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FLUOROCHEMICAL PIPERAZINE CARBOXAMIDES

This invention relates to partially fluorinated piperazine carboxamide compounds

having terminal fluoroaliphatic groups and polysiloxane chains. This invention also

relates to polymer compositions comprising the fluorochemical composition and shaped

articles made from the thermoplastic composition.

The utility of organofluorine compounds as surface-active agents (i.e., surfactants)

and surface-treating agents is due in large part to the extremely low free-surface energy of

a C6 -Ci2 fluorocarbon group, according to H . C . Fielding, "Organofluorine Compounds

and Their Applications," R . E . Banks, Ed., Society of Chemical Industry at p . 214 (1979).

Generally, the organofluorine substances described above are those which have carbon-

bonded fluorine in the form of a monovalent fluoroaliphatic radical such as a

perfluoroalkyl group, typically -CmF 2m+i, where m is at least 3, the terminal part of which

group is trifluoromethyl, -CF3.

Several patents have taught that the addition of certain fluorochemicals to

thermoplastic imparts oil and stain repellency to thermoplastic articles such as fibers. For

example, U.S. Patent No. 5,025,052 (Crater et al.) describes the use of fluoroaliphatic

radical-containing 2-oxazolidinone compounds having a monovalent fluoroaliphatic

radical bonded to the 5-position thereof with an organic linking group. The compounds

are said to be useful in the surface treatment of fibrous materials, such as textiles and are

also useful in preparing fibers, films and molded articles by melt-extrusion or injection

molding.

U.S. Patent No. 5,380,778 (Buckanin) describes the use of fluorochemical

aminoalcohols in thermoplastic compositions which can be melted and shaped, for

example by extrusion or molding, to provide fibers and films having desirable oil- and

water-repellency properties.

U.S. Patent No. 5,451,622 (Boardman et al.) describes shaped articles, such as

fibers and films, made by melt extruding mixtures of fluorochemical piperazine

compounds and a thermoplastic polymer.

U.S. Patent No. 5,898,046 describes repellent compositions formed by the mixture

of a thermoplastic polymer and a fluorocarbon/aliphatic hydrocarbon monoester, wherein

the aliphatic hydrocarbon portion can have from about 12 to about 76 carbon atoms.



International Published Application WO 97/22576 (Raiford et al.) describes

fluorochemical diesters added to thermoplastic polymer melts which impart repellency of

low surface tension fluids to the resultant fiber, fabric, nonwoven, film or molded article.

International Published Application WO 99/05345 (Gasper et al.) discloses a

hydrophobic and oleophobic fiber comprising synthetic organic polymer and a compound

which is a fluorochemical ester or amide derived from a dimer or trimer acid.

U.S. Patent No. 5,41 1,576 (Jones et al.) describes an oily mist resistant electret

filter media comprising melt-blown electret microfibers and a melt-processible

fluorochemical having a melting point of at least about 25°C and a molecular weight of

about 500 to 2500, the fluorochemical being a fluorochemical piperazine, oxazolidinone or

perfluorinated alkane having from 15 to 50 carbon atoms. U.S. Patent No. 5,300,587

(Macia et al.) describes oil-repellent polymeric compositions made by blending a

perfluoropolyether and a thermoplastic polymer. U.S. Patent no. 5,336,717 (Rolando et

al.) discloses fluorochemical graft copolymers derived from reacting monomers having

terminal olefinic bonds with fluorochemical olefins having fluoroaliphatic groups and

polymerizable double bonds.

International Published Application No. WO 98/15598 (Yamaguchi et al.)

describes water- and oil-repellent resin compositions useful, e.g., for kitchenware and

bathroom utensils, comprising thermoplastic or thermosetting resin and perfluoroalkylated

polymer, such compositions exhibiting superior anti-fouling and mouldability. The

perfluoroalkyl polymer can be a copolymer of a 5 to 18 carbon perfluoroalkyl group-

containing (meth)acrylic ester and a hydrophilic group-bearing (meth)acrylic ester, with an

optional copolymerizable comonomer which can be a C1-C25 (meth)acrylic acid alkyl

ester, preferably a C8-C22 alkyl ester.

