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(57) ABSTRACT 

A method for protecting an item from weight gain due to 
uptake ofliquid comprising exposing said item to plasma in a 
gaseous state for a sufficient period of time to allow a protec­
tive layer, particularly a polymeric layer, to be created on the 
surface of the item. 
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Figure 3 
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METHOD FOR LIQUID PROOFING AN ITEM 
BY PLASMA GRAFT POLYMERISATION 

[0001] The present invention relates to a method for pro­
tecting an item, especially an item of clothing or footwear, 
from weight gain due to uptake of liquid. In particular, the 
invention relates to a method for protecting an item, espe­
cially an item of clothing or footwear, from weight gain due to 
uptake ofliquid comprising exposing said item to plasma in a 
gaseous state for a sufficient period of time to allow a poly­
meric layer to form on the surface of the item. 

[0002] Liquid repellent chemicals that can be applied to 
fabric rolls, including materials such as synthetic polymers, 
for example polypropylene, polyester and nylon, natural 
fibres, for example cotton, cellulose and leather have been 
produced by companies such as Dupont Clariant 3M Asahi 
and Daikin. These techniques have pr;vided m~teri~ls with 
very good levels of both oil and water resistance, in addition 
to being able to minimise staining. These treatments are often 
referred to as a durable water repellent (DWR). 

[0003] When products such as garments and footwear are 
constructed to provide a degree of liquid resistance or to 
become waterproof, it is likely that one of the major compo­
nents used is a material that has been rendered water resistant 
by using a DWR. In addition these DWR finishes can be 
provided to wide number of products such as tents umbrellas 
sleeping bags, awnings and a variety of other ~ut-door o; 
protective materials giving a good level of overall liquid 
protection. 

[0004] Other approaches to imparting liquid resistance 
which have been investigated include wash-in post-construc­
tion processes and the use of spray on formulations. 

[0005] Although fabric rolls can be treated in the manner 
described above to give high levels of water repellency, these 
materials must then be constructed into products. In the case 
of products such as a garment or footwear, other components 
such as seams, fasteners, laces, zips, soles, linings, footbeds 
and so on are required. These additional components may not 
themselves be inherently liquid resistant or it may be difficult 
to render them liquid resistant due to such factors as unfavour­
able solution energetics or physical incompatibility with the 
process. Moreover, the processes involved in constructing the 
product, such as stitching, will themselves create further 
areas in the product which will not provide the level of pro­
tection required by the end user. Ingress of water through the 
seams of footwear or garments, for example, will render the 
product unacceptable to the wearer. 

[0006] Taking footwear as an example, shoes are often 
designed in a manner where conventional DWRs could not be 
applied to give a good level of protection due to a wide variety 
of design aspects such as holes required in the materials for 
aesthetic or airflow requirements, or the choice of materials 
and bonding technologies. A further problem, and often more 
important, is the increased uptake of water of the whole shoe 
which can lead to a significant increase in weight, especially 
in wet conditions. The wearer therefore has to expend more 
energy carrying around the substantial extra weight of water 
now present both in the shoe and absorbed onto the materials. 
This can also occur when physical barriers such as mem­
branes, like those under the trade marks Sympatex, Gore-tex 
and event, which may or may not have a DWR applied to the 
upper material that covers the membrane are used. Here, 
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water can penetrate and can build up between the outer, upper 
fabric and the membrane and therefore increase the weight. 

[0007] Footwear or garments using membranes to claim the 
highest level of 'water-proofness' will always consist of an 
outer fabric with a DWR that is stitched or attached in some 
form to the rest of the shoe or garment and very much rely on 
this to maintain breathability and comfort. Despite the fact the 
integrity of the membrane may prevent ingress of water into 
the foot cavity or inside a garment, water penetration of this 
outer can occur leading to substantial weight increase. 

[0008] The effectiveness of wash-in and spray-on pro­
cesses will vary from one product to another depending on the 
materials used. Difficulties can also arise in achieving com­
plete coverage of the item, as only a small section left un­
protected can lead to copious liquid ingress, thereby under­
mining the protection achievable. 

[0009] There therefore remains a continuing need for 
improved methods of providing treatments for items such as 
footwear and garments which provide adequate liquid-proof­
ing protection but which also avoid weight gain from uptake 
ofliquid, thereby reducing the burden on the wearer. 

