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(57) ABSTRACT 

Modi?ed polyole?ns are produced by reacting a function 
aliZed polyole?n With one or more ethylenically unsaturated 
compounds having a functional group reactive With the 
functional group on the polyole?n. These modi?ed polyole 
?ns may then polymerize in the presence of a photoinitiator 
upon exposure to ultraviolet radiation and also have the 
capability of copolymeriZing in the presence of a photoini 
tiator With other ethylenically unsaturated crosslinking 
agents upon exposure to ultraviolet radiation. These modi 
?ed polyole?ns may also contain pendant carboXyl groups, 
Which have the propensity to form hydrophilic salts With 
amines, and therefore may be rendered Water-dispersible. 
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UV-CURABLE, NON-CHLORINATED ADHESION 
PROMOTERS 

[0001] This application claims the bene?t of US. Provi 
sional Application Serial No. 60/267,829, ?led Feb. 9, 2001. 

BACKGROUND OF THE INVENTION 

[0002] Molded plastic parts are Widely used in automo 
biles, trucks, household appliances, graphic arts and the like. 
Frequently these plastic parts are made from polyole?ns 
such as polyethylene, ethylene copolymers, polypropylene, 
propylene copolymers and polyole?n blends With other 
polymers. One such blend is a thermoplastic polyole?n 
(TPO), Which is a rubber-modi?ed polypropylene. Fre 
quently, these plastic parts have to be painted to match the 
color of painted metal parts that are also present in the 
automobile, appliance or other items. Typical paints do not 
adhere Well to these plastic parts. Thus, adhesion-promoting 
primers are needed to improve the adhesion of the paints to 
the polyole?n materials. 

[0003] Chlorinated polyole?ns, particularly chlorinated, 
maleated crystalline polypropylene polymers are effective as 
adhesion-promoting primers and they have very limited 
solubility in anything other than aromatic or chlorinated 
solvents. The US. Federal Clean Air Act of 1990 limits the 
amounts of solvents that are on the HaZardous Air Pollutants 
(HAPs) list that can be used in some areas, and most 
practical aromatic and chlorinated solvents for use in coat 
ings applications are on the HAPs list. There are some 
applications Where a non-chlorinated adhesion promoter is 
desired. Other systems proposed for use as primers are based 
on maleated amorphous polyole?ns, Which are dissolved in 
aromatic solvents such as Xylene and toluene. 

[0004] Attempts have been made to provide Water based 
paints and primers for the automotive and appliance indus 
tries but these systems generally are not thought to be as 
effective as solvent based systems. For eXample, the poly 
mers used in Water based systems must be emulsi?ed or 
dispersed in Water using a nonionic, cationic or anionic 
surfactant and a primary, secondary or tertiary amine, Which 
can lend Water-sensitivity to the applied coating. 

[0005] Us. Pat. No. 4,286,047 describes pressure-sensi 
tive adhesives that are readily detacki?able by eXposure to 
ultraviolet radiation. These adhesive systems contain a nor 
mally tacky and pressure-sensitive adhesive having an 
epoXy equivalent value of about 400-900 and including an 
effective amount of an ionic photoinitiator. These adhesives 
shoW a decrease in adhesion to surfaces such as glass, 
aluminum, circuit boards, silicon Wafers, and enamel after 
eXposure to ultraviolet radiation. 

[0006] Us. Pat. No. 4,303,697 discloses a process for 
improving the adhesion of paint to polyole?n surfaces. In 
this process polyole?n surfaces, such as polyethylene, 
polypropylene, ethylene/propylene copolymers, and EPDM 
copolymers (TPOs), are primed With a chlorinated polyole 
?n, Which comprises chlorinated polypropylene and chlori 
nated polypropylene containing carboXylic anhydride 
groups, and then eXposed to ultraviolet radiation. This 
treatment improves both the dry and Wet adhesion of paint 
to the polyole?n surfaces. 

[0007] Us. Pat. No. 4,880,849 describes a coating com 
position Which crosslinks upon eXposure to ultraviolet radia 
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tion. This composition consists of (a) from 1 to 5 percent of 
a saturated, chlorinated polymeric material selected from the 
group consisting of (1) a chlorinated polyole?n containing 
about 5 to 75 percent by Weight of chlorine and having a 
number average molecular Weight of about 5,000 to 50,000, 
(2) a chlorinated polyole?n containing carboXylic anhydride 
groups and about 5 to 25 percent by Weight of chlorine and 
having a number average molecular Weight of about 5,000 
to 50,000, and (3) a mixture thereof; (b) from 20 to 80 
percent of a radiation sensitive monomer having at least tWo 
addition polymeriZable unsaturated bonds; (c) from 0.1 to 
5.0 percent of a photopolymeriZation initiator; and (d) from 
80 to 20 percent of an acrylic addition polymer having at 
least one amino group and having a number average molecu 
lar Weight of about 8,000 to 70,000. This patent discloses a 
method of coating comprising (1) applying a ?lm of the 
coating composition of the invention to a plastic substrate, 
and (2) curing the ?lm by eXposing the ?lm to ultraviolet 
radiation. 

[0008] US. Pat. No. 4,968,559 describes an adhesive ?lm 
comprising (a) a base ?lm permeable to ultraviolet light, (b) 
a layer of a pressure sensitive adhesive formed on one side 
of the ?lm. The pressure sensitive adhesive layer comprises 
(1) an elastic polymer selected from the group consisting of 
a polymer mainly composed of acrylic acid ester copolymers 
and a saturated copolyester mainly composed of dibasic 
carboXylic acids and dihydroXy alcohols, (2) an ultraviolet 
light polymeriZable acrylic acid ester having not less than 
tWo acryloyl or methacryloyl groups in the molecule in 
amounts of about 15-200 parts by Weight in relation to 100 
parts by Weight of the elastic polymer, and (3) a photopo 
lymeriZation initiator in amounts sufficient to induce the 
photopolymeriZation of the ultraviolet light polymeriZable 
acrylic acid ester. This adhesive ?lm can be utiliZed as a 
dicing ?lm in dicing a semiconductor Wafer to dices. The 
semiconductor Wafer is ?Xed on the ?lm With a relatively 
large adhesive force and thereafter the ?lm is irradiated With 
ultraviolet light from the other side thereof, Which reduces 
the adhesive force of the ?lm so that the dice is loosely 
adhered onto the ?lm. 

[0009] US. Pat. No. 5,118,567 describes an adhesive tape 
comprising an energy beam transmittable base sheet and an 
adhesive layer formed on the surface of the said base sheet. 
The adhesive layer comprises (a) an acrylate or methacrylate 
polymer substantially free from C—C double bonds and 
having at least 50 mole % of units derived from at least one 
acrylate or methacrylate and a molecular Weight from about 
40,000 to 1,500,000, (b) an epoXy resin having an average 
of at least 1.8 vicinal epoXy groups per molecule and an 
average molecular Weight from about 100 to 10,000, (c) a 
photopolymeriZable loW molecular Weight compound hav 
ing at least one C—C double bond and having a molecular 
Weight from about 100 to 30,000, (d) a heat activatable 
potential curing agent for said epoXy resin, and (e) a 
photopolymeriZation initiator for the said loW molecular 
Weight compound. The adhesive layer is curable by irradia 
tion With an energy beam and the cured adhesive layer is also 
capable of developing tackiness again by heating. These 
adhesive tape compositions can be utiliZed as dicing tape for 
holding semiconductor Wafers in place during the dicing 
step. 

[0010] US. Pat. No. 5,373,048 discloses a composition 
for a Water based adhesion promoter that consists of a 
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non-chlorinated polyole?n, a nonionic surfactant, a primary, 
secondary or tertiary amine, and Water. 

