pagtiscul afhrdnorkrct as

aPgi NG disede L he natur @t@%, & SURStEae hel ngntfsat ed,
the size of the plasma chanber etc. CGenerally, In the
atbzdesf itepventdasiadl Ehambrerssirtrenones tihgtdebivered in

p?a rgél%té%ttieﬁ $EQP50 220/ iUk g o fOF £xampl udtaR. The
pre-treatment step may be conducted before monomer is

introduced into the chamber, in the presence of only an inert

gas.

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

present.

In all cases, a glow discharge is suitably ignited by applying
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.

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
a rate of from 80-300mg/minute, for example at about

120mg/minute depending upon the nature of the monomer, the size
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from 100-150ng/ mnute . It will be appreciated
however, that the rate will vary dependi ng on the

w0 e@etign2si ze chosen and the nunber of substr aP@BFGB2009/050596
required to be processed at once; this in turn depends
on consi derations such as t?§ annual through- put
requi red and the capital ay. Carrier gas such as
heliumis suitably adm nistered at a constant rate for

OEX%IC@aQPeS Fut 06F SFF 0T S-66sPanthit #*oabFt during a

p@ﬁﬂtdumtrr e8n p&irstnyhe 1615%@ vplf@c_[}e a@ampbelédiomxt may
N scem In sone insta g i.0 of mer %
8‘5‘?‘?‘? er ﬁaQOWﬁpp&@thaF%e %Iaﬁﬁ uﬁ?r%%rﬁcféﬁ %)S? 0 have 4
fixéﬁexnﬁormom@mam@e1unef@ejﬁangelofvéfynmliﬁ Be$pEct to the
and in art iC
e et Rierd SlierdaTu e B50utfl dleuptttinet the
mbhendd ewdr abe t&nnmlbad byfddie rprotess. i S achleved. In
some cases, a prelimnary continuous power plasnma my
be struck for exanple for from 15 seconds to 10
Gaseutaes vabonrexayplbe fle biw=ct0 intouties platshienchdrger using

¢ha Thi t a e rea st ep,
“e §%§Pﬁnt tha lq%%h%§non§?9a gﬁéé Q%ﬁﬁﬁPyréggﬁ%awﬁc)
inh@pbﬁwrbaceumgﬁﬁtﬂmap ake polaamer rsat ¢on d@caasthuﬂar,

wﬁé’ﬁé 'aﬂ%lagﬁg‘é‘% d&%e¥ he surd a%sel—h& RfE50 é‘uci‘ﬁgf% &Rn

be “con ore nono i nt nto the
leh@nﬁi@r chembe heapresenekt off anirpdantiarerin ghs prefraire

wPL RSB HS oh Agne S uiLalLy éWJs%h%‘i’ Lo &a@ﬁ'a%@gg%&&!m of0

al Tow pol ynerisation to proceed, at [east when t
thonaotrer bﬁ;pprm%%ntspral!ﬁda!drl@%és, ehecwmtéFSQ%hlrxgeomssed
o§uiﬁfgyﬂédlgﬂféqgmb%hgﬁgéyuﬂgis common in liquid handling.

Polymerisation is suitably effected using vapours of compounds
for example of formula (I), which are maintained at pressures

of from 0.1 to 400mtorr, suitably at about 10-100mtorr.

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 wvery low
average powers, for example in a sequence 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 20-50us, for
example about 30us, and off for from 1000ps to 30000us, in
particular about 20000us. Typical average powers obtained in

this way are 0.1 - 0.2 W.

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 fibrous filtration media or

the mass of fibres being treated.
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a high frequency voltage, for exanple at 13. 56MHz.

This is applied using el ectrodes, which nay be
WO nioensmb2 or external to the chanber, but in tPEI/GB2®9/050596

of larger chambers are generally internal . Suitably

the gas, vapour or gas n1xt§6e is supplied at a rate

of at least 1 standard cubiC centinetre per mnute

(seem) and preferably in the range of from1 to

| OOsccm In the case of the nononer vapour, this is
seutatkabgl ya @ma@[‘na emaaibea 1ﬁ§écﬁ‘ ief offr eut 8-1300NYb M tte,

bout / mnute de end| upon t he
rTRETR ErEt otk a T E DH5Pe (T IamaaroEng tre
surface area of the product durlng a partlcular run
Vo ta

9) .. 1t may_ however,
ARl BEAT T ard % BT v PRI Mot TPt ST A o
filuﬁﬂnkmtabdnmnnﬂemcdeﬁawewyuthathaﬁidvenaﬁynmi$rdescribed
t flned process ti
en 5559?%e na ure °of e%ioﬁéﬁerl%n mﬁé te ?ﬁPQ§§Fed
befeﬁHrameqU|red. Gases or vapours nmay be delivered
into the plasma chanber using any conventional nethod.

