Office de la Propriete Canadian CA 2703829 A1 2009/05/07

Intellectuelle Intellectual Property
du Canada Office (21) 2 703 829
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2008/10/28 (51) CLInt./Int.Cl. BO1D 69/02(2006.01),
. o . o . BO1D 65/02(2006.01), BO1D 67/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2009/05/07 BO1D 69/12(2006.01). BO1D 71/26 (2006.01)
(85) Entree phase nationale/National Entry: 2010/04/27 C08J 7/18 (2006.01)
(86) N demande PCT/PCT Application No.: GB 2008/003644| (71) Demandeur/Applicant:
(87) N° publication PCT/PCT Publication No.: 2009/056812 P2ILTD, GB
(30) Priorité/Priority: 2007/11/02 (GB0721527.0) (72) Inventeurs/Inventors:

COULSON, STEPHEN, GB;
WAKEIVIAN RICHARD GB

(74) Agent: BERESKIN & PARR LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : MEMBRANES DE FILTRATION
(54) Title: FILTRATION MEMBRANES

(57) Abréegée/Abstract:

A method for maintaining pore size of a reusable filtration membrane, saild method comprising exposing said filtration membrane to
a plasma comprising a hydrocarbon or fluorocarbon monomer so as to form a polymeric layer on the surface thereof. The
treatment allows the filtration membrane to withstand washing procedures, In particular caustic washing. Thus reusable filtration
membranes treated in this way and their use, form a further aspect of the invention.

e

T N §.
.l.!.\‘\-c.c..--.
. T

3 '_{,-.T'l'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




009/056812 A1 LI}V Y 001 A0 AR 0 A O A

CA 02703829 2010-04-27

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
7 May 2009 (07.05.2009)

(51) International Patent Classification:
BO1D 69/02 (2006.01) C08J 7/18 (2006.01)
BO1ID 69/12 (2006.01) BOID 71/26 (2006.01)
BO1D 67/00 (2006.01) BOID 65/02 (2006.01)

(21) International Application Number:
PCT/GB2008/003644

(22) International Filing Date: 28 October 2008 (28.10.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0721527.0 2 November 2007 (02.11.2007) GB

(71) Applicant (for all designated States except US): P2i LTD.
|[GB/GB]; Unit 14, Central 127, Milton Park, Abingdon,
Oxfordshire OX14 4SA (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): COULSON,
Stephen [GB/GB]; 18 Neave Mews, Abingdon, Oxford-
shire OX14 5FP (GB). WAKEMAN, Richard [GB/GB];
19 Clyst Valley Road, Clyst St Mary, Exeter, Devon EX5
1DD (GB).

(54) Title: FILTRATION MEMBRANES

(74)

(81)

(84)

(10) International Publication Number

WO 2009/056812 A1l

Agents: LELAND, Emma, Clare et al.; Greaves Brew-
ster LLLP, Indigo House, Cheddar Business Park, Wedmore
Road, Cheddar, Somerset BS27 3EB (GB).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, ELE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, S@G, SK, SL, SM, ST, SV, SY, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
7ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments
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Filtration Membranes

The present invention relates to filtration membranes, 1n
particular reusable filtration membranes, as well as methods

for treating these so that they retain consistent pore sizes,

even when subject to harsh washing conditions, for example as

found 1n a caustic wash.

Filtration of solids from liquids or gases 1is widely used 1n
many fields including the biosciences, industrial processing,

laboratory testing, food & beverage, electronics and water

treatment. Membrane filters are porous or microporous films

used to carry out these types of operation.

Membrane filters (which may also be known as screens, sleves,

microporous filters, microfilters, ultrafilters or nanofilters)
retain solid bodies such as particles or mlicroorganisms etc.

which are larger than theilr pore size, mainly by surface

capture. Some particles smaller than the stated pore size may

be retained by other mechanilisms.

However, 1nitial selection of membrane filters 1s generally on
the basis of the pore size and the pore size distribution. The
precise nature of the pores size 1is very important, since the

pore size rating will effectively control the utility to which

the membrane filter may be put.