[0011] US. Pat. No. 5,728,767 describes an aqueous resin 
composition comprising (a) 80 to 10 parts by Weight of a 
modi?ed polyole?n; and (b) 20 to 90 parts by Weight of an 
acrylic or methacrylic monomer or mixture thereof. The 
modi?ed polyole?n (a) is said to have a Weight average 
molecular Weight of 1,000 to 100,000 and is modi?ed by 
copolymeriZing polypropylene, polyethylene, a copolymer 
of propylene or ethylene With an ot-ole?n or degradation 
products thereof under heat or With an oxidiZing agent, a 
radical-generating agent or the like, With 0.1 to 20% by 
Weight of an acid anhydride, carboxylic acid, an alcohol 
With a radically polymeriZable double bond, or a mixture 
thereof. This patent also describes the process for preparing 
the aqueous resin composition. In this process component 
(a) and component (b) are mixed or dissolved and polymer 
iZed in Water in the presence of a surfactant and a polymer 
iZation initiator. These compositions are shoWn to provide 
good adhesion of a tWo-component urethane coating on 
polypropylene. 
[0012] US. Pat. No. 6,184,264 describes “switchable” 
adhesive compositions, Which are capable of being trans 
formed from a tacky to a non-tacky state. These composi 
tions comprise an adhesive polymeric moiety and a plurality 
of bound in visible light curable groups, Which are chemi 
cally bound to the adhesive polymeric moiety. The curing 
reaction of these adhesive compositions is initiated by 
visible light. These adhesive compositions shoW a decrease 
in peel strength upon irradiation With visible light. These 
adhesives are said to be especially advantageous When used 
in medical dressings and Which alloW for their easy removal 
When irradiated With visible light. This technology is also 
disclosed in WO 97/06836. 

[0013] US. Pat. No. 6,262,182 describes a solution pro 
cess for the modi?cation of certain polyole?ns With an 
unsaturated anhydride, unsaturated acid or unsaturated ester. 
These modi?ed polyole?ns are reported to have good utility 
as primers for polyole?ns substrates When top coated With 
melamine based and tWo-part polyurethane paints. Although 
the modi?ed polyole?ns provide good initial crosshatch 
adhesion of melamine based topcoats and good solvent 
resistance after application, they are de?cient in Water 
resistance, especially under high temperature and humidity 
conditions. 

[0014] Thus, there exists a need to provide both solvent 
based and Water-based primers Which provide for good 
adhesion of paints to polyole?n substrates, Which are envi 
ronmentally acceptable and Which provide good solvent and 
Water resistance When top coated With urethane or melamine 
top coats. 

SUMMARY OF THE INVENTION 

[0015] This invention relates to modi?ed polyole?ns con 
taining unsaturated pendant groups prepared by reacting a 
functionaliZed polyole?n With one or more ethylenically 
unsaturated compounds having a functional group reactive 
With the functional group on the polyole?n. These modi?ed 
polyole?ns polymeriZe in the presence of a photoinitiator 
upon exposure to ultraviolet radiation and also are capable 
of copolymeriZing in the presence of a photoinitiator With 
other ethylenically unsaturated crosslinking agents upon 
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exposure to ultraviolet radiation. The modi?ed polyole?ns 
of the present invention signi?cantly improve the adhesion 
of paints, inks, and adhesives to various plastic and metal 
substrates. In addition, the modi?ed polyole?ns may also 
contain pendant carboxyl groups, Which have the propensity 
to form hydrophilic salts With amines, therefore rendering 
the modi?ed polyole?ns Water-dispersible. 

[0016] The solvent-based and Water-based primer compo 
sitions disclosed in this invention are excellent adhesion 
promoters for polyole?n and other types of plastic sub 
strates. These compositions also provide good solvent and 
Water resistance When top coated With a variety of paint 
topcoats and are environmentally acceptable. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] The modi?ed polyole?ns of the present invention 
contain unsaturated pendant groups and are prepared by 
reacting a functionaliZed polyole?n With one or more eth 
ylenically unsaturated compounds having a functional group 
reactive With the functional group on the polyole?n. These 
compositions have been found to be useful as adhesion 
promoters for paints and/or melamine or urethane based 
topcoats applied to various plastic and metal substrates. 

[0018] Useful polyole?n polymers for practice of the 
invention include, but are not limited to, polyethylene, 
ethylene copolymers containing alpha ole?ns having 2 to 
about 10 carbon atoms, polypropylene, propylene copoly 
mers containing ethylene or alpha ole?ns having from 4 to 
about 10 carbon atoms, poly(1-butene), 1-butene copoly 
mers containing ethylene or alpha ole?ns having 3 to about 
10 carbon atoms and the like. The term copolymer means 
that the ole?n polymer may contain one or more comono 
mers. In addition, mixtures of the previously mentioned 
polyole?ns may be used in this process as opposed to using 
a single polyole?n. The polymers may be crystalline, semi 
crystalline or amorphous but the amorphous ones are pre 
ferred because of their improved solubility in typical coating 
solvents. 

[0019] Monomers useful in the initial step of functional 
iZing the polyole?n include unsaturated esters, unsaturated 
acids, unsaturated anhydrides, and vinyl or acrylic mono 
mers such as hydroxyalkyl acrylates, hydroxyalkyl meth 
acrylates or mixtures thereof and the like. Useful monomers 
include, but are not limited to, maleic anhydride, citraconic 
anhydride, itaconic anhydride, glutaconic anhydride, 2,3 
dimethylmaleic anhydride, maleic acid, fumaric acid, citra 
conic acid, mesaconic acid, glutaconic acid, acrylic acid, 
methacrylic acid, crotonic acid, 2-pentenoic acid, 2-methyl 
2-pentenoic acid, dimethyl maleate, diethyl maleate, di-n 
propyl maleate, diisopropyl maleate, dimethyl fumarate, 
diethyl fumarate, di-n-propyl fumarate, diisopropyl fuma 
rate, dimethyl itaconate, hydroxyethyl acrylate, hydroxy 
ethyl methacrylate, hydroxypropyl acrylate, hydroxypropyl 
methacrylate, polyethylenglycol monoacrylate, polyethyl 
eneglycol monomethacrylate, polyalkyleneglycol 
monomethacrylate, polypropyleneglycol monoacrylate, 
polypropyleneglycol monomethacrylate, and the like. 

[0020] Preferably, the concentration of the unsaturated 
anhydride, unsaturated acid, unsaturated ester, vinyl mono 
mer or acrylic monomer is in the range of about 1 to about 
30 Weight percent based on the Weight of the polyole?n. A 
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more preferable range is from about 2 to about 15 Weight 
percent. A range of about 4 to about 12 Weight percent is 
most preferred. 

[0021] These monomers are readily grafted to polyole?ns 
either in the melt phase or in solution using radical initiators, 
such as organic peroxides or am compounds, as the catalyst. 
Apreferred method includes the grafting of the monomers in 
a solution process according to the procedure described in 
US. application Ser. No. 09/453,892, incorporated herein by 
reference. 

[0022] The reaction temperature is usually controlled by 
the half-life of the peroxide initiator. The half-life of the 
initiator at a given reaction temperature should be about one 
third to about one sixth of the reaction time. By knoWing the 
half-life of the initiator at a speci?c temperature, a suitable 
reaction time can be quickly determined. The more stable 
the initiator, the longer the reaction time Will be. For 
example, a peroxide may be suitable if its half-life at a given 
reaction temperature is 10 hours or less. 

[0023] Examples of organic peroxides, Which may be 
used, include, but are not limited to, dibenZoyl peroxide, 
tert-amylperoxy 2-ethylhexanoate, tert-butylperoxy 2-ethyl 
hexanoate, tert-butylperoxy isobutyrate, and tert-butylper 
oxy isopropyl carbonate, tert-butylperoxy 3,5,5-trimethyl 
hexanoate, 2,5-dimethyl-2,5-di(benZoylperoxy)hexane, tert 
butylperoxy acetate, tert-butylperoxy benZoate, n-butyl 4,4 
di(tert-butyl)valerate, dicumyl peroxide, tert-butylcumyl 
peroxide, di(2-tert.butylperoxy isopropyl)benZene, 2,5-dim 
ethyl-2,5-di(tert-butylperoxy)hexane, di(tert-butyl) perox 
ide, 2,5-dimethyl-2,5-di(tert-butylperoxy)-3-hexyne, tert 
butyl hydro peroxide, cumyl hydroperoxide and mixtures 
thereof. 

