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Vinyl ether terminated urethane resins may be prepared
by reacting the product obtained by the addition of
acetylene to an organic polyol with an isocyanate-con-
taining compound at temperatures ranging from about
ambient to about 125° C. The thus prepared resin may
then be cured by irradiation from an electron beam,
thermally or by exposure to an ultraviolet light to cure
the resin and form a coating material.
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VINYL ETHER TERMINATED URETHANE
RESINS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Continuation-in-Part of copend-
ing application Ser. No. 898,456 filed Aug. 19, 1986 and
now abandoned, all teachings of which are incorpo-
rated herein by reference thereto.

BACKGROUND OF THE INVENTION

Various types of resins will find a wide variety of
uses, among which will be printing inks and coatings for
the graphic arts and packaging industries. Prior resins
have included acrylated urethanes. These resins are
formed by the reaction of a hydroxyacrylate monomer
with an isocyanate monomer or prepolymer and may be
based on a wide range of aromatic and aliphatic isocya-
nates. Multifunctional acrylate monomers such as, for
example, trimethylolpropane triacrylate, may be com-
bined with the acrylated urethanes in order to reduce
the viscosity of the resin and increase the cross-linked
density of the cured material. The acrylated urethanes
may be cured by a free radical polymerization of the
acrylate group, this being accomplished by ultraviolet
irradiation in the presence of a photoinitiator or by
electron beam irradiation. The radiation-cured acry-
lated urethanes may be used in printing inks, floor coat-
ings, automotive coatings, printed circuit board coat-
ings, etc. However, the acrylates possess an inherent
disadvantage in that the monomers are known to be
toxic whereby a hazard to the general health of either
the user or the public at large is created.

Vinyl ethers constitute extremely reactive monomers
which are known to polymerize by a cationic mecha-
nism. These compounds may be useful in applications
which require a high speed curing of a resin formula-
tion. The vinyl ethers react much faster than the epoxy
resins and therefore may be used for printing inks, coat-
ings, elastomers, foams, or in other types of materials

dependent upon the ability of the resin to cure at a rate

which is contiguous with other processing steps. One
disadvantage which is attendant to the vinyl ethers is
that the commercial availability of these ethers is rela-
tively limited. In general, the vinyl ethers which are
available constitute low molecular weight monofunc-
tional or difunctional monomers. However, in most
commercial applications, the use of higher molecular
weight polymer resins constitutes the preferred species.
This 1s due to the fact that the higher mole weight mate-
rials are non-volatile and will possess more desirable
rheological properties, and they permit greater control
of the properties of the finished product.

As will hereinafter be shown in greater detail, it has
now been discovered that it is possible to obtain vinyl
ether terminated urethane resins which will constitute
novel compositions of matter and which will possess
characteristics which make them desirable for use in
various commercial applications.

The aforesaid vinyl ether terminated urethane resins
which are formed by the process hereinafter described
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in greater detail may be subjected to a curing treatment
to provide tack-free coatings.

BRIEF SUMMARY OF THE INVENTION

This application relates to novel compositions of
matter comprising vinyl ether terminated urethane res-
ins. More specifically, the invention is concerned with
these novel compositions of matter and also to a process
for preparing these products. In addition, the invention
is also concetned with a process for subjecting these
novel compositions of matter to a curing treatment
whereby a finished product comprising a tack-free coat-
ing may be obtained therefrom.

It 1s therefore an object of this invention to provide
novel compositions of matter comprising certain resins
which may be utilized in various commercial applica-
tions.

A further object of this invention is to provide a
process for preparing vinyl ether terminated urethane
resins which are utilized for coatings of various and
sundry kinds.

In one aspect, an embodiment of this invention re-
sides in a vinyl ether terminated urethane resin having
the generic formula:

i
(CH;=CH—O~~R—0—C—NH),—R’

in which R and R’ are independently selected from the
group consisting of alkyl, aryl, alkaryl, aralkyl, cycloal-
kyl and alkyl oxide radicals and n is an integer of from
1to4.

Another embodiment of this invention is found in a
process for the preparation of a vinyl ether terminated
urethane resin which comprises reacting the product
obtained by the addition of acetylene to an organic
polyol with an isocyanate-containing compound at re-
action conditions, and recovering the resultant vinyl
ether terminated urethane resin.