While these fluorochemical melt additives can in some circumstances impart

satisfactory hydrophobicity and/or oleophobicity to thermoplastic resins they typically

suffer from poor thermal stability above 300°C, a melt processing temperature often

encountered in the industry, and they can also be prohibitively expensive, lending

limitations to their commercial utility.

For many years nonwoven fibrous filter webs have been made from polypropylene

using melt-blowing apparatus of the type described in Report No. 4364 of the Naval



Research Laboratories, published May 25, 1954, entitled "Manufacture of Super Fine

Organic Fibers" by Van Wente et al. Such melt-blown microfiber webs continue to be in

widespread use for filtering particulate contaminants, e.g., as face masks and as water

filters, and for other purposes, e.g., to remove oil from water.

Fibrous filters for removing particulate contaminants from the air are also made

from fibrillated polypropylene films. Electret filtration enhancement can be provided by

electrostatically charging the film before it is fibrillated. Common polymers such as

polyesters, polycarbonates, etc. can be treated to produce highly charged electrets but

these charges are usually short-lived especially under humid conditions. The electret

structures may be films or sheets which find applications as the electrostatic element in

electro-acoustic devices such as microphones, headphones and speakers and in dust

particle control, high voltage electrostatic generators, electrostatic recorders and other

applications.

Summary of the Invention

This disclosure provides a partially fluorinated piperazine carboxamide compounds

of the formula:

I

where

Rf is a perfluorinated group; and

RSl1 comprises a polysiloxane group;

subscript x is at least one, and preferably 1-6.

It has been reported that certain perfluorooctyl-containing compounds (C F -)

may tend to bio-accumulate in living organisms; this tendency has been cited as a potential

concern regarding some fiuorochemical compositions. For example, see U.S. 5,688,884

(Baker et al.). As a result, there is a desire for fluorine-containing compositions effective

in providing desired functional properties, e.g., water- and oil-repellency, surfactant

properties, etc. while eliminating more effectively from biological systems. However, it

has also been asserted that only perfluoroalkyl groups of the formula F(CF2)n- have six or

greater carbons have the self-alignment capability to achieve useful performance, while



shorter chains, e.g. C4F9- lack the self-alignment necessary for good performance. See

Phillips and Dettree, J.Col and Interface Sci., vol. 56(2), August 1976.

Therefore it remains a challenge to provide shorter chain perfluoroalkyl

compositions that are less bioaccumulative, while maintain the requisite performance.

This invention further provides a polymer composition comprising the partially

fluorinated compounds of Formula I and a thermoplastic or thermoset polymer. A

polymer composition of this invention can be melted or shaped, for example by extrusion

or molding, to produce shaped articles, such as fibers, films and molded articles whose

surfaces exhibit excellent oil- and water repellency. The repellent polymer composition is

especially useful in the preparation of nonwoven fabrics used in medical gowns and

drapes, where repellency to bodily fluids is mandated. Films made from repellent polymer

compositions of this invention are useful, for example, for moisture and/or grease-resistant

packaging, release liners, and multilayer constructions.

In another aspect, the present invention provides oily mist resistant electret filter

media comprising polypropylene electret fibers made from repellent polymer

compositions of this invention, wherein the fluorinated compound has a melting

temperature of at least 25°C. Preferably the fibers may be in the form of meltblown

microfibers.

In another aspect, the present invention provides a method for filtering particulate

material from air containing oily aerosol particles comprising passing said air through

electret filter media made from repellent polymer compositions of this invention. The

electret filter media of the present invention have improved electret filtration enhancement

and sustain that enhancement upon exposure to oily aerosols. Furthermore, the electret

filter media of the present invention maintain functional filtration enhancing charge levels

under accelerated aging conditions.

Fibrous polypropylene electret filters that are currently available, some made from

melt-blown polypropylene microfibers and others from fibrillated polypropylene film, can

show thermally stable electret filtration enhancement. Unfortunately, fibrous electret

filters made of polypropylene, whether melt-blown microfibers or fibrillated film, tend to

lose their electret enhanced filtration efficiency faster than desired for some purposes



when exposed to oily aerosols. There is a need to improve the long-term efficiency of air

filters in the presence of aerosol oils, especially in respirators.

