Office de la Propriete Canadian CA 2649222 A1 2007/11/01

Intellectuelle Intellectual Property
du Canada Office (21) 2 649 222
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
13) A1
(86) Date de dépét PCT/PCT Filing Date: 2007/04/09 (51) Cl.Int./Int.Cl. CO8G 718/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2007/11/01 C08G 18/09(2000.01), CO6G 16/26(2006.01)

CO08G 18/70(2006.01)

(85) Entree phase nationale/National Entry: 2008/10/10 . _
(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: US 200//066228 3M INNOVATIVE PROPERTIES COMPANY. US
(87) N° publication PCT/PCT Publication No.: 200//124263 (72) Inventeurs/Inventors:
(30) Priorité/Priority: 2006/04/13 (US11/279,653) AUDENAERT, FRANS, BE;

KUEHNEWEG, BERND, D
(74) Agent: SMART & BIGGAR

(54) Titre : PROCEDE DE FABRICATION DE MONOMERES FLUORES A BASE D'URETHANE
54) Title: METHOD OF MAKING URETHANE BASED FLUORINATED MONOMERS

(57) Abréegée/Abstract:

Method of preparing urethane based fluorinated monomers comprising (1) reacting a fluorinated alcohol and an isocyanate
functional non-fluorinated monomer or (i) reacting in one or two steps a fluorinated alcohol, a polylsocyanate and an isocyanate
reactive non-fluorinated monomer, wherein reactions (i) and (i) are carried out in the presence of one or more reactive diluents, the
reactive diluents having an ethylenically unsaturated group and being free of iIsocyanate reactive groups. The method does not
require an Inert organic solvent as a reaction medium, thus excluding volatile organic compounds (VOC's). The resulting
compositions can be readily and conveniently used to prepare radiation curable coating compositions without the need to remove
organic solvent from the composition.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

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

OPIC - CIPO 191




woO 2007/124263 A3 I D000 A0 O 00 A0 00 00

CA 02649222 2008-10-10

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

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
1 November 2007 (01.11.2007)

(51) International Patent Classification:
CO8G 18/00 (2006.01) CO8G 18/70 (2006.01)
CO08G 18/09 (2006.01) CO8G 18/28 (2006.01)

(21) International Application Number:
PCT/US2007/066228

(22) International Filing Date: 9 April 2007 (09.04.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
11/279,653 13 April 2006 (13.04.2006) US

(71) Applicant (for all designated States except US): 3M
INNOVATIVE PROPERTIES COMPANY [US/US];
3M Center, Post Office Box 33427, Saint Paul, Minnesota
55133-3427 (US).

(72) Inventors: AUDENAERT, Frans; 3M Belgium, Haven

1005, Candadastraat 11, B-2070 Zwijndrecht (BE).

KUEHNEWEG, Bernd; Carl-Schurz-Strasse 1, 41453

Neuss (DE).

(74) Agents: JORDAN, Robert H., et al.; 3M Center, Office

of Intellectual Property Counsel, Post Office Box 33427,

Saint Paul, Minnesota 55133-3427 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,

CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,

(10) International Publication Number

WO 2007/124263 A3

FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,

IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,

LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,

MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,

RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,

TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 1,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, B, CFE, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

with international search report

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

(88) Date of publication of the international search report:
21 December 2007

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD OF MAKING URETHANE BASED FLUORINATED MONOMERS

(57) Abstract: Method of preparing urethane based fluorinated monomers comprising (i) reacting a fluorinated alcohol and an
isocyanate functional non-fluorinated monomer or (ii) reacting in one or two steps a fluorinated alcohol, a polyisocyanate and an
isocyanate reactive non-fluorinated monomer, wherein reactions (i) and (i1) are carried out in the presence of one or more reactive
diluents, the reactive diluents having an ethylenically unsaturated group and being free of isocyanate reactive groups. The method
does not require an inert organic solvent as a reaction medium, thus excluding volatile organic compounds (VOC’). The resulting
compositions can be readily and conveniently used to prepare radiation curable coating compositions without the need to remove

organic solvent from the composition.



CA 02649222 2008-10-10
WO 2007/124263 PCT/US2007/066228

METHOD OF MAKING URETHANE BASED FLUORINATED MONOMERS

Field

The invention provides a method of preparing urcthane based fluorinated
monomers. In particular, the invention relates to a method of preparing such monomers 1n

the presence of a reactive diluent.

Background

Fluorinated urethane monomers are typically used as intermediates in the synthesis
of fluorinated urcthane containing polymers that may find application as repellent and
stain resistant treating agents on various substrates. For example, the synthesis of
pertluoroalkyl type urethane acrylate monomers has been disclosed 1n US 4,778,915 (Lina
ct al.), US 5,216,097 (Allewaert et al.), US 4,612,356 (Falk) and US 4,920,190 (Lina ct
al.). The pertluoroalkyl type urcthane acrylate monomers are prepared in an organic
solvent. The synthesis of perfluoropolyether based urethane acrylate monomers 1n
fluorinated solvents for example 1s disclosed in Macromol. Chem. Phys. 198, 1893-1907
(1997).

As shown above, fluorinated urethane based monomers are typically prepared 1in an
organic solvent or a fluorinated solvent since the fluorinated urethane based monomers
generally have a very high viscosity or are solid at room temperature. As a result,
solventless preparation 1s generally not feasible, particularly not on an industrial scale
where a high viscosity of the reaction product may pose safety risks as a result of unequal
distribution of heat in the reaction medium or may result in large fluctuations in quality of
the resulting product.

Only m particular specific circumstances can fluorochemical urethane based
monomers or oligomers be prepared in the absence of a solvent. For example, US
6,391,459 discloses a radiation curable composition comprising a fluorinated urethane
oligomer and a reactive diluent fluorinated monomer. However, such neat reactions are
possible only under a limited number of circumstances where the reaction product has
sufficient solubility in the reactants.

Nevertheless, the presence of organic solvents 1n compositions (even small

amounts) poses health, safety and environmental concerns and therefore, in recent years,
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increased pressure 18 raised for the elimination of undesirable volatile organic compounds
(VOCs) in the production of fluorochemical monomers, intermediates and final products
such as coatings. Morecover, when a solvent 1s used 1n the preparation of the
fluorochemical urethane based monomer, 1t will generally be necessary to remove the
solvent when preparing coating compositions based on such monomers. Accordingly this
means additional efforts and an increase 1n cost of the coating composition.

Accordingly, there 1s a continued need to find a convenient and environmental
friendly method for the synthesis of fluorochemical urecthane based monomers. In
particular, 1t 1s desirable to provide a method that eliminates the use of low volatile
organic compounds. The method should be economically feasible and applicable for a

wide variety of desired fluorinated urethane based monomers.

Brief Summary of Invention

The invention provides a method of preparing urcthane based fluorinated
monomers comprising (1) reacting a fluorinated alcohol and an 1socyanate functional non-
fluorinated monomer or (11) reacting 1n one or two steps a fluorinated alcohol, a
polyisocyanate and an 1socyanate reactive non-fluorinated monomer reactions (1) and (11)
arc carried out in the presence of one or more reactive diluents, the reactive diluents
having an ethylenically unsaturated group and being free of isocyanate reactive groups.

The invention provides a method of preparing urethane based fluorinated
monomers that do not require an inert organic solvent as a reaction medium, thus
excluding volatile organic compounds (VOC’s). Further, the resulting composition can be
readily and conveniently used to prepare radiation curable coating compositions without
the need to remove organic solvent from the composition.

Thus, 1n a particular aspect, the invention provides a method of preparing urethane
based fluorinated monomers as defined above, wherein said reactions can be carried out 1n
absence of a solvent or substantially in absence of a solvent. With the term “substantially
in absence of a solvent” 1s meant that less than 5% by weight, preferably less than 1% by
weight of a solvent based on the total weight of the reaction mixture. By ‘organic solvent’
1s meant a generally liquid compound that 1s capable of dissolving the reactants and/or
reaction product and that 1s 1nert 1in the sense that 1t does not participate 1n the reaction and

further 1s not a reactive diluent.