A specific embodiment of this invention resides in a
vinyl terminated urethane resin having the generic for-
mula:

1
(CH}=CH—0O0—R—0Q~—C—NH),,—~R’

in which R comprises methylene and R’ comprises dicy-
clohexylmethyl.

Another specific embodiment of this invention is
found in a process for the preparation of a vinyl ether
terminated urethane resin which comprises reacting the
product obtained by the addition of acetylene to trieth-
ylene glycol with 2,4-toluene diisocyanate at a tempera-
ture in the range of from about ambient to about 125° C.
and about atmospheric pressure in the presence of a
tin-containing catalyst comprising dibutyltin dilaurate
and recovering the resultant vinyl ether terminated
urethane resin.

In addition, another embodiment of this invention is
found in a polymeric material that results from curing a
vinyl ether terminated resin having the generic formula:
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m
(CH=CH~-O==R~0O~—C—NH),;~—R'’

4

to effect this reaction will include such compounds as
sodium hydroxide, lithium hydroxide, calcium hydrox-
ide, magnesium hydroxide, strontium hydroxide, etc.
The reaction product which is obtained by this process

. . , _ 5 will comprise a divinyl ether and a hydroxy vinyl ether.
in which R and R’ are independently selected from the £ g5 desired, the product may be separated by fractional
group consisting of alkyl, aryl, alkaryl, aralkyl, cycloal- gjstillation inasmuch as the divinyl ether product pos-
kyl and al;kyl oxide radicals and.n 1S an integer of from sesses a boiling point lower than the starting polyol and
1 to 4 which has been polymerized by a curing treat-  the hydroxyl vinyl ether. In addition, the basic catalyst
ment at curing conditions. o _ 10 is also separated from the product inasmuch as the pres-
Yet another embodiment of this invention resides in a ence of such a compound in the finished resin would
prises subjecting a vinyl ether terminated urethane resin Examples of polyols which may be subjected to acet-
having the generic formula: ylation will include 1,2-ethanediol, 1,3-propanediol,
15 1,4-butanediol, 1,5-pentanediol, 1,6-hexanediol, diethyl-
h} ene glycol, triethylene glycol, dipropylene glycol, tri-
= CHm Qe R o= Qe Coe N — R propylene glycol, 1,3-cyclopentanediol, 1,4—c.:yclohex-
(CHy=CR=0 O C— Ny anediol, trimethylol propane, pentaerythntol, 1,4-
in which R and R’ are independently selected from the cyclohexane dlmethgnol, tris(2-hydroxyethyl) trimeth-
roup consisting of alkvl 1 alkacvl aralkvl. cveloal- 20 ylol propane, 1,4-bis(2-hydroxyethyl) phenyl ether,
E 13‘; 3 alk 1051 o ad{ éal?a; an i?a;l e Ye; 03;. >~ 1,2-bis(2-hydroxyethyl) phenyl ether, 1,3-bis(2-hydrox-
y yi ol g gct yethyl) phenyl ether, bis(2-hydroxyethyl)bisphenol-A,
1 to 4 to a curing treatment at curing conditions, and et
recovering the resultant tack-free coating. . . ]
Other objects and embodiments will be found in the ’5 lIt ' mr?le understo?dt'that tfhfhabo;r eme:;tmned ng
following further detailed description of the invention. <> O 2I¢ Oy represenialive of e €1ass O cOmpounas
which may be employed in the present invention and
DETAILED DESCRIPTION OF THE that the invention is not necessarily limited thereto.
INVENTION The product obtained by the reaction of acetylene
: . .. with the polyol will subsequently be reacted with an
AS heremb:efme set forth, the present nvention 1s 30 isocyanate-containing compound which may comprise
concerned with novel compositions of matter compris- either an isocvanate monomer or an isocvanate orepolv-
ing vinyl ether terminated urethane resins and to a pro- e | | yanate prepoy
'8 Viny . . P mer. The reaction between the product obtained by the
cess for the preparation thereof. In addition, the novel » .