[0024] Examples of suitable aZo compounds include, but 
are not limited to, 2,2‘-aZobisisopropionitrile, 2,2‘-aZobi 
sisobutryonitrile (AIBN), dimethyl aZoisobutyrate, 1,1‘aZo 
bis(cyclohexanecarbonitrile), 2,2‘-aZobis(2-methylpropane) 
and mixtures thereof. Typical concentrations of radical ini 
tiators range from about 0.1 to about 20-Weight %, based on 
the Weight of the polyole?n. Amore preferable range is from 
about 0.2 to about 10-Weight %. 

[0025] The addition of the monomers and a radical initia 
tor can be carried out under numerous scenarios. For 
example, these monomers can be added before the radical 
initiator, concurrent With the radical initiator or subsequent 
to the radical initiator. The monomer can be added in either 
the molten state or as a solution in a solvent that does not 
interfere With the grafting reaction. LikeWise the radical 
initiator can be added in either solid or liquid form. It is also 
possible to charge a solution of the grafting monomer 
containing the initiator in a solvent that does not interfere 
With the desired reaction. The solvent used for this purpose 
can be the same or different from the reaction solvent. 
Preferably the solvent has a loW volatility such that it ?ashes 
off and does not dilute or contaminate the reaction solvent. 
Preferred solvents for dissolving the grafting monomer 
include ketone solvents such as acetone and methyl ethyl 
ketone. In general, the ketone solvents are used in amounts 
that do not cause the polyole?n to precipitate. 

[0026] The grafting process is typically conducted in 
solution at temperatures ranging from about 50° C. to about 
300° C., depending on the choice of solvent. The reaction 
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may be carried out at temperatures up to and including the 
boiling point of the solvent. A more preferable temperature 
range is from about 70° C. to about 240° C.; and a most 
preferred range is from about 80° C. to about 220° C. 

[0027] FolloWing the completion of the grafting reaction, 
the solvent used in the grafting reaction may be removed by 
distillation at either ambient pressure or more preferably at 
reduced pressure. As a Way of reducing cost in the process, 
the solvent may be recovered and recycled in subsequent 
batches. Solvents With relatively loW boiling points are 
typically easier to remove and consequently more desirable 
for use in this process. Preferred solvents include tert 
butylbenZene (b.p. 169° C.) and anisole (b.p. 154° C.) 
because of their lack of reactivity and ease of removal. 

[0028] In the process of the present invention, the func 
tionaliZed (grafted) polyole?n is further reacted (fully or 
partially) With one or more ethylenically unsaturated com 
pounds having a functional group reactive With the func 
tional group on the polyole?n. Useful ethylenically unsat 
urated compounds include, but are not limited to, 
hydroxyalkyl acrylates, hydroxyalkyl methacrylates, unsat 
urated anhydrides, unsaturated esters, unsaturated acids, or 
mixtures thereof and the like. Useful hydroxyalkyl acrylates 
or methacrylates include, but are not limited to, hydroxy 
ethyl acrylate, hydroxyethyl methacrylate, hydroxypropyl 
acrylate, hydroxypropyl methacrylate, polyethylenglycol 
monoacrylate, polyethyleneglycol monomethacrylate, poly 
alkyleneglycol monomethacrylate, polypropylene-glycol 
monoacrylate, polypropyleneglycol monomethacrylate and 
the like. Useful unsaturated anhydrides, unsaturated esters, 
and unsaturated acids include, but are not limited to, maleic 
anhydride, citraconic anhydride, itaconic anhydride, gluta 
conic anhydride, 2,3-dimethylmaleic anhydride, maleic 
acid, fumaric acid, citraconic acid, mesaconic acid, gluta 
conic acid, acrylic acid, methacrylic acid, crotonic acid, 
2-pentenoic acid, 2-methyl-2-pentenoic acid, dimethyl 
maleate, diethyl maleate, di-n-propyl maleate, diisopropyl 
maleate, dimethyl fumarate, diethyl fumarate, di-n-propyl 
fumarate, diisopropyl fumarate, dimethyl itaconate and the 
like. 

[0029] The reaction of the functionaliZed, ethylenically 
unsaturated compound With the functionaliZed (grafted) 
polyole?n may be carried out in the presence or absence of 
a solvent. HoWever, it is preferred to conduct the reaction in 
a solvent at temperatures in the range of 40° C. to 250° C. 
Any solvent in Which the functionaliZed polyole?n is soluble 
or partially soluble may be used. Suitable solvents include 
aromatic hydrocarbon solvents such as benZene, toluene, 
xylene, tert-butylbenZene, chlorinated solvents, aliphatic 
hydrocarbon solvents such as naphtha, mineral spirits, and 
hexane, ester solvents such as propyl acetate and butyl 
acetate as Well as ketones such as methyl amyl ketone. 
Mixtures of solvents may be used if desired. It may or may 
not be desirable to conduct this reaction in the reaction 
solvent from the initial grafting reaction. It also may be 
desirable to conduct this reaction in the solvent to be used 
for dissolving the ?nal resin. The amount of functionaliZed, 
ethylenically unsaturated compound used Will generally be 
in the range of about 0.01 to about 25-Weight % based on the 
Weight of the functionaliZed polyole?n. 

[0030] In some instances a catalyst may be used to pro 
mote the reaction of the functionaliZed polyole?n With the 
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functionaliZed, ethylenically unsaturated compound. There 
are a variety of acid and base catalysts that may be 
employed, such as sulphuric acid, p-toluenesulfonic acid, 
perchloric acid, Zinc chloride, sodium acetate, sodium 
hydroxide, tertiary aliphatic amines, pyridine, and the like. 
Other types of catalysts that may be employed are ion 
exchange resins, Which are usually sulfonic acid cation 
exchangers in the hydrogen form, metallic catalysts such as 
aluminum oxide, lead, tin, and Zinc hydroxides as Well as 
tetraalkyl titanates and Zirconates such as titanium tetraiso 
propoxide, titanium tetraisobutoxide and the like. 

[0031] The functionaliZed polyole?n may be fully or par 
tially reacted With the functionaliZed, ethylenically unsatur 
ated compound to yield a modi?ed polyole?n composition 
having pendant acrylate groups and at least one other 
pendant functional group. For example, it may be desirable 
to only partially react the functionaliZed polyole?n With the 
functionaliZed, ethylenically unsaturated compound to pro 
vide for a balance of properties and functional groups. 
Depending on hoW the functionaliZed polyole?n is prepared 
and the corresponding modi?cation With the ethylenically 
unsaturated compound, a variety of pendant functional 
groups are possible. In some instances it is possible to have 
tWo or more pendant functional groups on the polyole?n, 
With at least one of those groups being a pendant acrylate 
group. For example, it is possible to have pendant acrylate, 
carboxyl, and hydroxyl functionality present on the modi?ed 
polyole?n. In other instances, one may desire to fully react 
the functionaliZed polyole?n With the functionaliZed, ethyl 
enically unsaturated compound to yield a polyole?n con 
taining mostly pendant acrylate groups. In this instance, a 
catalyst may or may not be required to complete the reac 
tion. 

[0032] These modi?ed polyole?n resins are readily 
soluble in typical coating solvents such as toluene, xylene, 
naphtha, mineral spirits, hexane, and ester solvents such as 
propyl acetate and butyl acetate as Well as ketones such as 
methyl amyl ketone. Mixtures of solvents may be used if 
desired. 

[0033] The modi?ed polyole?ns of the present invention 
may also contain pendant carboxyl groups, Which have the 
propensity to form hydrophilic salts With amines and there 
fore may alloW the modi?ed polyole?ns to be rendered 
Water-dispersible. The modi?ed polyole?n may contain a 
combination of both pendant acrylate and pendant carboxy 
lic acid groups. For example, this can be accomplished by 
reacting an anhydride functional polyole?n (functionaliZed 
polyole?n) With one mole of a hydroxyl-functional, ethyl 
enically unsaturated compound to yield a modi?ed polyole 
?n containing both acrylate and carboxyl functionality. 

[0034] It is readily understood by one skilled in the art that 
these modi?ed polyole?ns may also be rendered Water 
dispersible. The acrylate modi?ed polyole?ns, Which con 
tain pendant carboxyl groups, may be dispersed by emulsi 
fying the modi?ed polyole?n in the presence of a nonionic 
surfactant, amine, and Water. The total amount of modi?ed 
polyole?n in this composition is not signi?cant as long as the 
relative amounts of surfactant and amine are Within typically 
used ranges for these materials. 