CA 02649222 2008-10-10
WO 2007/124263 PCT/US2007/066228

Detailed Description of Illustrative Embodiments

The fluormated alcohol for use 1n connection with the method 1s typically a
monofunctional alcohol or polyol that 1s partially fluorinated or fully fluorinated.
Generally the fluorinated alcohol will contain at least a pertfluorinated moiety. Suitable
fluorinated alcohols 1nclude those selected from monofunctional fluormmated alkanols or
diol having between 3 and 12 carbon atoms, perfluoropolyether compounds having one or
more¢ perfluorinated polyether groups and one or more hydroxyl groups or an oligomeric
fluorinated alcohol or diol. Mixtures of fluorinated alcohols are contemplated for use as
well.

In one embodiment, the fluorinated alcohol 18 a monofunctional alkanol or
alkanediol that can be represented by the formula I:

PF'-Q'-(OH), (I)
wherein PF' represents a perfluorinated aliphatic group, Q' is an organic di- or trivalent
linking group, and a1s 1 or 2, preferably a1s 1.

The perfluorinated aliphatic group PF' is a perfluorinated, stable, inert, preferably
saturated, non-polar, monovalent aliphatic radical containing 3 to 12 carbon atoms. It can
be straight chain or branched chain. Especially suitable fluoriated alcohols are those of
which the PFl-group has 4 to 6 carbon atoms and 1s of the formula C4F¢- or CgF3-.

Linking group Q' is generally non-fluorinated or partially fluorinated and may
contain from 1 to about 20 carbon atoms. Q' may include aromatic or aliphatic groups and
can optionally contain oxygen, nitrogen, or sulfur-containing groups or a combination
thereof. Examples of suitable linking groups Q' include straight chain, branched chain or
cyclic alkylene, arylene, aralkylene, sulfonyl, sulfoxy, sulfonamido, carbonamido,
carbonyloxy, urcthanylene, ureylene, and combinations thereof such as
sulfonamidoalkylene.

Specific examples of mono or di-functional fluorinated alkanols include:
CF;CF,CF,CF,CH,CH,0OH, CF;CF,CF,CF,CF,CF,CH,CH;0OH,
CF3(CF,);SO,N(CH;)CH,CH,0OH, CF;(CF,);SO,N(CH;)CH,CH(OH)CH,OH,
CF3(CF,);SO,N(C,Hs)CH,CH,OH, CF;(CF;):SO,N(C,Hs)CH,CH(OH)CH,0OH,
CF;(CF;);SO,N(CH3)CH,CH(CH3)OH, (CF),CFCF,SO,N(CH3)CH,CH,OH



CA 02649222 2008-10-10
WO 2007/124263 PCT/US2007/066228

In an alternative embodiment of the invention, the fluorinated alcohol may be a
perfluoropolyether compound having one or more perfluorinated polyether groups and one
or more¢ hydroxyl groups. By the term “perfluoropolyether compound” 1s meant a
compound having a fluorinated polyether group that consists of carbon and fluorine and
that contains at least two cther linkages.

In one embodiment the pertfluoropolyether compound can be represented by the
formula II:

PF*-Q°-(OH), (IT)
wherein PF” represents a perfluoropolyether group, Q° represents a divalent or trivalent
generally non-fluorinated or partially fluorinated organic linking group, b 1s 1 or 2 and
preferably b is 1. Examples of linking groups Q” include organic groups that comprise
aromatic or aliphatic groups that may be interrupted by O, N, or S and that may be
substituted, alkylene groups, oxy groups, thio groups, urcthane groups, carboxy groups,
carbonyl groups, amido groups, oxyalkylene groups, thioalkylene groups, carboxyalkylene
and/or amidoalkylene groups.

In one particular embodiment, the perfluorinated polyether group PF* of formula

(II) 1s a monovalent perfluoropolyether moiety composed of groups according to formula

111:
F(RgO)xCyF2q- (I1I)

wherein each R, independently represents a perfluorinated alkylene group, each x

independently represents an integer greater than or equal to 3, and wherein d 1s an integer
from 1 to 6. The perfluoroalkylene group Rg may be linear or branched and may
compris¢ from 1 to 10 carbon atoms, particularly suitable from 1 to 6 carbon atoms.
Examples of perfluorinated alkylencoxy groups -R¢O- include: -CF,CF,0-, -
CF(CF;)CF,0-, -CF,CF(CF;)O-, -CF,CF,CF,0-, -CF,0-, -CF(CF3)0O-, -CF,CF,CF,CF;-
O-.

The perfluormated polyether group may be comprised of the same perfluorinated
alkylene oxy units or of a mixture of different perfluormated alkylene oxy units. When
the perfluorinated polyether group 1s composed of different perfluorinated alkylene oxy
units, they can be present in a random configuration, alternating configuration or they can
be present as blocks. Typical examples of perfluorinated polyalkylene oxy groups

include:
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-[CF,CF,0];-; -| CF(CF3)CF,0]s-; -[CF,CF,0]i[CF,0];- and -[CF,CF,0];-
| CF(CF3)CF,0]k-; wherein r 1s an integer of 5 to 25, s 18 an integer of 3 to 25 and 1, 7, 1 and
k each are integers of 3 to 25.

A particularly suitable perfluorinated polyether group that corresponds to formula
(111) 1s:

F(CF(CF;)CF,0),CF(CF3)-

wherein g 1s at least 3. Perfluorinated polyether groups of the above formula can
conveniently be derived from the oligomerization of hexafluoropropylencoxide (HFPO).
In a particular suitable embodiment, g 1s an integer of 3 to 25, and the corresponding
perfluorinated polyether group has a molecular weight of at least 750 g/mol.

Suitable examples of perfluoropolyether compounds according to formula (I1)
include:
F(CF(CF;)CF,0),CF(CF3)-CONR"-CH,CHOHCH,0OH wherein R" is hydrogen or an
alkyl group of, for example, 1 to 4 carbon atoms;
F(CF(CF3)CF,0),CF(CF3)-CONH-1,4-dihydroxyphenyl;
F(CF(CF3)CF,0),CF(CF;)-CH,OCH,CHOHCH,OH;
F(CF(CF;)CF,0),CF(CF3)-COOCH,CHOHCH,OH;
F(CF(CF5)CF,0),CF(CF3)-CONR“-(CH,),OH;
F(CF(CF3)CF,0),CF(CF3)-CONR‘((CH,),-O)w-H; and
F(CF(CF3)CF,0),CF(CF3)-CONHCH,CH,CH,N(CH,CH,OH);
where R® is hydrogen or an alkyl group such as methyl, ethyl, propyl, butyl, or hexyl, and
vis2,3,4,6,8, 100r 11, wis 1 to 4; 1n all examples g 1s at least 3. Particularly suitable
example includes F(CF(CFg)CFzO)gCF(CF3)-CONRd-(CHz)VOH where R¢ is hydrogen, v
1s 2, and g 1s at least 3.

In a further embodiment of the present invention, the fluorinated alcohol can be an
oligomeric fluorinated alcohol that can be represented by to formula:

M'xM", Q*(OH),

wherein ¢ is 1 or 2, preferably 1, M',M", represents a fluorinated oligomer comprising m
units derived from a fluorinated monomer and n units derived from a non-fluorinated
monomer, €.g., a hydrocarbon monomer, m represents a value of 2 to 40, n 1s 0 to 20 and
-Q’-(OH). together represents the organic residue obtained by removing a hydrogen atom

from a chain transfer agent that 1s functionalized with one or two hydroxy groups. The
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value of m 1n the oligomeric fluorinated alcohol 1s from 2 to 40, more suitably from 2 to
20, and particularly suitably from 3 to 15. Fluorinated oligomers derived from two or
more different fluorinated monomers and optional non-fluorinated monomers are also
suitable.