In many cases, the filtration membrane may be used repeatedly:
or over prolonged periods. Frequently in such cases, it 1s
vital that the membrane 1s properly washed or otherwise
sanitised between uses, to avoid cross contamination. The
pores of the filters can harbour particles including
microorganisms, which may present other risks including health
risks. Thus there i1s a need to use relatively harsh
conditions including caustic washing agents to avoid these

risks.
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Because of the relatively fine and delicate nature of the
porous structure, washing procedures, in particular where harsh
chemicals such as the caustic chemicals found in many cleaning

and sanitising products, can erode the membrane, so that the

pores become larger with time. Therefore, 1t 1s important

that where membrane filters are intended for repeated use that
the pore size retains its integrity and consistency through

repeated washing processes. Otherwise, the reliability of the

filtering process may be jeopardised.

In order to achieve this reliabillity, the membranes are made
from materials such as highly resistant and rigid polymers with

a high modulus which have the desired characteristics.

Examples may include PVDF and PTFE, but these materials tend to

be fairly costly.

Plasma deposition techniques have been quite widely used for

the deposition of polymeric coatings onto a range of surfaces,
and 1n particular onto fabric surfaces. This technique is
recognised as being a clean, dry technique that generates
little waste compared to conventional wet chemical methods.
Using this method, plasmas are generated from organic
molecules, which are subjected to an electrical field. When

P

this 1s done in the presence of a substrate, the radicals of

the compound in the plasma polymerise on the substrate.
Convenfiénai polymer synthesis tends to produce structures
containing repeat units that bear a strong resemblance to the
monomer specles, 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 1t 1s deposited.
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The applicants have found that by treating filtration membranes
using such a process the properties, 1n particular the

resistance to repeated washing, may be enhanced significantly.

According to the present invention there 1s provided a method

P

for maintaining pore size of a reusable filtration membrane,

sald method comprising exposing sald filtration membrane to a
plasma comprising a hydrocarbon or fluorocarbon monomer so as

to form a polymeric layer on the surface thereof.

Treatment in this way has been found to make a reusable
filtration membrane retain pore size much more consistently,

even when subject to caustic washing.

As used herein, the expression “caustic washing” refers to any

procedure 1n which chemical cleaning agents containing highly

alkaline components such as sodium hydroxide are utilised. This

includes many cleaning and sanitising products i1ncluding

bleaches and the like.

Suitable filtration membranes will be those made of a synthetic

gy

polymeric material. However, 1n view of the enhancement

conveyed by the process of the invention, the polymeric
material may generally be of a cheaper or lower cost polymer

than has been used hitherto, where resistance to washing has

proved to be a limiting factor. Thus for example,

polyethylene filtration membranes may be produced which have

good wash resistance and therefore may be used.

Depending upon the nature of the polymeric material deposited,

the filtration membrane treated in this way may also be water

and o1l repellent, and also resistant to clogging. They may
have useful “shake dry” properties also, reducing risk of

contamination after washing.
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Furthermore, the enhancement materilial or layer becomes
molecularly bound to the surface and so there are no

leachables; the modification becomes part of the membrane.

Membranes treated in accordance with the invention retain their
porosity, as the coating layer deposited thereon 1is only
molecules thick. Therefore, the liquid or even small particles
can continue to pass through them, in particular when a
positive pressure is applied to the liquid, or a negative

o

pressure is applied to the other side of the membrane to draw

the liquid through. However, larger particles will not pass

through the membrane.

Any monomer that undergoes plasma polymerisation or
modification of the surface to form a suitable polymeric

coating layer or surface modification on the surface of the

filtration membrane may suitably be used. Examples of such
monomers include those known in the art to be capable of

producing hydrophobic polymeric coatings on substrates by

plasma polymerisation including, for example, carbonaceous

compounds having reactive functional groups, particularly
substantially -CF; dominated perfluoro compounds (see WO
97/38801), perfluorinated alkenes (Wang et al., Chem Mater
1996, 2212-2214), hydrogen containing unsaturated compounds
optionally containing halogen atoms or perhalogenated organic
compounds of at least 10 carbon atoms (see WO 98/58117),
organic compounds comprising two double bonds (WO 99/64662),
saturated organic compounds having an optionally substituted
aiky chain of at least 5 carbon atoms optionally interposed
with a heteroatom (WO 00/05000), optionaliy substituted alkynes
(WO 00/20130), polyether substituted alkenes (US 6,482,531B)
and macrocycles containing at least one heteroatom (US
6,329,024B), the contents of all of which are hereiln

incorporated by reference.
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A particular group of monomers which may be used 1n the method

of the present invention include compounds of formula (I)

