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Primer Composition 
and 

\°h>ltling of Organic Polymeric Substrates 

(BPDM) and ethylen'e/a..olefin copolymers. Various proposals have been m~e to 

overcome 'tliese disadvantages. 
For example, compositions of styrene-ethylene/butylene-styrene block 

copOlymers and acryl'ic polymers in a solvent mixture for priming polymers of low 
.. _,.,. .. ·-~. -

surfilce energy are known. These compositions improve the bonding of pressure 

senSitwe and stnicaiai adhesives to such polymers. 

AISo, it is known that the receptiveness of rubbers (e.g., 
-· -· .. 

..... ..... ""· ••. ~ .... ···-. - ~ .; ..• t; 

styrene/b~tadiene copoll'mers (SBR) used for shoe soling) and other solid high 

)>6$tters't0ward bOitding with adhesives (e.g., solvent-based polyurethane and 
.... -~.. . ..... 

pofyehtoroprenes) is iinproved by the chlorination of the surface with solutions of 
·~··-

. . ' "':.•1 .... 

halogen donors, such as trichloroisocyanuric acid and N,N-dicblorobenzene 
·. . _.- .:, ; (. 

sulfonamide. This can be done, for example, by incorporating the halogen donor into 
-. ..· ~{,;jt~ .. --

a primer or the adhesive itself Typically, however, solutions containing only halogen 

donors-are 'effeetlve-~ity on substrates containing a high level of ethylenic 

unsaturatioo. Als0~ ~emve compositions, such as polyurethane adhesives, 
. . .-. , . .:.::'?, ~ ~ 

containing a halogen ·dnnor have limited stability. 
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Primer compositions and adhesive compositions (e.g., hydroxy­
tenninated polyurethan~ adhesives) that display improved adhesion to organic high 

·polymers having low levels of ethylenic unsaturation are known. Such primer 

compositions typically contain halogen donors (e.g., dibromodimethylhydantion and 

s trichloroisocyanuric acid) and aromatic.isocyanates (i.e., compounds in which 

isocyanate groups are directly attached to an aromatic carbon, such as in 4,4' -
diphenylmethane diisocyanate). See, for example, British Patent Application Nos. 
1,458,007 (published December 8, 1976) and 1,460,043 (published December 31, 

1976). However, such compositions typically have shelf-lives ofless than about 7 
IO days. Thus, they cannot be readily shipped as a one-part system because they must 

be mixed shortly before use. In addition, the primed substrate will yellow and 
discolor on exposure to UV radiation due to the presence of the aromatic group in 

the isocyanate compound. This is undeSirable, for example, on white or clear rubber 
stock. 

15 Compositions of a halogen donor such as trichloroisoCy&nuric acid, an 
aliphatic isocyanate-containing compound and an organic solvent are known 
(Groves, U.S. Patent Application Serial No. 08n2S,637, filed October 8, 1996) for 
improving adhesion of adhesives, inks, coatings, and the like, to substrates. These 
primer compositions are particularly effective on organic polymeric substrates 

20 containing some degree of ethylenic unsaturation such as polybutadiene, 

polyisoprene, natural rubber, styrene-butadiene copolymers, polychloroprene, and 

the like. However, sul>stiates that contain low levels ot: or no, ethylenic unsaturation 
such as ethylene-vinyl acetate copolymers (EV A), ethylene-propylene-diene 

terpolymer (EPDM), polypropylene (PP), polyethylene (PE)~ and ethylene/a-olefin 

25 copolymers do not typically bond well to adhesives, inks, coatings, and the like, 

although the above-identified compositions ofU.S. Patent Application Serial No. 

08n2S,637 do provide improved adhesion. For such substrates, mechanical 

roughenfug of the surface prior to the application of these primer compositions may 
be required. However, abrasion of the substrates is not economical and is not always 

30 easy or convenient. Thus, there is still a need for primer compositions and 
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applic;ation pro. that will ·even more eft'ecti*.ely prime a variety of different 

substrates, incl~ :p~lyrners with little or no ethylenic unsaturation without 

abrasion. ·In actditi~ such primer compositions should possess a long shelf-life and, 

after application, hp stable to UV radiation and high temperature and humidity. 

s The ptesent invention provides a primer composition comprising· an 
• aliphatic isocyan~ajning compound, a nonhalogenated hydrocarbon polymer 

c;:ontaining organio.t)1n~tnal groups, a halogenated hydrocarbon polymer optionally 

containin.g organic l'ilnc.tioul groups, and an organic solvent. These components . ~ ·. 

:may 01' _tna.Y not re.aptlignificantly upon mixing. Thus, the compositions of the 

10 present invention mclll.d~ .an incipient nonhalogenated hydrocarbon polymer 

. ~ntJi.ni.ng organiq,~C.tional groups> an incipient aliphatic isocyanate-containing 

coJJIPoun~ and an iAOSJi'11t halogenated hydrocarbon polymer optionally containing 
org~c fimctional IQ>.Uips. and/or reaction products thereof: and an organic solvent 

In a preferred embodimen~ the primer composition comprises a 

15 solution of an aliphatic isocyanate-containing compound selected from the group of 

1,6-hexamethylenf.J~dii~cyanate, methylene bis(+.cyclohexyl isocyanate), trimethyl 

hexamethylene diiSllcyanate, isophorone dilsocyanate, y-isocyanatopropyl 

tritndtoxysilane, ·~ '(>ligomers and combinations thereof, a nonhalogenated 

hy4i'oc.arbon polyJQ.er_rpntaining organic functional groups, wherein the functional 
20 groups are selected,~m the group of carboxylic acid anhydride groups, hydroxyl 