... . : addition of acetylene to an organic polyol and the
COmPpOSItons of matter may be sub_]eF ted lo a cunng isocyanate-containing compound may be effected at
reaction or treatment whereby the resins will polymer- \ dit hich will includ )
ize to produce a coating which is solid and tack-free. 35 reaction conaditions whic will include atempefature in
The desired resins mav be prepared by the reaction of a the range of from about ambient to about 125° C. and
hydroxy vinyl ether E:rith?a ;]:ultifungtiona] IsOcyanate preferably at atn_ms:pheric pressure, al'thgugh i:‘ 15 iSO
monomer or brepolvmer. The hvdroxv vinvl ether contemplated within the scope of this invention that

romer of  prepolymet. y Y Y superatmospheric pressures ranging up to about 50 at-

which is utilized as one component to form the novel ) : s
composition of matter of the present invention may be 40 mospheres may be employed, if s0 desired. When utiliz-
: ing temperatures at the lower range hereinbefore set
pz:epared by the base catalyzed reaction E.'f acetylene forth, that is, temperatures of about ambient, it is pre-
with p o lyols. 'I:he process may be. exempllﬁcd_ by the ferred to effect the reaction in the presence of a catalyst.

following equation in which a diol is reacted with acet- : . ,
. A particularly preferred type of catalyst is one which

ylene at an elevated temperature and pressure in the N d which b lified by dibutvli
resence of a basic catalyst which, in the reaction, is 45 contains tin anc which may be exemp il y dibutylin
f resented by potassium hvdroxi d;- ’ dilaurate. Other process variables which may be em-
P J P y ' ployed to effect the desired reaction and thus form the
vinyl ether terminated urethane resin will include the
HO=R=—0H + use of an inert solvent such as methylene chloride
50 which may be removed 1n a subsequent step in a vac-

CoHy = 1y, = CH~0—R~—0—CH=CH uum
2432 TE——— ps 2 + . . o
» PRESS. The reaction between the acetylene addition product
CH»=CH=—0O~R—0H and the isocyanate-containing compound may be exem-
plified by the following reaction:
O O
| |
2CHy;=CH—0—R=—0H + OCN=R'==NC0O ——>CH;=CH=—0—R—0=—C—NH—R'—NH—C—0—R—0-~-CH=CH;
60

In the above equation, R may be selected from the in which R’ may be selected from the group consisting
group consisting of alkyl, aryl, alkaryl, aralkyl, cycloal- of alkyl, aryl, alkaryl, aralkyl, cycloalkyl and alkyl
kyl and alkyl oxide radicals. The reaction conditions oxide radicals. In addition, R’ may be monomeric or
which may be employed to effect this acetylene reac- polymeric in nature. Some examples of monomeric
tion will include temperatures in the range of from 65 isocyanates which may be emploved in the process of

about 120° C. to about 300° C. and a pressure in the
range of from about atmospheric up to about 100 atmo-
spheres. Other basic catalysts which may be employed

the present invention will include 2,4-toluene diisocya-
nate, mixtures of 2,4- and 2,6-toluene diisocyanate, di-
phenylmethane diisocyanate, 1,2-diphenylethane diiso-
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cyanate, 1,3-diphenylpropane diisocyanate, dicyclohex-
ylmethane diisocyanate, etc.

While the hereinfore equation discloses the reaction
between a hydroxy vinyl ether and an i1socyanate-con-
taining compound, it is also contemplated within the 5
scope Of this invention that the reaction may be effected
 utilizing the entire reaction product which is obtained
by the reaction of acetylene with the polyol. This acety-
lene reaction produces a mixture of the divinyl ether,
the hydroxy vinyl ether and the unreacted polyol. It is, 10
of course, possible by utilizing fractional distillation to
separate the hydroxy vinyl ether from the reaction
product mixture and thus utilize only this compound in -
the subsequent reaction. However, it is also contem-
plated within the scope of this invention that the other 15
components of the reaction product mixture, after sepa-
ration of the catalyst, may be utilized and thus incorpo-
rate the divinyl ether and the unreacted polyol into the
vinyl ether terminated urethane resin. The unreacted
polyol such as a diol will serve to chain extend the resin 20
inasmuch as each hydroxy group on the polyol will
react with the isocyanate group and thus form a higher
molecular weight material. Therefore, if the total con-
centration of the hydroxy group from the polyol and
the hydroxy vinyl ether are known, they then may be 25
combined with an equivalent concentration of isocya-
nate. Conversely, the divinyl ether will not possess any
free hydroxy groups and therefore will not react with
the isocyanate. However, the divinyl ether may serve as
a diluent which will lower the viscosity of the mixture 30
during the resin synthesis. Additional divinyl ethers
may also be added after the synthesis of the resip has
been completed in order to further adjust the viscosity
of the formulation. Thus, when the resin is finally cured
by means hereinafter set forth in greater detail, the 35
additional divinyl ether which is present copolymerizes
with the vinyl ether terminated urethane resin and ef-

- fectively increases the cross-link density of the final
product.