The novel fibrous electret filter media of the present invention are especially useful

as an air filter element of a respirator such as a face mask or for such purposes as heating,

ventilation, and air-conditioning. In respirator uses, the novel electret filter media may be

in the form of molded or folded half-face masks, replaceable cartridges or canisters, or

prefilters. In such uses, an air filter element of the invention is surprisingly effective for

removing oily aerosols such as are present in cigarette smoke or in fumes from

combustion engines. When used as an air filter media, such as in a respirator, the electret

filter media has surprisingly better filtration performance than does a comparable electret

filter media made of 100% polypropylene fibers.

As used herein:
"Alkyl" means a linear or branched, cyclic or acylic, saturated or unsaturated

monovalent hydrocarbon .

"Alkylene" means a linear or branched cyclic or acylic, saturated or unsaturated,

polyvalent hydrocarbon.

"Alkenyl" means a linear or branched unsaturated hydrocarbon.

"Aryl" means a monovalent aromatic, such as phenyl, naphthyl and the like.

"Arylene" means a polyvalent, aromatic, such as phenylene, naphthalene, and the

like.

"Aralkylene" means a group defined above with an aryl group attached to the

alkylene, e.g., benzyl, 1-naphthyl ethyl, and the like.

"Hydrocarbyl" is inclusive of hydrocarbyl alkyl, alkylene and aryl groups of all

indicated valent states. Unless otherwise indicated, the non-polymeric hydrocarbyl groups

typically contain from 1 to 40 carbon atoms.

Heterohydrocarbyl may optionally contain one or more catenary (in-chain)

functional groups including ether, ester, amide, urea, urethane, and carbonate functional

groups. Unless otherwise indicated, the (hetero)hydrocarbyl groups typically contain from

1 to 40 carbon atoms. Some preferred examples of such heterohydrocarbyls as used herein



include, but are not limited to, methoxy, ethoxy, propoxy, 2-(2'-phenoxyethoxy)ethyl, 3,6-

dioxahepty1, 3,6-dioxahexy1-6-pheny1.

As used herein, "(hetero)hydrocarbyl" is inclusive of hydrocarbyl alkyl and aryl

groups, and heterohydrocarbyl heteroalkyl and heteroaryl groups, the later comprising one

or more catenary (in-chain) heteroatoms such as ether or amino groups.

Detailed Description
This invention provides fluorochemical piperazine carboxamide compounds of the

formula:

I

where

Rf is a perfluorinated group; and

RSl1 comprises a polysiloxane group;

subscript x is at least one.

This invention provides fluorochemical compositions comprising a thermoplastic

or thermoset polymer and at least one partially fluorinated piperazine carboxamide

compounds of Formula I .

In some preferred embodiments, the present fluorinated piperazine carboxamide

compounds and compositions thereof provide the necessary performance even with the

shorter C3-C5 perfluoroalkyl groups. Furthermore, the short chain perfluorocarboxylic

acids (the presumed intermediate degradation products) are less toxic and less

bioaccumulative than the longer chain (Cs) homologues. For these reasons, the Rf groups

are selected from C3-C5 perfluoroalkyl groups. In preferred embodiments, Rf is selected

contains at least 95% linear C3-C5 groups and less than 5% of other perfluoroalkyl groups.

The Rf groups may be of the formula CaF2a+i-, where a is at least one, preferably 3-5.

As it is preferred that the Rf groups are linear perfluoroalkyl groups, and have less

than 5 mole% non-linear isomers, the perfluroalkylsulfonyl halide starting material is

desirable prepared by electrochemical fluorination (ECF) of a linear C3-C5 sulfonyl

fluoride, preferably a linear C4 sulfonyl fluoride. With longer chain sulfonyl fluorides, the

electrochemical fluorination yields a complex mixture of linear and branched isomers, as



well as higher and lower homologues. ECF of linear C3-C5 alkyl sulfonyl fluorides yields

predominately linear products with minor amounts of homologues.

The group represented by RSl1 may be represented by the formula:

wherein

each R6 is independently an alkyl or aryl ;

RNH2 is an amine-substituted (hetero)hydrocarbyl group;

a is 1 to 2000; preferably 3 to 100;

b may be zero;

a+b is at least one;

R7 is alkyl, aryl or R 0~ . It will be apparent that if subscript y is zero, then at least one of

the R7 is R 0~ .

