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WATER- AND OIL-REPELLENT COMPOSITION

Field of the Invention

This invention relates to compositions that exhibit water and oil repellency
characteristics. This invention further relates to fibers, films, fabrics, coatings, and
molded or blown articles comprising the compositions. In other aspects, this
invention also relates to processes for imparting water and oil repellency
characteristics to substrates, to a topical treatment composition for use in at least
one such process, and to certain novel fluorochemical additives for use in the

compositions and processes.

Background of the-Invention
Synthetic polymeric fibers have been used to make a variety of products,

including carpets, drapery material, upholstery, and clothing. Often, however, such
fibers (and the resulting products) have suffered from an inherent lack of water and
oil repellency. Since fluorochemical groups are characteristically hydrophobic and
oleophobic, various fluorochemicals have been developed for application to the
polymeric fibers to impart water and oil repellency (as well as soil resistance)
thereto. These fluorochemicals have most often been applied topically (for
example, by spraying, padding, or finish bath immersion), but some fluorochemicals
have also been useful as polymer melt additives.

In order for a fluorochemical to have utility as a polymer melt additive, 1t
must be sufficiently thermélly stable and non-volatile to withstand typical melt
processing conditions. It must also be compatible with the polymer at the melt
processing temperatures (to enable blending) and should preferably be able to
migrate to the polymer surface as the temperature 1s lowered, so as to minimize the
amount of fluorochemical needed to modify surface properties. This preference for
migration capability has tended to limit the size of the fluorochemical molecule that
can be utilized, effectively eliminating high molecular weight polymeric

fluorochemicals from consideration.
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Since some synthetic polymers such as polyesters require extremely high
melt processing temperatures (for example, in the range of about 250- 300°C), it
has been difficult to find fluorochemicals that are not only compatible with such
polymers and capable of migration within them, but that are also sufficiently
thermally stable. Although useful topical fluorochemical treatments have been
developed, such treatments have often lacked the durability needed for some
applications (for example, clothing, carpets, and upholstery), have tended to
provide uneven or non-uniform coverage, and have often involved the use of
environmentally unfriendly solvents. Even if water-based topical treatments are
utilized, expenses are incurred for the purchase and maintenance of coating
equipment.

Thus, there remains a need in the art for fluorochemicals that can
successfully function as melt additives for high-melting polymers such as polyesters.
Such fluorochemicals should not only be compatible with the polymers and able to
meet the stringent thermal stability requirements, but should also be able to impart
durable, uniform water and oil repellency properties to the polymers for, preferably,

about the same cost as topical treatments.

Summary of the Invention

Briefly, in one aspect, this invention provides a water- and oil-repellent
composition comprising

(a) a repellency-imparting, fluorochemical composition comprising at least
one fluorine-containing aromatic ester oligomer comprising

(1) at least two polymerized (repeat) units derived or derivable from the
reaction of at least one dicarboxylic acid (or a derivative thereof, for example, a
dicarboxylic acid halide, a dicarboxylic acid anhydride, or a dicarboxylic acid ester)
and at least one polyol, with the proviso that at least one of the dicarboxylic acid
(or derivative) and the polyol is aromatic or heteroaromatic (that is, either the
carbonyl moiety of the carboxylic acid groups of the dicarboxylic acid, or the
hydroxyl groups of the polyol, or both are bonded directly to at leést one aromatic

or heteroaromatic ring (“directly ring-bonded”)) and
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(2) fluorochemical endgroups derived or derivable from the reaction of
(i) the dicarboxylic acid (or derivative) and at least one fluorine-
containing monoalcohol or
(i) the polyol and at least one fluorine-containing monocarboxylic
acid (or derivative); and

(b) a treatable substrate; with the proviso that, when the treatable substrate
comprises a mixture of at least two polymers, the mixture is non-stratifying.

As used herein, the term “oligomer” means a polymer molecule conststing of
only a few (for example, from 2 to about 20) polymerized (repeat) units, and the
term “non-stratifying” means that the polymers in a polymer mixture are sufficiently
compatible that a melt blend thereof does not phase separate to form two or more
polymeric layers of different composition. Preferably, the polyol is a diol, and the
treatable substrate comprises at least one thermoplastic or thermoset polymer (more
preferably, a thermoplastic polymer; even more preferably, a thermoplastic polymer
having a melting point above about 150°C; most preferably, a polyester).

