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TITLE OF THE INVENTION

COMPOSITIONS FOR SURFACGE TREATMENTS

BACKGROUND

1. Field of the Invention

The present inveniion concemns a combination of compounds
t¢  having perfluorinated alkyl chains suilable for use for the surface

freatments of subsirates.

2. Dascription of the Related Ard

Compounds containing perflucrinated alkyl chains are well known (o

15 have low infermolecular forces and have been used seffectively in surface

treatment of materials o provide stain resistance, hydrophobicity, and

olecphobicity especially where the surface energy of the {reated surface
should be less than about 30 mN/m.

Such perfluorinated alkyl chains are usually altached o funclional

w  groups which can bind o a surface to which they are applied, or else they
may be attached {o a polymerizable moisty 1o form a monomer which can
be polymerized o form a polymer having perfluorinated side chains which
can then be formulated inlo a coating for application to the surface {o be
treated. Alternatively, coatings containing such monomers may be applied

25 o the surface and polymerized in sifu.

The surface properties of fluorinated polymers such as
poly(methjacrylales depends on the pendant perfiucroaltkyl groups.
Polymers with short fluorinated chains are not able o form an ordered
surface at ambient temperatures because of high thermal molecular

30 mobility. Fluorinated polymaers with longer perflucroalkyl groups do form an
ordered surface under ambient conditions and the resulling increased
concentration of triflucromethyl groups in the top layer provides high water
and oil repellency. For these reasons fluorinaled polymers with long
perfluorinated side chains have been widely used for surface coalings.

1
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US 5,641,844 relates to polymers of acrylic or methacrvlic acid
esters that have pendant fluorcalkyl side groups which provide durable
water and oll repellency o substrates coated with thess polymers. The

s fluoroalkyl groups having the formula -(CH:)n{CF2)F with n= 8, 10, 12, 14,
eic enhance repellent performance thanks o the aligned fluorcalky! side
chains which are locked in a quasi-crystaliine configuration, limiling their
thermal mobility. Thus long, pendent chains of fluorinated carbons are
required to significantly improve the repellency of materials coated with

10 polymers of acrylic or methacrylic acid esters.

WO 86/05172 relates to acrylic monomers which contain urethane
units and perfluorinated alkyl groups. The reference shows that, 1o provide
optimum water and oil repeliency, the pendant perflucrinated alkyl groups
shouid be long chained and should be permanently aligned parallel {o

15 adjacent pendant groups attached to adjacent acrylic backbone units. In
these polymers, the pendant perflucroalkyt groups are modified by the
presence of urethane groups betwsen the acrylic backbone and the
perfluorinated groups. The affinity of the urethane groups for one ancther
apparently helps to keep the entire pendant chain substantially in a fixed

20 alignment even when subjecled fo adverse conditions, such as heatl. This
aspect is generally referred to as a malrix effect, which produces
alignment resulting in the apparent growth of the polymeric chain.

US 2008/0148734 provides improved cil-resistant and self-cleaning
surfaces by coaling with copolymers comprising common monomers such

25 as acrylic acid, hydroxyethyl methacrylate and methyl methacrylate with
fluorinated monomers having a long, fluorinated alkyl group linked {0 the
acrylate group via a hydrophilic group.

However, dus o concemns about the environmental persistence and
bicaccumulative nature of compounds containing perfiucorinated  alkyl

3 chains of seven or more carbon atoms, such as perflucrooctancic acid
{(PFOA), regulations restricting the use of materials which can decompose
or be metabolized o such molecules are becoming more slrict. Thus,

significant research is being undertakan into alternative chemistrigs, which
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rely on compounds containing shorter perfliorinated chains having six or
fewer fluorine-bearing carbon atoms.
Compounds with a reduced perflucrinated chain length fewer than
sgven fluoring-bearing carbon atoms) can provide a low surface energy if
s used in bulk materials or in relatively thick coatings (several m thick).
However when used in thin coalings, especially under one micrometer
thickness, their performanoce in reducing surface tension is poor compared
to monomers having perfluorinated chains  of seven or more carbon
atoms. This is espsecially the case in the presence of ¢ils or greases. While
10 a high degree of water repellency can be achieved using short chain
perfiuorinated molecules, ol repsliency of such materials is poor in
comparison with those based on longer chain perfluorinated molecules.
Honda et al, in Macromolecules, 2005, 38, 13, 5699 teach that ordered
structures form easily between parallel perfluoroalkyl chaing of greater
15 than eight carbons, while such pseudo-crystalline structures form o a
much lesser extent between periluoroalkyl chains having fewer than eight
carbon atoms, and such pseudo-crystalline structures which do form
between shorter perfluoroalkyl chains are easily disrupied. This could be
interpreted as due to weaker hydrophobic interactions (Van der Waals
20 forces) between shorter chains which are, therefore, unable fo maintain an
organized layer with well aligned perfluoroalkyl chains.
Qil and water repellency obtainable using coatings based on shori-
chain perfluoroatkyl molecules may be improved by enginesring the

properties such as the glass fransition lemperature and the molecular

]
Lo

weight of copolymers of fluorinated and non-fluorinated acrvlic monomaers
as described in, for example, US8193277. However, such copolymers arg
not usable in all circumstances.