[0010] Plasma deposition techniques have been quite 
widely used for the deposition of polymeric coatings onto a 
range of surfaces, and in particular onto fabric surfaces. This 
technique is recognised as being a clean, dry technique that 
generates little waste compared to conventional wet chemical 
methods. Using this method, plasmas are generated from 
organic molecules, which are subjected to an electrical field. 
When this is done in the presence of a substrate, the radicals 
of the compound in the plasma polymerise onto the substrate. 
Conventional polymer synthesis tends to produce structures 
containing repeat units that bear a strong resemblance to the 
monomer species, whereas a polymer network generated 
using a plasma can be extremely complex. The properties of 
the resultant coating can depend upon the nature of the sub­
strate as well as the nature of the monomer used and condi­
tions under which it is deposited. 
[0011] The present inventors have found that by using 
plasma enhancement technology, not only can a high degree 
of liquid-proofing protection be achieved but also a signifi­
cant reduction in water uptake by the complete item is dem­
onstrated by the plasma enhanced item compared to its 
untreated counterpart. The gaseous phase allows full penetra­
tion of complex three dimensional end products and the ion­
ization allows attachment of liquid repellent functional 
groups to all components of the product, independent of the 
material from which the component is constructed. This 
results in molecularly tailored products with minimal water 
up-take and hence less weight for the wearer to 'carry' around 
leading to lower energy expenditure. 

[0012] Accordingly, the present invention provides a 
method for protecting an item from weight gain due to uptake 
of liquid comprising exposing said item to plasma in a gas­
eous state for a sufficient period of time to allow a protective 
layer to be created on the surface of the item. 
[0013] As used herein, the expression "in a gaseous state" 
refers to gases or vapours, either alone or in mixture, as well 
as aerosols. 
[0014] The expression "protective layer" refers to a layer, 
especially a polymeric layer, which provide some protection 
against liquid damage, and in particular are liquid (such as 
oil- and water-) repellent. Sources ofliquids from which the 
items are protected include environmental liquids such as 
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water, and in particular rain, as well as any other oil or liquid, 
which may be accidentally spilled. 
[0015] The method according to the invention may suitably 
be applied to an item of footwear or a garment, particularly to 
an item or footwear or a garment for use in sporting activities, 
such as running shoes or trainers. 
[0016] Any monomeric compound or gas which undergoes 
plasma polymerisation to form a water-repellent polymeric 
coating layer on the surface of the item may suitably be used. 
Suitable monomers which may be used include those known 
in the art to be capable of producing water-repellent poly­
meric coatings on substrates by plasma polymerisation 
including, for example, carbonaceous compounds having 
reactive functional groups, particularly substantially --CF 3 

dominated perfluoro compounds (see WO 97 /38801 ), perflu­
orinatedalkenes (Wang eta!., Chem Mater 1996, 2212-2214), 
hydrogen containing unsaturated compounds optionally con­
taining halogen atoms or perhalogenated organic compounds 
of at least 10 carbon atoms see WO 98/58117), organic com­
pounds comprising two double bonds (WO 99/64662), satu­
rated organic compounds having an optionally substituted 
alkyl chain of at least 5 carbon atoms optionally interposed 
with a heteroatom (WO 00/05000), optionally substituted 
alkynes (WO 00/20130), polyether substituted alkenes (U.S. 
Pat. No. 6,482,531B) and macrocycles containing at least one 
heteroatom (U.S. Pat. No. 6,329,024B), the contents of all of 
which are herein incorporated by reference. 

[0017] Preferably, the item is provided with a polymeric 
coating formed by exposing the item to plasma comprising a 
compound of formula (I) 

(I) 

where R 1 , R 2 and R3 are independently selected from hydro­
gen, alkyl, haloalkyl or aryl optionally substituted by halo; 
and R4 is a group X-Rs where Rs is an alkyl or haloalkyl 
group and X is a bond; a group of formula -C(O)O-, 
-C(O)O(CH2)n Y - where n is an integerof from 1 to 10 and 
Y is a bond or a sulphonamide group; or a group -(O)PR6 

(O)q(CH2 ),-where R 6 is aryl optionally substituted by halo, 
pis O or 1, q is O or 1 and tis O or an integer of from 1 to 10, 
provided that where q is 1, t is other than 0, for a sufficient 
period of time to allow a protective polymeric layer to form on 
the surface of the item. 

[0018] Suitable haloalkyl groups for R1, R2
, R3 and Rs are 

fluoroalkyl groups. The alkyl chains may be straight or 
branched and may include cyclic moieties. 

[0019] For Rs, the alkyl chains suitably comprise 2 or more 
carbon atoms, suitably from 2-20 carbon atoms and prefer­
ably from 6 to 12 carbon atoms. 

[0020] For R 1 , R2 and R3
, alkyl chains are generally pre­

ferred to have from 1 to 6 carbon atoms. 

