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ABSTRACT 

Acrylate, or methacrylate, or allylic, functionaliZed poly 
?uorooXetanes are disclosed for use in radiation curable 
coating compositions. These acrylate, or methacrylate, or 
allylic, functionaliZed polymers provide improvements in 
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RADIATION CURABLE COATING CONTAINING 
POLYFLUOROOXETANE 

CROSS REFERENCE 

[0001] This is a US. patent application of US. provisional 
application No. 60/141,532, ?led Jun. 28, 1 999 for a 
Radiation Curable Coating Containing Poly?uorooXetane, 
Which is hereby fully incorporated by reference. 

FIELD OF INVENTION 

[0002] Radiation curable coatings are typically formulated 
using unsaturated monomers and oligomers or polymers 
With unsaturated or reactive groups such as oXiranes therein 
that can be polymeriZed upon eXposure to electron beams or 
eXposure to ultraviolet radiation When photoinitiators are 
present. Poly?uorooXetane refers to oligomers and polymers 
that contain ?uorine containing groups pendant from the 
oXetane backbone. The ?uorine containing groups contrib 
ute loW surface tension to the coating and some stain release 
properties. 

BACKGROUND OF THE INVENTION 

[0003] Traditionally radiation curable coatings utiliZed 
combinations of silicone oils, Wetting agents and polyeth 
ylene Waxes to provide smoothness, abrasion resistance, loW 
friction and scratch resistance. HoWever these materials can 
be largely fugitive (unreacted) in nature and thus migratory, 
leading to handling problems, loWer durability and can Work 
at cross-purposes leading to decreases in other coating 
properties such as gloss. 

[0004] US. Pat. No. 5,411,996 disclosed the use of ?uo 
roalcohol in U.V. epoxy-silicone coating formulations. The 
?uorinated alcohols Were used to solubiliZe the UV. initiator 
(sulfonium salt) to alloW the polymeriZation reaction to 
occur. 

[0005] US. Pat. No. 5,081,165 related to an anti-fouling 
coating composition comprising a photopolymeriZation ini 
tiator or thermal polymeriZation initiator and ?uorine con 
taining (meth)acrylate. 
[0006] US. Pat. No. 4,833,207 relates to a curable com 
position for forming a cladding for an optical ?ber having a 
refractive indeX of about 1.43 to 1.60. 

[0007] US. Pat. No. 5,674,951 discloses isocyanate func 
tionaliZed polyoXetane polymers With pendant ?uorinated 
side chains that can optionally be chain eXtended With 
polyoXetanes or other polyethers, have the isocyanate group 
blocked, and be crosslinked into a netWork. These coatings 
Were effective for glass run channels. 

SUMMARY OF THE INVENTION 

[0008] Poly?uorooXetane oligomers and polymers can be 
functionaliZed With acrylate, or methacrylate, or allylic, end 
groups and thereafter used as a polyacrylate in a radiation 
curable coating composition. These poly?uorooXetanes 
could also be called ?uorinated polyoXetanes or polyoXet 
anes With partially ?uorinated pendant side groups (chains). 
These ?uorinated oXetane repeating units have a single 
pendant ?uorinated side group per repeating unit or they can 
have tWo pendant ?uorinated side groups per repeating unit. 
The coating composition comprises the traditional compo 
nents to a radiation curable coating Which include the 
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acrylate, or methacrylate, or allylic, terminated oligomers or 
polymers, monomer, optional UV initiator, optional second 
polyfunctional acrylate, or methacrylate, or allylic, oligomer 
or polymer, and optionally other additives like pigments, 
plasticiZers, rheology modi?ers etc. 

[0009] The acrylate, or methacrylate, or allylic, function 
aliZed poly?uorooXetane can be produced by several meth 
ods, but due to the loWer reactivity of the hydroXyl groups 
of the poly?uorooXetane With isocyanate and epoXy groups, 
it is desirable to sequentially add the reactants so nearly 
complete functionaliZation of the poly?uorooXetane can be 
achieved. Typically an isocyanate or epoXy functionaliZe 
poly?uorooXetane is ?rst formed and that is reacted With a 
hydroXy alkyl acrylate, or methacrylate, or allylic, to form 
the acrylate, or methacrylate, or allylic, terminated poly?uo 
rooXetane. Alternatively the acrylate, or methacrylate, or 
allylic, can be epoXy or isocyanate functionaliZed and that 
compound reacted With the poly?uorooXetane. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0010] Poly?uorooXetane oligomers and polymers can be 
functionaliZed With acrylate, or methacrylate, or allylic, end 
groups and thereafter used as a polyacrylate, or methacry 
late, or allylic, in a radiation curable coating composition. 
These poly?uorooXetanes could also be called ?uorinated 
polyoXetanes or polyoXetanes With partially ?uorinated pen 
dant side groups (chains). These pendant side groups include 
the Rf groups de?ned later. The coating composition com 
prises the traditional components to a radiation curable 
coating Which include the acrylate, or methacrylate, or 
allylic, terminated oligomers or polymers, monomer, option 
ally UV initiator, optionally a second polyfunctional acry 
late, or methacrylate, or allylic, oligomer or polymer or a 
polyester, and optionally other additives like pigments, 
plasticiZers, rheology modi?ers etc. While the acrylate, or 
methacrylate, or allylic, terminated poly?uorooXetane can 
be used in about any concentration in the radiation curable 
coating it is generally effective in an amount of repeating 
units of the illustrated formula from about 0.005, or from 
about 0.1, or from about 1 to about 10 Weight percent based 
on the Weight of the coating composition. 