For exanple, they may be drawn, injected or punped
Ihmbaor tilve Lpk aswier egiton. high partineutizanbagseré ahpt dome.

tﬁ%aﬂ%ﬁsrma §sUSEL,+ 9A5E85L O xyoelFE% SaM 8 dpawe | Nt Qe op

anber as a result of a r uctlo i'n the pressure
avigtdian poher chanben Oc80beth By Olidn’ off canesvmifatitngron

OPGI@T:P’t OF obREY’ %}ﬁ ?@1@&&3}9% BPERYEDosAEL PRy /m

el ectrostatlcal I oni se I njected into the chanber
as is comon in I|qU|d handl i ng. Polynerisation is

Tﬁgéézﬁyﬂﬂ1@§£§§t§¥% %%E@Qc&%ﬁ%yﬁr%u@%aﬁ%&n¥y%ngépéggtlng good
exanple of fornmula (1), which are nmaintai ned at
qbaéggmﬁ@@form coatings, in large chambers, for example in

chambers where the plasma zone has a volume of greater than
500cm®, for instance 0.1lm’ or more, such as from 0.5m°-10m’ and
suitably at about 1m’. The layers formed in this way have good

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
may be suitable for a wide range of applications, but if
necessary, elongate or rectangular chambers may be constructed

or indeed cylindrical, or of any other suitable shape.

The chamber may be a sealable container, to allow for batch
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 volume
pumps, as is conventional for example in a device with a

“whistling leak”. However it will also be possible to process
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of fromO0.1 to 400ntorr, suitably at about
10-1 OOntorr. The applied fields are suitably of power
we@botbngmes t o 500Wfor exanple from 20 to 500V¥CT/GB2009/050596
suitably at about | OOW peak power, applied as a
continuous or pulsed field. Y%ere used, pul ses are
suitably applied in a sequence whi ch y|eIds very | ow
average powers, for exanple in a seguence in which the
SPetiD Of TLhET TR BROLS LT SFPeP SOt i e Sr dhgetytepheric
pteodk, 100 t0ode 1a00nefotiexampl ecat Bhouthls6b6bhg leaks”.
Particul ar exanples of such sequence are sequences
where power is on for 20-50ms , for exanple about 30ns
A, fﬁﬁﬁﬁeﬁfbsﬁe&tfdﬂammb(ﬁxx@mﬁﬂmnsaeﬁﬁrrﬁbs al mepasd il ar
abo t. 2000 s Ty, al . avera powe d
PR Uy Caf T R0 S TRECFL 6 i urePeth faply “hicn
mampkie@mbtmﬂé§05$36®hd85ini9@dﬂanuf@&i&&ﬁeﬁebﬂbﬂyuﬂfthy
TS SaTLpukes, dependiag, upar.fhe Aalur e ol 1 ne
"&odnpound “of 't or (Py%ahd the ?l rousr¥PF?ra?
dﬁedmaae@r abheenafss acf tbl bcmet{s ab@lomgmerﬂe:atc@dttsugtﬁtmkr)eoal, and
1Pl s %'} el %%Sf%l% O, S\ %'? N, yayre, Lo, media
acconmo ned i'a whére these are preforme
fﬁp@aﬂkiéubae$y SU|tabIe appar atus and nethod for
producing filtration nedia in accordance with the
invention is described in WO2005/08 9961 , the content
Apbthv elsrest hef ey iLneeorpormatcedrbyseefeermenced for
pP@ﬁéffﬁg Qrf1M¢EﬂE %ﬁﬁ@gabiéﬂ]ﬂgy H”Ec&%¥8ﬁ%%f%oo£n§'86% of
type, the plasnma is created wwth a voltage as a pul sed
the¢ gbkceglii ngnc bdarsageapoviestiold £PORT 0S 00L ckpoS00Waht3er
%?cr)a?ne%%g%ggt giltffaG&'I‘oQ 004: 4 0 A1Q0W nx 3,,and +sul t gbl i -at

comprising a hydrocarbon or fluorocarbon monomer in a plasma
process without the presence of a free radical initiator 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, wherein the plasma is pulsed.
The polymeric layer formed on the surface may be hydrophobic.

In yvet a further aspect, the invention provides a method of
filtering fluids such as gases or liquids, said method
comprising said method comprising passing fluid through a
filtration media as described above. In particular the fluid
is air and the media is an electrostatic media that removes

solid particles such as dust particles from the air.