In the above formula, Q° typically represents an organic residue according to the
following formula:

-S-R-
wherein R represents an organic divalent linking group that 1s preferably selected from the
group consisting of linear or branched alkylenes (preferably having about 2 to 6 carbon
atoms), cyclic alkylenes, arylenes and aralkylenes.

The oligomeric fluorinated alcohol can be prepared by free-radical oligomerization
of fluorinated and non-fluorinated monomers in the presence of hydroxy functionalized
chain transfer agents. The aliphatic backbone of the oligomeric fluorinated alcohol
comprises a sufficient number of polymerized units to render the portion oligomeric, ¢.g.,
such that the sum of n and m in the above formula 1s from 2 to 60, ¢.g., from 4 to 30.

In a particular embodiment, the fluorinated monomer is typically an ester of an

o,[3-cthylenically unsaturated carboxylic acid and contains a fluoroaliphatic group. The

fluorinated monomer can be represented by the general formula:
PF°-X-OC(0)-C(R)=CH,

wherein PF" represents a perfluorinated aliphatic group having 3 to 12 carbon atoms, X is

an organic divalent linking group, and R represents hydrogen, fluor or a lower alkyl group

having 1 to 4 carbon atoms.

The perfluorinated aliphatic group PF" is a perfluorinated, stable, inert, preferably
saturated, non-polar, monovalent aliphatic radical containing 3 to 6 carbon atoms. It can
be straight chain or branched chain. Especially suitable fluorinated monomers are those of
which the PF -group is of the formula C,4Fo- or CgF3-.

The linking group X links the perfluorinated aliphatic group PF" to the free radical
polymerizable group. Linking group X 18 generally non-fluorinated and preferably
contains from 1 to about 20 carbon atoms. X can optionally contain oxygen, nitrogen, or
sulfur-containing groups or a combination thercof, and X 1s free of functional groups that
substantially interfere with free-radical polymerization (e.g., polymerizable olefinic double

bonds, thiols, and other such functionality known to those skilled 1n the art). Examples of



CA 02649222 2008-10-10
WO 2007/124263 PCT/US2007/066228

suitable linking groups X include straight chain, branched chain or cyclic alkylene,
arylene, aralkylene, sulfonyl, sulfoxy, sulfonamido, carbonamido, carbonyloxy,
urcthanylene, ureylene, and combinations thercof such as sulfonamidoalkylene.

Specific examples of fluorinated monomers include:
CF;CF,CF,CF,CH,CH,0OCOCR '=CH,; CF3(CF,)sCH,CH,OCOCR'=CH,;
CF3(CF,);:CH,OCOCR '=CH,; CF3(CF;);SO,N(CH3)CH,CH,OCOCR'=CH, ;
CF3(CF;);SO,N(C,Hs)CH,CH,OCOCR '=CHj;
CF;(CF,);SO,N(CH;)CH,CH(CH;)OCOCR'=CH,; and
(CF5),CFCF,SO,N(CH3)CH,CH,0COCR'=CH;
wherein R' is hydrogen or methyl

In one embodiment of the invention the non-fluorinated monomer 1s typically a
monomer consisting of a polymerizable group and a hydrocarbon moiety. Hydrocarbon
ogroup containing monomers are well known and generally commercially available. Useful
hydrocarbon containing monomers include those according to formula:

R"-Q°-E (V)
wherein R" represents a hydrocarbon group or H, Q° is a divalent linking group, s is 0 or 1,
and E is a free radical polymerizable group. Examples of linking groups Q° include oxy,
carbonyl, carbonyloxy, carbonamido, sulphonamido, oxyalkylene and poly(oxyalkylene).

Examples of non-fluorinated monomers from which the units M" can be derived
include general classes of ethylenic compounds capable of free-radical polymerization,
such as, for example, allyl esters such as allyl acetate and allyl heptanoate; alkyl vinyl
cthers or alkyl allyl ethers such as cetyl vinyl ether, dodecylvinyl ether, 2-chloroethylvinyl
cther, ethylvinyl ether; unsaturated acids such as acrylic acid, methacrylic acid, alpha-
chloro acrylic acid, crotonic acid, maleic acid, fumaric acid, itaconic acid and their
anhydrides and their esters such as vinyl, allyl, methyl, butyl, 1sobutyl, hexyl, heptyl, 2-
cthylhexyl, cyclohexyl, lauryl, stearyl, 1sobornyl or alkoxy ethyl acrylates and
methacrylates; alpha-beta unsaturated nitriles such as acrylonitrile, methacrylonitrile, 2-
chloroacrylonitrile, 2-cyanocthyl acrylate, alkyl cyanoacrylates; alpha,beta-unsaturated
carboxylic acid derivatives such as allyl alcohol, allyl glycolate, acrylamide,
methacrylamide, n-duisopropyl acrylamide, diacetoneacrylamide, N,N-
dicthylaminoecthylmethacrylate, N-t-butylamino ethyl methacrylate; styrene and its

derivatives such as vinyltoluene, alpha-methylstyrene, alpha-cyanomethyl styrene; lower
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olefinic hydrocarbons which can contain halogen such as ethylene, propylene, 1sobutene,
3-chloro-1-1sobutene, butadiene, 1soprene, chloro and dichlorobutadiene and 2,5-dimethyl-
1,5-hexadiene, and allyl or vinyl halides such as vinyl and vinylidene chloride. Preferred
non-fluorinated monomers include hydrocarbon group containing monomers such as those
selected from octadecylmethacrylate, laurylmethacrylate, butylacrylate, N-methylol
acrylamide, 1sobutylmethacrylate, ethylhexyl acrylate and ethylhexyl methacrylate; and
vinylcloride and vinylidene chloride.

Examples of hydroxyl functionalized chain transfer agents include those selected
from 2- mercaptocthanol, 3-mercapto-2-butanol, 3-mercapto-2-propanol, 3-mercapto- 1-
propanol and 3-mercapto-1,2-propanediol. A single compound or a mixture of different
chain transfer agents may be used. A particular suitable chain transfer agent 1s 2-
mercaptocthanol.

In order to prepare the oligomeric fluorinated alcohol, a free radical initiator 18
normally present. Such free radical initiators are known 1n the art and include azo
compounds, such as azobisisobutyronitrile (AIBN) and azobis(2-cyanovaleric acid) and
the like, hydroperoxides such as cumene, t-butyl, and t-amyl hydroperoxide, dialkyl
peroxides such as di-t-butyl and dicumylperoxide, peroxyesters such as t-butylperbenzoate
and di-t-butylperoxy phtalate, diacylperoxides such as benzoyl peroxide and lauroyl
peroxide.

In one embodiment of the method, the fluorinated alcohol 1s reacted with an
1socyanate functional non-fluorinated monomer. Isocyanate functional non-fluorinated
monomets for use in preparing fluorinated urethane based monomers include 1n particular
1socyanate functional acrylate or methacrylate non-fluormated monomers. Suitable
1socyanate functional acrylate or methacrylate non-fluorinated monomers can be selected
from the group of 2-1socyanato ethylmethacrylate (IEM), m-1sopropenyl-a,a-dimethyl
benzyl 1socyanate (m-TMI) and methacryloyl 1socyanate.

In another embodiment of the method, the fluorinated urethane based monomer 1s
prepared by reacting an 1socyanate reactive non-fluorinated monomer, a polyisocyanate
and the fluorinated alcohol.