[0035] The surfactants useful in this invention may be 
broadly described as nonionic surfactants. The surfactants 
may have a molecular Weight of up to 500 or greater and 
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may include polymeric materials. The surfactants include 
materials Which contain groups of varying polarity Whereby 
one part of the molecule is hydrophilic and the other part of 
the molecule is hydrophobic. Examples of such materials 
include polyethyleneoxy polyols and ethoxylated alkyl phe 
nols. Particularly preferred classes of surfactants include 
alkyl phenoxy poly(ethyleneoxy) alcohols, primary ethoxy 
lated alcohols and secondary ethoxylated alcohols. Prefer 
ably the surfactant is a primary ethoxylated alcohol having 
12 to 15 carbon atoms or a secondary ethoxylated alcohol 
having 11 to 15 carbon atoms. Examples of alkyl phenoxy 
poly(ethyleneoxy) alcohols include Igepal CO-710 sold by 
Rhone Poulenc. Examples of primary ethoxylated alcohols 
include Neodol 25-9 and Neodol 25-12 sold by Shell Chemi 
cal Company. Examples of secondary ethoxylated alcohols 
include Tergitol 15-S-9 and Tergitol 15-S-15 sold by Union 
Carbide Company. The amount of surfactant is broadly in 
the range of 18 to 50 Weight percent and is preferably in the 
range of 20 to 25 Weight percent, based on the Weight of the 
modi?ed carboxylated polyole?n. 

[0036] The amine component may be a primary, second 
ary, or tertiary amine. The amine may be aromatic or 
aliphatic, but aliphatic amines are preferred. The amount of 
amine may be in the range of 4 to 30 Weight percent and 
preferably is in the range of 8 to 10 Weight percent, based on 
the Weight of the modi?ed polyole?n. The amount of Water 
may vary Widely and there is no upper limit on the amount 
of Water used. There may be a loWer limit on the amount of 
Water because there should be suf?cient Water in the com 
position to result in the formation of an admixture of the four 
components. Generally, there should be at least 50 Weight 
percent Water in the composition, based on the Weight of the 
total composition. 

[0037] The modi?ed polyole?ns of the present invention 
may be readily used as primers for plastic and metal sub 
strates prior to painting. The modi?ed polyole?ns may be 
applied to the plastic or metal substrate as prepared or they 
may be further diluted With any of the solvents listed 
previously. The Water-dispersible versions may also be 
applied to the substrate as prepared or they may be further 
diluted With Water. Both the solvent and Water-based mate 
rials may be applied to the substrate by spray application, 
dipping, or any other means available, Which alloWs for a 
uniform coating of the modi?ed polyole?n onto the sub 
strate. These modi?ed polyole?ns may also be readily used 
as additives for commercially available radiation curable top 
coats or thermally cured topcoats. In this instance, the 
modi?ed polyole?n adhesion promoter may be added to the 
coating prior to application on a substrate. 

[0038] Before application of the modi?ed polyole?n to the 
substrate, a photoinitiator may be added to the modi?ed 
polyole?n or modi?ed polyole?n solution or dispersion. The 
amount of photoinitiator added is typically in the range of 
0.01 to 8.0 Weight percent based on the non-volatile, ethyl 
enically unsaturated content of the coating composition; 
preferably about 0.05 to 5.0 Weight percent of the non 
volatile, ethylenically unsaturated content of the coating 
composition. The photoinitiator can be any photoinitiator 
knoWn to one skilled in the art. Suitable photoinitiators 
include, but are not limited to acetophenone and benZophe 
none/tertiary amine combinations, dialkoxyacetophenone 
derivatives, organic peroxides, benZoin and its ethers, and 
benZil and benZil ketals. A typical photoinitiator is 1-hy 
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droxycyclohexyl-phenyl-ketone or Irgacure® 184, available 
from Ciba Specialty Chemicals, Inc. 

[0039] The modi?ed polyole?n or modi?ed polyole?n 
solution or dispersion may also contain auxiliary polymer 
iZable monomers and/or oligomers such as, but not limited 
to, vinyl acetate, N-vinyl pyrrolidone methyl (meth)acrylate, 
butyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, neo 
pentylglycol di(meth)acrylate, triethyleneglycol 
di(meth)acrylate, trimethylolpropane triacrylate, (meth 
)acrylated urethanes such as Ebecryl® 220, Sartomer® CN 
964 and CN 965, (meth)acrylated epoxies such as Sar 
tomer® CN 104, and (meth)acrylated polyesters and poly 
ethers. 

[0040] After application of the modi?ed polyole?n to the 
substrate, the modi?ed polyole?n may be cured (i.e. poly 
meriZed and crosslinked) in the liquid or solid state (ie as 
a dry ?lm) using methods knoWn in the art. The modi?ed 
polyole?n may be cured in the presence of a photoinitiator 
by an amount of ultraviolet radiation suf?cient to affect the 
degree of curing. Depending upon thickness of the coating 
?lm, product formulation, photoinitiator type, radiation ?ux, 
and source of radiation, exposure times to ultraviolet radia 
tion for about 0.5 seconds to about 30 minutes are typically 
used for curing the coating composition. Curing may also 
occur by exposure to sunlight. 

[0041] After application of the modi?ed polyole?n to the 
substrate, it may then be topcoated. The topcoat may be 
applied before or after the modi?ed polyole?n has been 
cured. If the topcoat is applied after the modi?ed polyole?n 
has been cured, then the topcoat may or may not have to go 
through a thermal or radiation curing process. If the topcoat 
is applied before the modi?ed polyole?n has been cured, 
then the topcoat and modi?ed polyole?n may go through a 
radiation curing process together. 

[0042] These modi?ed polyole?ns may also be used as 
adhesives for polyole?ns and other types of plastic sub 
strates. In this instance the modi?ed polyole?n/photoinitia 
tor mixture may be applied to a substrate in Which adherence 
or bonding of a coating, ?lm, fabric, or other material is 
needed. The adhesive/photoinitiator mixture may be applied 
to the substrate by roller coating or other methods of 
application. The adhesive may then be cured before or after 
application of the coating, ?lm, or fabric by an amount of 
ultraviolet radiation suf?cient to affect the degree of curing. 
These types of adhesives may be especially effective When 
the coating, ?lm, fabric, or other materials are pre-coated 
With resins that are capable of copolymeriZing With the 
modi?ed polyole?n adhesive compositions on the substrate 
upon exposure to ultraviolet radiation. 

[0043] Other auxiliary polymeriZable monomers and/or 
oligomers may also be used in conjunction With the modi?ed 
polyole?n adhesive composition as described above. In this 
instance the modi?ed polyole?n, containing auxiliary poly 
meriZable monomers or oligomers and a photoinitiator, may 
be applied to the substrate to Which adherence or bonding of 
a coating, ?lm, fabric, or other material is needed. This 
mixture may be applied to the substrate by roller coating or 
other methods of application. The adhesive composition 
may then be cured before or after application of the coating, 
?lm, or fabric by an amount of ultraviolet radiation suf?cient 
to affect the degree of curing. These adhesive compositions 
may also be especially effective When the coating, ?lm, 
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fabric, or other materials are pre-coated With resins that are 
capable of copolymeriZing With the adhesive composition on 
the substrate upon exposure to ultraviolet radiation. 

[0044] The invention disclosed herein can be further 
described by the folloWing examples. It Will be understood 
that these examples are included merely for purposes of 
illustration and are not intended to limit the scope of the 
invention unless otherWise speci?cally indicated. 

EXAMPLES 

[0045] The folloWing test methods are referred to in the 
examples that folloW the test methods: 

[0046] Gasoline Resistance (Abbreviated Description of 
GM 9501 P Method B) 

[0047] Painted test samples are scribed With a sharp knife 
to make 100 squares. The scribed test samples are immersed 
in a 55/45 Weight percent blend of Varnish Makers and 
Painters naphtha and toluene covered With aluminum foil. 
After 15 minutes immersion, the test samples are evaluated 
for number of squares removed or blistered. This is repeated 
every 15 minutes until the test samples have been immersed 
for 60 minutes, or all squares are removed. The percent paint 
removed and the percent paint retained is reported at each 
evaluation period, and the blistering. 