In yvet 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.
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These conditions are particularly suitable for
depositing good quality uniformcoatings, in |large
webaobens, for exanple in chanbers where the pPEEGR2009/050596
zone has a volunme of greater than 500cm 3, for
i nstance 0. 1n8 or nore, suc? as from 0. 5n8-10n8 and
suitably at about InB. The lMNayers forned in this way
have good nechani cal ;strength. The di nensions of the
TR hy W | Fh%el%V@Iné&?%dp%%Vlz??St bR actBimrodat ROt e T +sed
fp@dSﬁdcf‘aLﬂbah bt wo&tolcambaﬁ%@t&ﬂqet ae@dss iatdichyod Fidwnes
treated. For tanc ener al [y c%boid chanbers
oR Xf“ els§6ﬁi’%b%°cfec?ﬁ a %Pé%é&go Frapgi i eaArT RS, O hat
fn$rmﬁ£eﬁsatyos@hﬂmgaHEtﬁatmﬁﬁh@ﬂgular chanbers may be
constructed or indeed cylindrical, or of any other
sui tabl e shape. The chanber nay be a seal able
sctwﬁbﬁawéﬂpot@b&ﬂﬂdMNaﬁdrhtﬁﬁaﬂarpboceﬁamﬁngsoarétobﬁaﬂnable
rls%elngets and outlets for the filtration nedia,
?o al oWt “¥0"be utilised in a continuous process as
an in-line system In partlcular in the |latter case,

ndj es f Ccr. [
TB?asna |schar8%qﬁnt ?ﬁ%Ciﬁgn%ér&%¥€£%%%n?gf%@8Of
e&@mwﬂ; hwghhvc¢iﬁm§np@nps,t@&;aqyompﬂWEQHQ'@ﬁagrammatic
af d 1hnw§1€§yice with a "whistling | eak". However
e

al so be possible to processsheets of
fiItratlon medi a or batches of fibres at atnospheric

FP§§§§quS Qrg£ﬁ9§%hggln8egﬂ§E%guﬁpg @@%gl‘gérmeablllty

"whi stling | eaks further aspect of the invention
teohpricgesed aet od f@brw%p@rhtﬁgtaom ibrbigs trefEeAtinon

2FEdi & Rs deserihed ,3bave,, Whingh AeLhod conpri ses
exposing said media or fibres from which they may be

constructed to a plasma pol yneri sati on process as
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 chloride 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
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descri bed above, so as to forma polyneric coating
thereon, and if necessary thereafter, formng a

wo pdwpoem2fi ltration nedia fromthe fibres. AnoP¢EGB2009/050596

aspect of the invention conprises a nethod for
preparing a fibrous filtratbgn medi a according to any
one of the preceding clains; said nethod conpri sing

pypncinn either (i) a fibrous filtration nedia or (ii)

Nt bres |£655F PPEHR compri sing a hydrocarbon or

Fil UOr O¢CRERANHRTMERI pbNy Gt ATHB PEAGHSSHWMEBPOUL: Th@tion
presen¢e of a free radical initiator so as to forma

pol ymen "€t ay eFe%n oFRé St Tdde other®Bt, and in the

FGASE Ol Nekh]epud @ Al arddrousala T Fi@al Is0pphediay T9cefh,
said filbres, wherein the plasma is pul sed. The
poIynerF@nFéﬁ%%n?(ﬂfnﬁédfﬁéEQRicde?E ke @h%febemean area density
hydr ophebli ¢sodur?yet a further aspect, the invention

provi-dd

FI} qui d$ NeSat P T REd PR O 118 g s AF EF RRAORGE € brrpirl tithg OF
passi ngrkthuh d 4hroughiactdddrioahl enehidiia tasadescs idiedd at
above. |I.n garticular the fluid.is air. and tge nedia i s
an el e¢tFBSt atiC "MEGra that® FefBibs™$HIG5¢ partictesstics and
such as agusiepait itbkesahit apttuterai fiead mrgat danfinst ker 550gm™

acnect the i nvention nrovides the neo nf

FP0I yrel 1'56d" P U6t 66aP BoN Br HydF ot aF B 60t Fhgl t1tration
deposi f eddby waitnl aswaFpohyireLingat e prreeessnsiof of 500gm™

aeanhancilna tha anti - cakina nraonertiece aof a2 fi hr nue
efRanlciA t+—He—aiti—CcaktRg—propert+es—o+—aHBous

filtration nedia.ln addition, the invention provides
the use of a pol ynerised fluorocarbon or hydrocarbon