Polyisocyanates that may be used include those that can be selected from one or
more aliphatic 1socyanates having 2, 3, or 4 1socyanate groups, on¢ or more aromatic

1socyanates having 2, 3, or 4 1socyanate groups and mixtures thercof. Examples of
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aliphatic diisocyanates include hexamethylenediisocyanate, 2,2,4-trimethyl-1,6-
hexamethylenediisocyanate, and 1,2-ethylenediisocyanate, dicyclohexylmethane-4,4-
diisocyanate and 3-1socyanatomethyl-3,5,5-trimethylcyclohexylisocyanate (1sophorone
diisocyanate IPDI). Examples of aliphatic triisocyanates include 1,3,6-
hexamethylenetriisocyanate, cyclic trimer of hexamethylenediisocyanate and cyclic trimer
of 1sophorone diisocyanate (1socyanurates). Examples of aromatic duisocyanates include
4,4'-methylenediphenylenediisocyanate, 4,6-di-(trifluoromethyl)-1,3-benzene
diisocyanate, 2,4-toluenediisocyanate, 2,6-toluene diisocyanate, o, m, and p-xylylene
diisocyanate, 4,4'-duisocyanatodiphenylether, 3,3'-dichloro-4,4'-
diisocyanatodiphenylmethane, 4,5'-diphenyldiisocyanate, 4,4'-diisocyanatodibenzyl, 3,3'-
dimethoxy-4,4'-duisocyanatodiphenyl, 3,3'-dimethyl-4,4'-d1isocyanatodiphenyl, 2,2'-
dichloro-5,5'-dimethoxy-4,4'-diisocyanato diphenyl, 1,3-duisocyanatobenzene, 1,2-
naphthylene diisocyanate, 4-chloro-1,2-naphthylene diisocyanate, 1,3-naphthylene
diisocyanate, and 1,8-dinitro-2,7-naphthylene diisocyanate. Exampels of aromatic
triisocyanates include polymethylenepolyphenylisocyanate (PAPI).

Also useful are 1socyanates containing internal 1socyanate-derived moieties such as
biuret-containing triisocyanates, such as DESMODUR™ N100 or TOLONATE HDB,
commercially available from Bayer or Rhodia respectively; 1socyanurate-containing tri-
1socyanates, such as IPDI-1890, commercially available from Huls AG; azetedinedione-
containing duisocyanates such as DESMODUR™ TT, commercially available from Bayer.
Also, other commercially available di- or tri-isocyanates such as DESMODUR™ L and
DESMODUR™ VY, tri-(4-1socyanatophenyl)-methane (DESMODUR™ R) (all available
from Bayer) and DDI 1410 (available from Henkel) are suitable.

Isocyanate reactive non-fluorinated monomers include 1n particular monomers
having a hydroxyl group including for example hydroxy functional vinyl ethers,
acrylamides and 1socyanate reactive acrylates and methacrylates. Isocyanate reactive
acrylate or methacrylate non-fluormated monomers that may be used include those that
can be represented by the following formula:

T-Q"'~(OC(0)C(R2)=CHy,);,
wherein T represents an 1socyanate reactive group, including OH or NR’H where R’ 1s H

or a lower alkyl group of 1 to 4 carbon atoms, Q" represents an organic linking group
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having a valence of t+1; Ry 1s a lower alkyl with 1 to 4 C atoms or H, and t 1s a value from
1 to 6.

Linking group Q" is independently selected from the group consisting of an
alkylene, an arylene, an aralkylene, an alkarylene, a straight or branched chain or cyclic
group containing connecting group optionally containing heteroatoms such as O, N, and S
and optionally a heteroatom-containing functional group such as carbonyl or sulfonyl, and
combinations thereof.

Particularly suitable examples of 1socyanate reactive acrylate or methacrylate non-
fluorinated monomers include hydroxyethyl(meth)acrylate, 1,3-glycerol dimethacrylate,
hydroxypropyl(meth)acrylate, butanediol monoacrylate, pentaerythritol triacrylate,
commercially available as SR444 from Sartomer and dipentaerythritol pentaacrylate,
commercially available as SR399 from Sartomer. Further suitable monomers include
monomers comprising (poly)oxyalkylene groups including (meth)acrylates of a
polyethylene glycol, (meth)acrylates of a block copolymer of ethylene oxide and
propylene oxide, and (meth)acrylates of aminoterminated polyethers. Single 1socyanate
reactive acrylate or methacrylate non-fluorinated monomers can be used or mixtures
thereof.

The reactive diluent for use in the method has an ethylenically unsaturated group
and 1s free of 1socyanate reactive groups. It has been found that the reactive diluent can be
used to solubilise the reactants and the urcthane based fluorinated monomers formed
during and after the reaction. Accordingly, the reaction can proceed well without resulting
in a solid product or 1n a composition of a too high viscosity. Particular useful diluents are
liquid at a temperature of about 20°C. Examples of suitable reactive diluents include
monomets having an acrylate or methacrylate group. Examples include methyl
methacrylate, ethyl methacrylate n-butyl(meth)acrylate, 1sobutyl(meth)acrylate,
octadecyl(meth)acrylate, lauryl(meth)acrylate, cyclohexyl (meth)acrylate, cyclodecyl
(meth)acrylate, 1sobornyl (meth)acrylate, phenyl (meth)acrylate, phenoxy ethyl acrylate,
benzyl (meth)acrylate, adamantyl (meth)acrylate, tolyl (meth)acrylate, 3,3-dimethylbutyl
(meth)acrylate, (2,2-dimethyl-1-methyl)propyl (meth)acrylate, cyclopentyl (meth)acrylate,
2-cthylhexyl (meth)acrylate, t-butyl (meth)acrylate, cetyl (meth)acrylate, stearyl
(meth)acrylate, behenyl (meth)acrylate, 1sooctyl (meth)acrylate, n-octyl (meth)acrylate, 4-
cthyl-cyclohexyl (meth)acrylate, 2-cthoxyethyl methacrylate, tetrahydropyranyl acrylate
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and tetrahydrofurfuryl acrylate. Further examples of suitable reactive diluents include di-
and poly (meth)acrylates, such as butanedioldiacrylate, hexanedioldiacrylate and
trimethylolpropane triacrylate. Further examples of reactive diluents include monomers
having one¢ or more vinyl ether groups, such as cetyl vinyl ether, dodecylvinyl ether,
cthylvinyl ether. Further examples of reactive diluents include monomers having one or
more N-vinyl amides, such as N-vinylcaprolactam, N-vinylformamide. Still further
examples of reactive diluents include acrylamides, such as acrylamide, methacrylamide, n-
dusopropyl acrylamide, diacetoncacrylamide. Still further examples of reactive diluents
include vinylesters, such as vinyl 2-e¢thylhexanoate and vinyldecanoate.

Particularly suitable reactive diluents include methylmethacrylate and butanediol
diacrylate.

The reactive diluent 1s typically used 1n an amount of at Ieast 10% by weight,
suitably at least 25% by weight based on the total weight of the reactive diluent and
reactants.

Optional corcactants may be used 1in the method of the present invention. Suitable
examples mnclude non-fluorinated organic compounds that have one, two or more
functional groups that are capable of reacting with an 1socyanate group. A particularly
suitable example includes aminopropyl trimethoxysilane. Further examples of optional
corcactants include aliphatic monofunctional alcohols, ¢.g., mono-alkanols having at lcast
1, preferably at least 6 carbon atoms and aliphatic monofunctional amines. Further
suitable examples optional corecactants include organic compounds that have
polyoxyalkylene groups. Preferred polyoxyalkylene groups include those having 1 to 4
carbon atoms such as polyoxyecthylene, polyoxypropylene, polyoxytetramethylene and
copolymers thercof such as polymers having both oxyethylene and oxypropylene units.
The polyoxyalkylene containing organic compound may have one or two functional
groups such as hydroxy or amino groups. Examples of polyoxyalkylene containing
compounds include polyethyleneglycol, polypropyleneglycol, hydroxy terminated methyl
or ¢thyl ether of a random or block copolymer of ethylencoxide and propylencoxide,
amino terminated methyl or ethyl ether of polyethylencoxide, polyethylene glycol,
polypropylene glycol, dihydroxy terminated copolymer (including a block copolymer) of
cthylene oxide and propylene oxide, a diamino terminated poly(alkylene oxide) such as

Jettamine™ ED and Jetfamine™ EDR-148 or mixtures thereot.
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The optional coreactants will typically be used 1n an amount up to 30% by weight,
suitably up to 20% by weight based on the total weight of the reactants.