[0048] Cross-Cut Tape Test (Abbreviated Description of 
ASTM 3359 Method B) 

[0049] Painted test samples are scribed With a sharp knife 
to make 25 squares. The center of a piece of tape is placed 
over the scribed area and the tape is rubbed ?rmly into place 
With a pencil eraser or other object. The tape is removed by 
seiZing the free end and by rapidly peeling it back on itself 
as close to a 90-degree angle as possible. The percent paint 
retained is reported. 

[0050] Humidity Resistance (Abbreviated Description of 
ASTM D 4585) 

[0051] Test specimens are mounted, With the painted side 
facing the inside of the Cleveland Humidity cabinet. All 
cracks are closed betWeen specimens to prevent vapor loss 
and temperature variation. The thermostat is adjusted to set 
the vapor temperature at 120° C. The test specimens are 
removed periodically, and tested for cross-hatch adhesion 
and blister formation. 

Comparative Example 1 

[0052] To a 1-L, 3-neck round bottom ?ask equipped With 
a mechanical overhead stirrer, condenser, addition funnel, 
and a nitrogen inlet Was charged 275 grams tert-butyl 
benZene and 150.0 grams of a propylene-ethylene copoly 
mer comprised of about 80 mole percent propylene and 
about 20 mole percent ethylene. The copolymer had a Ring 
and Ball Softening Point of 135° C. The mixture Was heated 
to 150 degrees C. over 45 minutes to provide a colorless 
solution. Maleic anhydride (12.0 grams) and 2,5-bis(tert 
butylperoxy)-2,5-dimethylhexane (4.8 grams, radical initia 
tor) Were dissolved in 15.0 grams of acetone. The resulting 
solution of maleic anhydride/acetone/radical initiator Was 
transferred to the addition funnel and charged to the reaction 
?ask over 40 minutes. The contents of the ?ask Were stirred 
for an additional 4 hours at 150 degrees C. folloWing the 
addition of the maleic anhydride and the radical initiator. 
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The tert-butylbenZene Was distilled from the reaction mix 
ture under vacuum until nothing else distilled from the pot 
at a temperature of 150 degrees C. and a pressure of 50 mm 
Hg. Xylene (478 grams, mixed isomers) Was charged to the 
molten modi?ed polyole?n over 20 minutes While maintain 
ing the temperature betWeen 116-145 degrees C. The result 
ing solution of the modi?ed polyole?n in xylene Was cooled 
to room temperature and bottled. Analysis of this material 
yielded an acid number of 11.6 mg KOH/gram With a solids 
level of 25.0%. Correcting for %-solids, the acid number 
value increases to 46.4 mg KOH/gram for 100 percent solid 
material. The Ring and Ball Softening Point Was 115° C. 

[0053] This composition Was spray applied as a primer 
onto thermoplastic ole?n (TPO) test plaques and air-dried 
for 10 minutes. After application of the primer, the panels 
Were top coated With an original equipment manufacture 
(OEM) polyester melamine-cured basecoat (Durethane 802) 
and polyester melamine-cured clearcoat (UCC 1001) sup 
plied by PPG Industries. 

[0054] Paint adhesion tests Were conducted in accordance 
With ASTM D335 9B method. The results of this test Were as 
folloWs: percent retained adhesion on Montell Hifax CA 187 
AC TPO (TPO produced by Montell Polyole?ns and sup 
plied from Standard Plaque Inc.): 100%. 

[0055] Cleveland humidity testing Was conducted in 
accordance With ASTM D 4585 at 49° C. The results Were 
as folloWs: percent retained adhesion after 24 hours expo 
sure: 0%. 

[0056] Gasoline Resistance Was tested using General 
Motors test GM 9501 P Method B. Results Were as folloWs: 
Percent loss after 1 hour in synthetic fuel mixture (55/45 
VM&P naphtha/toluene): 0% With no blistering observed. 

[0057] This composition Was spray applied as a primer 
onto thermoplastic ole?n (TPO) test plaques and air-dried 
for 10 minutes. After application of the primer, the panels 
Were top coated With an OEM tWo-part polyurethane 
basecoat (206LE19689K) and 2-part polyurethane clearcoat 
(317LE19929) supplied by Red Spot Paint & Varnish. 

[0058] Paint adhesion tests Were conducted in accordance 
With ASTM D335 9B method. The results of this test Were as 
folloWs: percent retained adhesion on Montell Hifax CA 187 
AC TPO: 100%. 

[0059] Cleveland humidity testing Was conducted in 
accordance With ASTM D 4585 at 49° C. The results Were 
as folloWs: percent retained adhesion after 48 hours expo 
sure: 100%; percent retained adhesion after 192 hours 
exposure: 100%; percent retained adhesion after 504 hours 
exposure: 100% 

[0060] Gasoline Resistance Was tested using General 
Motors test GM 9501 P Method B. Results Were as folloWs: 
Percent loss after 1 hour in synthetic fuel mixture (55/45 
VM&P naphtha/toluene): 0%, but With 50% blistering 
observed. 

[0061] This is an example of a graft-modi?ed polyole?n 
that has not been further modi?ed With a functional, ethyl 
enically unsaturated compound. This example shoWs that 
When using this material as an adhesion promoter for 
thermoplastic ole?n (TPO) poor high temperature and 
humidity resistance occurs With the melamine-cured coat 
mg. 
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Comparative Example 2 

[0062] An unmodi?ed propylene-ethylene copolymer 
comprised of approximately 80 mole percent propylene and 
20-mole percent ethylene Was dissolved in xylene at 5% 
solids. The solution Was ?ltered to remove undissolved 
polymer. This composition Was spray applied as a primer 
onto thermoplastic ole?n (TPO) test plaques and air-dried 
for 10 minutes. After application of the primer, the panels 
Were top coated With an OEM polyester melamine-cured 
basecoat (Durethane 802) and polyester melamine-cured 
clearcoat (UCC 1001) supplied by PPG Industries. Test 
results are listed in Table 1. 

[0063] The primed panels Were top coated With an OEM 
tWo-part polyurethane basecoat (206LE19689K) and tWo 
part polyurethane clearcoat (317LE19929) supplied by Red 
Spot Paint & Varnish. Test results are listed in Table 1. 

[0064] This is an example of an unmodi?ed propylene 
ethylene copolymer that does not perform Well as an adhe 
sion promoter for thermoplastic ole?n (TPO) surfaces, 
regardless of the coating. 

Comparative Example 3 

[0065] A5 % solution in xylene of the polymer prepared as 
described in Comparative Example 1 Was spray applied onto 
polycarbonate plaques and Was air-dried for approximately 
10 minutes. The panels Were then top coated With a radia 
tion-curable cellulose ester coating described in Example 4. 
The coated panels Were then cured by exposure to ultraviolet 
radiation from a 300 Watt per inch medium pressure mercury 
vapor lamp housed in an American Ultraviolet Company 
instrument (American Ultraviolet Model # LC061T3100) 
(Lamp-American UV Model UVC055). The coating Was 
cured using three passes at a belt speed of 15 ft/min. The 
panels Were cooled to room temperature and Were tested for 
initial adhesion (ASTM 3359 Method B). The percent 
retained adhesion 0% (complete de-lamination). 

[0066] This is an example of a graft-modi?ed polyole?n 
that has not been further modi?ed With a functional, ethyl 
enically unsaturated compound. When using this material as 
an adhesion promoter for a radiation curable cellulose ester 
coating on polycarbonate, severe de-lamination of the coat 
ing occurs during initial adhesion testing. 