S %rg altelgﬂ %afn gig }gsl‘l%%_] el%p g% F% r%a%:iegia 6 Q lgyarlm pr lI asé?ngl gﬂar%eorc %vsi%h 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 ligquid 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,Z2H,2H-heptadecafluorodecylacylate (CAS
# 27905-45-9) of formula

O
H CF
>:gLo/\/( 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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fibrous electrostatic filtration nedia. Suitable
fl uorocarbon and hydrocarbon coatings are obtai nable
w@goodesmel bed above. The invention will now bePCT/GB2009/050596
particul arly descri bed by way of exanple, with
reference to the acconpanyigg di agrammatic drawi ngs in
which: Figure 1 is a graph Showing the results of air
perneability tests carrjed out on fibrous filtration
MRS 3 XOFESt B T adE0r dante MiStROTRR Sivent'tont amgak
ptid f eat edp i garr & 02 mShowss | lvey reaswseitbrpalrrt LB e4Gind@utes
di stribution for dust uged ' iltration tests
h

f .
e TPl g E o et EnH | o Fetr iy 9gses

abh@stagdugsused flor chhebdeteravuaatiomaof dovwint eatbhade cake

orelease §iiigienoy: Fioure 4 1s.a graph showng the .

e el edSe" e eate
afd| threatriedna megiiae samdmbivglire 5 is a schemati c di agram
of the apparatus used for a sodium chloride aeroso
test. Exanple 1 Air perneability Test A series of
Flest st lwer ehcawgli édmogenows f idorieusrépid,r abirons mechiveoven

sPOLIL WiLh cand, oyt sybi il g, Lhem Lo a plasm
procedure. The medi a were characterised as

fol |l ows: Sanpl es of each nedia were placed into a

pl asma chanber with a procQ§§ln% Xolune of ~ 300
litres. The chanber was €onnettéd=Fo supplies of the
required gases and or vapours™ vid a mass flow

controller and/or liquid mass flow neter and a m xi ng
Whﬁ?%didﬁ the volumetric flow rate of the fluid flow, m is the

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.

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.

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
measured in accordance with BS EN ISO 9237:1995 using a
“Shirley” 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.

Test conditions were as follows:



or nononer reservoir as appropriate. The chanber was
evacuated to between 3 and 10 ntorr base pressure
whedooner42d | owi ng heliuminto the chanber at 20PGEEBR009/050596
until a pressure of 80 ntorr was reached. A continuous
power plasma was then struc? for 4 mnutes using RF at
13.56 MHz at 300 W. After %is period, IH IH 2H,
2H—h t adecaf qu;odecylacylate (CAS # 27905-45-9) of
“4*was broGght into the chanber at a rate of 120
Amklﬁmgﬁ@ﬁs.per5n1mMUQoamd the plasnma switched to a
pul sed plasma at 30m croseconds on-tine and 20
mlliseconds off-time at a peak power of 100 Wfor 40
Eatmuicesa, Onreonpl ehidonnofedthel, 40am nutjestehetpl BB MR sts .

t d f th t
A s S thoR o8 b et 0o Degael 9. 9088

base pressure. The chanberaias 1t hen vented to
at nospheric pressure and the nedi a sanpl es renoved.
Fluid fl ow t hrough honbgenous, ani sotropic, porous

Madhagven sFMMcturﬁE canfiye descfibed g Darcy's |am4 q
= 1l v P h + A ro A 1o thn ynl timent »ry ~ Fln\u ratn nf
the [ uil Tlow” h s The|viscos|ty of [the fI{id’ Dplid"
ﬁmﬁzpressure drop jal ong tthe conduit |ength of the
Hu-g—-owk —ang—t—are—irhe speetfieperneabirHiy—an
t he th@gk%éss6%frthéﬁ%gnwoéényf (%ratlor(?gr'rgdiam'y5 37.0
respectisvel y. 7Wal uesseaafi gpeeidi ¢ qerargalbsidl. Bty 16di catas. o
e AR IS 6o 56 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
6 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 60.0 | 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 | 57.6 | 16.6 | 19.3
Mean | 66.5 68.6 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% | 16.7% | 12.0% | 7.5% 7.3% 4.7% | 21.9%