As is apparent from Formula I, the compounds of Formula I are derived from

aminosilicones of the formula:

wherein

each R6 is independently an alkyl or aryl ;

RNH2 is an amine-substituted (hetero)hydrocarbyl group;

ais 1 to 2000; preferably 3 to 100;

b may be zero;

a+b is at least one;

R7 is alkyl, aryl or RNH2

wherein amine-functional silicone has at least one RNH2 group. In some embodiments the

compounds are derived from aminosilicone compounds having at least two R * 2 groups.



Useful amino-silicones corresponding to those of Formula III, and method of

making the same, are described in US 9139770 (Freeman et al.), incorporated herein by

reference. Useful amine-functional silicones are described in Lubkowsha et al.,

Aminoalkyl Functionalized Siloxanes, Polimery, 2014 59, pp 763-768, and are available

from Gelest Inc, Morrisville, PA, from Dow Corning under the Xiametertm, including

Xiamter OFX-0479, OFX-8040, OFX-8166, OFX-8220, OFX-8417, OFX-8630, OFX-

8803, and OFX-8822. Useful amine-functional silicones are also available from

Siletech.com under the tradenames Silaminetm, and from Momentive.com under the

tradenames ASF3830, SF4901, Magnasoft, Magnasoft PlusTSF4709, Baysilone OF-

TP3309, RPS-1 16, XF40-C3029 and TSF4707.

Method of preparing

The fluorochemical piperazine compounds can be prepared using known organic

reactions, such as those disclosed in US 5451622 (Boardman et al, incorporated herein by

reference. A preferred method of preparation is by the reaction of fluoroaliphatic radical-

containing sulfonyl fluorides, RfSChF, with piperazine followed by reaction of the

resulting fluoroaliphatic radical-containing carboxamido piperazine with various organic

reactants.

Representative reaction schemes for the preparation of fluorine-containing

piperazine compounds are outlined below where Rf is as described above for Formulas I

and II where X is a leaving group such as halogen, tosylate, alkoxy or -CH2CF3. In one

embodiment, a perfluoroalkylsulfonylpiperazine is reacted with an oxalate adduct of an

amine-functional silicone. In another embodiment a perfluoroalkylsulfonylpiperazine is

reacted with an oxalate to yield the mono- piperazine product, followed by reaction with

an amine-functional silicone.



O O

RfS02— N- + RSil(NH )X |= I

The present invention provides a synthetic organic polymer composition

comprising the one or more of the fluorinated compounds of Formula I and a

thermoplastic or thermoset organic polymer. The compounds of Formula I are useful as

polymer melt additives to impart desirable low surface energy properties to the

thermoplastic or thermoset polymer.

Useful polymers include both thermoplastic and thermoset polymers and include

polyamides, e.g., nylon-6 and nylon-66, polyesters, e.g., polyethylene terephthalate,

polyurethanes, epoxides, epoxy resins, (meth)acrylates, polystyrenes, silicones and

polyolefins, e.g., polyethylene and polypropylene. Thermoplastic polymers such as

polyolefins are preferred. The resultant articles, due to the presence of the fluorochemical

additive, have improved oil- and water-repellency, low surface energy and a resistance to

soiling.

Shaped articles (e.g., fibers, films and molded or extruded articles) of this

invention can be made, e.g., by blending or otherwise uniformly mixing the alkylated

fluorochemical oligomer and the polymer, for example by intimately mixing the oligomer

with pelletized or powdered polymer, and melt extruding the mixture into shaped articles

such as pellets, fibers, or films by known methods. The additive can be mixed per se with

the polymer or can be mixed with the polymer in the form of a "masterbatch"

(concentrate) of the additive in the polymer. Masterbatches typically contain from about

10% to about 25% by weight of the fluorochemical additive. Also, an organic solution of

the additive may be mixed with the powdered or pelletized polymer, the mixture dried to

remove solvent, then melted and extruded into the desired shaped article. Alternatively,

molten additive (as a compound(s) or masterbatch) can be injected into a molten polymer

stream to form a blend just prior to extrusion into the desired shaped article.

When using thermoset resins, such as epoxy resins, urethanes and acrylates, the

fluorochemical oligomer may be mixed with the resin and cured by application of heat.

Preferably such thermoset resins may be processed by reactive extrusion techniques such

as are taught in U.S. 4,619,976 (Kotnour) and U.S. 4,843,134 (Kotnour).