The process for preparing the vinyl ether terminated 40
urethane resin may be effected in any suitable manner
and may comprise either a batch or continuous type
operation. For example, when a batch type operation is
to be employed, the isocyanate-containing compound is
placed in an appropriate apparatus and, if so desired, in 45
the presence of an inert solvent. The hydroxy vinyl
ether either in a pure state or in the presence of a divinyl
ether and a polyol may be added to the 1socyanate-con-
taining compound. In the event that the reaction is to be
effected at ambient or room temperatures, a catalyst of 50
the type hereinbefore set forth may then be added.
Conversely, if the reaction is to be effected at elevated
temperatures, the reaction apparatus is then heated to a
predetermined temperature and maintained thereat for a
period of time sufficient to permit the reaction to come 55
to its completion. Following the end of the reaction
period, the desired vinyl ether terminated urethane
resin is then recovered.

It is also contemplated within the scope of this inven-
tion that the reaction may be effected in a continuous 60
manner of operation. When this type of operation is
employed, the starting components of the resin are
continuously charged to a reaction zone which is main-
tained at the proper operating conditions previously
selected. After passage through the reaction zone for a 65
predetermined time, either in the presence or absence of
a catalyst and/or a solvent, the reactor effluent is con-
tinuously discharged and recovered.

6

In the preferred embodiment of the invention, the
reactants are present in a 1:1 stoichiometry of hydroxy
and isocyanate groups. However, it is also contem-
plated that in some instances it may be desirable to use
a slight excess of hydroxy vinyl ether in order to ensure
the complete reaction of the isocyanate. Conversely, it
is also contemplated that an excess of isocyanate may be
used to give additional cross-linking through the formu-
lation of allophanate linkages. Therefore, the ratio of
hydroxy and isocyanate may vary through a range of
from about 0.8:1 to about 1.2:1 moles of hydroxy vinyl
ether per mole of isocyanate.

The vinyl ether terminated urethane resins which are
obtained may be cured by any method known 1n the art
to obtain the desired product. For example, the resins
may be subjected to an electron beam induced curing by
subjecting the resin to irradiation from an energy source
such as an electron beam in which the energy dosage
which is applied to the mixture is relatively low, that 1s,
in a range of from about 0.1 to about 10.0 Mrads. The
exposure to this energy may take place in the presence
of an onium salt. Examples of onium salts which may be
employed will include diphenyliodonium hexafluoroan-
timony or triphenylsulfonium hexafluorophosphate.
Other methods which may also be employed to effect

‘the curing of the resins in order to obtain the desired

glossy tack-free coating will include an ultraviolet pro-
cedure in which the resin is subjected to irradiation
from an ultraviolet light source which possesses a wave
length of from about 1800 to about 3900 Angstroms.
Such irradiation may be obtained from xenon, mercury-
vapor or tungsten lamps or from various types of ultra-
violet or visible lasers. The ultraviolet irradiation of the
resin may be effected in the presence of an aryl-onium
salt, some examples of these salts being diphenyli-
odonium hexafluorocantimony or triphenylsulfonium
hexafluorophosphate. A third procedure which may be
employed to effect the curing of the vinyl ether termi-
nated urethane resins comprises a thermal curing in
which the resin is subjected to a temperature in the
range of from about ambient to about 25° C. in the
presence of an organic acid or onium salt, some exam-
ples of these acids or salts comprising p-toluene sulfonic
acid, methane sulfonic acid, boron trifluoride, di-
phenyliodonium hexafluoroantimony, triphenylsul-
fonium hexafluorophosphate, etc.

The following examples are given to illustrate the
novel vinyl ether terminated urethane resin, a method

for the synthesis of these resins, the cured resins which
form solid tack-free coatings and methods which are
employed in this curing treatment. However, 1t is to be
understood that these examples are given merely for
purposes of illustration and that the invention is not
necessarily limited thereto.