[0021] Preferably Rs is a haloalkyl, and more preferably a 
perhaloalkyl group, particularly a perfluoroalkyl group of 
formula CmF 2 m+l where mis an integer of 1 or more, suitably 
from 1-20, and preferably from 4-12 such as 4, 6 or 8. 

[0022] Suitable alkyl groups for R1
, R2 andR3 have from 1 

to 6 carbon atoms. 
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[0023] In one embodiment, at least one of R 1 , R 2 and R3 is 
hydrogen. In a particular embodiment R1

, R2
, R3 are all 

hydrogen. In yet a further embodiment however R3 is an alkyl 
group such as methyl or propyl. 

[0024] Where X is a group ----C(O)O- -C(O)O(CH2 ) 

n Y -, n is an integer which provides a suitable spacer group. 
In particular, n is from 1 to 5, preferably about 2. 

[0025] Suitable sulphonamide groups for Y include those 
offormula-N(R7 )So2 - where R7 is hydrogen or alkyl such 
as C1 _4 alkyl, in particular methyl or ethyl. 

[0026] In one embodiment, the compound of formula (I) is 
a compound of formula (II) 

CH2=CH-R5 (II) 

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

[0027] In compounds of formula (II), X in formula (I) is a 
bond. 

[0028] However in a preferred embodiment, the compound 
of formula (I) is an acrylate of formula (III) 

CH2=CR7C(O)O(CH2 )nR5 (III) 

wheren and Rs as defined above in relation to formula (I) and 
R7 is hydrogen, C1 _10 alkyl, orC1 _10haloalkyl. In particular R7 

is hydrogen or C1_6alkyl such as methyl. A particular example 
of a compound of formula (III) is a compound of formula (IV) 

0 

H\ Jl /"--... .,.-(CF2)x, H--_ 'o' ~ 'c~ 
H R7 

(IV) 

where R7 is as defined above, and in particular is hydrogen 
and x is an integer of from 1 to 9, for instance from 4 to 9, and 
preferably 7. In that case, the compound of formula (IV) is 
1 H, 1 H,2H,2H-heptadecafluorodecylacylate. 

[0029] Alternatively, a polymeric coating may be formed 
by exposing the item to plasma comprising one or more 
organic monomeric compounds, at least one of which com­
prises two carbon-carbon double bonds for a sufficient period 
of time to allow a polymeric layer to form on the surface. 

[0030] Suitably the compound with more than one double 
bond comprises a compound of formula (V) 

(V) 

where R8
, R9

, R10
, R11

, R12
, and R13 are all independently 

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

[0031] 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 which may be interposed with oxygen atoms. Suitable 
optional substituents for bridging groups Z include perha­
loalkyl groups, in particular perfluoroalkyl groups. 
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[0032] Ina particularly preferred embodiment, the bridging 
group Z includes one or more acyloxy or ester groups. In 
particular, the bridging group of formula Z is a group of 
sub-formula (VI) 

(VI) 

where n is an integer of from 1 to 10, suitably from 1 to 3, each 
R 14 and R 15 is independently selected from hydrogen, alky 1 or 
haloalkyl. 
[0033] SuitablyR8

, R9
, R10

, R11
, R12

, andR13 arehaloalkyl 
such as fluoroalkyl, or hydrogen. In particular they are all 
hydrogen. 
[0034] Suitably the compound of formula (V) contains at 
least one haloalkyl group, preferably a perhaloalkyl group. 
[0035] Particular examples of compounds of formula (V) 
include the following: 

A 

wherein R14 and R15 are as defined above, provided that at 
least one of R 14 or R 15 is other than hydrogen. A particular 
example of such a compound is a compound of formula B. 

B 

[0036] In a further aspect, the polymeric coating is formed 
by exposing the item to plasma comprising 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. 
[0037] 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 "heteroatom" includes oxygen, 
sulphur, silicon or nitrogen atoms. Where the alkyl chain is 
interposed by a nitrogen atom, it will be substituted so as to 
form a secondary or tertiary amine. Similarly, silicons will be 
substituted appropriately, for example with two alkoxy 
groups. 
[0038] Particularly suitable monomeric organic com­
pounds are those of formula (VII) 

Rl6 Rl7 

Rl8++Rl9 

R20 R21 

(VII) 
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where R16
, R17

, R18
, R19 and R20 are independently selected 

from hydrogen, halogen, alkyl, haloalkyl or aryl optionally 
substituted by halo; and R21 is a group X-R22 where R22 is 
an alkyl or haloalkyl group and X is a bond; a group of 
formula ----C(O)O(CH2 )x Y - where xis an integer of from 1 
to 10 and Y is a bond or a sulphonamide group; or a group 
-(O)PR23 (O)sCCH2),- where R23 is aryl optionally substi­
tuted by halo, p is O or 1, s is O or 1 and t is O or an integer of 
from 1 to 10, provided that wheres is 1, tis other than 0. 