>:< (1)
R R -

wherejRﬂ,Eg and R’ are independently selected from'hydrogen,
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—, a group of formula

~-C(O)O(CH,),Y - where n is an integer of from 1 to 10 and Y 1S a
sulphonamide group; or a group - (0)pR°(0)4(CHy).~ where R® is

aryl optionally substituted by halo, p is 0 or 1, g 1s 0 or 1

and t is 0 or an integer of from 1 to 10, provided that where g

is 1, t is other than 0; for a sufficient period of time to

allow a polymeric layer to form on the surface.

As used therein the term “halo” or “halogen” refers to

fluorine, chlorine, bromine and iodine. Particularly preferred

halo groups are fluoro. The term “aryl” refers to aromatic
cyclic groups such as phenyl or naphthyl, in particular phenyl.
The term “alkyl” refers to straight or branched chains of

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

term “alkenyl” refers to straight 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.
Suitable haloalkyl groups for R}, R?, R’ and R’ are fluoroalkyl
groups. The alkyl chains may be straight or branched and may

include cyclic moietiles.

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.
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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 perfluoroalkyl group of

formula C.F,.,; 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. 1In yet a
further embodiment however R’ is an alkyl group such as methyl

or propvyl.

Where X is a group -C(0O)O(CH;),¥Y-, n is an integer which

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

to 5, preferably about 2.

Suitable sulphonamide groups for Y include those of formula -
N(R7)SO,” where R’ is hydrogen or alkyl such as C;alkyl, in
particular methyl or ethyl.

n

In one embodiment, the compound of formula (I) 1is a compound O:

formula (II)

CH,=CH-R’ (IT1)

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) 1s a bond.
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However in a preferred embodiment, the compound of formula (I)

is an acrylate of formula (III)

CH,=CR'?C(0)O(CH;),R®>  (III)
d
where n and R°> as defined above in relation to formula (I) and
R’® is hydrogen, Cj-10 alkyl, or Cj.johaloalkyl. 1In particular R’
is hydrogen or C;_galkyl such as methyl. A particular example
of a compound of formula (III) 1is a compound of formula (IV)
10
_ O
HF(LLO/\/(CFZ)X Scr, (V)
H R?a

where R'® is as defined above, and in particular is hydrogen

and x 1s an integer of from 1 to 9, for instance from 4 to 9,

15 and preferably 7. In that case, the compound of formula (IV)

is 1H,1H,2H,2H-heptadecafluorodecylacylate.

According to a particﬁlar embodiment, the polymeric coating is

formed by exposing the filtration membrane to plasma comprising
20 one or more organic monomeric compounds, at least one of which

comprises two carbon-carbon double bonds for a sufficient

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

surface.

25 Suitably the compound with more than one double bond comprises

a compound of formula (V)

R10 54

A

R R13
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where R®, R®°, R!?, R'}, R, and RY are all independently
selected from hydrogen, halo, alkyl, haloalkyl or aryl
optionally substituted by halo; and Z is a bridgling group.

Examples of suitable bridging groups Z for use 1n the compound

of formula (V) are those known in the polymer art. In
particular they include optionally substituted alkyl groups
which may be interposed with oxygen atoms. Suitable optional
substituents for bridging groups Z include perhalocalkyl groups,

in particular perfluoroalkyl groups.

In a particularly preferred embodiment, the bridging group 2

includes one or more acyloxy or ester groups. In particular,

the bridging group of formula Z 1s a group of sub-formula (VI)

1
o TRy (V1)

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

each R and R is independently selected from hydrogen, alkyl
or haloalkyl.