, gn>UJ>St epoxide gR)l\l>S; carbox:ylic acid ester groups, carboxylic acid amide groups, 

~x.y& acid gr~ and combinations theree:t; a halogenated hydrocarbon 

polynter optionally,(K)ntaining organic functional groups, wherein the polymer is 

selected from the pup of a chlorinated polypropylene, a chlorinated polyethylene, a 

2s chlorosulfonated polyethylene, a chlorosulfonated polypropylene, a chl0rinated 

polypropylene modilted with maleic anhydride, a chlorinated polyethylene modified 

with maleic anhy~ and blends or reaction products thereof; and an organic 

solvent. ·Exampl~~the nonhalogenated hydrocarbon polymer containing organic 

functional groups ~FJ'l#ies a styrene-ethylene/butylene-st}rrene triblock copolymer 

30 modified with maletc Bnhydride, an ethylene-propylene copolymer modified with 
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maleic aDbydride, a propylene polymer modlDed with maleic anhydride, an 

ethyleneJbuiylene copolymer containfug fiYdroxyl endgrc:>ups, an ethylene vinyl 

. acetate copolymer, an ethyleJ1~ vinyl acetate copOlymer modified with maleic 

··anhydride~ and blendsor:reaction products-thereof(i.e., of two or more ofthese· 

s polymers). 

The present invention also provides a method for adhering two 

· · substrates together and the article preparect according to this method. The method 

involves: applying a: primer composition to a surface of a first organic polymeric 

substrate to provide a primed surface; wh~ the primer composition is preparable , 

10 by combining components comprising an aliphatic isocyanate-containing compound~ 

a nonhalogenated hydrocarbon polymer containing organic functional groups, a 

halogenated hydrocarbon polymer optionally containing Oi"ganic functional groups, 

and an organic solvent; applying an adhesive to the primed surface or to a surl\ce of 

a second substrate; and positioning the surfaces of the first and second substrates 
IS together to form a bond. 

FIG. 1 is a side view of a shoe in accordance with the present 

invention. 

The present' invention provides primer compositions prepared by 

combining a nonhalogenated hydrocarbon polymer containilig organic functional 
20 groups, an aliphatic isocyanate-containing compound, and a:halogenated 

hydrocarbon polymer optionally containing organic functional groups in an organic 

solvent. Although not intending to be limiting, it is believed that these components 

are reactive towards each other or other components in the composition through 

their functional groups, although not so reactive as to have unstable compositions 

2s when stored in a substantially moisture-free environment; Thus, the compositions of 

the present invention include an incipient nonhalogenated hydrocarbon polymer 

containing organic functional groups, an incipient aliphatic isocyanate-containing 

compound, and an incipient halogenated hydrocarbon polymer optionally containing 

organic functional groups, and/or reaction products thereo( and an organic solvent. 
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~·Jnmer oompositions of the pretent invention are stable at 

. elevated temperature$Up to about 60°C for at least 60 days, when stored in a 

substantially moisture4fee environment. As used herein, "stable" refers to a 

composition that does,not decompose, react, precipitate, or significantly discolor 

s ~th~ specified time_ when stored in a substantially moisture4i'ee environment. 

That is .. -the composition is SUbstantially unchanged after a period of time when stored 

: in 11- substantially moisture-tiee environment. Herein, a "substantially moisture-free 

enviri;nment'' is an environment from which substantially all atmospheric moisture 

h!IS been removed. Typically> there is less than about 0.01% water in a "substantially 

10 . moi~.-ttee envirQJ11flettt;." such as a moisture-free solvent and/or a moisture-free 

.. atmosphere, as used herein. 

Primer compositions according to the present invention typically 

effectively modify the: surface of an organic polymeric substrate (e.g., substrates 

made of organic high polymers, which can be synthetic or natural, and are typically 

15 elastomeric materials) for improved adhesion of adhesives, inks, and other coatings. 

As used herein, e1-.er or elastomeric material is used in its conventional manner 

to refer to a material with rubber-like characteristics, as defined by Hawley's 

.Condensed Chemical Dictionary, Eleventh Edition, 1987, New York, NY, which is 

incorporated· herein by nference. This includes materials that are capable of 

20 retracting quickly to approximately their original length after being stretched to at 

,l•.~ their original longth, such as crosslinked polymers like natural and 

.syli~~ rubbers. This ~so includes materials such as uncrosslinked polyolefins that 

.- .-e 1hetmoplastic, whil;hmay yield upon stretching. 

Primei~positions according to the present invention also 
25 preferably have relativd.Y. long shelf.lives and preferably do not significantly discolor 

upon exposure to UV light. Such primers are typically effective on a wide variety of 

organic polymeric ~tes having low surface energies, thereby rendering the 

primed substrates adl~ to adhesives, inks, coatings, and the like. This allows for 

improved adhesion tqetaer organic polymeric substrates or other nonpolymeric 
30 substrates, such as gta.Ss, metal, ceramic, and the lila; using a variety of adhesives. 
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Further, such primers are generally particularly effective on organic 
polymeric substrates containing low levels of, or no, ethylenic unsaturation, such as 
ethylene-propylene-dieneterpolymer, ethylene propylene rubber, butyl and . . . 

bromobutyl rubber, ethylene/a-oleful copolymer, polypropylene, and polyethylene. 

s ·Also, adhesion to subStraies that contain some degree ofunsaturation, such as 

polybutadiene, polychloroprene, polYisoprene, natutal rubber, isobutylene-isoprene 
copolymer, styrene-butadiene copolymer, and styren&-butadiene-styfene block · 

copolymer can be improved by' the prlmer compositions of the present invention. 
· Significantly, other substrates. such as polyethylene vinyl acetate foam, as well as 

10 other organic high polymer substrate8 such as natural leather, are also effectively 

primed for adhesive banding using the primers according to the present invention. · 
. . 