[0011] In a cationic UV system the oXirane ring is opened 
by a nucleophile. In a UV or e-beam initiated system the 
acrylate, or methacrylate, or allylic, functional end from a 
urethane reaction (irsocyante), an eXpoXy acrylate, transe 
teri?cation or even an epichlorhydrin reaction, are polymer 
iZed, i.e., cured. The functionaliZed poly?uorooXetane can 
be produced by several methods, but due to the loWer 
reactivity of the hydroXyl groups of the poly?uorooXetane 
With isocyanate and epoXy groups, it is desirable to sequen 
tially add to reactants so nearly complete functionaliZation 
of the poly?uorooXetane can be achieved. Typically an 
isocyanate or epoXy functionaliZe poly?uorooXetane is ?rst 
formed and that is reacted With a hydroXy alkyl acrylate, or 
methacrylate, or allylic, to form the urethane acrylate, or 
methacrylate, or allylic, or epoXy acrylate, or methacrylate, 
or allylic, terminated poly?uorooXetane. Alternatively the 
acrylate, or methacrylate, or allylic, can be epoXy or isocy 
anate functionaliZed and that compound reacted With the 
poly?uorooXetane. 
[0012] The poly?uorooXetane When incorporated into a 
coating via the acrylate group provides improved Wear 
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resistance, scratch resistance, mar resistance, stain resis 
tance, leveling, improved slip and loWer coefficient of 
friction. There are generally enhanced surface properties 
relative to a coating Without the additive. While not being 
bound by any explanation, it is anticipated that the poly 
?uorooxetane, to the extent possible While blended With the 
other components and after curing, migrates to the interfaces 
betWeen the coating and the substrate and the interface 
betWeen the coating and the atmosphere providing increased 
Wetting at the solid interface improving adhesion, Wetting, 
gloss/appearance and leveling, loWer surface tension at the 
atmosphere interface for improve Wear and stain resistance 
at the atmosphere interface. The application is focused on 
coating because molded articles and thicker compositions 
are more difficult to cure With radiation cures, but this does 
not preclude their use in thick articles. 

[0013] The oxetane monomer used to form the poly?uo 
rooxetane has the structure 

CH2_ C— CH2 Of 

0 

0 

[0014] and the repeating unit derived from the oxetane 
monomer has the formula 

[0015] Where each n is the same or different and indepen 
dently, is an integer betWeen 1 and 5, R is hydrogen or an 
alkyl of 1 to 6 carbon atoms, and each Rf is the same or 
different and individually on each repeat unit is a linear or 
branched ?uorinated alkyl of 1 to 20 carbon atoms, a 
minimum of 75 percent of the non-carbon atoms of the alkyl 
being ?uorine atoms and optionally the remaining non 
carbon atoms being H, I, C1, or Br; or each Rf is the same 
or different and individually is an oxaper?uorinated poly 
ether having from 4 to 60 carbon atoms 

[0016] Another focus of this application is adding the 
properties of the partially of fully ?uorinated pendant groups 
Without detracting from the inherent physical properties 
typically found in vinyl ester resin compositions. This can be 
achieved as the polyoxetane backbone is very similar in 
polarity and molecular ?exibility to the polyethers (e.g. 
ethylene oxide and propylene oxide) used in many vinyl 
ester resin compositions. Further the polyoxetane in being 
available as a polyol can be conveniently reacted in the 
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netWork via epoxy or isocyanate reactive groups Which are 
common to vinyl ester resin compositions. 

[0017] The substrates for the radiation curable coating 
include thermoplastic or thermoset plastics, paper, metals, 
Wovens and nonWovens, cellulosics other than paper, etc. 
Preferred plastics include polyvinyl chloride, polyesters, 
polycarbonates. The plastics may be formed into furniture, 
cabinets, ?ooring overlay, building products, etc. Preferred 
cellulosics include Wood products such as furniture, cabi 
nets, Wood ?ooring, paper, and the like. The coating is useful 
as a protective coating for any of the above substrates. 