The addition of polar funclionaliies, for exampie groups able o
forrm hydrogen bonds, bebween a cross-linkable group and a short
3o perflucroalkyl chain has been observed to give improved performance in
thin layers {Clegg and Hutchison et al, J. Am. Chem. Soc. 1889, 121,
5319-5327), possibly dus to assodcialion betwesen polar molecular
sggments forcing a stronger aggregation and order in the short,

perfluoroalkyl chains. However, this siill may not reach the high level of
3
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performance achievable using long-chain (seven or more carbon atoms)
perflucroatkyl derivatives.
Thus, it is desirable o develop more environmentally acceptable
fluorinated composilions having perfiuorinated alkyl chain lengths of six
s carbons o fewer in order to meel future environmental protection
standards which, when formulated into coatings or surface treatments,
provide hydrophobic and cleophobic surface properties equivalent to those
produced hitherto using coatings containing longer perfucrinated alkyl
chains.
10 SUMMARY OF THE INVENTION

Arn gim of the present invention is o provide a product with an

optimum perflucrinated chain length of six or fewer carbons, that has the

same or beller water and ofl repellent properties as materials with

perflucrinated chain lengths of seven carbons or longer for use in the
15 surface treatment of various surfaces and parts.

The present invention is based on the surprising finding that a
combination of perfluorinated monomers having a perfluorinated chain
length of six or fewer carbon atoms with perfluorinated monomers having
a perfluorinated chain length of six or fewer carbon atoms  which

20 additionally contain a hydrophilic group shows a higher performance than
either monomer faken independently. This combination surprisingly
provides a synergistic effect which was not anticipaied.

Accordingly, the present invention provides compositions

comprising perfluorinated derivalives containing & hydrophilic group

]
Lo

represented by the chemical Formula A (hereafler referred 1o as
“‘compounds of Formula A" and perfluorinated derivaiives represented by
the chemical Formula B (hersafier referred to as “compounds of Formuila
B,

Specific examples of compounds of Formula A are indicated below

30 with their corresponding semi-structural formulae.

Compound 1A
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N-methyl-N-[{(Z-methvipropenoyl) ethyi}-3,3,4,4,5,5,6,6,7,7,8,8,8-

tridecaflucrooctylsulfonamide:

CHo=C{CHa)C(=0)0CHCHoN(CH)SO2(CHL o CF 2)6F

$
Q
1A
Compound 2A
Propenoic 4,4,5,5,6,6,7,7,8,8,8,8,0-Iridecaflucro-2-hydroxy nonviester :
10

CHy=CHC(=0)0CHCH{OH)CH(CF o)k

o FR F R F
ZA i\\\\\/u\ CFg
o
15 o F FF FF F

Compound 34
2-{2-Methvipropenoyhisthyl-2-(polvioxy{hexafliuoropropene )} -
tetrafluoropropanocate:

CHo=C{CH3IC(EO)IO(CHL 12O C(=0)CF(CFaHOCF :CF(CF 3 F

Q CFy F

A \T)(\{

Compound 44
2-Methvipropenoic acid, 4,4,5,5,6,6,7,7,8,9,9,8-dodecafluoro-2-hydroxy-8-

{triftuoromethyl-nonyl ester:

CH=0{CH)C(E0)0CHCHIOH)CH(CF )4 CF(CFak

O E F E F
CFa
e}
oM F FOF FF CF,

o8]
@
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Compound 5A
s Propenoic acid, 3,3,4.4,5,5,6,6,7,7,8,8,8-tridecafiuore-1-
{hydroxymethyhoctyl ester:

CHo=CHO(=0)OCH{CHOH)CH(CF 2)6F

OH
]".l
v o F FE FE F
SA \\\\)J\\
o CF,
£ FF F

Gompound 8A
15 Propenoic acid, 4,4,5,5,6,6,7,7,7-nonafluore-2-hydroxyheptyl ester:

CH2-CHOEO)DCHZCHIOH)CHZ(CF2)4F

g FF
oA \//IL\ MCFS
o
OH FFOF

F

[\
]

Specific examples of compounds of Formula B are indicated below

with their corresponding semi-structural formulae.