Where U=untreated
T= treated
SD = Standard Deviation

CoV = Coefficient of wvariation

The mean thickness of the filtration media was measured from
five individual readings on separate areas of the media using a
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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perneability of a fabric exclusive of the influence of
the fabric thickness and fluid type, neani ng nonwoven

waonasderes of differing thickness can be conpeeBGB2008650596

specific perneability of a nonwoven fabric can be
calculated if the air perneggility and the thickness
of the material are neasured. The air perneability of
each filtration nedia FML- FMb was neasured in
accordance with BS EN TS@¥237: 1995 using a "Shirley"
air perneability tester. Agsing this apparatus, the
rate of flow of air passing perpendicularly through a
Th¢ venl carlesedf sfabirfiic Psrmedsiuried atleegifventpe esslireare
sHLff erencgacsoss the fabric test area. Test
conditions were as follows: Test area: 5cmAir
pressure: 50 Pa/100 Pa Each nedia, treated and
THPL L eatege vas. subj;echedsto 10 Lestsiackheshesisfesul ts
are shown in Figure 1 and Table 1 below. Table 1 Were
PEElRTIeat 8dVIEI9T dareihSD'e4iSt andar d Devi ati on CoV =

CoefERerent gf varggi T o fje megp; t i CKkess gistie
filtration madia was neasured fromfivelindividua

FM4

readi ngs on gepdftate afeas| ofUt he nédi al us¥ng|a Fast11l U

VAR EG, FESUNATGE by STFpt e [Test Mg sEOMPI §SST0 12 | 196
tester, which neasufes fabric thickness| under |a
theahefg dfm2.|00g cm 2

Specific 5.29 5.45 3.65 3.51 4.96 4.90 1.22
permeability
(10—11 m2)

The results show that the treatment does 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.
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Using Darcy' s law, specific perneability k can be
cal cul ated using the foll ow ng equation.k = ght Dp The
w@adoensaeed specific pernmeability val ues for tPer/GBe08/050596
are shown in Table 2 . Table 2 - Measured thicknesses
and cal cul ated specific pergfability val ues for the
medi a The resul ts show that “the treatment does not
ve an ni ficant effect onthe air perneabjlity of

E?Wé 3R tlFat Fg%% MEdite EASTRE W't HoP h%eset)?x?eﬁﬁ Bﬁl%lflctaﬁé on
aPEEExm&ﬂbhaﬂ@s@oﬂkﬁlmu@g3nedmawéE@Méd sahipils ﬂEdﬁ&iﬂ@%lon
S lied separate A4-sized one of whic
e R E SRR OB Got Fenr e b ber T Afouw i
ifedhtaed methesn case chad then |d@\l\&§brjﬁ0ﬂh&ae$l (2@ &=d ML) (

Xy aqple 2 F|I ratlo% gah% ests Te(ﬁdggsggcoggiigf%ga;r
ic e

&Phart il €55 d| oXf are
fp@w tpacslsens| zier@fght laedhestfqhastchmseﬂe(fsunedousmmg delivery

aser, diffracti chni gues. rticl passed
tF}ﬁr o{JZd fl {;)60l ust(s)g I%aglé?t b&am a%d %%%t &t e iji %?1 e
fagm azngiueu hyed sel) yopeopmritd arabntlop¢higid. sirze. rlT@h@Jas run

fg g¥|§% ntegiltééo theTﬁ% ggl%r a*&gﬂﬁ?sgggd Q@a%hen

Feasur ed osensitive detectors NS
rengeedi srterlgbmlcmqi ckplhecdust tihs showwsd I’EPOFFLQUCPIE 2 The

b E [ [
F@&{‘Ja@ Ehﬁ fﬁ\@d T, 1Py XAl @(r)xllrd)bl}[/:]ﬁ} g%)SLfP,A'% remove

|cateo iltration test
tmﬁlgﬁﬁaﬁ danmpl e ?ﬁe ffillteatdwh heediagswels ecleampedidireda and

£ 1 JEICNRUSL NGl ) MAL D MBS hALLYr N

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. 1In these cases,
the treated filtration media exhibited superior cake release
properties compared to equivalent untreated filtration media.
The results for FM3 show that the chemical treatment was
largely ineffective as compared to the treatment of the

invention.

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

permeability results above).

Example 3

Tribocharged filtration media testing

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

media.
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inserted between the exit of a delivery tube (2) and

vent (3) . An air supply (4) was fed through a nozzle
W@ 2)0ot1e74e2r eat e an air flow passing through a dest/GBe@d050596

chanber (6) into the delivery tube (2) . 1.00Qy of test

dust was fed into the feed Egan‘oer (6) froma dust

feed (7) over a 30 second périod. The rig was run for

a further 30 seconds. The filter and housi n% (1% was
TEpEh SERoGad" S Vei ghedtandT epragedc P théaredersdhe BS EN
1PPB417:@002Thedfun tcdn owasge sddyorotiede$© Wil thy S@coRdus
.Egrst of air,_to repgove t he caked dust. The filter and
L hoUSi g SE1 P wer® WeiPghed and the percentage cake

rel ease cal cul ated. The results are shown in Figure 4

. _These show that the.treatment appears to_have a .
RhRHEFCiodl CRPFRAt i FA 1ok peat SFout 1T (Y “dfist: bake (&) in
thel @asetinnFM  tHeM2rand &MB intbnat hesescdageserdfrer (9) .
rhreated Liltration media exhibit ed superior, gake , ¢,