[0018] The coating can be modi?ed to be ?exible or rigid 
depending on the ?exibility of the substrate. The polarity of 
the coating can be adjusted by changing the polarity of the 
acrylate, or methacrylate, or allylic, terminated components 
or the monomer to make it compatible With the substrate. 
The coating can be made more ?exible by using less 
crosslinking polyfunctional acrylate, or methacrylate, or 
allylic, or choosing a monomer that forms a loWer glass 
transition temperature polymer. The backbone of the poly 
functional acrylate, or methacrylate, or allylic, can also be 
chosen to result in a softer loWer ?exural modulus coating. 

[0019] Various curing options are available for the coating 
composition. As shoWn in the examples some of the com 
ponents cure upon standing if polymeriZation inhibitors are 
not present. Electron beam irradiation can be used to cure 
the coatings. If ultraviolet (UV) activated free radical ini 
tiators are present, ultraviolet light can activate curing. 
Combinations of tWo curatives from a single type can be 
used. The amount and types of curatives are Well knoWn to 
the art of radiation and UV curatives. The amount of 
curatives Will be set forth as an effective amount that 
converts at least 50, 75 or 90 or even 100 Weight percent of 
the polymeriZable components of the coating into nonex 
tractable gel. 

[0020] The monomers that can be used in the coating are 
generally any unsaturated monomers copolymeriZable 
through said unsaturation With the acrylate, or methacrylate, 
or allylic, functionaliZed poly?uorcoxetane. Monomers can 
be distinguished from the latter described polyfunctional 
oligomers or acrylate, or methacrylate, or allylic, function 
aliZed polyfunctional oligomers by the fact that monomers 
are generally polyfunctional While polyfunctional reactants 
form crosslinked polymers. Further monomers are generally 
loWer in viscosity and more volatile than the oligomers. 
Preferred monomers include vinyl aromatic monomers of 8 
to 12 carbon atoms, acrylates of 4 to 30 carbon atoms, and 
N-vinyl pyrrolidone. The monomer(s) are generally selected 
based upon a variety of considerations including volatility, 
relative health haZards from exposure, their reactivity ratios 
in copolymeriZation With the acrylate terminated polymers 
and oligomers, etc. It is generally desirable that at least 50, 
70, or 80 mole percent of the oligomers are copolymeriZed 
into monomers and other reactants before 90 mole percent of 
the monomer is converted to polymer. 

[0021] The polyfunctional oligomers and polymers (other 
than the acrylate, or methacrylate, or allylic, terminated 
poly?uorooxetane) are conventional components in radia 
tion curable coatings. They are characteriZed by the presence 
of tWo or more unsaturated carbon to carbon double bonds 
that can copolymeriZe With the monomer(s), or oxirane 
terminated (co)polymer (cationic). These components are 
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added in effective amounts to change the physical properties 
of the coatings such as crosslink density, Which has an effect 
on modulus and strength. These reactants contribute signi? 
cantly to the solvent resistance of the cured coatings as the 
crosslinks they provide inhibit swelling in common solvents. 
Examples of these components include Ebycyrl 4833, an 
acrylated aliphatic urethane oligomer; TRPGDA, tripropy 
lene glycol diacrylate; and TMPTA, trimethylolpropane 
triacrylate. 

[0022] Ultraviolet light (UV) activated curative(s) may be 
used in the coating in an effective amount to cause poly 
meriZation of the monomer(s) and crosslinking by the poly 
functional oligomers and polymers. These curatives may be 
any chemical compound that can generate free radicals on 
exposure to ultraviolet radiation. UV activated curatives are 
set forth in US. Pat. Nos. 5,411,996; 4,882,201 and 4,279, 
717 herein incorporated by reference. Other UV activated 
curatives such as Cyracure UVR-6110 and Cyracure UVI 
6974 used in the examples are commercially available and 
knoWn to the art. 

[0023] Other components to the coating include ?llers 
such as TiO2, and other pigments and colorants; antigloss 
agents such as precipitated silicas; dyes; plasticiZers such as 
ester oils, triglycerides, hydrocarbon oils, Waxes; ?oW modi 
?ers such as rheology modi?ers, shear thinning agents; 
accelerators such as amines; and Wetting agents and surface 
modi?ers for ?llers. 

[0024] The oxetane polymer (including copolymers, ter 
polymers, etc.) generally have one or more and preferably 
tWo or more terminal hydroxyl groups. Molecules With one 
or more hydroxyl groups are generally referred to as polyols. 
These desirably have degrees of polymeriZation from about 
2, 3, or 4 to about 150, more desirably from about 3 to about 
100 and preferably from about 3 to about 30 or 50. Desirably 
they have from about 1.5 to about 3.2 hydroxyl groups per 
molecule on average. 