It has been discovered that the above-described, aromatic ester oligomer-
containing, fluorochemical composition can be used to impart water and oil
repellency, soil resistance, solvent resistance, and release properties to a variety of
substrates. The substrates can be treated either by topical (external) application of
the fluorochemical composition or by using the fluorochemical composition as a
melt (internal) additive. Surprisingly, in spite of its higher molecular weight
component(s), the aromatic ester oligomer-containing fluorochemical composition
provides repellency properties comparable to or better than those imparted by the
corresponding monomeric composition (containing only aromatic ester monomer(s)
or compound(s)). Such repellency properties can thus be achieved without the need
for careful molecular weight control.

In addition, certain preferred embodiments of the fluorochemical
composition (for example, those comprising aromatic ester oligomer(s) having
sulfonamido-linked fluorochemical endgroups) exhibit exceptionally high thermal
stabilities (being stable at temperatures up to, for example, about 300°C). These

embodiments are thus particularly well-suited for use as melt additives for
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thermoplastic polymers and, in particular, meet the need in the art for
fluorochemicals that can successfully function as melt additives for high-melting
polymers such as polyesters and polyamides. The preferred fluorochemical
compositions are not only compatible with such high-melting polymers and able to
meet their stringent thermal stability requirements, but they are also able to impart
durable, uniform water and oil repellency properties to the polymers for about the
same cost as topical treatments.

In other aspects, this invention also provides fiber, fabric, film, a coating,
and a molded or blown article comprising the water- and oil-repellent composition
of the invention; processes for imparting repellency characteristics to a substrate,
for éxample, by bulk addition or by topical treatment; a topical treatment
composition comprising (a) the above-described repellency-imparting,
fluorochemical composition and (b) at least one liquid, organic or aqueous vehicle;
and a novel repellency-imparting, fluorochemical composition comprising at least
one fluorine-containing, aromatic ester compound or oligomer comprising (a) at
least one repeat or repeatable unit derived or derivable from the reaction of at least
one dicarboxylic acid (or a derivative thereof) and at least one polyol, with the
proviso that at least one of the dicarboxylic acid (or derivative) and the polyol (that
is, either the dicarboxylic acid or the polyol or both) is aromatic or heteroaromatic
and (b) sulfonamido group-containing, fluorochemical endgroups derived or
derivable from the reaction of (i) the dicarboxylic acid (or derivative) and at least
one fluorine-containing, sulfonamido group-containing monoalcohol or (i1) the
polyol and at least one fluorine-containing, sulfonamido group-containing

monocarboxylic acid.

Detailed Description of the Invention

Fluorochemical Composition

The repellency-imparting, fluorochemical composition used in preparing the
water- and oil-repellent composition of the invention comprises at least one

fluorine-containing aromatic ester oligomer. The oligomer comprises or consists
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essentially of (1) at least two repeat units derived or derivable from the reaction of
at least one dicarboxylic acid (or a derivative thereof, for example, a dicarboxylic
acid halide, a dicarboxylic acid anhydride, or a dicarboxylic acid ester) and at least
one polyol, with the proviso that either the dicarboxylic acid (or derivative) or the
polyol (or both) is aromatic or heteroaromatic and (2) fluorochemical endgroups
derived or derivable from the reaction of (i) the dicarboxylic acid (or derivative) and
at least one fluorine-containing monoalcohol or (ii) the polyol and at least one
fluorine-containing monocarboxylic acid (or derivative).

Thus, the fluorochemical composition can comprise a single fluorine-
containing aromatic ester oligomer having a certain number of the specified repeat
units (2 number greater than or equal to two; generally, a number in the range of 2
to about 20; preferably, 2 to 8; more preferably, 3 to 6; most preferably, 3 or 4) or
it can comprise a mixture of such oligomers of varying numbers of repeat units.
The composition can further contain fluorine-containing aromatic ester compounds
having fewer than two such repeat or repeatable units, as well as one or more
fluorine-free extenders or one or more conventional additives such as those
described infra. Useful fluorine-free extender compounds include, for example,
siloxanes, (meth)acrylate and substituted acrylate polymers and copolymers, N-
methylolacrylamide-containing acrylate polymers, urethanes, blocked i1socyanate-
containing polymers and oligomers, condensates or precondensates of urea or
melamine with formaldehyde, glyoxal resins, condensates of fatty acids with
melamine or urea derivatives, condensates of fatty acids with polyamides and their
epichlorohydrin adducts, waxes, polyethylene, chlorinated polyethylene, alkyl
ketene dimers, esters, and amides, and mixtures thereof. The relative amount of
extender compound to fluorine-containing oligomer is not critical. However, the
overall fluorochemical composition generally contains, relative to the amount of
solids present in the system, at least about 3 weight percent, preferably at least
about 5 weight percent, carbon-bound fluorine in the form of fluorochemical
groups.