EXAMPLE I

To form a hydroxy vinyl ether, 250 milliliters of
triethylene glycol, along with 7.5 grams of a catalyst
comprising ground potassium hydroxide were added to
a 500 mL round bottom flask equipped with a mechani-
cal stirrer, reflux condenser and gas inlet tube. The
mixture was heated to a temperature of about 19° C.
while purging with nitrogen. After the temperature was
stabilized, a flow of acetylene at a rate of about 1.0
liters/minute was initiated, and the reaction was al-
lowed to continue for a period of 5 hours. The flask was
fitted with a distillation head and 125 mL of reaction
product was collected which had a boiling range of
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from 7° to 84° C. at 0.3 torr. Gas chromatographic
analysis disclosed that the product comprised a mixture
of 14% triethylene glycol divinyl ether, 78% triethyl-
ene glycol monovinyl ether and 7% unreacted triethyl-
ene glycol. Redistillation of the product resulted in the
obtention of an 85 mL fraction which contained 95%
triethylene glycol monovinyl ether.

EXAMPLE 11

To form the desired vinyl ether terminated urethane
resin, 3.55 g (0.014 mole) of diphenylmethane diisocya-
nate were dissolved in 20 mL of dry methylene chloride
under a nitrogen atmosphere. Following this, 5.0 g
(0.028 mole) of triethylene glycol monovinyl ether were
added to the solution along with 0.01 g of dibutyitin
dilaurate. The reaction apparatus became warm after a
few minutes of stirring the mixture. At the end of 5
hours the solvent was removed in 2 vacuum and the
resulting thick liquid product was recovered.

EXAMPLE III

In this example a 2:1 mole ratio of triethylene glycol
monovinyl ether to 2,4-toluene diisocyanate was stirred
under an atmosphere of dry nitrogen at room tempera-
ture in the presence of 0.1% dibutyltin dilaurate for a
period of 5 hours. At the end of this period, the solvent
was removed in a vacuum and the resulting thick, clear
iquid product comprising the vinyl ether terminated
urethane resin was recovered.

EXAMPLE IV

In this example, one equivalent of triethylene glycol
monovinyl ether and 1 equivalent of free isocyanate,
which was present in a diphenylmethane diisocyanate
ether prepolymer in a toluene solvent, were stirred at
room temperature under dry nitrogen in the presence of
a catalyst comprising 0.05% dibutyltin dilaurate. After
a period of 2 hours at room temperature, the solvent
was removed under reduced pressure and the thick,
clear liquid product was recovered.

EXAMPLE V

One equivalent of triethylene glycol monovinyl ether
and one equivalent of free isocyanate present in a tolu-
ene diisocyanate ester prepolymer were reacted to form
the desired resin. The reaction was effected by placing
the solid prepolymer in a glass vial covered with alumi-
num foil. The vial was heated for a period of 20 minutes
in an oven at 104° C. to melt the solid. The equivalent of
triethylene glycol monovinyl ether was then stirred into
the molten prepolymer along with 0.19% dibutyltin di-
laurate. After an additional period of 1 hour while main-
taining the temperature at 104° C., the high viscosity,
clear liquid resin was recovered.

EXAMPLE VI

The vinyl ether terminated urethane resins which
were prepared in Examples IIII V and V above were
treated with a catalyst comprising 1% di-t-butyl-
phenyliodonium hexafluoroantimony. The resins were
then coated on a polyethylene-covered substrate and
each sample was irradiated at 2.0 Mrads with a 160 KeV
electron beam. Each of the samples cured to give tack-
free flexible coatings.

EXAMPLE VII

In this example, the vinyl ether terminated urethane
resin which was prepared according to Example II
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8

above was combined with 4% of a triarylsulfonium salt
catalyst and coated in a thin layer on a polyethylene
sheet. The sheet was suspended in a Rayonett Photo-
chemical Reactor equipped with 350 nm lamps. After a
15 second exposure to the ultraviolet light in a nitrogen
atmosphere, a tack free glossy coating was obtained.