[0025] The reactivity of the poly?uorooxetane With iso 
cyanate groups and With epoxy groups is generally not as 
good as the reactivity of conventional polyethers such as 
poly(ethylene oxide) With isocyanates and epoxies. There 
fore it is desirable to control the reaction sequence and 
reaction ratios to maximiZe the functionaliZation of the 
poly?uorooxetane With the isocyanate or epoxy groups and 
then With the acrylate functionality. 

[0026] One procedure is to ?rst react the poly?uorooxet 
ane With the di or poly isocyanate or di or poly epoxy 
compound to generate (form) isocyanate or epoxy groups on 
the ends (termini) of the poly?uorooxetane (isocyanate or 
epoxy terminated poly?uorooxetane). Catalysts and or other 
favorable reaction conditions (heating) may be employed to 
force these reactions toWards completion. 

[0027] The reaction betWeen the hydroxy groups and the 
isocyanate or epoxy groups can be monitored by various 
chemical analysis methods to optimiZe reaction conditions. 
Desirably at least 2 moles of isocyanate groups or epoxy 
groups are present for every mole of hydroxyl groups. This 
promotes end capping of the poly?uorooxetane rather than 
chain extension, Which is the predominant reaction When the 
ratio of isocyanate or epoxy groups to hydroxyl groups is 
1:1. In most embodiments chain extension is not desirable as 
the resulting higher molecular Weight polymers increase the 
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coating viscosity and may decrease the number of load 
bearing chains, Which can decrease physical properties. 
Desirably the moles of isocyanate groups or epoxy groups is 
betWeen 2 and 3 per mole of hydroxyl groups and more 
desirably betWeen 2.0 and 2.5 . Other reaction conditions can 
be optimiZed to further limit chain extension. 

[0028] After an isocyanate or epoxy terminated poly?uo 
rooxetane is formed it can be reacted With an acrylate, or 
methacrylate, or allylic, molecule that has a pendant group 
Which is reactive With an isocyanate or epoxy group to form 
a chemical bond betWeen the isocyanate group or epoxy 
group and the acrylate, or methacrylate, or allylic. Hydroxy 
alkyl acrylates, such as hydroxy ethyl acrylate or hydroxy 
ethyl (alk)acrylate are preferred as the hydroxyl groups 
forms a very chemically stable urethane linkage. The use of 
“(alk)” before acrylate is used to indicate the optional 
inclusion of alkyl substituents of 1 to 6 carbon atoms. Other 
acrylate functional monomer(s) that can be attached to the 
isocyanate or epoxy functionaliZed poly?uorooxetane 
include amine functional acrylates, acrylamides, or acrylic 
acids. 

[0029] Another Way to achieve the same result is to react 
the di or polyfunctional isocyanate or epoxy compound With 
the acrylate, or methacrylate, or allylic, functional monomer 
in a mole ratio of isocyanate or epoxy groups to the 
functional group of the acrylate, or methacrylate, or allylic, 
(e.g. hydroxyl) of above 2:1, more desirably from about 2 to 
3 and preferably from about 2 to about 2.5. This Will form 
an isocyanate or epoxy functionaliZed acrylate, or methacry 
late, or allylic, under the right conditions. These isocyanate 
or epoxy functional acrylates, or methacrylate, or allylic, can 
be reacted With the poly?uorooxetane to produce an acry 
late, or methacrylate, or allylic, terminated poly?uorooxet 
ane. 

[0030] The di or polyisocyanate compound can generally 
be any compound of the formula X-(NCO)y Where y is an 
integer above 2 and X is an aliphatic group of 4 to 100 
carbon atoms, an aromatic group of 6 to 20 carbon atoms, or 
a combination of alkyl and aromatic groups or alkyl substi 
tuted aromatic or aromatic substituted alkyl of 7 to 30 carbon 
atoms or oligomers thereof. These isocyanate compounds 
are Well knoWn to the art. Preferred ones are 4‘,4-methylene 
diphenyl isocyanate (MDI) as Well as polymeric MDI, 
Which is a liquid rather than a crystalline solid, toluene 
diisocyanate, 1,6-hexane diisocyanate, isophorone (pre 
ferred) diisocyanate, trimethylhexane diisocyanate, etc. 

[0031] Similarly the epoxy compounds can generally have 
the formula Z— 

[0032] Where y is as previously de?ned and Z is a di or 
polyvalent group having from 2 to 100 carbon atoms, often 
1 or more oxygen atoms, and sometimes other heteroatoms 
besides oxygen and hydrogen. It is desirable to keep the 
molecular Weight of the epoxy compound as loW as higher 
molecular Weights Will increase the viscosity. 
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EXPERIMENTAL 

Examples 1-5 

[0033] Poly-?uorinated oxetane diols (poly-FOX) Were 
prepared using the method described in US. Pat. No. 
5,650,483 using a BF3-THF initiating species to produce an 
oxetane-tetrahydrofuran copolymer With the speci?ed level 
of tetrahydrofuran comonomer. 