Preferably, the composition comprises a mixture of aromatic ester molecules

of varying structure, more preferably, a mixture of at least one aromatic ester

_5.
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oligomer (2 or more repeat units) and at least one aromatic ester compound (0 or 1
repeatable unit). Most preferably, the composition comprises a mixture of four
different aromatic ester molecules, namely, those having O, 1, 2, and 3 repeat or
repeatable units (that is, a mixture of the two aromatic ester oligomers that have 2
and 3 repeat units, respectively, and the two aromatic ester compounds that have O
and 1 repeatable unit, respectively).

Preferred classes of fluorine-containing aromatic ester oligomers are those

represented by the following formulas

R;-0-(C=0)-A-(C=0)-0-[R,-0-(C=0)-A-(C=0)-0],-R; (I)

R;-0-(C=0)-R,-(C=0)-0-[A-0-(C=0)-R,-(C=0)-0]-R; (1)

R;-(C=0)-0-A-0-(C=0)-[R,-(C=0)-0-A-0-(C=0)].-R;  (III)

R;-(C=0)-0-R,-0-(C=0)-[A-(C=0)-0-R;-0-(C=0)]-R; (IV)

(with those of Formulas I and IV being more preferred, and those of Formula I
most preferred) wherein each R, is independently the residue of at least one
fluorine-containing monoalcohol or fluorine-containing monocarboxylic acid (or
derivative); each A and each R, independently comprises at least one aliphatic,
heteroaliphatic, saturated alicyclic, saturated heteroalicyclic, aromatic,
heteroaromatic, or polymeric moiety; and n is an integer of at least two; with the
proviso that either A or R, or both (preferably, A) comprises an aromatic or
heteroaromatic moiety that is directly ring-bonded to the adjacent ester groups
shown in Formulas I-IV. The aromatic or heteroaromatic moiety can comprise one
or more rings (which can be fused or can be separated by one or more spacer
groups, for example, an aliphatic group), and the adjacent ester groups can be
bonded to a single ring or to separate rings of the aromatic or heteroaromatic
moiety. The rings can be substituted with other groups that do not interfere with

the reactivity of carboxylic acid or hydroxyl groups, do not cause undesirable side
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reactions, and do not cause decomposition of the resulting fluorochemical
composition during use (for example, one or more halogen, alkyl, alkoxy, or afyl
groups substituted for one or more ring-bonded hydrogen atoms). The polymeric
moiety preferably has a number average molecular weight in the range of about 80
to about 2000 (more preferably, about 80 to about 1000).

Preferably, R; comprises at least one fluorochemical group, Ry, that 1s
fluoroaliphatic or fluoroalicyclic. More preferably, Re contains a perfluorinated
carbon chain having from 3 to about 20 carbon atoms (more preferably from about
4 to about 12 carbon atoms; most preferably, about 8 carbon atoms). A is
preferably phenylene, napthalene, biphenylene, bis(phenylene)methylene, or
bis(phenylene)propylidene (more preferably, phenylene; most preferably, meta- or
para-phenylene). R, is preferably a divalent aliphatic, saturated alicyclic, aromatic,
aliphatic polyester, polydialkylsiloxane, or poly(oxyalkylene) moiety; more
preferably, a divalent aliphatic, aromatic, aliphatic polyester, polydimethylsiloxane,
or poly(oxyalkylene) moiety; even more preferably, hexylene, ethylene, propylene,
neopentylene, ethyleneoxyethylene, bis(ethyleneoxycarbonyl)phenylene,
polycaprolactone, polyoxyethylene, polyoxypropylene, or polydimethylsiloxane;
most preferably, hexylene, ethylene, or propylene. n is generally an integer in the
range of 2 to about 10; preferably, 2 to 8; more preferably, 3 to 6; most preferably,
3 to 4.