[0039] Suitablehaloalkylgroups forR16
, R17

, R18
, R19

, and 
R20 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. 

[0040] For R22
, the alkyl chains suitably comprise 1 or 

more carbon atoms, suitably from 1-20 carbon atoms and 
preferably from 6 to 12 carbon atoms. 

[0041] Preferably R22 is a haloalkyl, and more preferably a 
perhaloalkyl group, particularly a perfluoroalkyl group of 
formula C2F22+ 1 where z is an integer of 1 or more, suitably 
from 1-20, and preferably from 6-12 such as 8 or 10. 

[0042] Where X is a group ----C(O)O(CH2 )y Y -, y is an 
integer which provides a suitable spacer group. In particular, 
y is from 1 to 5, preferably about 2. 

[0043] Suitable sulphonamide groups for Y include those 
of formula -N(R23)So2 - where R23 is hydrogen, alkyl or 
haloalkyl such as C1 _4 alkyl, in particular methyl or ethyl. 
[0044] The monomeric compounds used in the method of 
the invention preferably comprises a C6 _25 alkane optionally 
substituted by halogen, in particular a perhaloalkane, and 
especially a perfluoroalkane. 

[0045] In yet a further alternative, item is exposed to plasma 
comprising an optionally substituted alkyne for a sufficient 
period of time to allow a polymeric layer to form on the 
surface. 

[0046] Suitably 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 sub­
stituents 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 

[0047] Particularly suitable monomeric organic com­
pounds are those of formula (VIII) 

(VIII) 

where R24 is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl 
optionally substituted by halo; 
X1 is a bond or a bridging group; and 

R25 is an alkyl, cycloalkyl or aryl group optionally substituted 
by halogen. 

[0048] Suitable bridging groups X 1 include groups of for­
mulae -(CH2),-, ----COiCH2)P-, -(CH2)PO(CH2)q-, 
-(CH2)PN(R26)CH2)q-, -(CH2 )PN(R26)SO2-, where s 
is 0 or an integer of from 1 to 20, p and q are independently 
selected from integers of from 1 to 20; and R26 is hydrogen, 
alkyl, cycloalkyl or aryl. Particular alkyl groups for R26 

include C1 _6 alkyl, in particular, methyl or ethyl. 
[0049] Where R24 is alkyl or haloalkyl, it is generally pre­
ferred to have from 1 to 6 carbon atoms. 
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[0050] Suitable haloalkyl groups for R24 include fluoro­
alkyl groups. The alkyl chains may be straight or branched 
and may include cyclic moieties. Preferably however R24 is 
hydrogen. 
[0051] Preferably R25 is a haloalkyl, and more preferably a 
perhaloalkyl group, particularly a perfluoroalkyl group of 
formula C,F 2 r+l where r is an integer of 1 or more, suitably 
from 1-20, and preferably from 6-12 such as 8 or 10. 
[0052] In a preferred embodiment, the compound of for­
mula (VIII) is a compound of formula (IX) 

CH=C(CH2 ),-R27 (IX) 

wheres is as defined above and R27 is haloalkyl, in particular 
a perhaloalkyl such as a C6 _12 perfluoro group like C6F 13 . 

[0053] In an alternative preferred embodiment, the com­
pound of formula (VIII) is a compound of formula (X) 

(X) 

where p is an integer of from 1 to 20, and R 27 is as defined 
above in relation to formula (IX) above, in particular, a group 
C8 F 17 . Preferably in this case, p is an integer of from 1 to 6, 
most preferably about 2. 
[0054] Other examples of compounds of formula (I) are 
compounds of formula (XI) 

CH=C(CH2 )pO(CH2 )qR27
, (XI) 

where p is as defined above, but in particular is 1, q is as 
defined above but in particular is 1, and R27 is as defined in 
relation to formula (IX), in particular a group C6F 13 ; 

or compounds of formula (XII) 

CH=C(CH2 )pN(R26)(CH2)qR27 (XII) 

where p is as defined above, but in particular is 1, q is as 
defined above but in particular is 1, R 26 is as defined above an 
in particular is hydrogen, and R27 is as defined in relation to 
formula (IX), in particular a group C7F 15 ; 

or compounds of formula (XIII) 

(XIII) 

where pis as defined above, but in particular is 1, R26 is as 
defined above an in particular is ethyl, and R 27 is as defined in 
relation to formula (IX), in particular a group C8F 1 7 . 

