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Description

[0001] The presentinvention relates to a uretedione derivative, more particularly to a uretedione derivative for ague-
ous-based polyurethane.

[0002] Polyurethanes are a type of polymers that can have widely differing properties. Such versatility and multitude
properties permit some of the polyurethanes to exhibit an elasticity and a flexibility similar to those of rubbers, and
others to exhibit a mechanical strength and a hardness similar to those of plastics. As such, polyurethanes are wildly
used in the manufacture of products, such as shoesoles, synthetic leathers, adhesives, sealants, printing inks, foams,
films, coatings, and fiber modifiers.

[0003] Applications of solvent-based polyurethanes and technologies for the process of producing the same are well
developed. However, due to problems with respect to the environment, economy, sanitation, and safety, the solvent-
based polyurethane tends to be gradually replaced by aqueous-based polyurethane which is an environmental friendly
product that dispenses with the use of the solvent.

[0004] While there has been a great demand for agueous-based polyurethane, the physical and mechanical prop-
erties of the same are still insufficient in comparison with those of the solvent-based polyurethane. Difficulties have
been encountered for current technologies for producing agueous-based polyurethane in enhancing the molecular
weight and the cross-linking density of the polyurethane. Such properties are often improved by post-curing reaction
which unfortunately results in limiting the applications of the aqueous-based polyurethane.

[0005] There are severaltypes of self-emulsifiable aqueous-based polyurethane available inthe market. These ague-
ous-based polyurethanes can be classified into non-ionic, cationic, and anionic aqueous-based polyurethanes depend-
ing on the nature of the hydrophilic group of the polyurethane. For instance, when dissolved in water, the carboxy
groups of the anionic agqueous-based polyurethane provide surface charges to the surrounding of the polyurethane
molecules (particles), thereby causing repulsion between the polyurethane molecules (particles) and resulting in uni-
form distribution of the polyurethane molecules in the water phase. Such behavior permits the agueous-based poly-
urethane to form into a polyurethane emulsion upon mixing with water, and is similar to a surfactant which acts as an
emulsifier and which is formed into a plurality of micro-cells in a water phase. Because of the hydrophilic property of
the carboxy group, the polyurethane becomes self-emulsifiable or water-reducible in the water phase. Such agueous-
based polyurethanes have a common disadvantage similar to that of a polymeric surfactant in that, after drying into a
film, such film exhibits a high water absorptivity.

[0006] As described in the publications, the improvements on agueous-based polyurethane are normallyperformed-
bypost-curingreactiontoenhance the molecular weight and the cross-linking density of the polyurethane so as to broad-
en the applications of the same. Conventionally, such post-curing reaction is carried out by mixing "two components”
together, I.e., adding a liquid containing the post-curing agent into another liquid containing the agqueous-based poly-
urethane before the application. However, such mixing of "two components” may result in instability to the quality of
the polyurethane products due to the variations of the ratio of the "two components” and the degree of the uniformity
of the agitation. The occurrence of such instability is particularly severe in a batch process, and can significantly restrict
the applications of the agueous-based polyurethane.

[0007] Inthe case of the process for producing anionic (carboxy group) polyurethane emulsion, the addition of water
iInto an isocyanate-terminated urethane prepolymer is an essential step to form the polyurethane emulsion. The for-
mation of the anionic carboxy group polyurethane emulsion is better described from the following scheme:
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[0008] As described in the above reaction scheme, isocyanate-terminated urethane prepolymer is prepared by re-
acting isophorone diisocyanate with polypropylene glycol in the presence of dimethylpropionic acid. The terminal iso-
cyanate groups of the thus formed urethane prepolymer are hydrolyzed to amino groups by water. The amino groups
of the urethane prepolymer may result in a self-chain extending reaction by reacting with the isocyanate groups of the
urethane prepolymer to form urea bonding, or may be present in the water phase without further reaction. While the
presence of the amino groups and the carboxy groups of the aqueous-based polyurethane can stabilize the poly-
urethane emulsion, they also result in high water absorptivity which significantly affects the subsequent processing of
the polyurethane emulsion, such as dyeing.

[0009] Therefore, it is an object of the present invention to provide a curing agent containing a uretedione derivative
which is capable of overcoming the problems described above.

[0010] Accordingto one aspect of the presentinvention, there is provided a uretedione derivative having the following
formula ( 1)

=0

H C »
NN | N l
N—C—N~R— N—R—N—(-—
@,
[

(1)

wherein R represents a unsubstituted or substituted C4-C,4 hydrocarbyl group.

[0011] Accordingto another aspect of the present invention, there is provided a curable resin composition comprising
the uretedione derivative of formula ( | ) and a resin which is reactive toward the uretedione derivative.

[0012] According to yet another aspect of the present invention, there is provided a process for producing the ure-
tedione derivative of formula ( | ), comprising the step of reacting a uretedione with an aziridine to form the uretedione
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derivative.

[0013] The above described instability and high water absorptivity for the agueous-based polyurethane can be elim-
inated by introducing a curing agent discovered in the present invention into an isocyanate-terminated urethane pre-

polymer.