Preferred classes of fluorine-containing aromatic ester compounds are those
that can be represented by Formulas I-IV above (more preferably, Formulas I and
IV; most preferably, Formula I), wherein n is an integer of 0 or 1, and Ry, A, and R,
are as defined above.

The repellency-imparting, fluorochemical composition used in preparing the
water- and oil-repellent composition of the invention can be prepared by using
procedures and apparatus known to those skilled in the art of esterification and
ester exchange reactions. For example, the fluorochemical composition can be
prepared by (a) simultaneously reacting the fluorine-containing monoalcohol or
monocarboxylic acid with the polyol and the dicarboxylic acid (or derivative); (b)

first reacting the polyol with the dicarboxylic acid (or derivative), and then reacting

-
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the resulting mixture with the fluorine-containing monoalcohol or monocarboxylic
acid; or (c) first reacting either the fluorine-containing monoalcohol with the
dicarboxylic acid (or derivative) or the fluorine-containing monocarboxylic acid
with the polyol, and then reacting the resulting mixture with the remaining reactant.
Method (c) is generally preferred, because the probability of complete consumption
of the fluorine-containing reactant can be higher than for Methods (a) and (b), and
because it is believed that this method can produce a broader range of oligomers
than Methods (a) and (b).

When a fluorine-containing monoalcohol is used to prepare fluorine-
containing aromatic ester oligomers of Formulas I and II above, the molar ratio of
monoalcohol to dicarboxylic acid can be in the range of about 1:1 to 1:10
(preferably, about 1:1 to 1:7; more preferably, about 1:1 to 1:2; and most
preferably, about 1:1 to 1:1.5). The ratio of dicarboxylic acid to polyol can then be
in the range of about 2:1 to 1:1. Preferably, the ratio of the total number of
equivalents of hydroxyl groups to the total number of equivalents of carboxyl
groups 1s about 1:1.

Similarly, when a fluorine-containing monocarboxylic acid is used to prepare
fluorine-containing aromatic ester oligomers of Formulas III and IV above, the ratio
of monocarboxylic acid to polyol can be in the range of about 1:1 to 1:10
(preferably, about 1:1 to 1:7; more preferably, about 1:1 to 1:2; and most
preferably, about 1:1 to 1:1.5). The ratio of polyol to dicarboxylic acid can then be
in the range of about 2:1 to 1:1, and the ratio of the total number of equivalents of
hydroxyl groups to the total number of equivalents of carboxyl groups is preferably
about 1:1.

The reactions can be carried out in solution or in the molten state (using
commonly-used solvents and/or equipment), generally under atmospheric pressure

and at temperatures sufficient to maintain the reactants in solution or in the melt.

For example, temperatures in the range of about 100-240°C (preferably, about 115-
210°C; more preferably, about 120-170°C) can generally be utilized. Removal of

solvent or byproduct HCI, if present, can be conducted at reduced pressures, for

example, using a vacuum equivalent to S08 mm Hg or less.

-8-



CA 02409504 2002-11-14

WO 01/96654 PCT/US00/29420

10

15

20

25

30

Fluorine-containing monoalcohols and monocarboxylic acids suitable for use
in preparing the repellency-imparting, fluorochemical composition include those
that comprise at least one of the above-described Ry groups. The R¢ groups can
contain straight chain, branched chain, or cyclic fluorinated alkylene groups or any
combination thereof The R¢ groups can optionally contain catenary heteroatoms
(that is, heteroatoms bonded to carbon atoms in the carbon-carbon chain so as to
form a carbon-heteroatom-carbon chain) such as oxygen, divalent or hexavalent
sulfur, or nitrogen. Fully-fluorinated groups are generally preferred, but hydrogen
or chlorine atoms can also be present as substituents, provided that no more than
one atom of either is present for every two carbon atoms. It is additionally
preferred that any R group contain at least about 40% fluorine by weight, more
preferably at least about 50% fluorine by weight. The terminal portion of the group
is generally fully-fluorinated, preferably containing at least 7 fluorine atoms, e.g.,

CF,CF,CF -, (CF,),CF-, SE.CF,-. Perfluorinated aliphatic groups (1.e., those of
the formula C F, ,.-) are the most preferred R¢ groups. Preferably, the fluorine-

containing monoalcohols and monocarboxylic acids comprise at least one
sulfonamido group, as this group appears to enhance the thermal stability of the
resulting fluorochemical composition.