Compound 1B
25 2-Methvipropenoic acid, 3,3,4,4,5,5,6,6,7.7,8,8,8-tridecafiuorooctyl ester

CHo=C{CH)C(=0)O0(CH {2

o F FFE FE F
g e
30 © CFs
F F F F
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Compound 2B
2-Propenoic acid, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoroocty! ester:

5 CHECHC(EO)O(CHL)H(CF )R

© R FFR FR F
2B \/’U‘\
“ OWCFS
F F F F

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a composition comprising;

15 a. atleast a first compound of Formula A
KAL) R-{L2) Ry
in which
i is either 0 or 1;

s either G or 1;

26 Ry is a perfluorinaled aliphatic structure, branched, linear or
cyclic, in which no more than six fluorine bearing carbons are
connected in any single siraight chain segment, this structure
optionally being interrupted by one or more oxygen atoms;

X is a molety containing at least one group providing binding

NI
4

functionality to a surface to be frealed, or containing at least one
polymerisable double bond, or containing at least one cross-
linkable group;

R’ is a divaient radical coniaining at least ong group capable of
forming polar interactions or hydrogen bonds;

L1 and L2 are independently divalent linking radicals which do

o8]
@

not form polar interachions or hydrogen bonds and

b. asecond compound of Formula B
XALS )R

35 in which
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pis sither 0 or 1;
R is a perflucrinated aliphatic structure, branched, linsar or
cyclic, in which no more than six fluorine bearing carbons are
connected in any single straight chain segment, this structure
5 optionally being interrupted by one or more oxygen atoms;
X is a moiely containing at least one group providing binding
functionalily to a surface o be treated, or containing atl least one
polymerisable double bond, or coniaining al least one ¢ross-
linkable group;
10 L3 is a divalent linking radical which does not form polar
interactions or hydrogen bonds.

Compounds according o Formula A and Formula B contain
perfivorinated linear or branched aliphatic or alicyclic groups represented
as Ry, these having no more than six fluorinated carbon atoms connecled

15 to each other in a single, siraight chain. The R, radicals preferably contain
groupings of at least two, more preferably four and most preferably six
contiguous fluorinated carbon atoms. The Ry radicals preferably terminate
in one or more triffluoromethyl groups.

The term “optionally interrupled by ong or more oxygen aloms” in

26 reference {o the Ry radical means that the carbon c¢haln comprising the Ry
radical can be interrupted by one or more oxygen atoms, so long as the
oxygen atoms are bonded only fo carbon; that is, there are no oxygen-
oxygen bonds. An example of a compound of formula A whersin R; s

interrupted by one or more oxygen atoms is compound 3A.

]
Lo

X in Formula A and Formula B represents a group which provides a
means {o bind the molecule 1o a surface, or 1o form a polymer or cross-
linked structure. Examples of suilable surface binding groups are
carboxylate, phosphate, phosphonale, sulphonale, sulphate or

trialkyisilane, trialkoxysilane, amine or trialkylammonium. Examples of

(a2
feet

suitable polymerisable groups are vinyl, allyl, vinyl ether, acrviate or
methacrylate. Examples of suilable cross-linkable groups are epoxy,
isocyanate, aloohol or amine. In preferred embodiments, X represents
acrylate or methacrylate.

R in Formula A represents a divalent radical containing at lsast one
8
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group capable of forming polar interactions or hydrogen bonds. Suitable
examples may be based on linear or branched aliphatic, alicyciic or
aromatic moleties bearing pendent polar groups such as hydroxyl, amine,
ketoneg, thiol or carboxylate. Further examples wherein the divalent radical
s is interrupted by at lsast ong heteroatom may contain groups such as
sthers, thicethers, eslers, ureas, urethanes, secondary or terliary amines,
suiphones, sulphonamides or amides. in a preferred smbodiment, -R- is
—CH:CH{OH)CHz— andior —CHZ{CH20H)CH—. In a further prefered
embadiment, -R’- is -80O,NR ' wherein R' is hydrogen or a methy! group.

16 In a further prefered embodiment, -R’- is an ester linkage.

L1 and L2 in Formula A and L3 in Formula B each represent
independently divalent radicals which do nol contain groups capable of
forming polar or hydrogen bonds such as those present in R as defined
above. Suitable examples are linear or branched aliphatic chains, alicyclic

15 or aromatic groups. In preferred embodiments, L1, L2 and L3 are linear
aliphatic chains of twelve or fewer carbons. In a further prefered
embodiment where R’ is ~-NMe3S0,-, L1, LZ and L3 are each —CH:CHy-. In
a more preferred embodiment where R’ is —CHCH{OH)YCHy— and/or —
CH2{CHZ2OH)CHz—, L1 and L2 are absent and L3 is ~CHzCHp-.

26 in varicus embodiments, in addition to at least one compound of
Formula A and al least one compound of Formula B, formulations of the
present invention which are intended to undergo polymerization may
comprise various diluent and/or cross-linking and/or reactive componentis
such as are Known in the arl. Such components may be added {0 control

25 the mechanical and elastic properties of the formulation, or o achieve
improved weiting of and adhesion 1o a substrate to which the formulation
is to be applied. Representative exampies of diluent monomers include,
but are not limited t© butylimethjacrylate, hexyl{methlacrylate,
octyl{imethlacrylate, (decyhmethacrylate, dodecylimethacrylate), longer