The thermoplastic composition containing the compounds of Formula I-III may be

used to provide oil and water repellency to fibers. The fluorochemical additives are melt

processible, i.e., suffer substantially no degradation under the melt processing conditions

used to form the fibers.

The amount of fluorochemical compound in the composition is that amount

sufficient to produce a shaped article having a surface with the desired properties of oil

and water repellency and/or soiling resistance. Preferably, the amount of fluorochemical

compound will be that amount which provides from about 100 to 10,000 ppm fluorine,

more preferably 200 to 5000 ppm, most preferably 400 to 3000 ppm fluorine, based on the

weight of the shaped article.

After melt extrusion of a fiber, film or extruded article, an annealing step may be

carried out to enhance oil and water repellency. Annealing apparently allows the

fluorochemical additive to migrate to the surface of the thermoplastic polymer with a

resultant increase in repellency properties, reduced surface activity, improved solvent

resistance and improved release properties. The fiber or film is annealed for at a

temperature and for a time sufficient to increase the amount of fluorochemical additive at

the surface. Effective time and temperature will bear an inverse relationship to one

another and a wide variety of conditions will be suitable. Using polypropylene, for

example, the annealing process can be conducted below the melt temperature at about 50°

to 120° C . for a period of about 30 seconds to 10 minutes. Annealing may also be effected

by contact with heated rolls, such as embossing rolls, at 50°C to 160°C for periods of

about 1 to 30 seconds. In some cases, the presence of moisture during annealing, e.g., by

using an autoclave to anneal, can improve the effectiveness of the fluorochemical additive.

The annealing method may also serve to reduce the amount of additive necessary by

maximizing fluorine content at the surface of the polymer.

In addition to their use in modifying the properties of fibers, the polymer

composition of the invention is also useful in preparing blown microfibers for non-woven

fabrics having low surface energy, oil and water repellency and/or soiling resistance. The

resin, such as polypropylene, used to form the melt blown microfibers should be

substantially free from materials such as antistatic agents which could increase the

electrical conductivity or otherwise interfere with the ability of the fibers to accept and



hold electrostatic charges. When the fluorochemical compounds of the invention are used

as additives to melt blown microfibers, the additive is preferably present in amounts of

about 0.2 to 10 weight percent, more preferably from 0.5 to 5 weight percent and most

preferably 0.5 to 2 weight percent.

As used herein, the terms "fiber" and "fibrous" refer to particulate matter, generally

thermoplastic resin, wherein the length to diameter ratio of the particulate matter is greater

than or equal to about 10. Fiber diameters may range from about 0.5 micron up to at least

1,000 microns. Each fiber may have a variety of cross-sectional geometries, may be solid

or hollow, and may be colored by, e.g., incorporating dye or pigment into the polymer

melt prior to extrusion.

The non-woven webs of fibers of thermoplastic olefinic polymer for use in this

invention include non-woven webs manufactured by any of the commonly known

processes for producing non-woven webs. For example, the fibrous non-woven web can

be made by spunbonding techniques or melt-blowing techniques or combinations of the

two. Spunbonded fibers are typically small diameter fibers which are formed by extruding

molten thermoplastic polymer as filaments from a plurality of fine, usually circular

capillaries of a spinneret with the diameter of the extruded fibers being rapidly reduced.

Meltblown fibers are typically formed by extruding the molten thermoplastic material

through a plurality of fine, usually circular, die capillaries as molten threads or filaments

into a high velocity, usually heated gas (e.g. air) stream which attenuates the filaments of

molten thermoplastic material to reduce their diameter. Thereafter, the meltblown fibers

are carried by the high velocity gas stream and are deposited on a collecting surface to

form a web of randomly disbursed meltblown fibers. Any of the non-woven webs may be

made from a single type of fiber or two or more fibers which differ in the type of

thermoplastic olefinic polymer and/or thickness. Alternatively, sheath-core fibers can be

extruded, containing different polymer compositions in each layer or containing the same

polymer composition in each layer but employing the more expensive fluorochemical

component in the outer sheath layer.