The surface of the organic polymeric 'substrates can be mechanically roughened prior 

to priming to enhance adhesion, although this is not a requirement. 

Suitable aliphatic isocyanate-containing compoundS useful in making 
IS primer compositions according to the present invention 8re those in which the 

isocyanate (-NCO) groups are directly attached to aliphatic carbons. Although not 
typically preferred, the aliphatic i~cyanate-containhig compounds may include 
aromatic moieties. Thus, the aliphatic isocyanate.contahung compounds may include 

.. -
unsatuiation, although saturated materials are typicallj'prefetred. · 

20 The isocyanate-containing compound can be in the form of 

monomers, oligomers, or polymers, as long as there·are·available (i.e., umeacted) 

isocyanate groups. Examples of such aliphatic isocyanate-containing compounds 
include, but are not limited to, monomers such as 1,6-hexamethylene diisocyanate, 
methylene bis( 4-cyclohexyl isocyanate), trimethylhexamethylene diisocyanate, 

25 isophorone diisocyanate, y-isocyanatopropyl trimethoxysilane, dimer acid 

diisocyanate, xylene diisocyanate, benzene-1,3-bis(l-isocyanato-1-methylethyl), and 
benzene-1,4-bis(l-isocyanato-l-methylethyl), oligomers of aliphatic isocyanate 

monomers, and polymers or prepolymers (i.e., reaction products) of aliphatic 
isocyanates with active hydrogen-containing compounds~ Of these, isophorone 

30 diisocyanate, y-isocyanatopropyl trimethoxysilane, and oligomers and combinations 
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thereof are pret~i..; Pllgomers of aliphatic isocylnates, such as the trimer of 

isophorotte diisocyanate,. which is available under the trade designation 

"VBSTANAT T1890Jr &om Hiils America, Incorporated, Piscataway, NJ, are 

particularly preferred because they are less volatile and therefore less toxic than 

s ·monomeric isocyanates. · 

The rea.ption products of aliphatic isocyanates with active hydrogen­

cont•g compoundiaro suitable if they contain unreacted isocyanate groups. Any 

· of tho tJbove-listed aliphatic isocyanates can be used to make such materials. 
·~tes of active hydrogen-containing compounds include, but are not limited to, 

10 ethylene glycol, 1,4-butanediel, 1,6-hexanediol. trimetbylol propane, pentaerythritol, 

1,4"icyclohexane dimetbanol, polyester polyol, polycarbonate polyol, 

polytetram~lene mdde polyether polyol, polypropylene oxide polyether polyol, 
and-10.lyethylene mdde polyol. Mixtures of the aliphatic isocyanate-containing 

15 

. monomers, oligomers, ~or prepolymers have also been feund to be useftd. 
Suitabl•M~~nbalogenated hydrocarbon polymers are those that contain 

~c functional gro\lp&such as carboxylic acid anhydride groups, hydroxyl 
. groups, epoxide groupS:, Qarboxylic acid ester groups, carboxylic acid amide groups, 

carb~lic acid grouA -and the like. Examples of suitable hydrocarbon polymers 

containing functional lfOUps include, but are not limited to, a styrene-

20 ethylene/butylene-styrene triblock copolymer modified with maleic anhydride, an 

. et&,~propylene .copolpier modified with maleic anhydride, a propylene polymer 

mQdified with maleic .altfdride; an ethylene/butylene copolymer containing hydroxyl 
end;groups, an ethyl •. vinyl acetate copolymer~ an ethylene vinyl acetate copolymer 
modified with maleic anh.ydride and blends or reaction products of two or more of 

2s these polymers. Of~ a maleated styrene-ethylene/butylene-styrene containing 
about 2% by weight of succinic anhydride, which is available under the trade 

designation "IOlATON FG-1901X" from Shell Chemical Company, Housto~ TX, 

an ethylene/butylene copolymer containing hydroxyl end groups, which is available 

under the tiade desinlion '1D.>VM 2203" from Shell Chemical Company, Housto~ 
30 TX, a maleic anhydrid•-modified ethylene vinyl acetate copolymer, which is available 

under the-trade desi~ ''FUSABOND MC-190D" from DuPont Canada, 

-7-



W099/03907 PCT/US97/20615 

Incorporated, MississauP> Ontario, Canada, and an ethylene vinyl acetate copolymer 

containing 72% ethylene, which is available from Polysciences, Incorporated, 

Warrington, PA, are particularly preferred. Mixtures of these polymers have also 
.··~. . been found to be useful. · · 

' s Suitable halogenated hydrocarbon polymers ·optionally 'eontaining 

organic functional gtoups useful in making priJner·compositions according to the 

present invention are those polymers that are simply halogenated as well as those ·that ·· 

are halogenated and ·contain organic functional groups such as sulfonate groups, 

carboxylic acid anhydride groups, •hydroxyl groups, epoxide groups, carboxylic acid· 
10 ester groups, carboxylic acid amide groups, carboxylic acid groups, and the like. 