[0055] In an alternative embodiment, the alkyne monomer 
used in the process is a compound of formula (XIV) 

(XN) 

where R28 is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl 
optionally substituted by halo, R29

, R30 and R31 are indepen­
dently selected from alkyl or alkoxy, in particular alkyl or 
alkoxy. 
[0056] Preferred groups R28 are hydrogen or alkyl, in par­
ticular cl-6 alkyl. 
[0057] Preferred groups R29

, R30 andR31 are C1_6 alkoxy in 
particular ethoxy. 
[0058] Precise conditions under which the plasma poly­
merization takes place in an effective manner will vary 
depending upon factors such as the nature of the polymer, the 
item being treated and so on and will be determined using 
routine methods known in the art. 
[0059] Suitable plasmas for use in the method of the inven­
tion include non-equilibrium plasmas such as those generated 
by radio frequencies (RF), microwaves or direct current (DC). 
They may operate at atmospheric or sub-atmospheric pres­
sures as are known in the art. In particular however, they are 
generated by radiofrequencies (RF). 
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[0060] Various forms of equipment may be used to generate 
gaseous plasmas. Generally these comprise containers or 
plasma chambers in which plasmas may be generated. Par­
ticular examples of such equipment are described for instance 
in WO2005/089961 and WO02/28548, but many other con­
ventional plasma generating apparatus are available. 
[0061] In the method, in general, the substrate to be treated 
is placed within a plasma chamber together with one or more 
monomers, which are able to generate the target polymeric 
substance, in an essentially gaseous state, a glow discharge is 
ignited within the chamber and a suitable voltage, which may 
preferably be pulsed, is applied. 
[0062] As used herein, the expression "in an essentially 
gaseous state" refers to gases or vapours, either alone or in 
mixture, as well as aerosols. 
[0063] The gas present within the plasma chamber may 
comprise a vapour of the monomeric compound alone, but it 
may be combined with a carrier gas, in particular, an inert gas 
such as helium or argon. In particular helium is a preferred 
carrier gas, if a carrier is required, as this can minimise frag­
mentation of the monomer. 
[0064] 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, the size of the plasma chamber and so forth. 
Generally, in the case of conventional chambers, monomer is 
delivered in an amount of from 50-1000 mg/minute, for 
example at a rate of from 10-150 mg/minute. It will be appre­
ciated, however, that the rate will very much depends 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 out­
lay. 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 (seem), for example from 15-30 seem. 
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 10:0to 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. 
[0065] In some cases, a preliminary continuous power 
plasma may be struck for example for from 15 seconds to 10 
minutes within the chamber. This may act as a surface pre­
treatment or activation step, ensuring that the monomer 
attaches itself readily to the surface, so that as polymerisation 
occurs, the deposition "grows" on the surface. The pre-treat­
ment step may be conducted before monomer is introduced 
into the chamber, in the presence of only an inert gas. 
[0066] The plasma is then suitably switched to a pulsed 
plasma to allow polymerisation to proceed, at least when the 
monomer is present. 
[0067] In all cases, a glow discharge is suitably ignited by 
applying a high frequency voltage, for example at 13.56 
MHz. This is applied using electrodes, which may be internal 
or external to the chamber, generally used for large and small 
chambers respectively. 
[0068] Suitably the gas, vapour or gas mixture is supplied at 
a rate of at least 1 standard cubic centimetre per minute 
(seem) and preferably in the range of from 1 to 100 seem. 
[0069] In the case of the monomer vapour, this is suitably 
supplied at a rate of from 80-1000 mg/minute whilst the 
continuous or pulsed voltage is applied. It may, however, be 
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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 upon the nature of the 
monomer and the technical effect required. 
[0070] Gases or vapours may be drawn or pumped into the 
plasma region. In particular, where a plasma chamber is used, 
gases or vapours may be drawn into the chamber as a result of 
a reduction in the pressure within the chamber, caused by use 
of an evacuating pump. Alternatively, they may be pumped or 
injected into the chamber or delivered by any other known 
means for delivering a liquid or vapour to a vessel. 
[0071] Polymerisation is suitably effected using vapours of 
compounds of formula (I), which are maintained at pressures 
of from 0.1 to 400 mtorr. It will be appreciated that the 
pressure chosen in any given case will depend on the type of 
shoe to be processed as the degree of solvents and or adhe­
sives used will effect the out-gassing rate and hence the pres­
sure at which the process occurs at. 
[0072] The applied fields are suitably of power of from 5 to 
500 W, suitably at about 10-200 W peak power, applied as a 
continuous or pulsed field. If pulses are required, they can be 
applied in a sequence which yields very 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 :500 to 1: 1500. Particular 
examples of such sequence are sequences where power is on 
for 20-50 µs, for example about 30 µs, and off for from 1000 
µs to 30000 µs, in particular about 20000 µs. Typical average 
powers obtained in this way are 0.01 W. 
[0073] The total RF power required for the processing of a 
batch of shoes is suitably applied from 30 seconds to 90 
minutes, preferably from 1 minute to 10 minutes, depending 
upon the nature of the compound of formula (I) and the type 
and number of items being enhanced in the batch. 
[0074] Suitably a plasma chamber used is of sufficient vol­
ume to maximise the annual through-put and so the size and 
number of an individual chamber and the number of items 
such as shoes that can be processed in a batch cycle will 
depend on numerous factors such as, but not limited to, (a) 
annual production volumes, (b) operating hours per day and 
annual operating days, ( c) factory operating efficiency, ( d) 
capital cost of equipment, ( e) size of footwear and materials 
used. 
[0075] The dimensions of the chamber will be selected so 
as to accommodate the particular items being treated. For 
instance, generally cylindrical chambers may be suitable for 
a wide range of applications, but if necessary, elongate or 
rectangular chambers may be constructed or indeed cuboid, 
or of any other suitable shape. 
[0076] The chamber may be a sealable container, to allow 
for batch processes, or it may comprise inlets and outlets for 
the items, to allow it to be utilised in a semi-continuous 
process. In particular in the latter case, the pressure condi­
tions 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 items of footwear 
at atmospheric pressure, or close to, negating the need for 
"whistling leaks" 
[0077] The applied fields are suitably of power of from 20 
to 500 W, suitably at about 100 W peak power, applied as a 
pulsed field. The pulses are applied in a sequence which 
yields very low average powers, for example in a sequence in 
which the ratio of the time on:time off is in the range of from 
1:3 to 1: 1500, depending upon the nature of the monomer gas 
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employed. Although for monomers which may be difficult to 
polymerise, time on:time off ranges may be at the lower end 
of this range, for example from 1:3 to 1:5, many polmerisa­
tions can take place with a time on:time off range of 1: 500 to 
1: 1500. Particular examples of such sequence are sequences 
where power is on for 20-50 µs, for example about 30 µs, and 
off for from 1000 µs to 30000 µs, in particular about 20000 µs. 
Typical average powers obtained in this way are 0.01 W. 