Comparative Example 4 

[0067] A 5% solution of a chlorinated polyole?n, CP 
343-3 supplied by Eastman Chemical Company, Was spray 
applied onto polypropylene plaques and Was air-dried for 
approximately 10 minutes. The panels Were then top coated 
With a radiation-curable cellulose ester coating described in 
Example 4. The coated panels Were then cured by exposure 
to ultraviolet radiation from a 300 Watt per inch medium 
pressure mercury vapor lamp housed in an American Ultra 
violet Company instrument (American Ultraviolet Model # 
LC061T3100) (Lamp-American UV Model UVC055). The 
coating Was cured using three passes at a belt speed of 15 
ft/min. The panels Were cooled to room temperature and 
Were tested for initial adhesion (ASTM 3359 Method B). 
The percent retained initial adhesion=53% (moderate-severe 
de-lamination). The panels Were not checked for Water 
resistance due to the extensive failure in initial adhesion 
testing. 
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[0068] This is an example of a chlorinated, graft-modi?ed 
polyole?n, similar to materials described in US. Pat. No. 
4,303,697, Which shoWs When using this material as an 
adhesion promoter for polypropylene, severe de-lamination 
of the coating occurs during initial adhesion testing. 

[0069] onto polycarbonate surfaces and provides excellent 
Water resistance. 

Comparative Example 5 

[0070] A5 % solution in xylene of the polymer prepared as 
described in Comparative Example 1 Was spray applied onto 
polypropylene plaques and Was air-dried for approximately 
10 minutes. The panels Were then top coated With a radia 
tion-curable cellulose ester coating described in Example 2. 
The coated panels Were then cured by exposure to ultraviolet 
radiation from a 300 Watt per inch medium pressure mercury 
vapor lamp housed in an American Ultraviolet Company 
instrument (American Ultraviolet Model # LC061T3100) 
(Lamp-American UV Model UVC055). The coating Was 
cured using three passes at a belt speed of 15 ft/min. The 
panels Were cooled to room temperature and Were tested for 
initial adhesion (ASTM 3359 Method B). The percent 
retained initial adhesion 99%. The panels Were then sub 
mersed into a heated Water bath (40° C.) and the percent 
retained adhesion of the coating Was checked after 120 
hours. The percent retained adhesion=0% (complete de 
lamination). This is an example of a graft-modi?ed poly 
ole?n that has not been further reacted With a functional, 
ethylenically unsaturated compound. This material provides 
good initial adhesion of the UV-curable lacquer onto 
polypropylene, but shoWs extensive adhesion failure after 
submersion into a heated Water bath. 

Example 1 

[0071] To a 500-ml, 3-neck round bottom ?ask equipped 
With a mechanical overhead stirrer, thermocouple, nitrogen 
purge, and a condenser Was charged 250.0 grams of maleic 
anhydride modi?ed polymer (25% in xylene) prepared as 
described in Comparative Example 1 and 1.2 grams of 
hydroxyethyl acrylate (0.010 moles). The mixture Was 
heated to 90° C. and held there With stirring for 2 hours. The 
reaction mixture Was cooled to 80° C. and Was then poured 
into a glass container. This reaction mixture Was reduced to 
5% in toluene for spray application. To this solution Was 
added 4.0 Weight percent, based on the modi?ed polyole?n, 
of Irgacure 184 photoinitiator. 

[0072] This composition Was spray applied as a primer 
onto thermoplastic ole?n (TPO) test plaques and air-dried 
for 10 minutes. After application of the primer and subse 
quent drying, the primer Was then cured by exposure to 
ultraviolet radiation from a 300 Watt per inch medium 
pressure mercury vapor lamp housed in an American Ultra 
violet Company instrument (American Ultraviolet Model # 
LC061T3100) (Lamp-American UV Model UVC055). The 
coating Was cured using three passes at a belt speed of 15 
ft/min. 

[0073] The panels Were then top coated With an OEM 
polyester melamine-cured basecoat (Durethane 802) and 
polyester melamine-cured clearcoat (UCC 1001) supplied 
by PPG Industries and an OEM tWo-part polyurethane 
basecoat (206LE19689K) and tWo-part polyurethane 
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clearcoat (317LE19929) supplied by Red Spot Paint & 
Varnish. Test results are listed in Table 1. 

[0074] This is an example of a non-chlorinated, UV 
curable adhesion promoter that provides excellent adhesion 
of 2-part urethane and melamine-cured coatings onto ther 
moplastic ole?n (TPO) surfaces and provides excellent 
gasoline, and high temperature and humidity resistance. 

TABLE 1 

Crosshatch Adhesion Tape Test and Gasoline Resistance 

Adhesion 
After 

Humidity 
(When 

Initial failure 
Adhesion occurred) Gasoline 

Top coat (ASTM (ASTM Resistance 
Example # System 3359) D4585 (GM 9501P) 

Comparative 2-part 100% 100% 100% 
Example 1 urethane (504 Hrs.) (50% 

blistering) 
Comparative 1-part 100% 0 (24 Hrs.) 100% 
Example 1 melamine (No 

blistering) 
Comparative 2-part 0% NA 0% 
Example 2 urethane (after 10 

min.) 
Comparative 1-part 0% NA 0% 
Example 2 melamine (after 30 

min.) 
Example 1 2-part 100% 100% 100% 

urethane (504 Hrs.) (No 
blistering) 

Example 1 1-part 100% 100% 100% 
melamine (504 Hrs.) (No 

blistering) 

Example 2 

[0075] A5 % solution in xylene of the polymer prepared as 
described in Example 1 Was spray applied onto polypropy 
lene plaques and Was air dried for approximately 10 minutes. 
The panels Were then top coated With a radiation-curable 
cellulose ester lacquer (CAP-UV100; Supplied by Eastman 
Chemical Company). The lacquer formula is shoWn beloW: 

UV-Cure Lacquer Formula 

Ingredient Parts by Wt. 

CAP-UV1OOa 16.4 
Methyl amyl ketone 32.6 
Methyl propyl ketone 15.5 
Ethyl alcohol (Tecsol C (95%) 28.2 
Ebecryl 6700b 3.6 
Ebecryl 220b 2.7 
Byk 301C 1.0 
Irgacure 184 photoinitiatord 1.0 

3radiation curable cellulose ester supplied by Eastman Chemical Company 
bacrylated urethane resin supplied by UCB Radcure 
Csolution of polyether modi?ed methylpolysiloxane copolymer in butyl 
lycol supplied by Byk-Chemie 
1—hydroxy-cyclohexyl-phenyl ketone supplied by Ciba Specialty Chemi 

cals 

[0076] The coated panels Were then cured by exposure to 
ultraviolet radiation from a 300 Watt per inch medium 
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pressure mercury vapor lamp housed in an American Ultra 
violet Company instrument (American Ultraviolet Model # 
LC061T3100) (Lamp-American UV Model UVC055). The 
coating Was cured using three passes at a belt speed of 15 
ft/min. The panels Were cooled to room temperature and 
Were tested for initial adhesion (ASTM 3359 Method B). 
The percent retained initial adhesion Was 100%. The panels 
Were then submersed into a heated Water bath (40° C.) and 
the percent-retained adhesion of the coating Was checked 
after 120 hours. The percent retained adhesion=99%. The 
percent-retained adhesion of the coating Was also checked 
after 240 hours of Water immersion. The percent retained 
adhesion=98%. 

[0077] This is an example of a non-chlorinated, UV 
curable adhesion promoter that provides excellent adhesion 
of a UV-curable lacquer coating onto polypropylene sur 
faces and provides excellent Water resistance. 

Example 3 

[0078] A5 % solution in xylene of the polymer prepared as 
described in Example 1 Was spray applied onto polycarbon 
ate plaques and Was air-dried for approximately 10 minutes. 
The panels Were then top coated With a radiation-curable 
cellulose ester coating described in Example 2. The coated 
panels Were then cured by exposure to ultraviolet radiation 
from a 300 Watt per inch medium pressure mercury vapor 
lamp housed in an American Ultraviolet Company instru 
ment (American Ultraviolet Model # LC061T3100) (Lamp 
American UV Model UVC055). The coating Was cured 
using three passes at a belt speed of 15 ft/min. The panels 
Were cooled to room temperature and Were tested for initial 
adhesion (ASTM 3359 Method B). The percent retained 
initial adhesion=100%. The panels Were then submersed 
into a heated Water bath (40° C.) and the percent-retained 
adhesion of the coating Was checked after 120 hours. The 
percent retained adhesion=100%. The percent-retained 
adhesion of the coating Was also checked after 240 hours of 
Water immersion. The percent retained adhesion=100%. 