Amount of Number 
THF in average 
polymer molecular 

Example Rf Description (mole %) Weight 

1 CF3 Poly-3-FOX 6.4 2800 
2 CF3 Poly-3-FOX 6.2 3400 
3 CF3 Poly-3-FOX 8.2 2300 
4 CF3 Poly-3-FOX 26.4 4200 
5 _(cF,),_cF3 Poly-7-FOX 7.3 2200 

Example 6 

Preparation of Di-urethane-acrylate of Poly-7-FOX 

[0034] A 250 mL, 3 neck round bottom ?ask ?tted With a 
mechanical stirrer and a thermometer Was dried under 
nitrogen and charged With poly-7-FOX diol (polyfuoroox 
etane diol With hepta?uoro group) (24.3 grams, 9.1 meq.) 
from Example 5. Isopherone diisocyanate (3.0 grams, 27.2 
meq) and dibutyl tin dilaurate (12 mg) Were added and the 
mixture Was heated at 70 C. for 14 hours. The reaction 
mixture Was cooled to room temperature and Washed With 
heptane (2 times 100 mL each). The isocyanate-terminated 
poly-7-FOX prepolymer Was then dissolved in tetrahydro 
fuan (50 mL) and treated With dibutyltin dilaurate (12 mg). 
The resulting solution Was reacted With 2-hydroxylethy 
lacrylate (HEA, 1.16 gram, 10 meq) at room temperature. 
No observable exotherm Was observed on the addition of 
HEA. The progress of the reaction Was monitored by fol 
loWing the disappearance of the isocyanate band in an 
infrared spectroscopic spectrum (IR) at 2270 cm—1. The 
mixture Was heated at a temperature of 60 C. for 4 hours. On 
completion, as indicated by the disappearance of the NCO 
band in the IR, the reaction mixture Was precipitated into 
Water (450 mL). The resulting solution Was dried over 
magnesium sulfate, ?ltered and stripped of solvent under 
reduced pressure to produce 17.2 grams of a urethane 
acrylate terminated poly-7-FOX. 

Examples 7-10 

[0035] The folloWing general procedure Was used to gen 
erate examples 7-10, A 3-liter, 4-neck round bottom ?ask 
?tted With a mechanical stirrer, condenser, and a thermom 
eter Was dried under nitrogen and charged With poly-3-FOX 
diol (405 grams, 0.29 eq). Isopherone diisocyanate (69 
grams, 0.61 eq) and dibutyltin dilaurate (0.2 gram) Were 
added at room temperature. A mild exotherm resulting in a 
temperature increase from 26 to 30 C. Was observed. The 
resulting mixture Was stirred at ambient temperature for one 
hour and then heated to 65 C. for one hour. The mixture Was 
then cooled to 30 C. and 2-hydroxyethyl acrylate (37.4 
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grams, 0.32 eq.) Was added over a thirty-minute period. The 
mixture Was stirred at ambient temperature for 16 hours at 
Which point IR analysis revealed the presence of a strong 
NCO stretching band at 2270 cm—1. Dibutyltin dilaurate 
catalyst (0.3 grams) Was added and the mixture Was heated 
at 60 C. for 3 hours and then at ambient temperature for 16 
hours. A 50 gram sample of acrylate material Was removed. 
An inhibitor (4-methoxyphenol, 0.47 grams) Was added and 
the mixture Was stirred vigorously to disperse the inhibitor. 
The resulting mixture, a colorless viscous oil, Was trans 
ferred to disperse the inhibitor. The resulting mixture, a 
colorless viscous oil, Was transferred to a plastic carboy and 
retained for further use. Overall 505 grams of the co 
polymer Was isolated representing a yield of 98.7%. 

Acrylated Example Starting poly-FOX Diol 

[0036] 

Testing Procedures for UV Coatings 

Burnish The mar resistance Was evaluated by putting a pestle onto 
the coated paper and making a circular motion With ?rm 
pressure. If a burnish mar resulted, it Would generally not 
be removed through rubbing With isopropyl alcohol. 

Adhesion Cross-Hatch 
Hoffman Gardner Scratch, Adhesion and Mar Tester 
Scratch 
Test 
60 Gloss % The gloss of a coating Was measured With the Gardner 

gloss meter set at a 60 degree angle of incidence. TWo 
separate measurements of ?ve readings Were taken. 

Contact The contact angles Were measured With Water as the liquid 
Angle using the First Ten Angstrom PTA 200. Three contact an 

gles Were measured at different locations on each speci 
men. During the data collection process, the computer re 
corded an image of the drop every 0.1 seconds for 15 
seconds (150 images), and calculates a contact angle for 
each image. 