Suitably R®, R?, R!, R', R', and R" are haloalkyl such as

fluoroalkyl, or hydrogen. In particular they are all hydrogen.

Suitably the compound of formula (V) contalins at least one

haloalkyl group, preferably a perhaloalkyl group.

Particular examples of compounds of formula (V) include the

following:

O
R"
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wherein R and R!® are as defined above and at least one of R

or R is other than hydrogen. A particular example of such a

compound 1is the compound of formula B.

X o/\]/o X B

H2
CBF17

In a further embodiment, the polymeric coating 1s formed by

exposing the filtration membrane to plasma comprilising a
monomeric saturated organic compound, said compound comprising

an optionally substituted alkyl chain of at least 5 carbon

atoms optionally interposed with a heteroatom for a sufficient

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

surface.

The term “saturated” as used herein means that the monomer does
not contain multiple bonds (i.e. double or triple bonds)
between two carbon atoms which are not part of an aromatic
ring. The term “heterocatom” includes oxygen, sulphur, silicon
or nitrogen atoms. Where the alkyl chaln 1s interposed by a
nitrogen atom, it will be substituted so as to form a secondary
or tertiary amine. Similarly, silicons will be substituted

appropriately, for example with two alkoxy groups.

Particularly suitable monomeric organlic compounds are those of

formula (VII)

R16 R17

R18 | | R19
20 21

RR (VII)
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where R'®, R!'", R'® R! 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)0O(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)pR*’(0)s(CHy) ¢~
where R?® is aryl optionally substituted by halo, p is 0 or 1,

y—

s is 0 or 1 and t is 0 or an integer of from 1 to 10, provided

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

Suitable haloalkyl groups for R!, RY, R'®, R, and R* are
fluoroalkyl groups. The alkyl chains may be straight or
branched and may include cyclic moieties and have, for example

from 1 to 6 carbon atoms.

For R*?, the alkyl chains suitably comprise 1 or more carbon

atoms, suitably from 1-20 carbon atoms and preferably from 6 to

12 carbon atoms.

Preferably R?® is a haloalkyl, and more preferably a

perhaloalkyl group, particularly a perfluoroalkyl group ot

formula C,F,,;; where z is an integer of 1 or more, suitably

from 1-20, and preferably from 6-12 such as 8 or 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 -
N (R?})S0,” where R?® is hydrogen, alkyl or haloalkyl such as
C,-;alkyl, in particular methyl or ethyl.

The monomeric compounds used in the method of the i1nvention
preferably comprises a Cg35 alkane optionally substituted by
halogen, in particular a perhalocalkane, and especilally a

perfluoroalkane.
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According to another aspect, the polymeric coating is formed by

exposing the filtration membrane to plasma comprising an

optionally substituted alkyne for a sufficient period to allow

a polymeric layer to form on the surface.

Sultably the alkyne compounds used in the method of the
invention comprise chains of carbon atoms, including one or
more carbon-carbon triple bonds. The chains may be optionally

interposed with a heteroatom 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 sulitably from 6 to 18 carbon atoms. They may be
present either in the monomer used as a starting material, or

o

may be created in the monomer on application of the plasma, for

example by the ring opening

Particularly suiltable monomeric organic compounds are those of

formula (VIII)

R%*‘-C=C-X'-R?° (VIII)

where R*® is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl
optionally substituted by halo; X' is a bond or a bridging
group; and R*> is an alkyl, cycloalkyl or aryl group optionally
substituted by halogen.

Suitable bridging groups X' include groups of formulae

- (CHy) s=, —CO,(CH;)p—, —(CH3),0(CH;) 4=, - (CH;) N (R?*®)CH,)q—,

- (CH,) N (R?®) SO,-, where s is 0 or an integer of from 1 to 20, p

and g are 1ndependently 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 ethvyl.
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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.
S The alkyl chains may be straight or branched and may i1nclude

cyclic moieties. Preferably however R*® is hydrogen.