Examples of suitable halogenated ·hydrociubon polymers optionally containing 

organic functional groups include,· hilt are not limited to, a ·chlorinated 

polypropylene, a chlorinated ·polyethylene, a chlorosulfonated polyethylene, a · 

chlorinated polypropylene modified with maleic anhydride, a chlorinated polyethylene 
IS · modified with maleic anhydride, and blends or'reaction products there<>£ Of these, a 

chlorosulfonated polyethylene, Which is available under the trade designation 

''HYP ALON CP827B" from DuPo~t Polymer·Products, Wilmington, DE, and a 

chlorinated polypropylene modified with malefo anhydride, Which ·is available under 

the trade designation "CP 343-1" from Eastman Chemical Company, Kingsport,· TN, 

20 are preferred. 

Any of.a wide range of organic solvents may be used, including, for 

example, aliphatic esters,· aliphatic hydrocarbons, aromatic hydrocarbons, and 

halogenated aromatic or aliphatic hydrocarbons. Examples include, but are not 

limited to, cyclohexane, xylene, heptane, toluene, and hexane. Preferably, the 
2S organic solvent is a mixture ofcyclohexane and xylene in weight ratios of about 9S:S 

to about S:9S, and more preferably about 80:20 to about 20:80 (cyclohexaneto 
xylene). 

Primer compositions according to the present invention include the 

aforementioned components in amounts sufficient for providing improved adhesion 
30 of inks, adhesives, and other coatings to high organic polymeric substrates. 

Preferably, the aliphatic isocyanate-containing compound is present in an amount of 
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about 1% to abqµt l5% by weight, and more pr~rably, about 1 % to about 5% by 

weight, based on the total weight of the primer composition. Preferably, the 

nonhalogenated hydrocarbon polymer containing organic functional groups is present 

in an amount of about 0.25% to about 10% by weight, and more preferably, about 

s O.~" to.. about S% by weight, based on the total weight of the primer composition. 

Preferably, the halogenated hydrocarbon polymer is present in an amount of about 

0.5% to about 10% by weight, and more preferably-; about 0.5% to about 5% by 

~·based on the weight of the total primer composition. The organic solvent is 

preferably present in the primer composition of at least about 75% by weight, based 

10 on tb.e total weight of the composition. 

Primer compositions according to the present invention may .further 

incl\J4.c;~additives. These include, for example, coupling agents such as silane 

coupling agents and acid scavengers such as epoxy resins. Typically, the additives 

81,'0 pteSent in the primer compositions in an amount to provide the desired effect 

15 Preferabty, they do not exceed about 10% by weight, based on the total weight of the 

~'\\('composition. They can be used alone or in various combinations. 

Primer compositions according to the present inventien are typicaDy 

homQgeneous solutions, although this is not a necessary requirement. They may be 

•Pim.i to a substrate using a variety of techniques including dipping, spraying, 

20 brushing, rotograwre coating, and Meir rod and knife coating. The primer is 

typically dried before the adhesive, ~ or other coating material is applied. In 

certain embodiments, the surface of the substrate is mechanically abraded prior to the 

primer being applied. 

The adhesives, inks, and other coating materials that demonstrate 

25 improved adhesion to the primed organic high polymers (i.e.~ substrates coated with 

the primer compositions according to the present invention) can be thermosetting, 

thermoplastic, and hybrid materials (i.e., thermosetting and thermoplastic); The term 

hybrid as used herein refers to combinations of two or more different types· of 

materials (e.g., adhesives) as well as two or more polymers suitable for funning 

30 adhesives,. inks, and other coating materials. Typically, the material coated on the 

primed organic high polymers is an adhesive. 
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Thermosetting adhesives are generally formed by addition 

polymerization. Examples of thermosetting adhesives include polysulfides, silicones, 

polyesters, polyurethanes,· epoxies, anaerobic and aerobic acrylics, radiation curable· 

-polymers and wlcanizil)g rubbers~ Thermosetting adheSives typically cure by heat, 

s catalysts or light or moisture activation. After curing, thermosetting.adhesives are 

· generally insoluble (i.e., the adhesive will not dissolve in an organic solvent or water) " 

and infusible (i.e., the adhesive will not flow when heated). 

Thermoplastic adhesives are soluble and fusible materials. Examples 

of thermoplastic adheSives include vinyl adhesives (e.g., polyvinyl chloride, polyvinyl. · 

10 butyral, polyvinyl alkyl esters and ethers and vinyl acetate-ethylene copolymer. 

adhesives, acrylic adhesives, and polyurethane adhesives), hot melt adhesives, 

cellulosic adhesiveS; and ~sphalt .. based adhesives. Thermoplastic· adhesives· may be in · 

the form of emulsions, solutions, or solids. · 

. When the primer composition is applied to a substrate, it is typically 

IS allowed to dry prior to aPplication of the coatin& typic811y an adhesive. The 

adhesive may include components that react with the aliphatic isocyanate-containing 

.compound. For example, polyurethane-bas~ adhesives ind·epoxy-based adhesives 

may react with the aliphatic isocyanate-con~aining comp~unds. In order to increase 

the rate of reaction between the aliphatic isoeyanate-containing compound and the 

. 20 . polyurethane-based adheSive, a catalyst may be added to the adhesive,· although this · 

is not required; Examples of such catalysts include dialkyltin dicarboxylates, 

mixtures of dialk:yltin dicarboxylates and trialkyltin oxides, metal acetyl acetonates, 

metal carboxylates, mixtures of metal ·acetyl acetonates and tertiary amines, and the 

like. 