Useful fluorine-containing monoalcohols include (1) those having the
general formula R(CH,),CH,OH, wherein Re is as defined above and n is an integer
from 0 to about 20 (preferably from O to about 12, more preferably from zero to
four, most preferably zero or one); (2) those having the general formula
RS O,N(R;)R,0H, wherein Rr1s as defined above, R; 1s hydrogen or a monovaient
alkyl (straight chain or branched), cycloalkyl, or aryl radical having from 1 to about
12 carbon atoms (preferably from 1 to about 8 carbon atoms, more preferably from
one to about four carbon atoms), and R; is a divalent alkyl (straight chain or
branched) or cycloalkyl radical having from 1 to about 12 carbon atoms (preferably
from 1 to about 8 carbon atoms, more preferably from 1 to about 4 carbon atoms)
and which can contain heteroatoms such as divalent oxygen, divalent sulfur,
trivalent nitrogen, or hexavalent sulfur; (3) those having the general formula

R{QR,0H, wherein Ry is as defined above, Q is -CON(R;)-, -SO,-, or carbonyl,

0.
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and R; and R, are as defined above; and (4) those having the general formula

R{R,XR,0H, wherein R¢ is as defined above, each R; is independently selected from

the group defined above for R,, and X 1s divalent oxygen or sulfur or -N(R;)-,

where R; 1s as defined above.

Representative examples of useful fluorine-containing monoalcohols

include:

CF3(CF7)3S0,N(CH3)CH,CH,OH,
CF3(CF9)3S0,N(CH3)CH(CH3)CH,OH,
CF3(CF9)3S0,N(CH3)CH,CH(CH3)OH,
CF3(CF5)3S0,N(CH,CH3)CH,CH»OH,
CeF13502N(CH3)(CH2)40H,
CF3(CF32)7802N(H)(CH3)30H,
CF3(CF9)7S05N(CH3)CH,>CH,O0H,
CF3(CF2)780,N(CH3)(CH2)40H,
CgF17S02N(CH3)(CH)110H,
CF3(CF5)7S0,N(CH,CH3)CH,CH,OH,
CF3(CF2)7502N(C2H;5)(CH2)6OH,
CF3(CF2)7S0,N(C2Hs)(CHp)110H,

CF3(CF»)S0>N(C3H7)CH>OCH»CH,CH»OH,

CF3(CF»)7S0,>N(CH>CH»CH3)CH>,CH»>OH,
CF3(CF9)9SO»N(CH>,CH,CH3)CH>,CH»>OH,
CF3(CF9)7S0-N(C4Hg)CH>CH,OH,
CF3(CF2)7502N(C4Ho)(CH2)40H,
2-[N-methyl-2-(4-perfluoro-(2,6-

diethylmorpholinyl))pertluoroethylsulfonamido]ethanol,

C7F15CON(CH3)CH,>CH»>OH,
C7F15CON(CoH5)CH>CH->OH,
CgF17CON(C7H5)CHyCH»OH,

~10-
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CgF17CON(CH3)(CH2)110H,
CoF50(C»2F40)3CF2CONHC,H40H,
R{OCF(CF3)CF»]1.¢ OCF(CF3)CH,OH
CF3CF(CF,CI)(CF,CF9)cCF>CON(CH3)CH,CH,OH,
5 CF3(CF,)SO>,CH,CH,OH,
CF3(CF,)7S0,CH,CH,OH,
C5F11COOCHCH,OH,
CF3(CF5)COOCH,CH,OH,
CgF17COOCH,CH,OH,
10 CgF17(CHp)11N(C2Hs5)CHCH,OH,
C3F7CH,OH,
CF3(CF»)cCH,OH,
CF3(CF,)cCH,CH,CH,OH,
CF3(CF5)7CH,CH,OH,
15  CF3(CF4)7CH>CH, SO, N(CH3)CH,CH,OH,
CF3(CF,)5CH,CH,SO,5N(CH3)CH,CH,OH,
CF3(CF5)3CH,CH,SO,»N(CH3)CH,CH,OH,
CF3(CF,)7CH,CH,CH,OH,
CF3(CF2)7(CH3)11CHLOH,
20  CF3C(CF2H)F(CF2)10(CH2)0H,
CF3C(CF,CIF(CF2)10(CHy),OH,
R(CHy)2S(CH),0H,
R{(CH3)4S(CH))20H,
R«{(CH2)>S(CH3)30H,
25 R{(CH,)»SCH(CH3)CH,OH,
R«(CH>)4SCH(CH3)CH,OH,
RCH,CH(CH3)S(CH»),OH,
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R«(CH3)28(CH3)110H,