Preferably R*° is a haloalkyl, and more preferably a
perhaloalkyl group, particularly a perfluoroalkyl group of
10 formula C,F,.4; where r is an integer of 1 or more, suitably

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

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

a compound of formula (IX)

15

' CH=C (CH,) s~R*’ (IX)
where s is as defined above and R?’ is haloalkyl, in particular
a perhaloalkyl such as a Cg.12 perfluoro group like CgFis.

20
In another embodiment, the compound of formula (VIII) 1s a
compound of formula (X)

CH=C (0) O (CH;) ;R*’ (X)

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

30

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

formula (XI)

CH=C (CH,) .0 (CH;) (R*’, (XI)
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where p is as defined above, but in particular is 1, g 1is 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 (XII)

CH=C (CH,) ,N (R*®) (CH;) 4 R* (XIT)
where p is as defined above, but in particular 1is 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,) pN (R*°) SO,R?’ (XITIT)

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 Cgkis.

In an alternative embodiment, the alkyne monomer used in the

process 1s a compound of formula (XIV)

R28C=C (CH,) , SiR?*’R°R’* (XIV)

where R?® is hydrogen, alkyl, cycloalkyl, halcalkyl or aryil
optionally substituted by halo, R?*®, R¥ and R> are

independently selected from alkyl or alkoxy, 1in particular Ci_g

alkyl or alkoxy.

Preferred groups R?® are hydrogen or alkyl, in particular C-
alkyl.

Preferred groups R?°, R* and R’ are C;¢ alkoxy in particular

ethoxy.'
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In general, the filtration membrane to be treated 1s placed
within a plasma chamber together with the material to be
depbsited in gaseous state, a glow discharge is ignited within
the chamber and a suitable voltage 1is 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 membrane
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.

Suitable plasmas for use in the method of the invention include
non-equilibrium plasmas such as those generated Dby
radiofrequencies (RF), microwaves or direct current (DC). They
may operate at atmosphe;ic or sub-atmospheric pressures as are

known in the art. 1In particular however, they are generated by

radiofrequencies (RF).

Various forms of equipment may be used to generate gaseous
plasmas. Generally these comprise contalners or plasma
chambers in which plasmas may be generated. Particular
examples of such equipment are described for instance 1in
W02005/089961 and W002/28548, but many other conventional

plasma generating apparatus are availlable.
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The gas present within the plasma chamber may comprise a vapour

of the monomer alone, but it may be combined with a carrier

grebm
p—

gas, 1n particular, an inert gas such as helium or argon, if

required. In 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 1s 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.

Carrier gas such as helium is suitably administered at a

constant rate for example at a rate of from 5-90 standard cubic

centimetres per minute (sccm), for example from 15-30sccm. In
some instances, the ratio of monomer to carrier gas will be in
the range of from 100:0 to 1:100, for instance in the range of
from 10:0 to 1:100, and in particular about 1:0 to 1:10. The
precise ratio selected will be so as to ensure that the flow

rate required by the process is achieved.

In some cases, a preliminary continuous power plasma may be

struck for example for from 15 seconds to 10 minutes, for
example from 2-10 minutes within the chamber. This may act as
a surface pre-treatment step, ensuring that the monomer
attaches itself readily to the surface, so that as
polymerisation occurs, the coating “grows” on the surface. The

pre-treatment step may be conducted before monomer is
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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 1s

present.

In all cases, a glow discharge is suitably ignited by applying
a high frequency voltage, for example at 13.56MHz. This 1s
applied using electrodes, which may be internal or external to

gu—

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

internal.

Suitably the gas, vapour or gas mixture 1s supplled at a rate

of at least 1 standard cubic centimetre per minute (sccm) and

preferably in the range of from 1 to 100sccm.

g

In the case of the monomer vapour, this 1is suitably supplied at

P
p—

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

—r

120mg/minute depending upon the nature of the monomer, the size
of the chamber and the surface area of the product during a

particular run whilst the pulsed voltage 1s applied. It may

however, be more appropriate for industrial scale use to have a

fixed total monomer delivery that will vary with respect to the

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

monomer and the technical effect required.