Typically a catalyst 1s used 1n the method of preparing urethane based fluorinated
monomers. Suitable catalysts include tin salts such as dibutyltin dilaurate, stannous
octanoate, stannous oleate, tin dibutyldi-(2-cthyl hexanoate), tin ethyl hexanoate, stannous
chloride and others known in the art. The amount of catalyst present will depend on the
particular reaction and reactants used. Generally, suitable catalyst concentrations are from
0.001 to 10 % by weight, particularly suitable between 0.05% and 5% by weight based on
the total weight of reactants.

The reaction 1s preferably carried out under dry conditions. Suitable reaction
temperature will depend on the reagents and kind and amount of catalyst used. Generally
suitable temperatures are between room temperature and 120°C.

In order to prevent thermal polymerization reactions of the urethane based
fluorinated monomers prepared and/or reactive diluents, inhibitors, known in the art are
conveniently added. Typical examples include methyl hydroquinone (MEHQ),
phenothiazine and 2,6-di1 t.butyl-4-methyl phenol.

In first embodiment of the invention, the method of preparing urethane based
fluorinated monomers comprises reacting a fluorinated alcohol, an 1socyanate functional
non-fluorinated monomer 1n the presence of a reactive diluent having an ethylenically
unsaturated group and being free of 1socyanate reactive groups. The amounts of the
reactants are generally chosen such that the equivalent amounts of alcohol groups and
1socyanate groups in the reaction mixture are equal or about equal.

A typical example of a urethane based fluorinated monomers prepared according to
this method can be represented by formula (IV):

R-L-(OC(O)NHQOC(O)C(R)=CH,), (IV)
Rf1s a monovalent perfluorinated aliphatic group, a pertfluoropolyether moiety or an
fluorinated oligomer as defined above for PFl, PF? or M' M, respectively; L is a divalent
or trivalent linking group as defined for Q', Q” and Q° above, Q is an organic linking
group, R 1s a lower alkyl with 1 to 4 C atoms or H, and p1s 1 or 2.

In a second embodiment the method of preparing urethane based fluorinated
monomers comprises a one or two step reaction. In one embodiment the method of

preparing urcthane based fluorinated monomers comprises a one step reaction wherein a
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mixture of a fluorinated alcohol, a polyisocyanate and an 1socyanate reactive non-
fluorinated monomer 1s reacted 1n a reactive diluent.

In a further embodiment the method of preparing urethane based fluorinated
monomers comprises a two step reaction in reactive diluent wherein 1n a first step, the
fluorinated alcohol and the polyisocyanate can be reacted in relative amounts such that a
resulting reaction product has one or more free 1socyanate groups. In a second step, the
free 1socyanate groups can be further reacted with the 1socyanate reactive non-fluormated
monomer. The optional corcactants can be added 1n the first or second step of the
reaction.

By their method of synthesis, urcthane based fluorinated monomers are generally
mixtures. If the equivalent amount of 1socyanate groups is arbitrarily given a value of 1.0,
then the total equivalents of fluorinated alcohol, 1socyanate reactive non-fluorinated
monomer and optional coreactants can be 1.0 or greater or smaller than 1.0. If 1t 1s less
than 1.0, a urcthane based fluorinated monomer with free 1socyanate groups 1s typically
formed. In a particular suitable embodiment, 1t 1s 1.0 or greater than 1.0. Typically the
cquivalent amount of fluorinated alcohol relates to equivalent amount of 1socyanate
reactive non-fluorinated monomer from 0.95:0.05 to 0.05:0.95. Suitably, the equivalent
amount ranges from 0.50:0.50 to 0.05:0.95. Particularly suitable, the equivalent amount
ranges from 0.35: 0.65 to 0.10:0.90.

A typical example of urcthane based fluorinated monomers, prepared according to
the second embodiment, can be represented by formula (V):

R-(NHC(O)OQR)n,-(NHC(0)OQ(A)y), (V)
wherein R; 1s the residue of a polyisocyanate; Re1s a monovalent perfluorinated aliphatic
group, a perfluoropolyether moiety or an fluorinated oligomer as defined above for PF',
PE* or M' ,M", respectively; Q is independently a linking group of valency at least 2 and
1s selected from the group consisting of an alkylene, an arylene, an aralkylene, an
alkarylene, a straight or branched chain or cycle-containing linking group optionally
containing heteroatoms such as O, N, and S and optionally a heteroatom-containing
functional group such as carbonyl or sulfonyl, and combinations thercof; A 1s a

(meth)acryl functional group —OC(O)C(R,)=CH,, where R, 1s a lower alkyl of 1 to 4

carbon atoms or H; m1s at least 1; n1s atleast 1; y1s 1 to 6, m + n1s 2 to 4, and 1n which

cach unit referred to by the subscripts m and n 1s attached to an R; unit. The maximum of
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m-+n typically corresponds to the number of 1socyanate groups present in the
polyisocyanate compound from which the residue R; derives.

The method provides urethane based fluorinated monomers in reactive diluents that
can be used m a variety of applications, including thermal and radiation curable coating
applications for e¢g. hard surface substrates. In a particular embodiment, the composition
obtained with the method can be used to formulate a ceramer composition such as for
example disclosed in US 6,238,798. Accordingly, to formulate a ceramer composition, the
composition resulting from the method of the invention may be combined with further
additives including morganic particles 1n particular colloidal inorganic particles.

Inorganic oxide particles for use 1n a ceramer composition are desirably
substantially spherical in shape, relatively uniform 1n size (have a substantially
monodisperse size distribution) or a polymodal distribution obtained by blending two or
more substantially monodisperse distributions. It 1s further preferred that the inorganic
oxide particles be and remain substantially non-aggregated (substantially discrete), as
aggregation can result in precipitation of the inorganic oxide particles or gellation of the
ceramer composition, which, in turn, results in a dramatic, undesirable increase 1n
viscosity. As a result of these effects, aggregation of the inorganic oxide particles can
reduce both adhesion to a substrate and optical clarity of the ceramer composition.

It 18 further preferred that the inorganic oxide particles be colloidal 1n size, 1.¢.,
characterized by an average particle diameter of about 1 nanometer to about 200
nanometers, preferably from about 1 nanometer to about 100 nanometers, more preferably
from about 2 nanometers to about 75 nanometers. These size ranges facilitate case of
dispersion of the colloidal inorganic oxide particles into the ceramer composition and
provide ceramer composites that are smoothly surfaced and optically clear. Average
particle size of the colloidal inorganic oxide particles can be measured using transmission
clectron microscopy to count the number of colloidal inorganic oxide particles of a given
diameter.

A wide range of colloidal inorganic oxide particles can be used in the ceramer
compositions of the present invention. Representative examples include colloidal silica,
colloidal titania, colloidal alumina, colloidal zirconia, colloidal vanadia, colloidal chromia,
colloidal 1ron oxide, colloidal antimony oxide, colloidal tin oxide, and mixtures thereof.

The colloidal mmorganic oxide particles can comprise essentially a single oxide such as
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silica, a combination of oxides, such as silica and alumimmum oxide, or a core of an oxide of
one type (or a core of a material other than a metal oxide) on which 1s deposited an oxide
of another type.