EXAMPLE VIII

A series of vinyl ether terminated urethane resins
were prepared by reacting different stoichiometric ra-
tios of triethylene glycol monovinyl ether (TEGMVE),
diphenylmethane diisocyanate (MDI), and trimethylol
propane (TMP). In all cases a 1:1 ratio of hydroxy
groups to isocyanate groups was maintained. The mix-
tures were stirred at room temperature in a solution of
triethylene glycol divinyl ether (TEGDVE) under ni-
trogen in the presence of dibutyltin dilaurate. The vis-
cosity of the resins and the molecular weight were de-
termined. These results are set forth in Table I below:

TABLE 1
Mole Ratio Resin Viscosity Molecular Weight
TEGMVEMDI-TMP (cps) No. Avg. Wt Avg.
3 3 ] 1,130 1,273 3,888
7 8 3 1140 1,372 4,861
4 5 2 8,380 1,577 8,160

M

A catalyst comprising 3% of a triarylsulfonium salt
was added to each of the three resins which were ob-
tained according to the above paragraphs. The mixtures

were then each coated onto separate polyethylene
sheets and irradiated with a 160 KeV electron beam.
The coatings were all tack-free after a dose of 3.0 Mrad.
When a catalyst comprising 1% of a diaryliodonium salt
was used in place of the sulfonium salt, catalyst curing
was obtained utilizing only a dose of 0.5 Mrad.

EXAMPLE IX

In this example, a vinyl ether terminated urethane
resin was obtained by stirring a 2:1 mole ratio mixture of
triethylene glycol monovinyl ether and dicyclohex-
ylmethane 4,4'-diisocyanate under a dry nitrogen atmo-
sphere in the presence of 0.05% dibutyltin dilaurate. At
the end of 5 hours, the resulting product comprised a
white, soft waxy solid which melted at about 4° C. to
give a clear thick liquid. Gel permeation chromatogra-
phy showed that the product consisted mostly of a
simple 2:1 adduct.

A higher molecular weight resin was obtained by

including triethylene glycol in the reaction mixture as a
chain extender. The reaction was effected by treating a

mixture of triethylene glycol, TEGMVE and the diiso-
Cyanate in a mole ratio of 2:2:1 vinyl ether to isocyanate
to glycol. The resulting resin had an average molecular
weight of 1,575 and was in the form of a low melting
waxy solid.

The two resins which were prepared according to the
above paragraphs were combined with a triarylsul-
fonium salt catalyst, coated onto polyethylene sheets
and suspended in a Rayonett Photochemical Reactor
equipped with 350 nm lamps. After a 30 second expo-
sure to the ultraviolet light, tack-free clear glossy coat-
Ings were obtained.

To illustrate another method of curing, the resins
were also combined with an iodonium salt catalyst and
irradiated with 160 KeV electron beam. After a dose of
1.0 Mrad energy, again tack-free clear glossy coatings
were obtained.
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We claim as our invention:

[1. A vinyl ether terminated urethane resin having
the generic formula:}

[ I
(CHy=CH~0O—R—0Q=C—NH),—R']}
J [in which R and R’ are independently selected from
the group consisting of alkyl, aryl, alkaryl, aralkyl,

cycloalkyl and alkyl oxide radicals and n is an integer of 10

from 1 t0 4.}

[2. The vinyl ether terminated urethane resin as set
forth in claim 1 in which said resin possesses a molecu-
lar weight in the range of from about 240 to about
10,000. ]

L3. The vinyl ether terminated urethane resin as set
forth in claim 1 in which R is methylene and R’ is
tolyl. ]

[4. The vinyl ether terminated urethane resin as set
forth in claim 1 in which R is ethylene and R’ is tolyl.]}

[S. The vinyl ether terminated urethane resin as set
forth in claim 1 in which R is ethylene and R’ is diphe-
nyl-methylene.}

[6. The vinyl ether terminated urethane resin as set
forth in claim 1 in which R is n-hexylene and R’ is
dicyclohexylmethylene.}

[7. The vinyl ether terminated urethane resin as set
forth in claam 1 in which R is n-butylene and R’ is
tolyl. ]

8. A process for the preparation of a vinyl ether ter-
minated urethane resin which comprises reacting the
[ product obtained by} mixture resulting from the addi-
tion of acetylene to an organic polyol with an isocya-
nate-containing compound at reaction conditions, and
recovering the resultant vinyl ether terminated ure-
thane resin.

9. The process as set forth in claim 8 in which said
reaction conditions include a temperature in the range
of from about ambient to about 125° C. and about atmo-
spheric pressure.

10. The process as set forth in claim 8 in which said
reaction is effected in the presence of a tin-containing
catalyst.

11. The process as set forth in claim 10 in which said
tin-containing catalyst is dibutyltin dilaurate.

12. The process as set forth in claim 8 in which said
orgamic polyol comprises triethylene glycol and said
isocyanate containing compound comprises 2,4-toluene
diisocyanate or a mixture of 2,4- and 2,6-toluene diiso-
cyanate.