2s Primer compositions according to the present invention may be used 

in the manufacture of any of a wide variety of articles such as footwear, particularly 

footwear with elastomeric components such as athletic shoes, as well as tennis 

rackets and roofing membranes. Tliey are also suitable for bonding twQ organic 

polymeric substrates together,· or one such substrate to a variety of other substrates 

30 such as those containing metal, glass, ceramic, wood, cotton or other tabrics, and the 

like. 
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Prirntr compositions according to the ·present invention. are 

·partic1,1larly useful in the manufacture of footwear with elastomeric soles, such as 

athl• shoes. Referring to Figure 1, an athletic shoe 20 is shown, which has upper 

221 nJidsole 24, and sole (or outsole) 2S. In the manufacture of athletic shoes 20, for 

s . .eDtnlJle, the primer composition is applied by spraying, brushing, or wiping to the 

attachment side of a sole 26, such as a rubber sole. Typically, the solvent is removed 

by evaporation (e.g., air drying) to form a primed surface. The primed surface of the 

sole. 26 is then treated in the conventional manner by applying adhesive, preferably a 

. polyurethane adhesive. If the adhesive is solvent based, the solvent is allowed to 

10 . evaporate. The upper portion 2~ and optionally the midsole 24 and sole (or outsole) 

25> of the shoe 20 may be coated with the primer composition, allowed to dry, and 

coated with the same or a different adhesive and any solvent allowed to evaporate. 

When the adhesives have dried, the. sole 26, the midsole 24, sole (or outsole) 25, and 

upper 22 are bonded in a conventional manner, typically with heat reactivation of the 

lS adhesive coatings. For example, the adhesive on the sole may be reactivated at about 

80°C and the sole applied to the upper, which may or may not have been heat 

reactivated. The assembly is then ~ted in a manner known in the art, such as using 

a press at an elevated pressure. 

Objects and advantages of this invention are further illustrated by the 

20 following examples, but the particular materials and amounts thereof recited in these 

examples, as well as other conditions and details, should not be construed to unduly 

limit this invention. All parts and percentages are by weight unless otherwise 

indicated. 

25 Eumules-

Es:amplesl-S. Comuarative Example A: Functional n. Non-Functional 

Hydrogrhon Polymen 
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A primer compositi()n of this invention, containing a nonhalogenated 

hydrocarbon polymer having functional groups was prepared as follows. A 20 ml 

.· glass vial was dried at 120°C for 30 minutes, capped and cooled. A solvent mixture 

, of cyclohexane and xylene in a weight ratio of3,0:2.0 was dried over molecular 

5 sieves, available under the trade designation ''Type 4A, Grade S 14" ftom W .R Grace 

· and Company, Davison Chemical Division, Baltimore, MD, to remove residual 

water. The cap was removed and 10.0 grams of the dried solvent mixture, 0.05 gram 

of maleated styrene-ethylene/butylene-styrene triblock copolymer, which is available 

under the trade designation ''KRATONFG-1901X'' ftom Shell Chemical Compariy, 

.10 · Houston, TX, 0.14 grams of chlorinated polypropylene, which is available under the. 

trade designation "CP 343-l" ftom Eastman Chemical Company, Kingsport, TN, and 

0.20 grams ofisophorone diisocyanate.trimer solution, which is available as 70% 

isophorone trimer in butylacetate under the trade designation "VEST ANAT 

15 

. Tl 890E'' :from Huls America, Incorporat~ Piscataway, NJ, were added to the vial. 

Preparation of Example 2 

· The composition of.Example 2 was prepared as descnoed in 

. . ·Example 1 except ethylenelbutylene copolymer· diol, which is available under the 

trade designation ~'HPVM 2203" :from Shell: Chemical Company, Houston, TX, was 

. 20 used in place of the maleated styrene-ethylenelbutyl~styrene tn"block copolymer. 

Pre,paration of Example 3 

The composition of Example 3 was prepared as described in 

Example 1 except polyethylene vinyl acetate (72% ethylene), which is available :from 

25 Polysciences, Incorporated, Warrington, PA, was used in place of the maleated 

styrene-ethylenelbutylene-styrene triblock copolymer. 

Prtmaration .of Example 4 

The composition of Example 4 was prepared as described in 

JO Example 1 except maleated polyethylene vinyl acetate, which is available under the 

trade designation "FUSABOND MC-190D" :from DuPont Canada, Incorporated, 
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5 

10 

15 

Mississauga, Ontario, ·Canada, was used in place of the maleated styrene­

-~enelbutylene-styrene triblock copolymer . 

. I ' 

Pramtion of:Example 5 

The composition of Example 5 was·prepared by blending the 

composition ofExample I with the composition ofExample 2 in a weight ratio of 

1.0:1.0. 

Pr~ofComparative Example A 

A composition of a nonbalogenated hydrocarbon polymer containing 

no tbnctional groups was prepared as described in Example 1, except that a styrene­

ethylene/butylene-styrene tnolock copolymer, which is available under the trade 

designatien "KRATON G-1657" from Shell Chemical Company, Houston, TX, was 

used in place of the maleated styrene-ethylene/butylene-styrene tribloclt copolymer. 