3 chain alkkyi{imeth)acrylates, cyclohexyl{imethlacrvlate and (msthlacrylate
esters of other aromatic or aliphatic alcohols. Representative examples of
cross-linking monomers include, but are not limited to di{meth)acrylaies,
triimethjacryiates, tetra{methjacrylates and (meth)acryiate esters of higher

polvols, cyvancacryiates, {methlacrvlic and vinyl functional silanes,
O

o
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{meth)acrylic and vinyl functional isocyanates. Representative examples of
reactive componegnts include, bul are not limited to silanes and
isocyanates, as well as compounds bearing other groups including
hydroxyl, carboxylic, phosphonic, phosphoric or sulfonic acid, aming or
s ammnonium functionalities.
improvement in water repellency typically requires the fluorinated
components o be present in the formulation at for example, at lsast about
5 wil.%, preferably at least about 10 wt.% and most preferably at least
about 20 wi.% of the fluorinated components. To achieve a substantial
10 improvement in ol repellency In addition to an improved level of water
repellency, it is believed that the composilion should comprise af least
about 30 wt.%, preferably at least about 50 wi.% and most preferably at
least about 75 wt.% of the fluorinated components.
In further embodiments, small amounts of other substances may
15 also be included in formulations comprising at lsast one compound of
Formula A and at least one compound of Formula B, o facilifate
deposition and processing. Without limitation, these substances include
activators, sensilizers, pholoinitiators, welling agents, film forming agents
and the like. Dyes, pigments, fillers, UV stabilizers and anti-oxidants areg
20 among other materials that also may be included.
Formulations comprising at least one compound of Formula A and
at least one compound of Formula B, or solutions, emulsions or
dispersions derived from polymers comprising at least one compound of

Formuia A and at least one compound of Formula B may be applied o a

]
Lo

substrate by any suilable process known in the arl. Such processes
include, but are not limited to coating or printing methods, such as for
example, spray coating, flood coating, knife coating, doctor blade coating,
Meyer bar coaling, dip coating, gravure coating, flexegraphic printing,
screen printing, gravure printing, atmospheric pressure plasma liquid
30 deposition (APPLD), or plasma deposition technigues such as plasma
assisted chemical vapour deposition (PCVD), radiation assisted chemical
vapour deposition (RCVD) and/or mixtures thereof. Where porous
subsirates are employed, compositions comprising ai least one compound

of Formula A and &t least ong compound of Formula B may preferably be
10
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applied by processes including but not limited to APPLD, PCVD, RCVD

andfor combinations thersof. These procssses have the advantage of

producing a thin, conformal coating on the substrate which substantially

refains ifs initial porosity and the further advantage of not requiring the use
s of any solvents which have o be recycled or incinerated.

Piasma deposition technigues such as PCVD are widely used for
the deposition of polymeric coatings, including water and oll repslient
coalings, onto a range of surfaces. Using this method, plasmas are
generated from small organic molecules, which are subjecied to an

10 ionising electrical field under low pressure conditions. When this is dong in
the presence of a substrale, the ions, radicals and excited molecules of
the monomer in the plasma begin 1o polymerise in the gas phase and
react with a growing polymer fiim on the substrate. US6,551,850 discloses
use of plasma polymerisation to form an oll or water repellent surface

15 using long chain hydrocarbons and fluorocarbons.

in the APPLD process, an aerosol of Higuid precursor is directed into
a homogeneous aimospheric pressure plasma where i is activaled by the
action of ionized process gas molecules on the aerosol droplet surfaces.
The surface of a substrate that is also in contact with the plasma can

20 similarly be aclivaled by the aclion of ionized process gas molecules.
When the aclivated aerosol droplets encounter the activated substraie
surface, they can react to Torm a thin conformal layer of polymerised
coaling on the substrate. Represeniative examples of devices used o
generale such a plasma discharge include those disciosed in

25 WQO2Z001/50808, WO2002/28548, WO2005/110626 and US2005/0178330.

in RCVD processes, a vapour of precursor molecules is generated
in a heated vessel and is directed onio a cold substrate surface such that
it condenses on the substrate surface o form a thin film which is
subssquently polymerised by exposure {0 a suitable radiation source such

35 as ullra-viclet light or an slectron beam having sufficient energy o initiate
polymerization and/or grafling of the monomer onto the subsirate surface.
Represeniative examples of the RCVD process and its uses can be found
in WQ2011/037826 and UST157117.

Ol and/or water repellent coatings produced using formulations of
11
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the present invention may be of any thickness sufficient o achieve the
required degree of repellency, but are preferably less 5 micrometers, more
preferably 0.01 fo 1 micrometer and most preferably 0.05 o 05
micrometer thick. If the coatling becomes too thin, it may not complately
5 cover asperities on the surface ¢ be treated and it becomes difficull o
achieve an adequatle degree of repellency. If the coaling is too thick,
subsirate physical properlies such as porosity, gloss and color may be
adversely impacted and coating costs will be increased. The present
invention provides a process which achieves an optimal coating thickness.
10 Formulations comprising at least one compound of Formula A and
at least one compound of Formula B, or solutions, dispersions or
emulsions derived from polymers comprising at least ong compound of
Formula A and at least one compound of Formula B are preferably applied
directly {o the substrate which is {0 be rendered off and/or water repellent.
15 However, in another embodiment, the substrate may be first pre-treated by
any means known in the ari, to provide a surface which is more suitable
for coating with a formulation of this invention. Suitable pre-treatments
include, for example, plasma realment, corona trealment, efching by
plasma, solvent or agueous eichanis, coatling of a primer layer and/or any
26 combination of these pre-treatments. In the cases where a primer layer is
applisd 1o the subsirate prior (o coating with a formulation according to this
invention, the primer layer may beg applied by any coating method known
in the art as described above. In preferred embodiments, a primer laver is