[0078] The fields are suitably applied from 30 seconds to 90 
minutes, preferably from 5 to 60 minutes, depending upon the 
nature of the monomer and the substrate, and the nature of the 
target coating required. 

[0079] Suitable plasmas for use in the method of the inven­
tion include non-equilibrium plasmas such as those generated 
by radio frequencies (RF), microwaves or direct current (DC). 
They may operate at atmospheric or sub-atmospheric pres­
sures as are known in the art. In particular however, they are 
generated by radiofrequencies (RF). 

[0080] In all cases, a glow discharge is suitably ignited by 
applying a high frequency voltage, for example at 13.56 
MHz. This is applied using electrodes, which may be internal 
or external to the chamber, but in the case oflarger chambers 
are internal. 

[0081] Suitably the gas, vapour or gas mixture is supplied at 
a rate of at least 1 standard cubic centimetre per minute 
(seem) and preferably in the range of from 1 to 100 seem. 

[0082] In the case of the monomer vapour, this is suitably 
supplied at a rate of from 80-300 mg/minute, for example at 
about 120 mg per minute depending upon the nature of the 
monomer, whilst the pulsed voltage is applied. 

[0083] Gases or vapours may be drawn or pumped into the 
plasma region. In particular, where a plasma chamber is used, 
gases or vapours may be drawn into the chamber as a result of 
a reduction in the pressure within the chamber, caused by use 
of an evacuating pump, or they may be pumped, sprayed, 
dripped, electro statically ionised or injected into the chamber 
as is common in liquid handling. 

[0084] Polymerisation is suitably effected using vapours of 
monomers which are maintained at pressures of from 0.1 to 
400 mtorr, suitably at about 10-100 mtorr. 

[0085] Precise conditions under which the plasma poly­
merization takes place in an effective manner will vary 
depending upon factors such as the nature of the polymer 
being deposited, as well as the nature of the substrate and will 
be determined using routine methods and/or other tech­
niques. 

[0086] The dimensions of the chamber will be selected so 
as to accommodate the particular substrate or device being 
treated. The chamber may be a sealable container, to allow for 
batch processes, or it may comprise inlets and outlets for the 
substrates, 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 drug delivery 
systems at atmospheric pressure, or close to, negating the 
need for "whistling leaks". 