[0037] General Procedure for Preparation of Coating For 
mulations: 

[0038] The monomers and acrylated resins (e.g. Ebecryl 
81, Ebecryl 4833, TRPGDA, and TMPTA) Were Weighted 
into a reactor and mixed at 50 C. for 30 minutes. The reactor 
Was cooled to room temperature (approximately 25 C.) 
While mixing. To the reactor contents Were added the acry 
lated-poly-FOX prepolymer or the FOX/ZOX monomer, 
and any of the constituents of the formulation (i.e. degloss 
ing agent (silica), coalescent (N-vinyl pyrrolidone), initiator 
(not needed in electron beam cures) (Irgacure 500), antioxi 
dant (Irganox 1035)) and the system Was stirred until com 
pletely mixed (approximately 30 minutes). 

[0039] General Procedure for UV Curing of Coatings: 

[0040] Coating formulations Were applied to the substrates 
via gravure cylinder or Wire Wound rods at a nominal 
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thickness of 1 to 2 mil. The coated substrates Were placed on 
a conveyor at a speed of approximately 20 feet/min through 
the curing chamber. The mercury lamp emitted a 0.045 J/sq 
cm dose and a 0.055 W/sq cm intensity in the UVC region 
as measured by the EIT PoWerpuck. 

General Formulation for UV Coatings for Application 
to PVC Substrates 

Tradename or 

Chemical Abbreviation Weight Percent 

Acrylated aliphatic urethane Ebycryl 4833 36.36 minus level of 
oligomer FOX diacrylate 
Tripropylene glycol diacrylate TRPGDA 20.65 
Trimethylolpropane triacrylate TMPTA 5.20 
Benzophenone and Irgacure 500 6.61 
1-hydroxy acetophenone 
N-methylethanolamine 1.76 
Antioxidant Irganox 1035 0.29 

N-vinylpyrrolidone NVP 8.47 
LoW viscosity amine modi?ed Ebecryl 81 20.66 
acrylated polyester oligomer 
Diacrylated Poly-3-FOX variable 

[0041] The aliphatic urethane Was Warmed to 110 to 130 
F. and blended to the polyol-polyether, TMPTA, TMPDA, 
NVP and di-urethane acrylate poly-3-FOX at 106 C. for 30 
minutes. The formulations Were alloWed to cool before 

introduction of photo-initiators (i.e. benZophenone), 2-hy 
droxyl-2-methyl phenyl propane, and the antioxidant. 

[0042] The formulations Were applied to the ?exible black 
PVC With RDS 05 Wire Wound rod at ambient temperature, 
and cured on a Union Carbide Linde PDCS UV unit With the 

folloWing setup: 

[0043] 1. One 200 Watt/inch lamp Was on 

[0044] 2. Line speed of approximately 30 feet per 
minute 

[0045] 3. Samples Were taped on the topside to the 
conveyor belt and sent through one at a time. 

Example 11 

[0046] 

Properties of UV Coatings Effect of Level of Acrylated Poly-3-FOX on 
Coating Performance When Applied to Flexible PVC Cured Under Air 

Hoffman 
Example 7 Scratch Resis 
Wt. % Gloss % tance (g) Mar Resistance 

0.0 51 1200 8 
0.5 91 2000 10 
1.0 96 2000 10 
2.0 93 2300 10 
4.0 97 2300 10 
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Examples 12 to 16 

[0047] 

Properties of UV Coatings, Effect of FOX Copolymer Composition 
on Coating Performance When Applied to Flexible PVC Cured 

Under Nitrogen 

Poly-3-Fox Weight Hoff- Coe?icient 
diacrylate Percent of man of Friction 

Exam- used in Poly-3-Fox Scratch static 
ple Example diacrylate (g) kinetic Cracking 

12 Control 0 1900 3.48 3.61 Severe 
13 7 3 2900 1.67 0.50 Severe 
14 8 3 2900 0.89 2.23 Severe 
15 9 3 2900 1.24 1.60 Moderate 
16 10 3 2900 3.51 4.40 Severe 

Example 17 

[0048] 

Formulation of Paper Coatings Cured via UV Radiation 

Ingredient Amount Weight % 

Ebecryl 4833 9.96 
Ebecryl 81 19.54 
Trimethylol propane triacrylate 20.87 
Tripropylene glycol diacrylate 26.13 
Ebecryl 8301 6.26 
Irgacure 500 3.13 
N-Methyl diethanol amine 1.84 
Poly-3-FOX Acrylate 0.80 
Syloid 308 3.57 
Polyfluo 523XF 4.24 
Polyfluo 717XF 1.69 

Property Value 

Hoffmann Scratch 500 g 
Mar Resistance 8 
Cross-Hatch Adhesion 100% 

[0049] While in accordance With the patent statutes the 
best mode and preferred embodiment has been set forth, the 
scope of the invention is not limited therto, but rather by the 
scope of the attached claims. 