applied by the RCVD or APPLD processes described above and a

]
Lo

fluorinated composition of this invention is then applied by the same or a
different process. The primer and the fluorinated composition of this
invention may be applied on separate sguipment. In an especially
preferred embodiment, a primer and a fluorinated composition of this
invention may be applied in a single pass through a device having two
35 separate coating stations.

Suitable substrates for the application of the compositions
according fo the invention can be any seif-supporting sheet, paper or film.
Suitable films may be any film known in the film arl, such as, for example,

polvester, polypropvlene, polyvethyiens, polycarbonate, celluiose triacstate
12
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and polvurethane Tilms and microporous films and membranes, Suitable
papers may be any paper know in the paper arl, such as for example
celidose papers, celiulose/lignin papers, aramid papers and papers
formed form blends of different types of pulp, fibrids and fibrils. Such
s papers may be formed info a cardboard structure. Suitable fabrics may be
any fabric known in the fabric art, such as nonwoven, woven and Knitted
fabrics, grids, unidirectional-, bi-directional- or three-dimensional fabrics or
combinations theredof. The substrate may alsc be a multi-layer struciure
combining two or more sheets such as for example SMS (spunbonded-
16 meltblown-spunbonded) structures or laminates of microporous films with
NoN-Woven supports.
in various embodiments, the subsirate may be a nonwoven or
woven fabric comprising one or more nalural or synthetic (man-made)
fibers or filaments. The natural fibers or filaments of the nonwoven or
15 woven Tabric can be chosen among cellulose, cotion, wool, silk, sisal,
linen, flax, jute, kenaf, hemp, coconut, wheat, and rice and / or mixtures
thereof. The synthetic {man-made} fibers or filaments of the non-woven or
woven fabric can be chosen among polyamides, polyaramides, polyesters,
polvimides, polyolefins, polvacrylonitrile, polyglucan, rayon or other
26 celiulose derived polymers andior hybrids and mixtures thereof.
in a prefered embodiment, the substrale is a nonwoven fabric,
examples of those fabrics are a polyethylene flagh-spun fabric, as
commercially available, for example under the trade name Tyvek®, or a

spun-bond polvpropylene fabric, as commercially available under the trade

]
Lo

name Typar®, both from E. |, du Pont de Nemours & Company (hereafler,

DuPont) or a polypropylene-SMS material.

The following test method and malerials were used in the Examples

herain.

Test Method 1 - Oil Repellency: Hydrocarbon Resistance Test

The oll repellency was measured using the AATCC Test Msthod
118-1982 of the American Association of Texiile Chemisis and Colorisis.

Drops of standard test liguids from a selected series of hydrocarbons
13
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having varicus surface tensions are placed on the fabric surface and
observed for wetting, wicking, and confact angle. The AATCC i
repellency grade of the fabric is then given as the numerical value of the
highest-numbered test liquid which will not wet the fabric within a period of
s 30+ 2 seconds. The composition of the test Hguids is shown in the table
below. A grade of zero (0) is assigned when the fabric fails with Kaydol
test liquid. Kaydol is a mineral oil avaiiable at Sigma Aldrich under Cas#
8042-47-5, Wetting of the fabric is normally evidenced by darkening of the
liguid-fabric interface or wicking and /or loss of coniact angle of the drop. A
16 grade number of 5 or greater indicales good or excellent ol repellency. A

grade number of 2 or less indicales poor oil repellency.

AATCC oil .
res Surface tension

rapeliency Composition {mNim)

grade number

0 nong (wetted by Kaydol)

1 Kaydol 31.5

65/35% Kaydol/n-

2 hexadecane 29.6

3 n-hexadecane 27.3

4 n-tetradecane 26.4

5 n-dodecans 24.7

8 n-decane 23.5

7 n-oglane 214

8 n-heptans 14.8
Materials

15 The following compounds were used in the examples herein.
N-methyl-N-{{2-methyipropenoyl} ethvil-3,3.4,4,5,5,6,6,7,7,8,8.8-

tridecafiuorooctylsulfonamide, available from DuPont as Forafac® 1051

and referred 1o herein as “compound 147,

[\
]

Propencic  acid,  4,4,5,5,8,6,7,7,8,8,,9,0,9-tridecafluoro-2-hydroxy
nonvlester, available from Daikin industrigs Lid. as Daikin® R-1633 and

referred o hergin as “compound 247,
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2-(2-Methylprop-2-enoyhethyi-2-{polyioxy(hexafluoropropene -
tetfraflucropropancate, available from 3Specific Polymers Inc. and

referred to herein as “compound 3A7.