[0087] The hydrophobicity of the treated shoe may be 
assessed using tests conventional in the art, such as the test 
methodAATCC 193/2005 (American Association of Textile 
Colourists and Chemists). 
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[0088] The invention will now be particularly described by 
way of example with reference to the accompanying figures 
in which: -
[0089] FIGS. 1 and 2 show graphically the extent of water 
uptake over time for various commercially available sports 
shoes which have been protected by plasma processing 
(shaded) compared to their untreated (unshaded) counter­
parts; 
[0090] FIGS. 3 to 5 show graphically the enhanced dura­
bility when exposed to water of various commercially avail­
able sports shoes which have been protected by plasma pro­
cessing. 

EXAMPLE 1 

[0091] A Victory branded shoe (with the footbedremoved) 
was placed into a glass chamber tube of approximately 13 
litres in volume with an externally wound copper coil elec­
trode and evacuated for one minute using a Leybold screw line 
SP630 and a Leybold Roots blower 2001 WSU pumpstack. 
After pumping for one minute, a continuous wave plasma was 
struck at 50 W for 30 seconds using a Dressler 'Cesar 1310' 
radio frequency generator and a home made matching net­
work so as to activate the surface of the footwear. Following 
this a perfluorinated acrylate monomer was introduced into 
the chamber via a monomer tube under pulsed plasma con­
ditions of20 microseconds on-time, 20 milliseconds off time 
at a peak power of 50 W for a period of 5 minutes. After this 
time the RF supply was turned off, as was the monomer 
source and the system vented to air, following which the shoe 
was removed. 
[0092] Initial assessment to determine the hydrophobicity 
of the shoe is carried out by placing droplets of water ( or 
mixes of isopropyl alcohol) onto the shoe and assessing the 
degree of repellency by both run-off and wetting/wicking 
according to the test AATCC 193/2005 (American Associa­
tion of Textile Colourists and Chemists). The shoe has a water 
rating of w6 according to this test method. The 'breathability' 
of the treated shoe compared to a corresponding untreated 
shoe can then be assessed by weighing the shoe before and 
after exposure to standard conditions simulating the human 
foot at a high stress level (34 ° C. and 5 ml/hr sweat rate) using 
the SATRA Advanced Moisture Management Test (SATRA 
TMV376). 

EXAMPLE2 

[0093] The extent of water penetration for various commer­
cially available sports shoes treated according to the method 
of Example 1 was determined according to the test method of 
EN ISO 20344:2004 (E). In this test, which is an internation­
ally recognised test for safety footwear ( often referred to as 
the "car wash" test) the item of footwear in a defined depth of 
water is subjected to the mechanical action of rotating wetted 
brushes and at the end of each programmed test period the 
extent of water penetration is determined by examination. 
[0094] The tests were repeated using the corresponding 
untreated sports shoes to enable the water uptake over time for 
treated and untreated shoes to be compared. 
[0095] The results obtained for commercially available 
sports shoes New Balance 1091 and Pearl Izumi are presented 
graphically in FIGS. 1 and 2 respectively. From these results 
it can be seen that the treated shoes (shaded) take up consid­
erably less water than their untreated counterparts, leading to 
significantly less weight gain. 
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[0096] FIGS. 3 to 5 present the results obtained in this test 
for Adidas Supernova GCS GTX (XCR), Asics Gel Yama and 
Brooks Adrenaline sports shoes demonstrating the water 
uptake of the shoe until break-through occurs. In all three 
cases it can be seen that water break through occurs consid­
erably sooner for untreated compared to treated shoes. 

1. A method for protecting an item from weight gain due to 
uptake ofliquid, the method comprising exposing the item to 
plasma in a gaseous state for a sufficient period of time to 
allow a protective layer to be created on the surface of the 
item. 

2. The method of claim 1, wherein the item is an item of 
footwear or a garment. 

3. The method of claim 2, wherein the item is a sports shoe. 
4. The method of claim 1, wherein the protective layer is a 

polymeric layer which is created by exposing the item to a 
pulsed plasma for a sufficient period of time to allow a pro­
tective polymeric layer to be created on the surface of the 
item, and wherein the pulsed plasma comprises compound of 
formula (I) 

(I) 

where R 1 , R 2 and R3 are independently selected from hydro­
gen, alkyl, haloalkyl or aryl optionally substituted by halo and 
R4 is selected from the group consisting ofX-Rs where Rs is 
an alkyl or haloalkyl group and X is a bond; ----C(O)O-; 
----C(O)O(CH2)nY-wherenis an integer from 1 to l0andY 
is a bond or a sulphonamide group; or -(0 )PR 6 (0) q( CH2),­

where R6 is aryl optionally substituted by halo, pis 0 or 1, q 
is 0 or 1 and t is 0 or an integer from 1 to 10, provided that 
where q is 1, t is other than 0. 