[0079] This is an example of a non-chlorinated, UV 
curable adhesion promoter that provides excellent adhesion 
of a UV-curable lacquer coating. 

[0080] While this invention has been described With 
respect to particular embodiments thereof, it is apparent that 
numerous other modi?cations of the invention Will be obvi 
ous to those skilled in the art. The appended claims and this 
invention generally should be construed to cover all such 
obvious forms and modi?cations that are Within the true 
spirit and scope of the present invention. 

What is claimed is: 
1. A modi?ed polyole?n composition having pendant 

acrylate groups and at least one other pendant functional 
group comprising the reaction product of a functionaliZed 
polyole?n and one or more ethylenically unsaturated com 
pounds having a functional group reactive With the func 
tional group on the polyole?n. 

2. The modi?ed polyole?n composition of claim 1 
Wherein the functionaliZed polyole?n is obtained by reacting 
a polyole?n polymer selected from the group consisting of 
polyethylene, ethylene copolymers, containing alpha ole?ns 
having 2 to about 10 carbon atoms, polypropylene, propy 
lene compolymers containing ethylene or alpha ole?ns hav 
ing from 4 to about 10 carbon atoms, poly(1-butene), 
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1-butene copolymers containing ethylene or alpha ole?ns 
having 3 to about 10 carbon atoms; With monomers selected 
from the group consisting of unsaturated esters, unsaturated 
acids, unsaturated anhydrides, vinyl monomers, acrylic 
monomers or mixtures thereof. 

3. The modi?ed polyole?n composition of claim 2 
Wherein the polyole?n polymer is an ethylene-propylene 
copolymer comprised of about 80 mole percent propylene 
and about 20 mole percent ethylene. 

4. The modi?ed polyole?n composition of claim 2 
Wherein the unsaturated esters, unsaturated acids, unsatur 
ated anhydrides, vinyl monomers, and acrylic monomers are 
selected from the group consisting of maleic anhydride, 
citraconic anhydride, itaconic anhydride, glutaconic anhy 
dride, 2,3-dimethylmaleic anhydride, maleic acid, fumaric 
acid, citraconic acid, 2-pentenoic acid, 2-methyl-2-pen 
tenoic acid, dimethyl maleate, di-n-propyl maleate, diiso 
propyl fumarate, dimethyl itaconate, methyl acrylate, meth 
acrylic acid, hydroxyethyl acrylate, ethyl acrylate, methyl 
acrylate, ethyl methacrylate, methyl crotanate, ethyl crotan 
ate, hydroxyethyl methacrylate, hydroxy-propyl acrylate, 
hydroxypropyl methacrylate, and mixtures thereof. 

5. The modi?ed polyole?n composition of claim 1 
Wherein the ethylenically unsaturated compound is selected 
from the group consisting of hydroxyethyl acrylate, 
hydroxyethyl methacrylate, hydroxypropyl acrylate, 
hydroxypropyl methacrylate, polyethylene-glycol 
monoacrylate, polyethyleneglycol monomethacrylate, poly 
alkyleneglycol monomethacrylate, polypropyleneglycol 
monoacrylate, polypropyleneglycol mono-methacrylate, 
maleic anhydride, citraconic anhydride, itaconic anhydride, 
glutaconic anhydride, 2,3-dimethylmaleic anhydride, maleic 
acid, fumaric acid, citraconic acid, mesaconic acid, gluta 
conic acid, acrylic acid, methacrylic acid, crotonic acid, 
2-pentenoic acid, 2-methyl-2-pentenoic acid, dimethyl 
maleate, diethyl maleate, di-n-propyl maleate, diisopropyl 
maleate, dimethyl fumarate, diethyl fumarate, di-n-propyl 
fumarate, diisopropyl fumarate, dimethyl itaconate and mix 
tures thereof. 

6. A solvent based primer composition comprising the 
modi?ed polyole?n of claim 1, a solvent, and a photoini 
tiator. 

7. The solvent-based primer composition of claim 6 
Wherein the solvent is selected from the group consisting of 
ester solvents, ketone solvents, aliphatic solvents, aromatic 
solvents and mixtures thereof. 

8. The solvent-based primer composition of claim 6 
Wherein said photoinitiator is selected from the group con 
sisting of acetophenone and benZophenone/tertiary amine 
combinations; organic peroxides; benZoin and its ethers; and 
benZil and benZil ketals. 

9. The solvent-based primer composition of claim 6 
Wherein said photoinitiator is added in the range of 0.01 to 
8.0 Weight percent based on the non-volatile, ethylenically 
unsaturated content of the coating composition. 

10. The solvent-based primer composition of claim 6 
further comprising auxiliary polymeriZable monomers and/ 
or oligomers. 

11. The solvent-based primer composition of claim 10 
Wherein said auxiliary polymeriZable monomers and/or oli 
gomers is selected from the group consisting of vinyl 
acetate, N-vinyl pyrrolidone methyl (meth)acrylate, butyl 
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, neopentylg 
lycol di(meth)acrylate, triethyleneglycol di(meth)acrylate, 
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trimethylolpropane triacrylate, (meth)acrylated urethanes, 
(meth)acrylated epoxies, and (meth)acrylated polyesters and 
polyethers. 

12. A Water-based primer composition comprising: 

a. the modi?ed polyole?n composition of claim 1; 

b. from 18 to 50 Weight percent, based on the Weight of 
component (a), of a nonionic surfactant; 

c. from 2 to 30 Weight percent, based on the Weight of 
component (a), of an amine; 

d. a photoinitiator; and 

e. Water. 

13. The Water-based primer composition of claim 12 
Wherein said nonionic surfactant is selected from the group 
consisting of primary ethoxylated alcohols having 12 to 15 
carbon atoms and secondary ethoxylated alcohols having 11 
to 15 carbon atoms. 

14. The Water-based primer composition of claim 12 
Wherein said amine is a primary, secondary or tertiary amine 
selected from the group consisting of morpholine, 2-amino 
2-methyl-1-propanol, triethylamine, tributylamine, ammo 
nium hydroxide, 2-dimethylaminoethanol, triethanolamine, 
and 2-propylaminoethanol. 

15. The Water-based primer composition of claim 12 
Wherein said photoinitiator is selected from the group con 
sisting of acetophenone and benZophenone/tertiary amine 
combinations; organic peroxides; benZoin and its ethers; and 
benZil and benZil ketals. 

16. The Water-based primer composition of claim 12 
further comprising auxiliary polymeriZable monomers and/ 
or oligmers. 

17. The Water-based primer composition of claim 16 
Wherein said auxiliary polymeriZable monomers and/or oli 
gomers is selected from the group consisting of vinyl 
acetate, N-vinyl pyrrolidone methyl (meth)acrylate, butyl 
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, neopentyl 
glycol di(meth)acrylate, triethyleneglycol di(meth)acrylate, 
trimethylolpropane triacrylate, (meth)acrylated urethanes, 
(meth)acrylated epoxies, and (meth)acrylated polyesters and 
polyethers. 

18. Amodi?ed polyole?n adhesive composition compris 
mg: 

a. the modi?ed polyole?n composition of claim 1, and 

b. a photoinitiator 
19. The modi?ed polyole?n adhesive composition of 

claim 18 Wherein said photoinitator is selected from the 
group consisting of acetophenone and benZophenone/ter 
tiary amine combinations; organic peroxides; benZoin and 
its ethers; and benZil and benZil ketals. 

20. The modi?ed polyole?n adhesive composition of 
claim 18 further comprising auxiliary polymeriZable mono 
mers and/or oligomers. 

21. The modi?ed polyole?n adhesive composition of 
claim 20 Wherein said auxiliary polymeriZable monomers 
and/or oligomers is selected from the group consisting of 
vinyl acetate, N-vinyl pyrrolidone methyl (meth)acrylate, 
butyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, neo 
pentyl glycol di(meth)acrylate, triethyleneglycol 
di(meth)acrylate, trimethylolpropane triacrylate, (meth 
)acrylated urethanes, (meth)acrylated epoxies, and (meth 
)acrylated polyesters and polyethers. 
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22. Aprocess for preparing a coated substrate comprising: 
a. applying a modi?ed polyole?n composition to a sub 

strate; 
b. exposing the modi?ed polyole?n composition on the 

substrate to an amount of ultraviolet radiation suf?cient 
to affect a degree of curing of said modi?ed polyole?n 
on said substrate; and 

c. applying a paint topcoat to said substrate. 
23. The process of claim 22 Wherein said modi?ed 

polyole?n composition is the modi?ed polyole?n composi 
tion of claim 1. 