5 2-Methvylpropenoic acid, 4,4,5,5,6,6,7,7,8,8,9,%9-dodecaflugro-2-
hydroxy-8-{trifluoromethyl}-nonyl ester, available from Daikin Industries

Lid. as Daikin® R-3633 and referred to herein as “compound 4A”

2-Propendic acid, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-
10 {hydroxymethylioctyl ester, available from Daikin Industries Lid. and

refarred to herein as “compound 547

Propenoic acid, 4,4,5,5,6,6,7.7,7-nonaflucro-2-hydroxyheptyl  ester,
available from Daikin Industries Lid. as Daikin® R-1433 and referred {o

15 herein as “compound GA”,

2-Methvyipropencic  acid, 3,3,4.4,5,5,6,6,7,7,8,8,8-tridecaflucroociyl
ester, available from DuPont as Capstone® MAB2 and referred to

herein as “compound 18"

26
2-Propenoic  acid, 3,3,4,4,5,5,6,6,7,7,3,8,8tridecaflucroociyl  ester,
available from DuPont as Capstone®™ ACE2 and referred to herein as
‘compound 28"

25 EXAMPLES

The invention is illusirated by the Tollowing non-limiting examples.

Comparative Example 1

Qil repellency was measured by Test Method 1 on plain Tyvek®
3o 15608 flash-spun polysthylene nonwoven sheet which was given a rating
of .

Comparative Example 2

A 30 om wide roll of Tyvek® 15608 flash spun polyethylene non-

woven  sheet  (80g/sgm)  was  pre-coated  with  propoxviated
15
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neopentyldiacrylate (Sartomer® SRO003, avallable from Arkema) using the
previously described APPLD technology at a2 web speed of 5 m/min and a
monomer supply rate of 500 Umin under a helium plasma of 5kW o
provide an acrylic primer coated flash spun polyethvieng non-woven

s sheet. il repellency was measured by Test Method 1 and was given a
rating of 0.

Comparative Examples 3 and 4

The acrylic primer coated Tyvek® 15808 flash spun polysthylene
non-woven sheet oblained in Comparative Example 2 was further coated
16 on top of the primer layer with Compound 2A 1o produce Comparative
Example 3 or with Compound 18 fo produce Comparalive Exampie 4
using the previously discribed APPLD technology, except at a web speed

of 2.5 m/min.

Examples 1 o0 8

15 Weighed amounts of Compounds 2A and 1B were placed in 50 mi
glass vials and stirred o produce five mixtures of Compounds 2A and 1B
having different compositions as shown in Table 1. These where then
separately coasted onto the acrylic primed Tyvek® 156808 flash spun
polvethylens non-woven sheet obiained in Comparative Example 2 on iop

26 of the primer layer using the previously described AFPLD technoiogy,
excepl at a web speed of 2.5 m/min.

Oil repellency was evaiuated on these examples by Test Method 1

and the results are summarised in Table 1 below.

Tabie 1
Example Compound Compound Qi
28 (W) 18 (Wih%) Repeliency

Comparative

Example 1 N/A N/A 0
Comparative

Example 2 N/A N/A 0
Comparative

Example 3 100 G 4
Example 1 30 20 4
Example 2 60 40 8
Example 3 50 50 6
Example 4 40 60 b
Example 5 33.3 68.6 B
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Example § 20 80 5
Comparative
Example 4 G 100 1

Comparing the results oblained from the Tyvek® 15608 flash-spun
nor-woven substrate without an acrylic primer laver (Comparalive
Example 1) and with an acrylic primer layer (Comparative Example 2}

5 confirms that the acrylic primer does not change the initially poor ol
repellency of this fabric.

Applying a coating of Compound 1B {Comparative Example 4} on
top of the primer gives only a slight improvement in ofl repeliency and a
coating of Compound 2A (Comparative BExample 3} gives a greater, but

16 still modest improvement in oil repeliency. Examples 1 1o 6 demonstrale
clearly that when Compound 1B (being a representative compound of
Formula B} is added to Compound 2A {being a representative compound
of Formula A) and the resulling mixtures are coated onfo the acrylic
primed Tyvek® 15608, the resuiting ol repeilency ratings increase and

15 then decrease as the proportion of Compound 1B is increased. This
shows a synergistic effect whereby coalings oblained from blends of
Compound 18 and 2A provide surfaces of higher repeliency {or at worst

equal repellency) than those obtained with either pure compound alone.

Comparative Example 5

[\
]

The procedure of Comparative Examples 3 and 4 was Tollowed, except

that the coaling was prepared using Compound 3A.

Example 7
25 The procedure of Examples 1 — 6§ was followed, except that the coating

was prepared using a §0:50 wit% mixiure of Compounds 3A and 18.

Example 8
The procedure of Examples 1 — 6 was followed, except that the coaling

30 was prepared using an 20:80 wt% mixture of Compounds 1A and 1B.
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Example 8
The procedure of Examples 1 —~ § was followed, except that the coating

was prepared using a 50:50 wt% mixture of Compounds 4A and 1B.