Eamplg 1-S and Comparative Examvle A: Peel Values 

Plaques of ethylen~l-octene copolymer, referred to as a polyolefin 

elastomer (POE), 200 mm x 200 mm x 6 mm, which is available under the trade 

designation c'ENGAGE 8402" from DuPont Dow Elastomers L.L.C.:o Wilmington, 

20 DB, were die cut into 25 mm x 100 mm x 6 mm test specimens. For each of 

Examples 1-5 and Comparable Example A, three test specimens were cleaned twice 

with a lintless tissue, which is available under the trade designation "KIMWIPE" 

from Kimberly-Clark Corporation, Roswell, GA, saturated in a solvent mixture of 

cyclohexane and xylene in a weight ratio of 3.0:2.0. Within one minute the primer 

25 solutions of Examples 1-5 and Comparative Example A were brushed onto the 

speoim.ens and allowed to dry for 30 minutes. A 200/o by weight solution of a 

polycaprolactone polyurethane adhesiv~ which is available under the trade 

designation "DESMOCOLL 530,, from Bayer Corporation, Pittsburg~ PA, in methyl 

ethyl ketone was brushed onto the primed surface of each test specimen, except for a 

30 region about 25 mm from one end of the specimen, and allowed to dry for 30 

minutes. 
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Five layers of the same polycaprolactone polyurethane adhesive 

·successively brushed onto 49 x 30 (threads per inch) greige (unbleached and undyed) 

. , cotton No. 10 duck ribbon available .fro111 West Point Pepperell Inc.; Palatine, n., 38 

. ,mm x 100 mm x 1 mm, .about 75 Qllll·ftom:one end and allowed to dry for 30 

s minutes. The primed and adhesively coated test specimens and canvas ribbon were 

placed in a 70°C oven for 5 minutes.· 

For each of Examples l-S and Comparative Example A, the 

adhesively coated sides of the test specimen and canvas were bonded together under 

about 10 kPa pressure to form a peel sample and allowed to stand for 7 days at room.· 

·10 temperature and humidity. Each of the peel samples was mounted in an lnstron 

tensile tester, which is available from ~tron Corporatio~ Canto~ MA, to determine · 

the 180° peel strength of the bonded·specimens. The average of three 180° peel 

values at a jaw speed of 12. 7 cm per minute for Examples 1-5 and Comparative 

· Example A reported in Newtons/100 millimeters (N/100 mm) were 648, 517, 447, 

· 15 386, 710 and 140, respectively. 

These results· demonstrate that primer compositions of this invention 

which contain nonhalogenated hydrocarbon polymers having organic :functional 

. groups, or mixtures thereof'; greatly· improves the adhesion of polyurethane adhesives 

to ethylene/a-olefin copolymers (POE) compared to primer compositions prepared 

20 with nonhalogenated nonfunctional hydrocarbon polymers. ·. 

Examples 6-8: Alternative Aliphatic lsocyanates 

Pr@paration of Example 6 

25 The composition of Example 6 was prepared as descn"bed in 

30 

Example 1, except an isophorone diisocyanate polyester prepolymer> which is 

available under the trade designation" AIR.THANE ASN-S40M" from Air Products 

and Chemicals, Incorporated, Allentown, PA, was used in place of the 700,4 

isophorone diisocyanate trimer solution. 

-14-
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Prmzaration ofExample 7 

The composition ofExample 7 was Prepared as deseribed in 

·Example 1, ex~t i dimer acid diisocyanate, which. ii available under the trade 

designation "DDI-1410" from Henkel Corporation, Kankakee, IL, was used in place 
s of the 7()0.4 isophorone diisocyanate trimer solution. 

J>maration ofExamute 8 

The composition of Example 8 was prepared by mixing the 

comp~sition of Example 1 with the composition of Example 6 in a weight ratio of 

10 1.0:1.0. 

Examples 6-8: Peel Values 

Ethylene/1-octene copolymer (POE) test specimens, 25 mm x 100 

mm x 6 mm, were cleaned, primed with the compositions of Example 6-8, coated 

15 with polyurethane adhesi~ and bonded to polyurethane coated eotton canvas ribbon 

as denoinExamples 1-5. The 180° peel values were determined as described in 

Examples 1-5. The average of three 1800 peel values for Examples 6-8, reported in 

N/100 mm, were 544~ 386 and 754, respectively. 

These results demonstrate that a number of aliphatic diisocyanates 

20 and mixtures thereof are also useful. 

Exantples 9 and 10: Alternative Chlorinated Potvoletins 

Pnpration ofExample 9 

25 The composition of Example 9 was prepared as described in 

Example 1 except chlorosulfonated polyethylene, which is available under the trade 

designation "HYP ALON CP827B" from DuPont Polymer Products, Wilmington, 

DE, was used in place of the maleated chlorinated polypropylene. 

-15-
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-Preparation of Example 10 

The composition of Example 1 O was prepared by mixing the 

composition ofEXample 1 with the composition of Example 9 in a weight ratio of 

5 .· 1.0:1.0. 

Examples !>and 10; Peel Values 

Compression molded polyethylene vinyl acetate (EVA) foam plaques, 

.. 203 mm x 203 mm x 15 mm, density of 193.3 kg/m3
, which are available under the 

10 .··trade designation "ECLIPSB-5000" from Kim Incorporated, Kyeong Nam, Korea, 

were die-cut into test specimens, 25.4 mm x 127 mm x 15 mm. 

Vulcanized EPDM robber plaques,' 127 mm x 127 mm: x 2.S mm, 

which are available under the trade designation "SHORE A-68" from Shin Ho 

: Incorporate~ Pusan; Korea, were die-cut into 25.4 mm x 127 mm x 2.5 mm test 

15 specimens. 