What is claimed is: 
1. An acrylate, or methacrylate, or allylic, terminated 

polymer (oligomer) Which is copolymeriZable With styrene, 
methyl methacrylate or N-vinyl pyrrolidone, said polymer 
comprising the reaction product of a) at least one polyol, b) 
at least one di or polyisocyanate, and c) at least one hydroxy 
alkyl acrylate, or methacrylate, or allylic, Wherein either i) 
a and b are reacted to form an isocyanate terminated 
oligomer or polymer and said isocyanate terminated oligo 
mer or polymer is reacted With c to form an acrylate, or 
methacrylate, or allylic, terminated oligomer or polymer or 
ii) b is reacted With c to form an isocyanate functionaliZed 
acrylate, or methacrylate, or allylic, Which is then reacted 
With a to form an acrylate, or methacrylate, or allylic, 
terminated oligomer or polymer, Where said at least one 
polyol comprises at least 10 Weight percent repeating units 
of the formula 
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Where each n is the same or different and independently, is 
an integer betWeen 1 and 5, R is hydrogen or an alkyl of 1 
to 6 carbon atoms, and each Rf is the same or different and 
individually on each repeat unit is a linear or branched 
?uorinated alkyl of 1 to 20 carbon atoms, a minimum of 75 
percent of the non-carbon atoms of the alkyl being ?uorine 
atoms and optionally the remaining non-carbon atoms being 
H, I, Cl, or Br; or each Rf is the same or different and 
individually is an oXaper?uorinated polyether having from 4 
to 60 carbon atoms 

2. Apolymer according to claim 1, Wherein said polyol is 
a copolymer of at least an oXetane With a pendant ?uorinated 
alkyl according to the formula 

Where R is a hydrogen and Rf is an alkyl of 1 to 15 carbon 
atoms. 

3. A polymer or oligomer according to claim 2, Wherein 
said polyol includes repeating units resulting from the ring 
opening polymeriZation of tetrahydrofuran and derivatives 
thereof. 

4. A polymer or oligomer according to claim 2, Wherein 
said polyol has a degree of polymeriZation from about 3 to 
about 150. 

5. A polymer or oligomer according to claim 2, Wherein 
said polyol comprises a diol and is reacted With at least tWo 
moles of a diisocyante to form a polyol With tWo terminal 
isocyanate groups. 

6. A polymer or oligomer according to claim 2, Wherein 
said polyol has a degree of polymeriZation from about 3 to 
about 50. 

7. A polymer or oligomer according to claim 2, Wherein 
said polyol has a degree of polymeriZation from about 3 to 
about 30. 

8. Aprocess for forming a partially ?uorinated acrylate, or 
methacrylate, or allylic, terminated oligomer comprising 
reacting a partially ?uorinated polyoXetane containing 
polyol, optionally including non-oXetane repeating units 
either a) sequentially With a di or polyisocyanate forming an 
isocyanate terminated oligomer or polymer and then react 
ing that isocyanate terminated oligomer or polymer With a 
hydroXyl containing acrylate, or methacrylate, or allylic, and 
forming an acrylate, or methacrylate, or allylic, terminated 
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polyoXetane oligomer or polymer or b) in a single step With 
an isocyanate functionaliZed acrylate, or methacrylate, or 
allylic, forming an acrylate, or methacrylate, or allylic, 
terminated polyoXetane oligomer or polymer. 

9. Aprocess according to claim 8 Wherein the polyoXetane 
containing polyol comprises repeating units of the formula 

Where each n is the same or different and independently, is 
an integer betWeen 1 and 5, R is hydrogen or an alkyl of 1 
to 6 carbon atoms, and each Rf is the same or different and 
individually on each repeat unit is a linear or branched 
?uorinated alkyl of 1 to 20 carbon atoms, a minimum of 75 
percent of the non-carbon atoms of the alkyl being ?uorine 
atoms and optionally the remaining non-carbon atoms being 
H, I, Cl, or Br; or each Rf is the same or different and 
individually is an oXaper?uorinated polyether having from 4 
to 60 carbon atoms 

10. A process according to claim 8, Wherein said poly 
oXetane containing polyol is a difunctional polyol and is 
reacted With at least tWo moles of a diisocyanate forming 
said isocyanate terminated polyoXetane oligomer or polymer 
Which is then reacted With said hydroXy containing alkyl 
acrylate, or methacrylate, or allylic. 