5 Comparative Example 8

The procedure of Comparative Examples 3 and 4 was followed, except
that the coating was prepared using a 50:50 wi% mixture of Compounds
28 and 5A.

10 Example 10
The procadure of Examples 1 - 6 was followed, sxcept that the coaling

was prepared using a 25:25:50 wiS mixture of Compounds 24, BA and
1B, respectively.
Example 104

15 The procedure of Examples 1 - & was followed, except that the coating
was prepared using a 50:50 wt% midure of Compounds A and 1B,

respectively.

The oil repellency resulis measured by Test Method 1 from the above

26 examples are summarized in Table 2 below.

Table 2
Coating components {wi%) Qi
Example
TATZA 13A [ 4A [ BA 1 8A [ 1B | Repellency
Comparative 100 4
Example 3
Comparative
10011
Example 4
Comparative
100 3
Example §
Comparative 50 50 5
Example 6 )
Example 3 50 5 186
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Example 7 5G 50 186
Example 8 20 80 {56
Example @ 50 5 15
Example 10 25 25 50 |6
Example 10A 53 {50 {5

These examples demonsirate the improved ol repellency oblained
from coatings combining compounds of Formula A with a compound of
5 Formula B for multiple compounds of Formula A having different struclures
and perfiuorinated chain lengths. Note that it was not possible 1o produce
comparative examples where the coating contained pure Compound 1A or

4A due fo the high viscosity and/or melting point of these materials.

Comparative Examples 7-17 and Examples 11-17

16 In order io show that similar improvements in oll repellency are
observed when compositions of the present invention are applied 1o a
range of subsirates, further non-limiting examples were generated as
described below. The substrates used were obtained from DuPont and

ware as follows:

15
Sontara® spun-laced non-woven having a basis weight of 37 g/m?,
composed of a blend of cellulose and polyesier fibers.
Nomex® MetalPro fabric having a basis weight of 260 g/m”*, woven
20 from a blend of meta-aramid, para-aramid, viscose and wool fibers.

Keviar® N636 calendared aramid paper having a thickness of 38
micrometers and a basis weight of 30.5 g/’mz, composed of para-
aramid flocs and meta-aramid fibrids in a weight ratio of 72:28.

25
An electroblown and calendared nanofibre sheet of basis weight 39
g/mzs composed of polyimide fibers of 0.7 micrometer average

diameter.
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The procedure of Examples 1 - 6 was employed, varying the coating
recipe and subslrate as detailed in the Table 3. in these cases, the
substrales were coated directly with the fluorinated composition without
s the use of any primer or prelreaiment. Gl repslisncy was measured by

Test Method 1 and the resulls from these examples are detalled in Table 3

below.
Table 3
Coating
components Ol
Exampile Substrate o
{(wi%) Repellency
28 1BA 1B
Comparative Example | Sontara®
100 5
2
Comparative Example | Sontara®
100 1 4
8
Example 11 Sontara® 50 50 |8
Comparative Example | Sontara®
50 50 5
8
Exampie 12 Sontara® 25 125 {80 |7
Comparative Example | Nomex”®
100 3
10 MetalPro
Comparative Example | Nomex®
50 50 3
11 MetalFro
Comparative Example | Nomex®
100 {2
12 MetalFro
Nomex®
Example 13 50 5y |5
MetalFro
Nomex®
Example 14 25 25 {50 15
MetalPro
Comparative Example | Keviar® paper
¥ P pap 50 50 8
13
Comparative Example | Keviar® paper 100 15

20
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14
Example 15 Keviar paper |25 (25 {50 |8
Comparative Example | Nanofibre shest
100 4
15
Comparative Example | Nanofibre shest
5¢ 50 4
16
Comparative Example | Nanofibre shest
100 | 4
17
Example 18 Nanofibre sheet | 50 56 |7
Example 17 Nanofibre shest | 28 25 180 {7

The table shows thal the subsirate has an effect, however the

synergistic effect of using a Type A and Type B mixiure is preserved.

21
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CLAIMS

1. A composition comprising;
5 a) at least a first compound of Formula A
K-ALTin-R-{L2m-Ri
irn which
nis either 0 or 1;

mis either 8 or 1;

10 Rfis a perflucrinated aliphatic structure, branched, linear or cydlic, in
which no more than six flucrine bearing carbons are connected in any
single straight chain segment, this struciure optionally being interrupted by

one or more oxygen atoms;

K is a molety containing at least ong group providing binding functionality
15 1o a surface 1o be treated, or containing at least one polymerisable double

bond, or containing at least one cross-linkable group;

R’ is a divalent radical containing at least ong group capable of forming

polar interactions or hydrogen bonds;

L1 and L2 are independently divalent linking radicals which do not form

20 polar inleractions or hydrogen bonds and

b) a second compound of Formula B
X-{L3p-Rf
in which

25 piseitherford;

32
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19

15

28

25

Rf is a perfluorinated aliphatic structure, branched, linear or gyclic, in
which no more than six fluoring bearing carbons are connected in any
single straight chain segment, this structure optionally being interrupted by

one or more oxygen atoms;

X is a moiely containing at least one group providing binding funclionality
to a surface 10 be freated, or containing at least one polymerisable double

bond, or containing at least one cross-linkable group;

L3 is a divalent linking radical which does not form polar integractions or

hydrogen bonds.