Gases or vapours may be delivered into the plasma chamber using
any conventional method. For example, they may be drawn,
injected or pumped into the plasma region. In particular,
where a plasma chamber 1s used, gases or vapours may be drawn
into the chamber as a result of a reduction i1n the pressure
within the chamber, caused by use of an evacuating pump, OoOr
they may be pumped, sprayed, dripped, electrostatically ionised

or injected into the chamber as is common in liquid handling.
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Polymerisation 1s 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 suiltably of power of from 5 to SOOW.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

average powers, for example 1n a sequence in which the ratio of

the time on : time off is in the range of from 1:500 to 1:1500.

Particular examples of such sequence are sequences where power

y—

1s 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 0.01W.

The fields are suitably applied from 30 seconds to 90 minutes,

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

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

ficient volume to

)|

Suitably a plasma chamber used is of su:

accommodate multiple membranes.

A particularly suitable apparatus and method for producing
filtration membranes in accordance with the invention is

described in W02005/089961, the content of which is hereby

incorporated by reference.

In particular, when using high volume chambers of this type,
the plasma 1s created with a voltage as a pulsed field, at an
average power of from 0.001 to 500W/m’, for example at from

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

These conditions are particularly suitable for depositing good

quality uniform coatings, in large chambers, for example 1in

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
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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 membrane or batch of
membranes being treated. For instance, generally cuboid
chambers may be suitable for a wide range of applications, but
1f 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 1t may comprise 1nlets and outlets for the
filtration membranes, to allow it to be utilised in a
continuous process as an 1in-line system. 1In particular 1n the
latter case, the pressure conditions necessary for creating a
plasma discharge within the chamber are maintained using high
volume pumps, as 1s conventional for example in a device with a
“whistling leak”. However 1t will also be possible to process
filtration membranes at atmospheric pressure, or close to,

negating the need for “whistling leaks”.

A further aspect of the invention comprises a reusable

filtration membrane which has been treated by a method as

described above. 1In particular, the membrane is of a synthetic

polymeric material, such as polyethylene.

In yet a further aspect, the invention provides a method of
filtering a liquid, said method comprising passing a sample of
ligquid through a filtration membrane as described above, and

after use, washing the filtration membrane in a caustic or

other cleaning solution 1n preparation for reuse.

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

plasma polymerisation process, for making a filtration membrane
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resistant to chemical attack, such as that to which they are
subjected during cleaning. 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 series of graphs showing the pores size

distribution data for the filtration membrane sold as E-14POZE
samples, plotted as cumulative oversize curves; wherein (a)

shows the results of membranes without treatment 1n accordance

with the method of the invention before (o) and after (A)

washing in caustic soda; (b) shows the results of membranes

treated in accordance with the method of the i1invention before
(¢) and after (A)washing in caustic soda; and (c) shows the

results of membranes before (o) and after (A) treatment using

the method of the invention; and

Example 1
Wash test

A series of membranes were produced by subjecting a

polyethylene filtration membrane, sold as E-14P0OZ2E, to a plasma
procedure. Samples of E-14P02E were placed 1nto 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 liguid 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 contlinuous power

plasma was then struck for 4 minutes using RF at 13.56 MHz at

300 W.
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After this period, 1H,1lH,Z2H,2H-heptadecafluorodecylacylate (CAS
# 27905-45-9) of formula

O |
H CF
>:g'l\o/\/( 2)7 \CFS
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

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 processing gases
and vapours and the chamber evacuated back down to base

pressure. The chamber was then vented to atmospheric pressure

and the membrane samples removed.

The pore size distribution of both a treated and untreated

membrane was measured both before and after immersion in

caustic soda (NaOH) solution. Caustic soda (NaOH) was used 1n

P

the tests as it is a component of many cleaning and sanitising

chemicals for membranes. For example, Floclean MCll is used

for the removal of foulants composed of organics, silts, or

biological materials from membranes and contains 1% NaOH; to
remove fats and oils, proteins, polysaccharides, and bacteria
from membranes by hydrolysis and oxidation, a solution

containing 0.5N NaOH is recommended (C. Munir, Ultrafiltration

and Microfiltration Handbook, 2°¢ edition, CRC Press).