24. The process of claim 22 Wherein said modi?ed 
polyole?n composition is the modi?ed polyole?n of claim 6. 

25. The process of claim 22 Wherein said modi?ed 
polyole?n composition is the modi?ed polyole?n of claim 
10. 

26. The process of claim 22 Wherein said modi?ed 
polyole?n composition is the modi?ed polyole?n of claim 
12. 

27. The process of claim 22 Wherein said modi?ed 
polyole?n composition is the modi?ed polyole?n of claim 
16. 

28. An article of manufacture comprising a substrate and 
a modi?ed polyole?n. 

29. The article of manufacture of claim 28 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 1. 

30. The article of manufacture of claim 28 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 6. 

31. The article of manufacture of claim 28 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 10. 

32 The article of manufacture of claim 28 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 12. 

33. The article of manufacture of claim 28 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 16. 

34. A modi?ed polyole?n composition having pendant 
acrylate groups comprising the reaction product of a func 
tionaliZed polyole?n and one or more ethylenically unsat 
urated compounds having a functional group reactive With 
the functional group on the polyole?n. 

35. The modi?ed polyole?n composition of claim 34 
Wherein the functionaliZed polyole?n is obtained by reacting 
a polyole?n polymer selected from the group consisting of 
polyethylene, ethylene copolymers, containing alpha ole?ns 
having 2 to about 10 carbon atoms, polypropylene, propy 
lene compolymers containing ethylene or alpha ole?ns hav 
ing from 4 to about 10 carbon atoms, poly(1-butene), 
1-butene copolymers containing ethylene or alpha ole?ns 
having 3 to about 10 carbon atoms; With monomers selected 
from the group consisting of unsaturated esters, unsaturated 
acids, unsaturated anhydrides, vinyl monomers, acrylic 
monomers or mixtures thereof. 

36 The modi?ed polyole?n composition of claim 35 
Wherein the polyole?n polymer is an ethylene-propylene 
copolymer comprised of about 80 mole percent propylene 
and about 20 mole percent ethylene. 

37. The modi?ed polyole?n composition of claim 35 
Wherein the unsaturated esters, unsaturated acids, unsatur 
ated anhydrides, vinyl monomers, and acrylic monomers are 
selected from the group consisting of maleic anhydride, 
citraconic anhydride, itaconic anhydride, glutaconic anhy 
dride, 2,3-dimethylmaleic anhydride, maleic acid, fumaric 
acid, citraconic acid, 2-pentenoic acid, 2-methyl-2-pen 
tenoic acid, dimethyl maleate, di-n-propyl maleate, diiso 
propyl fumarate, dimethyl itaconate, methyl acrylate, meth 
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acrylic acid, hydroxyethyl acrylate, ethyl acrylate, methyl 
acrylate, ethyl methacrylate, methyl crotanate, ethyl crotan 
ate, hydroxyethyl methacrylate, hydroxy-propyl acrylate, 
hydroxypropyl methacrylate, and mixtures thereof. 

38. The modi?ed polyole?n composition of claim 34 
Wherein the ethylenically unsaturated compound is selected 
from the group consisting of hydroxyethyl acrylate, 
hydroxyethyl methacrylate, hydroxypropyl acrylate, 
hydroxypropyl methacrylate, polyethylene-glycol 
monoacrylate, polyethyleneglycol monomethacrylate, poly 
alkyleneglycol monomethacrylate, polypropyleneglycol 
monoacrylate, polypropyleneglycol mono-methacrylate, 
maleic anhydride, citraconic anhydride, itaconic anhydride, 
glutaconic anhydride, 2,3-dimethylmaleic anhydride, maleic 
acid, fumaric acid, citraconic acid, mesaconic acid, gluta 
conic acid, acrylic acid, methacrylic acid, crotonic acid, 
2-pentenoic acid, 2-methyl-2-pentenoic acid, dimethyl 
maleate, diethyl maleate, di-n-propyl maleate, diisopropyl 
maleate, dimethyl fumarate, diethyl fumarate, di-n-propyl 
fumarate, diisopropyl fumarate, dimethyl itaconate and mix 
tures thereof. 

39. A solvent based primer composition comprising the 
modi?ed polyole?n of claim 34, a solvent, and a photoini 
tiator. 

40. The solvent-based primer composition of claim 39 
Wherein the solvent is selected from the group consisting of 
ester solvents, ketone solvents, aliphatic solvents, aromatic 
solvents and mixtures thereof. 

41. The solvent-based primer composition of claim 39 
Wherein said photoinitiator is selected from the group con 
sisting of acetophenone and benZophenone/tertiary amine 
combinations; organic peroxides; benZoin and its ethers; and 
benZil and benZil ketals. 

42. The solvent-based primer composition of claim 39 
Wherein said photoinitiator is added in the range of 0.01 to 
8.0 Weight percent based on the non-volatile, ethylenically 
unsaturated content of the coating composition. 

43. The solvent-based primer composition of claim 39 
further comprising auxiliary polymeriZable monomers and/ 
or oligomers. 

44. The solvent-based primer composition of claim 43 
Wherein said auxiliary polymeriZable monomers and/or oli 
gomers is selected from the group consisting of vinyl 
acetate, N-vinyl pyrrolidone methyl (meth)acrylate, butyl 
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, neopentylg 
lycol di(meth)acrylate, triethyleneglycol di(meth)acrylate, 
trimethylolpropane triacrylate, (meth)acrylated urethanes, 
(meth)acrylated epoxies, and (meth)acrylated polyesters and 
polyethers. 

45. Amodi?ed polyole?n adhesive composition compris 
mg: 

a. the modi?ed polyole?n composition of claim 34, and 
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b. a photoinitiator 
46. The modi?ed polyole?n adhesive composition of 

claim 45 Wherein said photoinitator is selected from the 
group consisting of acetophenone and benZophenone/ter 
tiary amine combinations; organic peroxides; benZoin and 
its ethers; and benZil and benZil ketals. 

47. The modi?ed polyole?n adhesive composition of 
claim 45 further comprising auxiliary polymeriZable mono 
mers and/or oligomers. 

48. The modi?ed polyole?n adhesive composition of 
claim 47 Wherein said auxiliary polymeriZable monomers 
and/or oligomers is selected from the group consisting of 
vinyl acetate, N-vinyl pyrrolidone methyl (meth)acrylate, 
butyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, neo 
pentyl glycol di(meth)acrylate, triethyleneglycol 
di(meth)acrylate, trimethylolpropane triacrylate, (meth 
)acrylated urethanes, (meth)acrylated epoxies, and (meth 
)acrylated polyesters and polyethers. 

49. Aprocess for preparing a coated substrate comprising: 

a. applying a modi?ed polyole?n composition to a sub 
strate; 

b. exposing the modi?ed polyole?n composition on the 
substrate to an amount of ultraviolet radiation suf?cient 
to affect a degree of curing of said modi?ed polyole?n 
on said substrate; and 

c. applying a paint topcoat to said substrate. 
50. The process of claim 49 Wherein said modi?ed 

polyole?n composition is the modi?ed polyole?n composi 
tion of claim 34. 

51. The process of claim 49 Wherein said modi?ed 
polyole?n composition is the modi?ed polyole?n of claim 
39. 

52. The process of claim 49 Wherein said modi?ed 
polyole?n composition is the modi?ed polyole?n of claim 
45. 

53. The process of claim 39 Wherein said modi?ed 
polyole?n composition is the modi?ed polyole?n of claim 
47. 

54. An article of manufacture comprising a substrate and 
a modi?ed polyole?n. 

55. The article of manufacture of claim 54 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 34. 

56. The article of manufacture of claim 54 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 39. 

57. The article of manufacture of claim 54 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 45 . 

58. The article of manufacture of claim 54 Wherein said 
modi?ed polyole?n is the modi?ed polyole?n of claim 47. 