The melt blown polypropylene microfibers useful in the present invention can be

prepared as described in Van Wente, A., "Superfine Thermoplastic Fibers," Industrial

Engineering Chemistry, vol. 48, pp. 1342-1346 (1956) and in Report No. 4364 of the



Naval Research Laboratories, published May 25, 1954, entitled "Manufacture of Super

Fine Organic Fibers" by Van Wente et al. or from microfiber webs containing particulate

matter such as those disclosed, for example, in U.S. Pat. Nos. 3,971,373 (Braun),

4,100,324 (Anderson) and 4,429,001 (Kolpin et al.). Multilayer constructions of

nonwoven fabrics enjoy wide industrial and commercial utility and include uses such as

fabrics for medical gowns and drapes. The nature of the constituent layers of such

multilayer constructions can be varied according to the desired end use characteristics, and

can comprise two of more layers of melt-blown and spun-bond webs in may useful

combinations such as described in U.S. Pat. Nos. 5,145,727 and 5,149,576. The filtering

efficiency of a melt-blown microfiber web can be improved by a factor of two or more

when the melt-blown fibers are bombarded as they issue from the orifices with electrically

charged particles such as electrons or ions, thus making the fibrous web an electret.

Similarly, the web can be made an electret by exposure to a corona after it is collected.

Melt-blown polypropylene microfibers are especially useful, while other polymers may

also be used such as polycarbonates and polyhalocarbons that may be melt-blown and

have appropriate volume-resistivities under expected environmental conditions.

Any of a wide variety of constructions, especially multilayer constructions such as

SMS (spunbond/meltblown/spunbond) constructions, may be made from the above-

described fibers and fabrics, and such constructions will find utility in any application

where some level of hydrophobicity, oleophobicity (or other fluid repellency, such as to

bodily fluids) is required. The fibers prepared from the synthetic organic polymer

composition of the invention may be used in woven and nonwoven medical fabrics (such

as drapes, gowns and masks), industrial apparel, outdoor fabrics (such as umbrellas,

awning, tents, etc), raincoats and other outdoor apparel, as well as home furnishings such

as table linens and shower curtains, and in myriad other related uses.

Preferably, the filter media is annealed, i.e., heated for a sufficient time at a

sufficient temperature to cause the fluorochemical additive to bloom to the surface of the

fibers. Generally, about 1 to 10 minutes at about 140 deg. C . is sufficient although shorter

times may be used at higher temperatures and longer times may be required at lower

temperatures.



Blown microfibers for fibrous electret filters of the invention typically have an

effective fiber diameter of from about 5 to 30 micrometers, preferably from about 7 to 10

micrometers, as calculated according to the method set forth in Davies, C . N., "The

Separation of Airborne Dust and Particles," Institution of Mechanical Engineers, London,

Proceedings IB, 1952.

The electret filter media of the present invention preferably has a basis weight in

the range of about 10 to 500 g/m2, more preferably about 10 to 100 g/m2. In making melt-

blown microfiber webs, the basis weight can be controlled, for example, by changing

either the collector speed or the die throughput. The thickness of the filter media is

preferably about 0.25 to 20 mm, more preferably about 0.5 to 2 mm. The electret filter

media and the polypropylene resin from which it is produced should not be subjected to

any unnecessary treatment which might increase its electrical conductivity, e.g., exposure

to gamma rays, ultraviolet irradiation, pyrolysis, oxidation, etc.

The melt-blown microfibers or fibrillated fibers of the electret filters of the

invention can be electrostatically charged by a process described in U.S. Pat. Nos. Re.

30,782 (van Turnhout) or Re. 31,285 (van Turnhout) or by other conventional methods for

charging or polarizing electrets, e.g., by a process of US 4375718 (Wadsworth et al.);

4588537 (Klasse et al.); or 4592815 (Nakao). In general, the charging process involves

subjecting the material to corona discharge or pulsed high voltage.

Films prepared from the composition of this invention can be made which are

useful, for example, for grease-resistant packaging, release liners and microporous film

applications. These films can be used to make multi-layer constructions in which one,

more than one, or all layers contain the fluorochemical additive.

This invention is illustrated by, but is not intended to be limited to, the following

examples. Unless otherwise specified, all percentages shown in the examples and test

methods, which follow, are percentages by weight.



Examples

Materials

Unless otherwise indicated all chemicals were obtained or are commonly available

from chemical companies such as Sigma-Aldrich Chemical Company, St. Louis, MO.