The pores size distribution data for untreated and treated

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

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

the sample is not chemically resistant to NaOH. However, the
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pore size remalned largely constant in the treated membrane
indicating a high level of NaOH resistance. Therefore, the
treatment protected the sample from NaOH attack. The pore size

distribution was not changed by the NaOH immersion.

Example 2

Effect on pore size of treatment

The pore size distributions of the E-14P02E membrane samples

before and after treatment as described i1n Example 1 were also

measured. The pore size distribution was found to be narrow;

which is advantageous for filtration applications, where the

P

‘best’ membranes would have a monosized distribution of pore

sizes. Taking account of the errors in the measurement

technique, there appears to be no significant difference

P

F the two membranes,

between the pore size distributions o:

indicating that this remains unaffected by the treatment.
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Claims

1. A method for maintaining pore size of a reusable filtration
5 membrane, said method comprising exposing said filtration
membrane to a plasma comprising a hydrocarbon or fluorocarbon

monomer so as to form a polymeric layer on the surface thereof.

2. A method according to claim 1 wherein the reusable

10 filtration membrane is subject to caustic washing.

3. A method according to claim 1 or claim 2 wherein the
reusable filtration membrane is of a synthetic polymeric

material.

15

4. A method according to claim 3 wherein the synthetic

polymeric material 1s polyethylene.

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

20 wherein the plasma is pulsed.

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

wherein the monomer 1s a compound of formula (I)

Z>:< (1
R4

where R!, R? and R’ are independently selected from hydrogen,

25 R

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
30 is a bond; a group of formula -C(0O)O(CH,),Y- where n 1s an
integer of from 1 to 10 and Y is a bond or a sulphonamide
group,; Or a group —(O)pRG(O)q(CHz)t— where R® is aryl optionally
substituted by halo, p is 0 or 1, g is 0 or 1 and t 1s 0 or an
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integer of from 1 to 10, provided that where g is 1, t is other

than O.

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

formula (I) i1s a compound of formula (II)

CH,=CH-R’ (II)

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

(II1)

CH,=CR’®C (0)O (CH,) ,R® (IIT)

where n and R’ as defined in claim 1 and R’ is hydrogen, C;_1o

alkyl, or C,_;shaloalkyl.

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

formula (I) 1is a compound of formula (III).

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

formula (III) 1s a compound of formula (IV)

O
H
H R

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

1 to 9.

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

formula (IV) 1is 1H, 1H,2H,2H-heptadecafluorodecylacylate.

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

wherein the filtration membrane is placed in a plasma

PCT/GB2008/003644
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deposition chamber, a glow discharge is ignited within said

chamber, and a voltage applied as a pulsed field.

12. A method according to claim 11 wherein applied voltage is

at a power of from 40 to 500W.

13. 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 1:500 to
1:1500.

14. A method according to any one of claims 9 to 15, wherein

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

the filtration membrane.

15. A method according to claim 14 wherein the preliminary

step 1s conducted in the presence of an inert gas.

16. A reusable filtration membrane which has been treated by‘

a method according to any one of the preceding claims.

17. A reusable filtration membrane according to claim 16

which is of a synthetic polymeric material.

18. A reusable filtration membrane according to claim 17

which 1s of polyethylene.

19. A method of filtering a liquid, said method comprising

y—

passing a sample of liquid through a filtration membrane

according to any one of claims 16 to 18, and after use, washing

the filtration membrane in a caustic solution in preparation

for reuse.

20. The use of a polymerised fluorocarbon or hydrocarbon
coating, deposited by a plasma polymerisation process, for

making a filtration membrane resistant to chemical attack.
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21. The use according to claim 20 wherein the chemical attack

occurs during cleaning.

5 22. The use according to claim 20 or claim 21 wherein the

filtration membrane is of a synthetic polymeric material.

23. The use according to claim 22 wherein the synthetic

polymeric material 1is polyethylene.
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Figure 1

(a) Pore size distributions of membranes without plasma enhancement
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(b) Pore size distribution of membranes with plasma enhancement
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(c) Etfect of plasma enhancement on pore size distribution
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