F el ease properties con‘pareaoto equi valent untreated
pblydisateiron desltiabuthenresuldricdoes EMEIskowetlhat gehericle

chem cal treatnent was largely ineffective as co red
S{ETHE PreAPTEnt. ST he FTRETERon ThA CionGhn tHEF T2
tBadpire a0t e EMAclntbenotoshom ity Sheesad i ,filtRes, mayi have

bee g%etto IErgbl ens with the. sa I%% (see, comments on.
PREFEabiPt e r sl £ BBoVE) © léxgﬁ%fF °33 TrPBocHArgedation
of ipdftaldien neditee kesbsoy Satiremeehl ofticde iaehosabadsed

0 nlLy used for air filtration. testing. S es of
ERTUR el BEr Pruds Ll ot S BRe ROt e ST ELER
photometry. A flame photometer (12) contains a hydrogen burner
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
air flow. Accurate determinations are possible in the range

<0.001% to 100% filter penetration.

The results obtained initially and also after 7 days are shown

in Table 3.
Table 3
Test Fibre Penetration (%)
Initial Measurement 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

(tribocharged) filtration media gave a marked improvement in




pl asma treatnment described in Exanple 1 , were bl ended
W th pol ypropyl ene, carded to induce electrostatic
w@hb@pgieme crossl apped and needl epunched to prediG82@9/050596
nonwoven filtration nedi a. These sanpl es were then
tested using net hods based ? the BS EN 13274-7: 2002
sodi um chl ori de aerosol test”using the apparatus
illustrated |n Figure 5 . A stream of conpressed air
PPE 4 EFed A %eélsﬁ f?l?értrcaé)wilnpeil’rfé’raﬁaflé%tl?%g&ﬁt
abber ary @wrandld nto aa aetasnlsrganprad Din,( 2hd. the th@tment
enerator, .a sodlun1c? o%fde aeros%g i n t?ﬁ formof a
p%eﬁ S5 Perse™ ikt ot i o B FhaPei s RACPASA" medi an
particle dianmeter of about O .bmmis produced. This is
t hen passed through a test chanber containing the test
filter, whilst a parallel stream (11) by-passes this
chanber. The concentration of particles in the aeroso
before and after it has passed through the test filter
is determ ned by nmeans of flanme photonetry. A flane
phot oneter (12) contains a hydrogen burner housed in a
vertical flame tube through which the aerosol to be
anal ysed flows. Sodium chloride particles in the air
passi ng through the flane tube are vaporised giving
the co haracteristic sodiumemssion as 589nm The
intensity of this emssion is directly proportional to
the concentration of the sodiumin the air flow
Accurate determ nations are possible in the range
<0.001%to 100%filter penetration. The results
obtained initially and also after 7 days are shown
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in Table 3 . Table 3 Test Fibre Penetration Initia

Measurenment After 7 days Untreated 0.5 0 .7 Treated
wW@®2000841322 304 treated 0.428 0 . 331 These resul PGT/6BIWRME50596

that the treated electrostatic (tribocharged)

filtration nedia gave a narggd i mpr ovenent

i nperformance. A decrease in filtration performnce

brought about by aerosols is an established problem

and the treatnment provides a clear neans of

alleviating this problem Guaiims 1 . A fibrous

filtration nedia whose fibre surfaces have been

nodi fi ed by exposure to a plasnma deposition process so

as to deposit a polyneric coating thereon. 2 . A

fibro filt ion.media according.to claim1l erein
T o e hak kP BB b GRS el S P BR B b gen
nbef Oreel agserpbyurnentto thelddnd davbentiedipacc8ss H as to

i brqus filtration dia gccording to claim1 wherein

f
PR FormBd Wadi & i “Expdsed 0 $ai d pl asma deposi ti on
process. 4 . Afibrous filtration nedia according to
any @ne..of the. cedin . ai i.ch | .
2 R e L Bt Tri P arhor ey 15mesein
fibbrousef pkpeatd o medf ap-boTor dengstoianyprones ofbafoee
2pLEGAd) 0,61 Bl wherel g, Lhe, i brous media compri ses
pol ypropyl ene, cel'l uf ose I acetate, poly (ethylene
3. A fibrous filtration media according to claim 1 wherein

the formed media is exposed to said plasma deposition process.