13. The process as set forth in claim 8 in which said
organic polyol comprises triethylene glycol and said
isocyanate compound is diphenylmethane diisocyanate.

14. The process as set forth in claim 8 in which said
organic polyol comprises triethylene glycol and said
iIsocyanate compound is dicyclohexylmethane diisocya-
nate.

15. The process as set forth in claim 8 in which said
organic polyol comprises diethylene glycol and said
1socyanate compound is 2,4-toluene diisocyanate or a
mixture of 2,4- and 2,6-toluene diisocyanate.

16. The process as set forth in claim 8 in which said
organic polyol comprises 1,6-hexanediol and said isocy-
anate compound is dicyclohexylmethane diisocyanate.

[17. A polymeric material that results from curing a
vinyl ether terminated resin having the generic for-
mula: ]
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0
(CHI--CH—o——R-—o-g—NH)”—R*]

[in which R and R’ are independently selected from
the group consisting of alkyl, aryl, alkaryl, aralkyl,
cycloalkyl and alkyl oxide radicals and n is an integer of
from 1 to 4 which has been cured by a curing treatment
at curing conditions. ]

[18. The polymeric material as set forth in claim 17
in which said curing treatment comprises an irradiation
of said resin from an electron beam.}

[19. The polymeric material as set forth in claim 18
in which the energy dosage from said electron beam is
In a range of from about 0.1 to about 10.0 Mrads.]

[ 20. The polymeric material as set forth in claim 18
in which said irradiation is effected in the presence of an
onium salt. }

L 21. The polymeric material as set forth in claim 17
in which said curing treatment comprises exposure to an
ultraviolet light source.}

[22. The polymeric material as set forth in claim 21
in which said exposure to said ultraviolet light source is
effected in the presence of an aryl-onium salit. ]

[ 23. The polymeric material as set forth in claim 17
in which said curing is effected by thermal treatment at
an elevated temperature in the presence of an or acid
organic an onium salt.}

[24. The polymeric material as set forth in claim 17
in which R is methylene and R’ is tolyl.}

L25. The polymeric material as set forth in claim 17
in which R is ethylene and R’ is tolyl.}

[26. The polymeric material as set forth in claim 17
in which R is ethylene and R’ is diphenyl methyl.}

[27. The polymeric material as set forth in claim 17
in which R 1s n-hexylene and R’ is dicyclohexyl-
methyl.]

[ 28. The polymeric material as set forth in claim 17
in which R is n-butylene and R’ is tolyl. ]}

[29. A method for obtaining a tack-free coating
which comprises subjecting a vinyl ether terminated
urethane resin having the generic formula:]

[ i
(CH;=CH=Q==R=0=C=NH),—R’]

[in which R and R’ are independently selected from
the group consisting of alkyl, aryl, alkaryl, aralkyl,
cycloalkyl and alkyl oxide radicals and n is an integer of
from 1 to 4 to a curing treatment at curing conditions,
and recovering the resultant tack-free coating.}

[30. The method as set forth in claim 29 in which
said curing treatment comprises irradiation of said resin
from an electron beam in which the energy dosage from
said electron beam is in a range of from about 0.1 to
about 10.0 Mrads in the presence of an onium salt.}

[31. The method as set forth in claim 29 in which
said curing treatment comprises exposure to an ultravio-
let light source in the presence of an aryl-onium sait.’}

[32. The method as set forth in claim 29 in which
said curing treatment is effected by a thermal treatment
at an elevated temperature in the presence of an organic
acid or an onium salt.]

[33. The vinyl ether terminated resin of claim 1 in
which R is 1,4-cyclohexane dimethanol.}

[34. The process of claim 8 in which said organic
polyol comprises 1,4-cyclohexane dimethanol.])
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[35. The polymeric material of claim 17 in which R

is 1,4-cyclohexane dimethanol.]

30. A polymer resulting from the reaction of

(@) a hydroxy mono vinyl ether;

(b) a diisocyanate;

(¢) an organic polyol in the presence of a solvent under

suitable reaction conditions.