5. The method of claim 4, wherein the item is exposed to 
pulsed plasma within a plasma deposition chamber. 

6. The method of claim 4, wherein the compound of for­
mula (I) is a compound of formula (II) 

(II) 

where Rs is an alkyl or haloalkyl group and X is a bond; 
----C(O)O-; -C(O)O(CH2 )n Y-where n is an integer from 
1 to 10 and Y is a bond or a sulphonamide group; or -(0) 
PR6 (O)q(CH2),- where R6 is aryl optionally substituted by 
halo, p is 0 or 1, q is 0 or 1 and t is 0 or an integer of from 1 to 
10, provided that where q is 1, t is other than 0; or the 
compound of formula (I) is a compound of formula (III) 

CH2=CR7C(O)O(CH2 )nR5 (III) 

whereinnis an integer from 1 to 10, Rs is an alkyl orhaloalkyl 
group and X is a bond; ----C(O)O-; ----C(O)O; ----C(O)O 
(CH2 )n Y - where n is an integer from 1 to 10 and Y is a bond 
or a sulphonamide group; or -(O)PR6(O)q(CH2),- where 
R 6 is aryl optionally substituted by halo, p is 0 or 1, q is 0 or 
1 and t is 0 or an integer of from 1 to 10, provided that where 
q is 1, tis other than 0; and R7 is hydrogen, C1 _10 alkyl, or 
C1_10haloalkyl. 
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7. The method of claim 6 wherein the compound of formula 
(III) is a compound of formula (IV) 

0 

H\ l ./'--... / (CF2)x....._ H--_ 'o' - c~ 
H R7 

(IV) 

where R7 is hydrogen, C1 _10 alkyl, or C1 _10haloalkyl and xis 
an integer from 1 to 9. 

8. The method of claim 7 wherein the compound of formula 
(IV) is 1 H, 1 H,2H,2H-heptadecafluorodecy lacy late. 

9. The method of claim 1, wherein the protective layer is a 
polymeric layer which is created by exposing the item to 
plasma comprising a compound of formula (V) 

(V) 

where R8, R9
, R10

, R11
, R12

, and R13 are independently 
selected from hydrogen, halo, alkyl, haloalkyl or aryl option­
ally substituted by halo; and Z is a bridging group. 

10. The method of claim 1, wherein the protective layer is 
a polymeric layer which is created by exposing the item to 
plasma comprising a compound of formula (VII) 

Rl6 Rl7 

Rl8++Rl9 

R20 R21 

(VII) 
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where R16
, R17

, R18
, R19 and R20 are independently selected 

from hydrogen, halogen, alkyl, haloalkyl or aryl optionally 
substituted by halo and R21 is X-R22 where R22 is an alkyl or 
haloalkyl group and Xis a bond; ----C(O)O(CH2 )x Y - where 
xis an integer from 1 to 10 and Y is a bond or a sulphonamide 
group; or -(O)PR23 (O)/CH2),- where R23 is aryl option­
ally substituted by halo, p is O or 1, s is O or 1 and t is O or an 
integer from 1 to 10, provided that where s is 1, tis other than 
0. 

11. The method of claim 1, wherein the protective layer is 
a polymeric layer which is created by exposing the item to 
plasma comprising a compound of formula (VIII) 

(VIII) 

where R24 is hydrogen, alkyl, cycloalkyl, haloalkyl or aryl 
optionally substituted by halo; X1 is a bond or a bridging 
group; and R25 is an alkyl, cycloalkyl or aryl group optionally 
substituted by halogen. 

12. The method of claim 1, wherein the item to be treated is 
placed within a plasma chamber together with one or more 
monomers, which are able to generate the target polymeric 
substance, in an essentially gaseous state, a glow discharge is 
ignited within the chamber and a suitable pulsed voltage is 
applied. 

13. The method of claim 12, wherein the pulsed voltage is 
applied in a sequence in which the ratio of time on to time off 
is in the range of from 1:500 to 1:1500. 

14. (canceled) 
15. An item of footwear treated by the method of claim 1. 
16. A method for protecting an item from weight gain due 

to uptake ofliquid, the method comprising depositing a liquid 
repellent coating on an item by a plasma deposition process. 

* * * * * 