4., A fibrous filtration media according to any one of the
preceding claims which is an electrostatic (tribocharged)

filtration media.

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 or 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 claims, said method
comprising exposing either (i) a fibrous filtration media or
(ii) fibres to a plasma comprising a hydrocarbon or
fluorocarbon 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.

7. A method according to claim 6 wherein the plasma is

pulsed.
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terepht halate) , nylon, polyvinyl chloride,
nodacrylic, acrylic, cotton, silk or wool which nmay be

wo@piovosmkl y chl ori nated and/ or coated w t h nylPCI/GB2009/050596

bl ends thereof. 6 . A nethod for preparing a fibrous
filtration nedia according p any one of the preceding
clains, said nethod conprising exposing either (i) a
fibrous filtration nedia or (ii) fibres to a plasm
conprising a hydrocarbon or fluorocarbon nononer so as
gt o foarmenpolyserdtnd ayeclomthesunbacer thereoh, tand

in the case of i brous filtration
mﬁ%ﬁﬁ%f'Ffoﬁ1S%WQéWQdLPésgoﬁmJ¥% %&gthod according to

claim6 wherein the plasma is pulsed.8 . A nethod

according to cla4n16 or ¢laim7 wherein the nononer is

a conpound of fRBraul a where Rl, R2 %Id R3 are
i ndependent |y sel e from hydrogen, hal’o, al kyl,
hal oal kyl or aQQ opti on@4ly substituted by hal o; and

R4 is a group X-R 5 where R5 is an al kyl or hal oal kyl
group and X is a bond; a group of fornmula -C (0) O

WEQQWY‘RW%%GR“ r% §Hdé;§1§n%%ft19fsﬁ&’9e% %90&%&{%)9;&,

bond or "a sul phonami de group; or a group -
hPF@r(i%kM& (CHalkwiherea REL ioptapyhl bptivdralifyted by halo;

a§('i|bf§4t Etsug e&(ﬁﬁf} &ahoiwh%rbsREO 1Qr al]r al]gyl %rohgioél-l]@yld gtroup
is O or aninteger of from1l to 10, prOV|ded t hat

anfef eisga §o1d; 3 Jrevst RErfqara0 ~C ) O(&Hnthhloere n is

aﬁcﬁﬁHégé}goEOfﬁ%ﬁ“ﬂ“tg wherel v they CE%HQP%&daOEu%fﬁdﬂgﬁide
(I') is a conmpound of gornula (II%

group; or a group —(0)pR"(0)4(CH:)+— where R is aryl optionally

substituted by halo, p is 0 or 1, g is 0 or 1 and t is 0 or an

integer of from 1 to 10, provided that where 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’ (I1)

where R° is as defined in claim 8, or a compound of formula

(ITIT)
CH,=CR’*C (0) O (CH,) ,R® (II1)

where n and R’ as defined in claim 1 and R’® is hydrogen, Ci_ig

alkyl, or Cijohaloalkyl.

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

formula (I) is a compound of formula (III).
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where R5 is as defined in claim8 , or a conpound of
formula (I1l1) CH2=CR 7aC (0)0 (CH2 nR5 (IIl) where
wo2@ad4B25 a s defined in claiml and R 7a i SPCT/GB2009/050596
hydrogen, G -io alkyl, or G _i Ohaloal kyl . 10. A
met hod according to claim9 yhereln t he compound of
formula (1) is a conpound o? formula (I11) .11. A
nmet hod according to claim 10 wherein the conpound of
Mt or nbil B 199 )aCFgr%l%%rFﬁoﬁﬁﬂl%flq SFREFAY (') SHePB R
fosmas defirpeds i @habth® of avdmx1bhs(mn i nteger of from
1to9 . 12. A nethod according to claim1l wherein
t he conpound of formula (1V) is IH |H 2H,
2H hept adecaf | wOrodecyl acylate . 13. A nethod
accordi ngyto any one of cl 6 to 12 wherein the
flltratlgﬁ ned) 8£ng ed in a pI@@
deposi tiqncha eﬁ a gIOM/dlschar@e is ignited within
sai d chanber, a a voltage applied as a pul sed field.
14. A nmethod according to claim 13 wherein applied
voltage is at a power of from40 to 500W 15. A nethod
W%%%%ﬁ%lﬁ@ 9 %ﬂ?ﬂ@ﬁelﬁfc%ﬁélﬁs a1d of i@ armineyercdi from
1the voltage is pulsed in a sequence in which the ratio
of the tinme on : time off is in the range of from
1: 100 to 1:1500. 16. A nethod according to any one of

12| ai ABnb- sy &écoy\@ﬂgeitra; cNa @m Prehin@irear yrisd @Rmpdund of
continuous power plasma is applied to the fibrous

ﬁﬁ%ﬁ%f dgv%héSf}qjﬁ@SZH 2H-heptadecafluorodecylacylate.