R«(CH3)28(CH3)30(CH3 ), OH,

R{(CH3)30(CH3),0H,

R{CH»)3SCH(CH3)CH>OH, and the like, and mixtures thereof, wherein Rr1s a

perfluoroalkyl group of 3-16 carbon atoms. If desired, rather than using such

alcohols, similar thiols can be utilized.

Preferred fluorine-containing monoalcohols include 1,1-
dihydroperfluorooctanol, 1,1,2,2~ tetrahydroperfluorodecanol, 1,1,2,2,33-
hexahydroperfluorodecanol, 2-(N-ethylperfluorooctanesulfonamido)ethanol
(EtFOSE), 2-(N-methylperfluorooctanesulfonamido)ethanol (MeFOSE), 2-(IN-
butylperfluorooctanesulfonamido)ethanol (BuFOSE), 2-(IN-
ethylperfluorobutanesulfonamido)ethanol, 2-(IN-
methylperfluorobutanesulfonamido)ethanol, 2-(IN-n-
propylperfluorodecanesulfonamido)ethanol, N-ethyl-N-(2-hydroxyethyl)
perfluoroheptanamide, Zonyl™ BA fluorochemical telomer alcohol (DuPont
Chemicals; Wilmington, DE), and the like, and mixtures thereof.

Useful fluorine-containing monocarboxylic acids include (1) those having
the formula R{CH>),(X),(CH2),COOH, wherein R¢1s as defined above, n and m are
independently integers of 0 to 14 (preferably 0-8, more preferably 0-4), X 1s
divalent oxygen or sulfur, and p is an integer of O or 1, and (2) those having the
formula R{QR’COOH, wherein R¢ is as defined above, R’ 1s a divalent alkyl
(straight chain or branched) or cycloalkyl radical having from 1 to about 12 carbon
atoms (preferably from 1 to about 8 carbon atoms, more preferably from 1 to about
4 carbon atoms), and the divalent linking group Q 15 —SO,N(R’’)- or ~CON(R’)-
wherein R’ is a monovalent alkyl (straight chain or branched), cycloalkyl, or aryl
radical having from 1 to about 12 carbon atoms (preferably from 1 to about 8
carbon atoms, more preferably from 1 to about 4 carbon atoms).

Representative examples of useful fluorine-containing monocarboxylic acids

include perfluorobutanoic (C3F7COOH), perfluoroisobutanoic ((CF3)2CFCOOH),
hydroperfluorobutanoic (C3FgHCOOH), perfluoropentanoic (C4F9COOH),
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hydroperfluoropentanoic (C4FgHCOOH), perfluorohexanoic (CsF11COOHR),
hydroperfluorohexanoic (C5F19gHCOOH), perfluorcyclohexanyl carboxylic
(CgF11COOR), perfluoroheptanoic (CgF13COOH), perfluorooctanoic
(C~F15COOR), perfluorononanoic (CgF17COOH), omega-
hydroperfluorononanoic (CgF1HCOOH), perfluorodecanoic (CgF19COOH),
omega-hydroperfluoroundecanoic (C1gF2oHCOOH), perfluorodoecanoic
(C11F23COO0H), perfluorotetradecanoic (C13F27COOH), perfluorohexadecanoic
(C15F31COQOH), perfluorobicyclo(4.2.0)-3H-4-octanoic acid, 2-