In one preferred embodiment, for example, the colloidal inorganic oxide particles
advantageously may comprise a major amount of a first plurality of primary colloidal
inorganic oxide particles, ¢.g., silica, and a minor amount of a second plurality of on¢ or
more other colloidal mnorganic oxide particles (1.¢., "additive oxide(s)"), preferably an
aluminum oxide. As used herein, "major amount” means that the colloidal inorganic oxide
particles include at least 60% by weight, preferably about 80% by weight, more preferably
at least about 95% by weight, most preferably at least about 98% by weight of that
component based on the total weight of the particles. "Minor amount” means that the
colloidal mnorganic oxide particles include up to 40% by weight, preferably up to 20% by
welght, more preferably up to 5% by weight, most preferably up to about 2% by weight of
that component based on the total weight of the particles.

The optimum amount of additive colloidal inorganic oxide particles to be
incorporated into a ceramer composition will depend upon a number of factors including
the type(s) of additive colloidal morganic oxide particle(s) being used, the desired end use
of the ceramer composition, and the like. Generally, 1f too much of the additive colloidal
inorganic oxide particles 1s used, the resultant cured ceramer composite may become more
hazy than desired. It 1s additionally possible that the level of abrasion resistance may also
be unduly reduced. As a guideline, particularly preferred ceramer compositions may
include about 100 parts by weight of silica, 1.¢., primary colloidal inorganic oxide
particles, and from about 0.01 to about 10, preferably from about 1 to about 2 parts by
weight of an oxide other than silica, preferably an aluminum oxide, 1.¢., additive colloidal
inorganic oxide particles.

The colloidal mnorganic oxide particles are desirably provided in the form of a sol
(¢.g., colloidal dispersions of mnorganic oxide particles in liquid media), especially aqueous
sols of amorphous silica. Unlike other forms in which the colloidal mnorganic oxide
particles may be supplied (¢.g., fumed silica which comprises irregular aggregates of
colloidal particles), colloidal inorganic oxide particles supplied in the form of sols tend to

be substantially monodisperse 1n size and shape.
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The ceramer composition may further include other optional additives. For
example, 1f desired, the ceramer composition may include solvents, surfactants, antistatic
agents, leveling agents, initiators, photosensitizers, stabilizers, absorbers, antioxidants,
fillers, fibers, lubricants, pigments, dyes, plasticizers, suspending agents and the like.
Also 1n a particular embodiment, surface treatment agents may be included that can react
with the 1norganic oxide particles and/or the substrate’s surface to which the ceramer
composition 18 to be applied.

Examples of leveling agents include, but are not limited to, alkylene oxide
terminated polysiloxanes, such as those available under the trade designation "DOW 57"
(a mixture of dimethyl-, methyl-, and (polyethylene oxide acetate-capped) siloxane) from
Dow Coming, Midland, Mich.; and fluorochemical surfactants such as those available
under the trade designations "FC4430", and "FC4432", from Minnesota Mining and
Manufacturing Company Co., St. Paul, Minn. Combinations of different leveling agents
can be used 1f desired. Preferably, if a leveling agent 1s to be mcluded 1n the ceramer
composition, the leveling agent 1s present 1n an amount effective to improve the flow and
wetting characteristics of the ceramer composition. Generally, the leveling agent will be
cttective to impart these desired characteristics in amounts of up to about 3% by weight,
and more preferably from about 0.01 to about 1%, based on the total weight of the ceramer
composition solids.

Examples of suitable free radical initiators that generate a free radical source when
exposed to thermal energy include, but are not limited to, peroxides such as benzoyl
peroxide, azo compounds, benzophenones, and quinones. Examples of photoinitiators that
generate a free radical source when exposed to visible light radiation include, but are not
limited to, camphorquinones/alkyl amino benzoate mixtures. Examples of photoinitiators
that generate a free radical source when exposed to ultraviolet light include, but are not
[imited to, organic peroxides, azo compounds, quinones, benzophenones, nitroso
compounds, acryl halides, hydrozones, mercapto compounds, pyrylium compounds,
triacrylimidazoles, bisimidazoles, chloroalkytriazines, benzoin, benzoin methyl ether,
benzoin ethyl ether, benzoin 1sopropyl ether, benzoin 1sobutyl ethers and methylbenzoin,
diketones such as benzil and diacetyl, phenones such as acetophenone, 2,2,2-tri-bromo-1-
phenylethanone, 2,2-diethoxyacetophenone, 2,2-dimethoxy-2-phenylacetophenone, 2,2,2, -

tribromo-1 (2-nitrophenyl)ethanone, benzophenone, 4,4-bis(dimethyamino)benzophenone,
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and acyl phosphates. Examples of commercially available ultraviolet photoinitiators
include those available under the trade designations "IRGACURE 184" (1-
hydroxycyclohexyl phenyl ketone), "IRGACURE 361" and "DAROCUR 1173" (2-
hydroxy-2-methyl-1-phenyl-propan-1-one¢) from Ciba-Geigy. Typically, 1f used, an
amount of an initiator 1s included in the ceramer composition to effect the desired level
and rate of cure. Preferably, the initiator 1s used 1n an amount of from about 0.1 to about
10%, and more preferably from about 2 to about 4% by weight, based on the total weight
of the ceramer composition without solvent. It should be understood that combinations of
different initiators can be used if desired.

In addition to the 1nitiator, a ceramer composition can include a photosensitizer.
The photosensitizer aids in the formation of free radicals that initiate curing of the curable
binder precursors, especially 1n an air atmosphere. Suitable photosensitizers include, but
arc not limited to, aromatic ketones and tertiary amines. Suitable aromatic ketones
include, but are not limited to, benzophenone, acetophenone, benzil, benzaldehyde, and o-
chlorobenzaldehyde, xanthone, thioxanthone, 9,10-anthraquinone, and many other
aromatic ketones. Suitable tertiary amines include, but are not limited to,
methyldiethanolamine, ethyldiethanolamine, tricthanolamine, phenylmethyl-ethanolamine,
dimethylaminoethylbenzoate, and the like. Typically, 1f used, an amount of
photosensitizer 18 included 1n the ceramer compositions to effect the desired level and rate
of cure. Preferably, the amount of photosensitizer used 1 ceramer compositions 1s about
0.01 to about 10%, more preferably about 0.05 to about 5%, and most preferably about
0.25 to about 3% by weight, based on the total weight of the ceramer composition solids.
It should be understood that combinations of different photosensitizers can be used 1f
desired.

Both ultraviolet stabilizers and ultraviolet absorbers can improve the weatherability
and reduce the time-induced discoloration of the ceramer composition. An example of an
ultraviolet absorber suitable for use 1n the ceramer composition of the present invention 1s
that commercially available under the trade designation "TINUVIN 1130" (hydroxyphenyl
benzotriazole) and an example of an hindered amine light stabilizer suitable for use in the
ceramer composition of the present invention 1s that commercially available under the
trade designation "TINUVIN 292" (bis(1,2,2,6,6-pentamethyl-4-piperidinyl)sebacate),

both of which are available from Ciba-Geigy. The ceramer composition can include an
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amount of a stabilizer, an absorber, or a combination thercof to impart the desired result.
Preferably, the ultraviolet stabilizer and/or absorber 1s present in an amount up to about
10% by weight, and more preferably about 1 to about 5%, based on the total weight of the
ceramer composition solids. It should be understood that combinations of different
ultraviolet stabilizers and absorbers can be used 1f desired.

An ozone stabilizer protects against degradation resulting from reaction with
ozone. Examples of ozone stabilizers include, but are not limited to, hindered amines such
as that available under the trade designation "IRGANOX 1010" from Ciba-Geigy and
phenothiazine commercially available from Aldrich Chemical Company, Inc., Milwaukee,
Wisconsin. The ceramer composition can mclude an amount of an ozone stabilizer to
impart the desired result. Preferably, the ozone stabilizer 1s present 1n an amount up to
about 1% by weight, more preferably from about 0.1 to about 1.0%, and most preferably
from about 0.3 to about 0.5%, based on the total weight of the ceramer composition solids.
It should be understood that combinations of different ozone stabilizers can be used 1f
desired.