Test specimens of POE of Examples 1-5, EVA and EPDM were 

cleaned and primed with the compositions of Examples 9 and 10, coated with the 

polyurethane adhesive solution and bonded to polyurethane adhesive coated cotton 

canvas ribbon as described in Examples 1-5. The 180° peel values determined as 

20 . descn"bed in Examples 1-5. The average of three 180° peel values for the POE, EVA 

and EPDM specimens using the composition of Example 9, reported in N/100 mm, 

were 719, at least 526 (substrate failure), and4S6, respectively; the average of three 

180° peel values using the composition of Example 10, reported in N/l 00 mm, were 

526, at least 525 (substrate failure), and 403, respectively. 

25 These results demonstrate that a number of halogenated hydrocarbons 

and mixtures thereof are useful in the preparation of compositions of this invention. 
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Example 11 and Control I: Peel Values Using Various Substrates 

1'NJaration of Control I 

A priming solution, Control I, was prepared by combining 0.2 gram of 

chlorinated polypropylene, which is available under the trade designation "CP 343-1 » 

ftomBastman Chemical Company, Kingsport, TN> and 10.0 grams ofthe solvent 

mixture.described in Examples 1-5 in a 20 ml dried glass vial. 

Plaques, 127 mm x 127 mm x 3.1 ~ of a typical, wlcanized SBR 

10 rubber of the following formulation were prepared by Rubber Industries, 

Incorporated, Shakopee, MN: 65.0 parts SBR 1502, 35.0 parts per hundred rubber 

(pbr) SBR 1904, 25.0 phr silica, 23.0 phr carbon black (N-330), 1.8 phr sulfur, 

3.0 phr cumarone-indene resin (85°C), 3.8 phr zinc oxide, 0.8 phr stearic acid, 

1.1 phr N-cyclobexyl-2-benzothiazolesulfenamide, and 0.8 phr phenolic antioxidant. 

15 Die-cut test specimens of2S.4 mm x 127 mm x 3.1 mm were prepared from the 

plaques. 

Vulcanized polybutadiene (PBR) rubber plaques, 127 mm x 127 mm 

x 2.S mm, which are available under the trade designation "CRYSTAL Il'' from Shin 

Ho Incorporated, Pusan, Korea, were die-cut into 25.4 mm x 127 mm x 2.5 mm test 

20 specimens. 

Thermoplastic polyolefin (TPO) plaques, 110 mm x 300 mm x 

3 .S mm, which are available under the trade designation ''ETA 3163,. from Himont 

USA.t Incorporated, Lansing MI, were die-cut into 110 mm x 25.4 mm x 3.S mm 

test specimens. 

25 Bach of these test specimens, POE ofBxamples 1-S and EVA and 

BPDM ofBxamples 9 and 10, were cleaned and primed with the composition of 

Example 1 and Control I, coated with the polyurethane adhesive solution and bonded 

to polyurethane adhesive coated cotton canvas nol>on as described in Examples 1-S. 

The 1800 peel values for the SBR, PBR, TPO, POE, EVA and BPDM specimens 

30 using the oomposition ofExamples 1-5, reported in N/100 mm, were 368, 439, 596, 

561, atleast 554 (substrate failure) and 456, respectively. The average of three 180° 
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peel values for SBR, PBR, TPO, POE, EV A and EPDM using the composition of 

Control I, reported in N/100 mm, were 54, 202, 119, 193, 368 and 81, respectively. 

These results demonstrate that a primer solution of this invention 

substantially improves the peel values of a wide variety of adhesively bonded 

s substrates compared to a control priming solution, known in the art. 

Example 12: Peel Strengths Using Various Substrates 

Test specimens ofEVA foam and EPDM were cleaned, primed with 

the composition of Examples 9 and 10, coated with polyurethane adhesive solution 

10 and bonded together. The 180° peel values were determined as in Examples 1.;s. 

The average of three. 180° peel values, reported in N/100 mm, was 421. 

Test specimens of POE, SBR and EVA foam were cleaned, primed 

with the composition .of Example 1, coated with.the polyurethane adhesive solution 

ofBxamples 1-5 and b<>nded together as previously described in Examples 1-5 to 

IS give test samples of POFJSBR, POE/EVA and SBR/BV A The average of three 

180° peel values, reported in N/100 mm, were 193, at least 526 (substrate tailure) 

and at least 526 (substrate·tailure),_-respectively. This example demonstrates that a 

primer solution of this invention substantially improves the peel values of a wide 

variety of adhesively· bonded. substrates. 

20 

Example 13: Peel Strength• Usipg Various Adhesives 

Test specimens of solvent cleaned POE were brushed with the 

composition of Example 1 and allowed to dry for 30 minutes. A thin layer of two­

part epoxy adhesive, which is available under the trade designation "SCOTCH-

2s WELD 2216 B/ A" Minnesota Mining and Manufacturing Company, St. Paul, MN, 

was applied to the primed sides of the specimens and to one side of test specimens of 

unbleached and undyed cotton canvas ribbon. The adhesively coated sides of the 

POE and canvas ribbon were bonded together using hand pressure from a light 

rubber-covered roller. The bonded specimens were allowed to condition for 7 days 

30 prior to determining the 180° peel values. The average of three 180° peel values, 

reported in Nil 00 mm, was 351. This example illustrates that adhesives other than 
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solvent-based polyurethanes result in high peel values to substrates primed with a 

composition of this invention. 