perfluorooctylacetic, S-perfluoroheptypentanoic, 11-perfluoroheptylundecanoic,
perfluoro(3-ethoxypropionic), perfluoro(3-propoxypropionic), perfluoro(3-
butoxypropionic), perfluoro(3-pentoxypropionic), perfluoro(3-hexoxypropionic),
perfluoro(3-heptoxypropionic), Rf{OCF(CF3)CFq]1.¢ OCF(CF3)COOH where R¢
is a perfluroalkyl group of 3-16 carbon atoms perfluoro(3-octoxypropionic), 12-
perfluoroisopropoxyperfluorododecanoic, 3-(3-perfluoroheptylpropoxy)propanoic,
3-(3 -perﬂtjoroheptylpropylthio)propanoic, 4-(8- |
perfluoroisopropoxyperfluorooctyl)butanoic, 4-(4-
perfluoroisopropoxyperfluorobutyl)butanoic, 4-(6-
bis(perfluoroisopropyl)fluoromethoxyperfluorohexyl)butanoic, 12-(16-
bis(perfluoroisopropyl)fluoromethoxy)perfluorohexadecyl)dodecanoic, 4-
(bis(perfluoroisopropyl)fluoromethoxy)perfluorobutanoic, 12-(2-
perfluoroisopropoxyperfluoroethyl)dodecanoic, 6-(2-
perfluorocyclobutoxyperfluoroethyl)hexanoic, 4-

- (bis(perfluoroisopropyl)fluoromethoxy)perfluorobutanoic, 4-(2-

bis(perfluoroisopropyl)fluoromethoxyperfluoroethyl)butanoic, 11-(N-
methyl)perfluoroheptanecarboxamido)undecanoic, 2-(N-
(ethyl)perfluorooctanesulfonamido)acetic, 2-(N-
(ethyl)perfluorohexanesulfonamido)acetic, 2-(N-
(ethyl)perfluorobutanesulfonamido)acetic 2-(N-
(ethyl)perfluorodecanesulfonamido)acetic, 2-(N-
(ethyl)perfluorododecanesulfonamido)acetic, 2-(N-
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(methyl)perfluorooctanesulfonamido)acetic, and 2-(N-
(methyl)perfluorobutanesulfonamido)acetic, and the like, and mixtures thereof.
Preferred fluorine-containing monocarboxylic acids include 2-(IN-
(ethyl)perfluorooctanesulfonamido)acetic, 2-(NN-
(ethyl)perfluorohexanesulfonamido)acetic, 2-(N-
(ethyDperfluorobutanesulfonamido)acetic 2-(N-
(ethyl)perfluorodecanesulfonamido)acetic, 2-(N-
(ethyl)perfluorododecanesulfonamido)acetic, 2-(N-
(methyl)perfluorooctanesulfonamido)acetic, 2-(N-

(methyl)perfluorobutanesulfonamido)acetic, 2-perfluorooctylacetic,

perfluorooctanoic (C7F15COOH), perfluorononanoic (CgF17COOH), and the like,

and mixtures thereof.

Most preferred fluorine-containing monoalcohols and monocarboxylic acids
include 2-(N-ethylperfluorooctanesulfonamido)ethanol (EtFOSE), 2-(N-
methylperfluorooctanesulfonamido)ethanol (MeFOSE), 2-(N-
butylperfluorooctanesulfonamido)ethanol (BuFOSE), 2-(N-
methylperfluorobutanesulfonamido)ethanol, 2-(N-
(ethyl)perfluorooctanesulfonamido)acetic acid, and mixtures thereof. If desired,
monoalcohol(s) or monocarboxylic acid(s) that are not fluorine-containing can be
utilized in addition to the fluorine-containing monoalcohol(s) or monocarboxylic
acid(s) as a portion of the total monoalcohol or monocarboxylic acid charge (for
example, in amounts up to about 50 mole percent of the total or even higher--for
example, as high as about 75 mole percent).

Dicarboxylic acids and derivatives thereof (for example, dicarboxylic acid
halides, dicarboxylic acid anhydrides, and dicarboxylic acid esters) suitable for use
in preparing the repellency-imparting, fluorochemical composition include those
that comprise at least one aliphatic, heteroaliphatic (that is, containing in-chain
heteroatoms, such as nitrogen, oxygen, or sulfur), saturated alicyclic, saturated
heteroalicyclic, aromatic, heteroaromatic, or polymeric moiety. The dicarboxylic
acids can optionally contain one or more “non-interfering” groups (groups that do

not interfere with the reactivity of th