A thermal stabilizer/antioxidant reduces the amount of yellowing as a result of
weathering. Examples of such materials include, but are not limited to, low melting
hindered phenols and triesters. Specific examples include 2,6-di-tert-butyl-4-
methylphenol, commercially available under the trade designation "ULTRANOX 226"
from Borg Warner Chemicals, Inc., Parkersburg, NY'; octadecyl 3,5-di-tert-butyl-4-
hydroxyhydroxcinnamate, commercially available under the trade designations "ISONOX
132" antioxidant from Schenectady Chemicals, Inc., Schenectady, NY; or "VANOX
1320" commercially available from Vanderbilt Co., Inc., Norwalk, Conn. The ceramer
composition can include an amount of the thermal stabilizer/antioxidant to impart the
desired result. Preferably, the thermal stabilizer/antioxidant 1s present in an amount up to
about 3% by weight, and more preferably about 0.5-1 %, based on the total weight of the
ceramer composition solids. It should be understood that combinations of different

thermal stabilizers/antioxidants can be used if desired.
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EXAMPLES

The following examples further 1llustrate the invention without the intention

however to limit the invention thereto. All parts are by weight unless indicated otherwise.

1. Abbreviations

APTMS: aminopropyl trimethoxysilane

BDDA: 1,4-butanediol diacrylate

Des N3300:  Desmodur™ N3300: HMDI trimer (triisocyanurate) from Bayer/Lanxess
AG

Des N100: Desmodur™ N100: Hexamethylene diisocyanate biuret available from

Bayer/Lanxess AG

EG: cthyleneglycol

HDDA: hexanedioldiacrylate

2HEA: 2-hydroxyethyl acrylate

2HEMA: 2-hydroxyethyl methacrylate
IPDI: 1sophorone diisocyanate

MeFBSE: N-methyl perfluorobutyl sulfonamido ethanol

MEHQ: methyl hydroquinone

MMA:; methyl methacrylate

SR399: dipentacrythritol pentaacrylate from Sartomer, Cray Valley
SR444: pentacrythritol triacrylate from Sartomer, Cray Valley
Tolonate HDB: HMDI biuret from Rhodia (analog for DesN100)

2. Synthesis of intermediates

Synthesis of (HFPO)-alc: F(CF(CF3)CF>,0)¢.55 CF(CF3)C(O)NHCH,CH,OH

(HFPO)-alc was prepared from the corresponding (HFPO)-ester :
F(CF(CF3)CF20)6.5sCF(CF3)COOCH3,

A 1 liter 3-necked reaction tlask was equipped with a stirrer, a condenser, a
dropping funnel, a heating mantle and a thermometer. The flask was charged with 1000 g
(HFPO)-ester. The mixture was heated to 40°C and 43.4 g ethanolamine was added via

the dropping funnel, over a period of 30 minutes. The reaction mixture was kept at 65°C
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during 3 hours. FTIR analysis indicated complete conversion. The end product was
purified as follows: 500 ml ethyl acetate were added and the organic solution was washed
with 200 ml HCL (1N), followed by 2 washings with 200 ml brine. The organic phase
was dried over MgSQO,. Ethyl acetate was evaporated with water jet vacuum, using a
Buchi rotary evaporator. The product was dried at 50°C during 5 hours, using o1l pump
vacuum (< Imbar). An alternative purification step included evaporation of methanol,
formed during reaction, via water jet vacuum, using a Buichi rotary evaporator (up to 75°C
=< 100 mm Hg). Residual methanol was further removed with o1l pump vacuum (up to
80°C, =< 10 mbar). The (HFPO)-alc obtained, was a yellow coloured o1l. The structure

was confirmed by means of NMR.

Synthesis of MeFBSEA/HSCH,CH,OH (molar ratio 4/1): FC-oligom

A 3 liter glass reactor equipped with mechanical stirrer, 2 reflux condensers,
heating mantle and vacuo inlet was charged with 1315.2 ¢ MeFBSEA (3.2 ¢q.) and 918 .4
o cthylacetate. After heating to 40°C 62.4 g 2-mercapto-cthanol (0.8 eq.) was added to the
clear monomer solution. A nitrogen atmosphere was applied by pulling vacuum with a
waterjet and breaking the vacuum with nitrogen atmosphere (procedure repeated 4 times).
At this point 2.76 g ABIN (2,2'-azobisisobutyronitrile; 0.2% on solids) was added. The
reaction mixture was gradually heated to 70°C, at which point a vigorous exothermal
reaction occurred with refluxing ethylacetate. The reaction was continued at 80°C reflux
temperature for 2 hrs, resulting 1in full monomer conversion as mdicated via gas
chromatography. The resulting oligomer solution was poured 1n a glass recipient and

dried overnight at 65°C 1n a forced air oven.

3. Examples

Examples 1 to 7

In examples 1 to 7, urethane based fluorinated monomers were prepared according
to the general procedure as given for example 1: MeFBSE/DESN100/2HEA 1/1/2 (molar
ratio) in BDDA.

A 250 g polymerization bottle was charged with 17.9 ¢ MeFBSE (50 meq.), 28.7 g
Desmodur N100 (150 meq.), 11.6 g 2ZHEA (100 meq.), 12 mg MEHQ (200ppm), 12 mg
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phenothiazine (200 ppm), 58.1 g BDDA and 29 mg DBTDL (0.05% on solids). The
mixture was shaken until a homogencous solution was obtained and subsequently placed
in a preheated Launder-o-meter at 65°C for 6 hours. FTIR analysis showed complete
conversion. The reaction product was obtained as a clear semi-viscous 50% monomer
solution. Examples 2 to 7 were prepared according to the same procedure. The

composition of the examples and the appearance of the liquid reaction products are given

in table 1.

Table 1: Composition of examples 1 to 7

Ex | Composition Molar ratio Reactive Conc. | Appearance
diluent % liquad

] MeFBSE/DesN100/2HEA 1/1/2 BDDA 50 Clear, semi-
VISCOUS

2 MeFBSE/DesN3300/EG/2HEA 1/1/0.04/1.92 | BDDA 75 Clear, semi-
VISCOUS

3 (HPFO)-alc/IPDI/2HEMA 1/1/2 MMA 75 Clear, semi-
VISCOUS

4 (HPFO)-alc/IPDI/2HEMA 1/1/2 MMA 85 Clear, semi-
VISCOUS

5 (HPFO)-alc/DesN3300/2HEMA | 1/1/2 MMA 35 hazy

6 (HPFO)- 1/1/1.75/0.25 | MMA 75 hazy

alc/DesN3300/2HEMA/APTMS
7 | MeFBSE/DesN3300/2HEMA 1/1/2 MMA 75 Clear viscous

Examples 8 to 18 and comparative example C-1

In examples 8 to 18, urcthane based fluorinated monomers were prepared
according to the general procedure as given for example 8: FC-oligom/IPDI/2HEMA
(1/1/1) n MMA.

Following ingredients were charged sequentially in a 100 ml polymerization bottle:

17.2 g dried FC-oligom solids (0.01 eq.), 2.2 g IPDI (0.02 ¢q.), 1.3 g 2HEMA (0.01eq.), 1
mg MEHQ, 1 mg phenothiazine, 6.9 g MMA and 10 mg stannous octanoate catalyst.
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The polymerization bottle was sealed and run 1n a launder-o-meter, preheated to 75°C.
After reacting for 3 hours the reaction was completed, as indicated by infra-red
Spectroscopy.

A clear yellowish viscous liquid, containing 75% urcthane based fluorinated
monomer 1n reactive diluent was obtained. Examples 9 to 18 were prepared according to
the same procedure. The composition of the examples and the appearance of the liquid

reaction products are given in table 2.