Preparative Example 1 PE 1)

l-(l,l,2,2,3,3,4,4,4-nonafluorobutylsulfonyl)piperazine (10 g, 27.158 mmol, 1

equiv.), in ethylacetate (100 mL) was added to a 500 mL round bottom flask containing

bis-(trifluoroethyldioxalate) (22.7 mL, 136 mmol, 5 equiv., prepared as described in

Preparatory Example 6 (P6) in U S 8,765,881) equipped with a magnetic stir bar and reflux

condenser. The mixture was allowed to stir at reflux for 16 h . Trifluoroethanol and

ethylacetate were distilled off followed by excess dioxolate to afford 2,2,2-trifluoroethyl

2-[4-(l,l,2,2,3,3,4,4,4-nonafluorobutylsulfonyl)piperazin-l-yl]-2-oxo-acetate) (14.2 g,

27.2 mmol, >99% yield) as an off-white solid. The identity of the material was confirmed

by LC/MS and MR techniques.

Example 2 EX2

2,2,2-trifluoroethyl 2-[4-(l, 1,2,2,3,3,4,4,4-nonafluorobutylsulfonyl)piperazin-l-

yl]-2-oxo-acetate) (1.399 g, 2.679 mmol, 2 equiv.) and 1.39 g, 1.31 mmol, 1 equiv. 3-



aminopropyl terminated polydimethylsiloxane (Wacker Fluid H 15 D, amine density

1.6-2.1 mmol/g, available from Wacker Silicones, Adrian, MI) and dichloromethane (5

mL) were added to a 16 mL vial equipped with a magnetic stir bar. The mixture was

allowed to stir for 16 h . Solvent was removed via rotary evaporator to afford the depicted

product (2.5 g, 1.3 mmol, >99% yield) as a white solid. The identity of the material was

confirmed by LC/MS and NMR techniques.



What is claimed is:

The fluorochemical compound of the formula:

where

Rf is a perfluorinated group; and

RSl1 comprises a polysiloxane group;

subscript x is at least one.

2 . The fluorochemical compounds of claim 1 wherein Rf is a perfluorinated group of

having an average of 3 to 5 carbon atoms.

3 . The fluorinated compounds of claim 2 wherein Rf is of the formula CaF2a+i-, where

a is at least one, preferably 3-5.

The fluorochemical compounds of any of the previous claims wherein Rf is

selected contains at least 95% linear C3-C5 groups.

The fluorochemical compounds of claim 1 wherein RSl1 is The group represented

by RSl1 may be represented by the formula:

wherein

each R6 is independently an alkyl or aryl ;

a is 1 to 2000; preferably 3 to 100;

b may be zero;

a+b is at least one;



R is alkyl, aryl or R 0~,

with the proviso that there is at least one R 0~ .

6 . The fluorochemical compounds of any of claims 1-5 wherein subscript x is 1-6.

7 . The fluorochemical compounds of any of claims 1-6 prepared by the reaction of a

perfluoroalkylsulfonylpiperazine with an oxalate adduct of an amino silicone.

8 . The fluorochemical compounds of any of claims 1-7 prepared the reaction of a

perfluoroalkylsulfonylpiperazine with an oxalate to yield the mono- piperazine

product, followed by reaction with an amine-functional silicone.

The fluorochemical compounds of any of claims 1-7 derived from an aminosilicone

of the formula:

wherein

each R6 is independently an alkyl or aryl ;

RNH2 is an amine-substituted (hetero)hydrocarbyl group;

ais 1 to 2000; preferably 3 to 100;

b may be zero;

a+b is at least one;

R7 is alkyl, aryl or R

wherein amine-functional silicone has at least one RNH2 group.F

10. A composition comprising a thermoplastic polymer and an additive fluorochemical

compound of any of claims 1-9.



11 . The composition of claim 10 wherein said thermoplastic polymers are selected

from the group consisting of polyamides, polyesters, polyurethanes, epoxides,

epoxy resins, (meth)acrylates, polystyrenes, silicones and polyolefins.

12. The composition of claim 10 wherein said additive comprises from 0 .1 to 5 weight

percent of said composition.

A shaped article comprising the composition of any of claims 10-12.

The shaped article of claim 13 selected from the group of films, sheets, fibers,

woven and nonwoven fabrics.
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