11. An acrylate, or methacrylate, or allylic, terminated 
polymer Which is copolymeriZable With styrene, methyl 
methacrylate or N-vinyl pyrrolidone, said polymer compris 
ing the reaction product of a) at least one polyol, b) at least 
one di or polyepoXy compound, and c) at least one hydroXy 
alkyl acrylate, or methacrylate, or allylic, Wherein either i) 
a and b are reacted to form an epoXy terminated oligomer or 
polymer and said epoXy terminated oligomer or polymer is 
reacted With c to form an acrylate, or methacrylate, or 
allylic, terminated oligomer or polymer or ii) b is reacted 
With c to form an epoXy functionaliZed acrylate, or meth 
acrylate, or allylic, Which is then reacted With a to form a 
acrylate, or methacrylate, or allylic, terminated oligomer or 
polymer, Where said at least one polyol comprises at least 10 
Weight percent repeating units of the formula 

Where each n is the same or different and independently, is 
an integer betWeen 1 and 5, R is hydrogen or an alkyl of 1 
to 6 carbon atoms, and each Rf is the same or different and 
individually on each repeat unit is a linear or branched 
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?uorinated alkyl of 1 to 20 carbon atoms, a minimum of 75 
percent of the non-carbon atoms of the alkyl being ?uorine 
atoms and optionally the remaining non-carbon atoms being 
H, I, C1, or Br; or each Rf is the same or different and 
individually is an oXaper?uorinated polyether having from 4 
to 60 carbon atoms 

12. Aprocess for forming a partially ?uorinated acrylate, 
or methacrylate, or allylic, terminated oligomer comprising 
reacting a partially ?uorinated polyoXetane containing 
polyol, optionally including non-oXetane repeating units 
either a) sequentially With a di or polyepoXy compound 
forming an epoXy terminated oligomer or polymer and then 
reacting that epoXy terminated oligomer or polymer With a 
hydroXyl containing acrylate, or methacrylate, or allylic, 
forming an acrylate, or methacrylate, or allylic, terminated 
polyoXetain oligomer or polymer or b) in a single step With 
an epoXy functionaliZed acrylate, or methacrylate, or allylic, 
forming an acrylate, or methacrylate, or allylic, terminated 
polyoXetane oligomer or polymer. 

13. A process according to claim 12, Wherein the poly 
oXetane containing polyol comprises repeating units of the 
formula 

Where each n is the same or different and independently, is 
an integer betWeen 1 and 5, R is hydrogen or an alkyl of 1 
to 6 carbon atoms, and each Rf is the same or different and 
individually on each repeat unit is a linear or branched 
?uorinated alkyl of 1 to 20 carbon atoms, a minimum of 75 
percent of the non-carbon atoms of the alkyl being ?uorine 
atoms and optionally the remaining non-carbon atoms being 
H, I, C1, or Br; or each Rf is the same or different and 
individually is an oXaper?uorinated polyether having from 4 
to 60 carbon atoms 

14. A coating composition comprising; 

a) an acrylate, or methacrylate, or allylic, terminated 
oligomer or polymer With at least 10 Weight percent of 
repeating units having the formula 

Where each n is the same or different and independently, 
is an integer betWeen 1 and 5, R is hydrogen or an alkyl 
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of 1 to 6 carbon atoms, and each Rf is the same or 
different and individually on each repeat unit is a linear 
or branched ?uorinated alkyl of 1 to 20 carbon atoms, 
a minimum of 75 percent of the non-carbon atoms of 
the alkyl being ?uorine atoms and optionally the 
remaining non-carbon atoms being H, I, C1, or Br; or 
each Rf is the same or different and individually is an 
oXaper?uorinated polyether having from 4 to 60 carbon 
atoms 

b) at least one monomer copolymeriZable With said acry 
late, or methacrylate, or allylic, terminated oligomer, 
and 

c) optionally a free radical initiator Which is activated by 
ultraviolet radiation, and 

d) optionally a polyfunctional acrylate, or methacrylate, 
or allylic, monomer, or oligomer. 

15. Acoating composition according to claim 14, Wherein 
said acrylate, or methacrylate, or allylic, terminated oligo 
mer or polymer is derived from a polyoXetane polyol, 
optionally including non-oXetane repeating units, having a 
degree of polymeriZation from about 3 to about 150 coupled 
to the acrylate, or methacrylate, or allylic, terminal groups 
via reactions using a diepoXy or diisocyanate compound. 

16. Acoating composition according to claim 15, Wherein 
said repeating units of the formula 

comprise from about 1 to about 20 Weight percent of said 
coating composition. 

17. Acoating composition according to claim 14, Wherein 
Rf is a linear or branched ?uorinated alkyl of from about 1 
to about 15 carbon atoms. 

18. A coating composition according to claim 14, Which 
has been cured by electron beam irradiation. 

19. Acoating composition according to claim 14, Wherein 
said acrylate, or methacrylate, or allylic, terminated oligo 
mer or polymer is derived from a copolymer of said oXetane 
of the formula 

and tetrahydrofuran. 