2. A compaosition comprising

a) at least a first compound of Formula A
KL Tin-R-{L2ym-Rf

in which

nis gither G or 1;

mis either G or 1;

Rfis a perfluorinated aliphatic structurg, branched, lingar or cyclic, in
which no more than six fluorine bearing carbons are connecled in any
single siraight chain segment, this structure optionally being interrupled by

one or more oxygen atoms;
X is acrylate, methacrylate, or a vinyl group;

R’ is ~{CHZ)pCHOHYCH2)g—, ~(CHZIpCH(CHZOHYCH2 g
NR1SO2—, —C(OINRZ— or —C(O)0—

wherein p and g are independently inlegers from 10 4, and

R1, R2 indegpendently represent a hydrogen atom or an alkyl group that is

linear or branched, having from one o four carbon atoms;

23
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L1 and L2 are independently divalent linear or branched alkyl chains of up

to six carbon atoms and

b) a second compound of Formula B
5 X-(L3)p-Rf

in which

pis sither 0 or 1

Rf is a perfluorinated aliphatic structure, branched, linear or cyclic, in
which no more than six fluorine bearing carbons are connected in any
i¢  single straight chain segment, this structure oplionally being interrupted by

one or more oxygen atoms;
R is acryviate, methacrvlate, or a vinyl group;

L3 is a divalent linear or branched alkyl chain of up 1o six carbon atoms.

15 & The composition of claim 1 or 2, wherein Rfis C8F 13—,
(CFRCF{CF2Yd— or F{CF{CFCF20WMCF(CF3)— whergin nis 1 o 4.

4. The composition of claim 1 or 2, whergin R of Formula A ls —
CH2CH{OH)CH2—, —CH2CH{CH20H }—, —C{O}O— or —
26 N{CH3)S02—.

5. The composition of claim 1 or 2, wherein X of the compound of Formula

A or Formula B is independently acrylate or methacrylate,

25 8. The composition of claim 1 or 2, wheregin the compounds of Formula A
are selected from the group consisting of:
24
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]

25

a) N-methyl-N-[{Z-methyipropenoyl) ethvi}-3,3,4,4,5,5,6,6,7,7,8,8,8-

tridecaflucrooctyisulfonamide;

b) N-methyi-N-[{propenoyliethyi}-3,3,4,4,5,5,6,6,7,7,.8,8,8-

tridecafluorooctyisulfonamides;

¢} propenoic acid, 4,4,5,5,6,8,7,7,8,8,9,9, 8-tridecafiuore-2-hydroxy

nonylester;

d) 2-Methylpropenoic acid, 3,3,4.4,5,5,8,6, 7, 7.8, §, 8-tridecafiuoro-2-

hydroxy nonylester,

e) 2-(Z2-methvipropenoyhethyl-2-(polvloy{hexafiucropropena)])-

tetrafluoropropanoats;

) 2-(Propenoyhethyi-2-(polyloxy(hexatluoropropene)])-

tetraflucropropancats;

g} 2-Methylpropenoic acid, 4,4,5,5,6,6,7,7,8,9,9,8-dodecafluoro-2-

hydroxy-8-(triflucromethyi}-nonyl ester;

h) Propenoic acid, 4,4,5,5,6,6,7,7,8,8,8,9-dodecafluoro-2-hydroxy-8-

7

(iriffucromethyl)-nonyl ester;

i) 2-Methylpropencic acid, 3,3,4.4,5,5,6,6,7.7,8,8,8-tridecafiuore-1-
{hydroxymethyllociyl ester and

i) Propenoic acid, 3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluoro-1-
{hydroxymethyllociyl ester.

7. The composition of claim 1 or 2, wherein the compound of Formula B is

selected from the group consisting of 2-methvipropencic acid,

25
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3,3,4,4,5,5,6,6,7,7,8,8,8-ridecaflucrooctyt ester and propencic acid,
3.3,4,4,5,5,6,86,7,7,8,8,8-tridecaflucroocty! ester.

8. The composilion of any one of the preceding claims, wherein the first
compound of Formula A and the second compound of Formula B are

respectively in a mole ratio of between 80:26 and 20:80.

9. A substrate having a coaling comprising a composition of claim 1 or
2, wherein the substrate comprises fibers selected from the group
consisting of plexifilamentary high-density polyolefin; melt-spun polyolefin;
melt-spun polyester; melt-blown polyolefin, meli-blown polyester; spun-
laced biend of celiviose and polyester; a blend of meta-aramid, para-
arantid, viscose and woaol; a blend of para-aramid fioc and meta-aramid

fibrids; polyimide and combinations thereof.

26
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