Various modifications and alterations of this invention will become 

s apparent to those skilled in the art without departing from the scope and spirit of this 

invention, and it should be understood that this invention is not to be unduly limited 

'toihe'illustrative ·embodiments set forth herein. The complete disclosures of all 

patents, patent applications, and publications are incorporated herein by reference, as 

if individually incorporated. 
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What Is Claimed Is: 

1. A primer composition comprising an aliphatic isocyanate-containing 

· compound, a nonhalogenated· hydrocarbon polymer containing organic functional 

groups, a halogenated hydrocarbon polymer optionally containing organic functional 

s groups, and an orgariic solvent. 

10 

2. The primer composition according to claim 1 which is stable at 60°C 

for at least about 60 days when stored in a substantially moi$blre-ftee environment. 

3. The primer composition according to claim 1 comprising, by weight, 

at least about 75% of the organic solvent and about 1% to about 15% of the aliphatic 

isocyanate-containing compound, based on the total weight of the primer 

composition. 

15 4. The primer composition according to claim 3 comprising, by weight, 

about 0.25% to about 10% of the nonhalogenated hydrocarbon polymer containing 

organic :functional groups, based on the total weight of ~e primer composition. 

5. The primer composition accordiDg to claim 4. comprising, by weight, 

20 about 0.5% to about 10% of the halogenated hydrocarbon polymer optionally 

containing organic functional groups. 

6. The primer composition according to claim 1 wherein the aliphatic 

isocyanate-containing compound is selected ftom the group of 1,6-hexamethylene 

2S diisocyanat~ methylene bis( 4-cyclohexyl isocyanate), trimethyl hexamethylene 

diisocyanate, isophorone diisocyanate, y-isocyanatopropyl trimethoxysilane, dimer 

acid isocyanate, xylene diisocyanate, benZelle-1,3-bis(l-isocyanato-1-methylethyl), 

benzene-1,4-bis(l-isocyanato-l-methylethyl), and oligomers and combinations 

thereof. 

30 

Hf lllll llllll llllf.lllll ll lllf 
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7. The primer composition according to claim 1 wherein the aliphatic 

isocyanate-containing compound is the reaction product of an aliphatic isocyanate 

and an active hy<tto~-containing compound. The. active hydrogen-containing 

compound is selected ftom the group consisting of ethylene glycol, 1,4-butanediol, 

s 1,6-hexanediol, trimethylol propane, pentaerythrito), 1,4-cyclohexane dimethanol, 

polyester polyol, polycarbonate polyol, polytetrametbylene oxide polyether polyol, 

polypropylene oxide polyether polyol, polyethylene oxide polyol, and combinations 

thereof 

10 8. The primer composition according to claim 1 wherein the 

15 

nonhalogenated hydrocarbon polymer containing organic functional groups includes 

functional groups selected from the group of carboxylic acid anhydride groups, 

hydroxyl groups, epoxide groups, carboxylic acid ester groups, carboxylic acid amide 

groups, carboxylic acid groups, and combinations thereof 

9. The primer composition according to claim 8 wherein the 

nonhalogenated hydrocarbon polymer containing organic functional groups is 

selected from the group of a styrene-ethylene/butylene-styrene triblock copolymer 

modified with maleic anhydride, an ethylene-propylene copolymer modified with 

20 maleic anhydride, a propylene polymer modified with maleic anhydri~ an 

ethylene/butylene copolymer containing hydroxyl endgroups, an ethylene vinyl 

acetate copolymer, an ethylene vinyl acetate copolymer modified with maleic 

anhydride, and blends or the reaction products of two or more of these polymers. 

25 10. The primer composition according to claim 1 wherein the halogenated 

hydrocarbon polymer optionally containing organic functional groups is selected 

from the group of a chlorinated polypropylene, a chlorinated· polyethylene, a 

chiorosulfonated polyethylene, a chlorosulfonated polypropylene, a chlorinated 

polypropylene modified with maleic anhydride, a chlorinated polyethylene modified 

30 with maleic anhydride, and blends or reaction products thereo£ 
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11. The primer composition according to claim 1 wherein the organic 

solvent is selected from the group of an aliphatic ester, an aliphatic hydrocarbon, an 

aromatic hydrocarbon, a halogenated aroinatic or aliphatic hydrocarbon,· and·• 
s . mixtures thereof 

12. The primer composition· according to claim 11 wherein the organic 

solvent is a mixture of xylene and cyclohexane. 

10 13. The primer composition according to claim 1 ·further c<>mprising up to 

about 10% of silane coupling agent, based on.the total weight of the primer · · 
composition. 

14. The primer composition acco~ to claim 1 further comprising an 
15 epoxy resin. 

15. A primer composition comprising an incipient aliphatic isocyanate-

containing compound,· an incipient nonhalogenated hydrocarbon polymer containing 
organic functional groups, an incipient halogenated hydrocarbon polymer optionally 

20 containing organic functional groups, and an organic solvent 

16. A method for adhering two substrates together, said method 

comprising the steps of: 

(a) applying the primer composition of claims 1 or 15 to a surface of a 

25 first organic polymeric substrate to provide a primed surface; wherein the primer 

composition is preparable by combining components comprising an aliphatic 

isocyanate-containing compound, a nonhalogenated hydrocarbon polymer containing 
organic functional groups, a halogenated hydrocarbon polymer optionally containing 

organic functional groups, and an organic solvent; 

30 (b) applying an adhesive to the primed surface or to a surface of a second 
~~~~__,.._......__..~:nd 
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( c) positioning the surfaces of the first and second substrates together to 

form.a bond. 

17. An article made according to the method of claim 16. 

5 
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