13. A method according to any one of claims 6 to 12 wherein
the filtration media or fibres are placed in a plasma
deposition chamber, a glow discharge is ignited within said

chamber, and a voltage applied as a pulsed field.

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

at a power of from 40 to 500W.

15. A method according to any one of claims 11 or claim 12
wherein the voltage is pulsed in a sequence in which the ratio
of the time on : time off is in the range of from 1:100 to

1:1500.

16. A method according to any one of claims 6 to 15, wherein
in a preliminary step, a continuous power plasma is applied to

the fibrous media or the fibres.

17. A method according to claim 16 wherein the preliminary

step is conducted in the presence of an inert gas.

18. A method according to any one of claims 6 to 17, wherein

the coating is a hydrophobic coating.
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17. A nmethod according to claim16 wherein the
prelimnary step is conducted in the presence of an

w0 p@ptiagas. 18. A nethod according to any one PET/GBat0a®50596
6 to 17, wherein the coating is a hydrophobic
coating.19. A nethod accord??g to any one of clains 6
to 18, wherein the fibrous [tration nmedia or fibres
are exposed to the Iasna wi t hout the,gresence of

a
TP ee®rauitod SCAPTd to 39Y WHetthGd2tar %HﬁbéPVn@h%Feln
tﬁébﬂﬂﬂ&u@lElIEﬁaﬂﬂbnﬁBdﬁﬂa&ﬁC&ﬁ@EBg d anyoese ©f trke
eced i.ng clalms od conprisin si n
B o (b P DEBoaoTrT (ot GROMetr S G (PETot Bres
to a plasna conpr|5|ng a hydrocarbon or quorocarbon

noper in pl.asme process. t hout g resence of a
reeﬂfﬁ'?Eﬁﬁfpﬁl? or "go%ak? ﬂm?oFﬁﬁ %§1 ner% %l ayer

aO@Oidﬂthﬁbfaﬂﬁ drirepgothe antkdedlibhectaises, o%aﬁdlmethod

a fibrous filtra ion i a fr sai.d fibr
co ?%?%%gtﬁ %Tln elté pU%SE&ng%rO&f tr tég%cﬁe 1agor
(1o dﬁ&hﬁﬁZGowhaﬂ@bmathemmmm%mngrachy@maﬂanbsn or

fi‘éfg'{ c%r%lgl Cmo %n A 0e hﬁg ofs bihtering &l uids, é“%%s%%ce
ases or sai thod conpr|5|ng sai néf 0
oécﬂuﬁnaa mgdpa@$|uu}tﬁhubd ghreough &ofm la matlvoar hedisyegson

Vﬁereﬂf%%@ ‘E‘Qﬁ’ Z%ndAlHEEHbo%a%‘éCQEdllg t‘%o‘flln%é“az%lbrous

in the is alr and the nedi a
feltmﬁﬁu&@ta@dearﬁﬁmmaSﬁhétthﬁmwveyh@@¢4miqﬁﬁrpﬂ@$@% fsr om
Ep @ir. 24. The use of a polynerised fluorocarbon or
hydrocarbon coating, deposited by a plasna
pol ynmeri sati on process, for

21. A method according to claim 20 wherein the polymeric layer

is hydrophobic.

22. A method of filtering fluids such as gases or liquids,
said method comprising said method comprising passing fluid

through a filtration media as described above.

23. A method according to claim 22 wherein the fluid is air
and the media is an electrostatic media that removes solid

particles from the air.

24. 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.

25. 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.



enhanci ng the anti-caking properties of a fibrous
filtration nedia. 25. The use of a polynerised

wo bawonemar bon or hydrocarbon coating, depositerChgBa009/050596
pl asma pol yneri sati on process, for enhancing the
performance of a fibrous elsgtrostatlc filtration
medi a. 26. A fibrous filtration nedia whose fibre
surfaces have been nodified by exposure to a plasma

2Beposi t 1P §¢e552 actorbfng “l’}bostehélﬁé?h%rf(ﬂﬂeén?a‘é? been

médaf 1w Gyt 6x2ds 8@ as bopUepesidepas polyHeiribeece9adddiFding

th reon.
to e method of any of claims 6 to 21 so as to deposit a

polymeric coating thereon.