Comparative example C-1: (HFPQO)-alc/IPDI/2HEMA (1/1/1) was made as

follows:

A 100 ml reaction flask with magnetic stirring bar was charged with 12.6 g (HFPO)-alc
(10 meq.), 2.2 g IPDI (20 meq.), 1.3 g 2HEMA (10 meq.), 3 mg MEHQ (200 ppm), 3 mg
phenothiazine (200 ppm) and 8 mg stannous octanoate (0.05% on solids) respectively.

The mixture was stirred and heated on an o1l bath for 2 hours at 75°C. FTIR analysis
showed complete conversion. The obtained reaction product was a clear homogeneous, but

very viscous paste at 75°C, which solidified to a sticky wax at room temperature.
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Table 2: Composition and appearance of examples 8 to 18

Ex | Composition Molar ratio Reactive Conc | Appearance
diluent % liquad

3 FC-oligom/IPDI/2HEMA 1/1/1 MMA 75 Clear viscous

9 FC-oligom/DesN3300/2HEMA | 1/1/2 MMA 75 Clear viscous

10 | (HFPO)-alc/FC- 0.75/0.75/1/1.5 | MMA 85 Hazy viscous
oligom/DesN3300/2HEMA

11 | (HFPO)-alc/FC- 0.75/0.75/1/1.5 | MMA 35 Hazy viscous
oligom/DesN3300/2HEA

12 | (HFPO)-alc/FC- 0.5/0.5/1/2 MMA 85 Hazy viscous
oligom/DesN3300/2HEMA

13 | (HFPO)-alc/FC- 0.5/0.5/1/2 MMA 85 Hazy viscous
oligom/DesN3300/2HEA

14 | FC-oligom/DesN3300/2HEMA | 1/1/2 MMA 35 Clear viscous

15 | FC-oligom/DesN3300/2HEA 1/1/2 MMA 35 Clear viscous

16 | FC-oligom/DesN100/2HEMA | 1/1/2 MMA 335 Clear viscous

17 | FC-oligom/DesN100/2HEA 1/1/2 MMA 35 Clear viscous

18 | FC-oligom/Tolonate 1/1/2 MMA 75 Clear viscous
HDB/2HEMA

Examples 19 to 24

Examples 19 to 24 were made essentially according to the procedure as given for
example 19: (HFPO)-alc/Tolonate HDB/SR444 (0.45/1/2.55) in MMA.

A 1 liter round bottom 3-neck reaction flask equipped with a heating mantle,
mechanical stirrer, reflux condenser, thermometer and CaCl, tube was charged with 94.3¢
(HFPO)-alc (0.075 eq.), 95.5g Tolonate HDB (0.5 ¢q.), 0.202¢ 2,6 d1 t.butyl 4-methyl
phenol, 269.5g¢ MMA and 0.202 g DBTDL respectively. After heating the reaction
mixture for 1 hour at 75°C, 214.4g SR444 (0.425 eq.) were added and the reaction
continued for 3 hours. FTIR analysis indicated complete conversion. The reaction

product obtained was a clear semi-viscous 60% solution 1n reactive diluent.
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Examples 20 to 24 were made essentially according to the same procedure except
that in example 20, 0.1% DBTDL was used 1nstead of 0.05%. The composition of the
urcthane based fluorinated monomers and the appearance of the liquid reaction mixture 1s

given 1n table 3.

Table 3 : Composition of examples 19-24

Ex | Composition Molar ratio Reactive Conc. | Appearance
diluent % liquid

19 | (HFPO)-alc/Tolonate 0.45/1/2.55 MMA 60 Clear, semi-
HDB/SR444 VISCOUS

20 | (HFPO)-alc/Tolonate 0.45/1/2.55 MMA 70 Clear, semi-
HDB/SR444 VISCOUS

21 | (HFPO)-alc/Tolonate 0.45/1/2.55 MMA 50 Clear, non-
HDB/SR444 VISCOUS

22 | (HFPO)-alc/Jettamine 0.45/0.3/1/2.25 MMA 70 Clear, viscous
M600/Tolonate HDB/SR444

23 | (HFPO)-alc/Jetfamine 0.45/0.3/1/2.25 MMA 75 Slightly hazy
M600/Tolonate HDB/SR444 VISCOUS

24 | (HFPO)-alc/Jettamine 0.45/0.3/1/2.25 MMA 60 Clear, semi-
M600/Tolonate HDB/SR444 VISCOUS

Example 25

In example 25 a urethane based fluorinated monomer with composition
MeFBSE/IPDI/SR399 0.3/0.3/1 (molar ratio) in HDDA was made as follows:

A round bottom reaction flask equipped with a mechanical stirrer was charged with
10g MeFBSE (0.03 eq.), 17.45 g HDDA, 6.84 g IPDI (0.06 ¢q.) and on¢ drop of tin ethyl
hexanoate. After heating the reaction mixture for about 4 hours at 40°C, the mixture was
heated to 60°C and 52.94 g SR399 (0.1 eq.) was added. The reaction mixture was heated
at 80°C during 2 hours. FTIR analysis indicated complete conversion. The reaction
product obtained was a hazy 37% solids solution 1n reactive diluent.

Various modifications and alterations to this invention will become apparent to

those skilled in the art without departing from the scope and spirit of this invention.
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CLAIMS

1. Method of preparing urcthane based fluorinated monomers comprising (1) reacting a
fluorinated alcohol and an 1socyanate functional non-fluormated monomer or (11) reacting
in one or two steps a fluorinated alcohol, a polyisocyanate and an 1socyanate reactive non-
fluorinated monomer, said reactions (1) and (1) being carried out in the presence of one or
more reactive diluents, said reactive diluents having an ethylenically unsaturated group

and being free of 1socyanate reactive groups.

2. Method according to claim 1 wherein the 1socyanate functional non-fluorinated
monomer 18 selected from the group of 1socyanate functional non-fluorinated acrylate or

methacrylate monomers.

3. Method according to claim 1 wherein said reactions are carried out in absence of a

solvent or substantially in absence of a solvent.

4. Method according to claim 1 wherein said fluorinated alcohol 1s selected from a
monofunctional fluorinated alkanol having between 3 and 12 carbon atoms, a
pertluoropolyether compound having one or more pertluorinated polyether groups and one
or more hydroxyl groups, or an oligomeric fluorinated alcohol of the formula:

M' M", -Q*-(OH).
wherein ¢ is 1 or 2, M',M", represents a fluorinated oligomer comprising m units derived
from a fluorinated monomer and n units derived from a non-fluorinated monomer m
represents a value of 2 to 40, n is 0 to 20, and -Q°-(OH). together represents the organic
residue obtained by removing a hydrogen atom from a chain transfer agent that 1s

functionalized with one or two hydroxy groups.

5. Method according to claim 1 wherein said reactive diluent 1s present in an amount of at

least 10% based on the total weight of the reactive diluent and reactants.

6. Mcthod according to claim 1 wherein the reactive diluent 1s liquid at a temperature of

about 20°C.
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7. Method according to claim 6 wherein said reactive diluent 1s selected from monomers
having on¢ or more acrylate or methacrylate groups, monomers having one or more vinyl

cther groups and N-vinyl amides.

8. Method according to claim 1 wherein 1socyanate reactive non-fluorinated monomer

comprises a hydroxyl group.

9. Method according to claim 1 wherein said polyisocyanate 1s selected from one or more
aliphatic 1socyanates having 2, 3, or 4 1socyanate groups, one or more aromatic

1socyanates having 2, 3, or 4 1socyanate groups and mixtures therecof.

10. Method according to claim 1 wherein said two-step reaction of said fluorinated
alcohol, a polyisocyanate and an 1socyanate reactive non-fluorinated monomer 18 carried
out by reacting 1n a first step said fluorinated alcohol and said polyisocyanate 1n a ratio
such that a resulting reaction product has one or more 1socyanate groups and 1n a second
step reacting the resulting reaction product of the first step with said 1socyanate reactive

non-fluorinated monomer.
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