37. The polymer of claim 36 where the solvent is a divi-
nyl ether.

38. The polymer of claim 36 wherein said hydroxy mono
vinyl ether of (a) is the product of the reaction of acetylene
with at least one polyol selected from the group consisting
of 1,2-ethanediol, 1,3-propanediol, 1,4-butarnediol, 1,5-
pentanediol, 1,6-hexanediol, diethylene glycol, triethylene
glycol, dipropylene glycol, tripropylene glycol, trimethylol
propane, pentaerythritol, I,4-cyclohexane dimethanol,
tris(2-hydroxyethyl) trimethylol propane, 1,4-bis(2-hydrox-
yethyl) phenylether, 1,2-bis(2-hydroxyethyl) phenyl ether,

5

10

15

1,3-bis(2-hydroxyethyl) phenylether, and bis(2-hydrox- 20

yethyl) bisphenoi-A.

39. The polymer of claim 36 wherein said diisocyanate of
(b) is at least one member of the group consisting of 2,4-tol-
uene diisocyanate, mixtures of 2,4 and 2,6-toluene diisocy-
anate, diphenylmethane diisocyanate, I,2-diphenylethane
diisocyanate, 1,3-diphenyl propane diisocyanate, and dicy-
clohexylimethane diisocyanate.

40. The polymer of claim 36 wherein the polyol of (c) is
the same as the polyol reacted with acetylene to prepare the
hydroxy mono vinyl ether of (a).

41. The polymer of claim 36 wherein said polyol of (c) is
selected from the group consisting of 1,2-ethanediol, 1,3-
propanediol, 1,4-butanediol 1,5-pentanediol, 1,6-hex-
anediol, diethylene glycol, triethylene glycol, dipropylene
glycol, tripropylene glycol, trimethylol propane, pentaeryth-
ritol, 1,4-cyclohexane dimethanol tris(2-hydroxyethyl)
trimethylol propane, 1,4-bis(2-hydroxyethyl) phenylether,
1,2-bis(2-hydroxyethyl) pheny!l ether, 1,3-bis(2-hydrox-
yethyl) phenylether, and bis(2-hydroxyethyl) bisphenol-A.

42. The polymer of claim 37 wherein the hydroxy mono-
vinpl ether, polyol, and divinyl ether are the products of the
reaction of acetylene with an excess of said polyol.

12

44. The polymeric material of claim 43 cured by irradia-
tion with an electron beam.

45. The polymeric material of claim 44 wherein the
energy dosage of said electron beam is in the range of from
about 0.1 to abour 10.0M rads.

46. The polymeric material of claim 44 cured in the

presence of an effective onium sall.

47. The polymeric material of claim 43 cured by expo-
sure to an ultraviolet light source.

48. The polymeric material claim 47 cured in the pres-
ence of an effective aryl-onium salt.

49. The polymeric material of claim 43 cured by thermal
treatment at an elevated temperature in the presence of an
effective organic acid or an onium salt.

50. The polymeric material of claim 36 where said polyol
is triethylene glycol and said diisocyanate is 2,4 toluene
diisocyanate.

31. The polymeric material of claim 36 where said polyol
is triethylene glycol and diisocyanate is a 2,4 toluene diiso-
cyanate ester prepolymer.

32. The polymeric material of claim 36 where said polyol
Is triethylene glycol and said diisocyanate is diphenyl-
methyl diisocyanate.

23. A method of obtaining tack-free coating which com-

25 prises subjecting the polymer of claim 36 curing conditions

and recovering the resultant tack-free coating.

54. The method of claim 53 wherein said curing condi-
tions comprise irradiation of said polymer with an electron
beam in which the energy dosage is in the range of from

30 about 0.1 to about 10M rads in the presence of an effective

335

43. The polymeric material that results from curing the 45

polymer of claim 36.

50
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onium salt.

2J3. The method of claim 53 wherein said curing condi-
tions comprise exposure to an ultraviolet light source in the
presence of an effective aryl-onium sait.

J0. The method of claim 53 wherein said curing condi-
tions comprise thermal treatment at an elevated tempera-
ture in the presence of an effective organic acid or an
onium salt.

37. The polymer of claim 36 wherein the mol ratio of
hydroxy and isocyanate moieties- is within the range of
about 0.8:1 to about 1.2:1.

58. The polymer of claim 36 wherein the mol ratio of
hydroxy moieties from the hydroxy mono viny! ether of (a)
to the hydroxy moieties from the polyol of (¢) is within the
range of about 2:3 to about 1.1.
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