[0014] The curing agent of this invention contains a uretedione derivative which is prepared by addition reaction of
a uretedione with an aziridine to form a compound containing uretedione and aziridine functional groups and having

the following formula:

~_ 1
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N—C—N—R~—
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O

N—R—

_g__N<

(1)

wherein R represents a unsubstituted or substituted C4-C,4 hydrocarbyl group. The above reaction and the reaction
for preparing the uretedione can be illustrated in the following scheme:
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[0015] Uretediones canbe preparedinthe presence of a specific catalyst, such as triethylphosphines, through dimer-
ization of aliphatic diisocyanates, such as isophorone diisocyanate (IPDI), hexamethylene diisocyanate(H

drogenated methylene diphenyl 4,4'-diisocyanate (-

[0016] With the above described curing agent of tr

1oM

DIy .

D), and hy-

is invention, the isocyanate-terminated urethane prepolymer can
be transformed into a self-curable urethane prepolymer which will form into a "single component” self-curable poly-
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urethane emulsion when mixed with water. The term "single component” used herein is simply to distinguish from the
above described "two components”, and that it can be understood that the polyurethane emulsion according to this
invention is self-curable, thereby dispensing from the use of an additional liguid containing post-curing agent. The role
of the curing agent of this invention can be better understood by the following description.

[0017] Before forming into a polyurethane emulsion, the isocyanate-terminated urethane prepolymer is simply mixed
with the uretedione derivative of formula (I) without reacting with the latter. When further mixed with water to form the
polyurethane emulsion, the terminal isocyanate groups of the isocyanate-terminated urethane prepolymer are first
hydrolyzed into amino groups which then immediately undergo an addition reaction with the uretedione groups of the
uretedione derivative contained in the above described mixture to form urea bonding, thereby resulting in a cross-
linking reaction. Such cross-linking reaction is carried out through the ring-opening of the uretedione, and is illustrated
by the following scheme:

o %
& H/é\
PP N/ \N A~ MINSARY —— SN {jW R
\C/ - o=¢
é:l) N A7

[0018] Afterthe ring opening of the uretedione, the uretedione derivative originally contained in the mixture becomes
part of the cross-liked polyurethane in the polyurethane emulsion, thereby introducing the aziridine groups therein. The
polyurethane emulsion according to this invention normally has a pH value greater than 8. At such condition, the
introduced aziridine groups are retained in a stable condition in the polyurethane emulsion. When the polyurethane
emulsion is subjected to a drying operation, the pH value of the emulsion will decrease. When the pH value decreases
to less than 6, the carboxy group of the cross-linked polyurethane will start reacting with the introduced aziridine groups,
thereby resulting in another cross-linking reaction through the ring-opening of the aziridine. Such cross-linking reaction
can be illustrated by the following scheme:
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[0019] The invention will now be specifically described by the following examples which are not meant to limit the
scope of this invention.

—xample 1

[0020] A round-bottom flask was charged with 20g of isophorone diisocyante (IPDI) and 0.5% by weight of triethyl
phosphine, based on the total weight of the above two compounds. Dimerization of the isophorone diisocyante for
forming the uretedione was carried out in a water bath at a temperature ranging from 85 to 90°C. The reaction was
terminated when the isocyanate number reached a stoichiometric number which was half of the initial isocyanate
number. Five grams of aziridine was added dropwise into the flask to react with the above formed uretedione to form
the curing agent of this invention. The reaction was carried out at a temperature of 50°C for about 2 hours. The reaction
was completed when the isocyanate number dropped to about zero (i.e., the absorption peak based onthe NCO group
was not observed at 2261cm™1 in the infrared spectrum measurement). The thus formed curing agent exhibits two new
absorption peaks which are observed at 1540 and 1668cm-1in the infrared spectrum measurement and which represent
the uretedione and the aziridine functional groups of the curing agent, respectively.

=xample 2

[0021] Isophorone diisocyanate (IPDI), polypropylene glycol (PPG-1000), and dimethylolpropanic acid (DMPA) were
used as the starting material for the preparation of the isocyanate-terminated urethane prepolymer. The ratio of IPDI;
PPG-1000:DMPA was 4:2:1. Reaction was carried out at a temperature ranging from 95 to 100°C for about 4 hours.
The reaction was completed when the isocyanate number reached 3.5%, based on the initial number of the isocyanate
number contained in the reactants. The thus formed NCO-terminated urethane prepolymer was then cooled to room
temperature. 100g of the above prepolymer was mixed with 3.7g of the curing agent obtained from Example 1. The
above formed mixture was neutralized with triethyl amine, and was diluted with acetone to obtain a workable viscosity
(e.g. 1000 cps). The diluted mixture was then added with water to form the aqueous-based polyurethane emulsion.
The polyurethane emulsion was subjected to drying to form a polyurethane film. The measured tensile strengths of
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the above formed polyurethane film were 2.2 kg/cm?2 with an elongation of 100%, 3.8 kg/cm? with an elongation of
200%, and 7.9kg/cm= with an elongation of 500%. With the same corresponding elongations described above, the
measured tensile strengths of an agqueous-based polyurethane film which had not been cross-linked were 0.5, 1.0,
and 1.9kg/cm?, respectively. The polyurethane film formed in this example also exhibits a gel content of 94.7% and an
ethanol-swollen of 377.5%. The aqueous-based polyurethane film which had notbeen cross-linked is soluble in solvent,
such as tetrahydrofuran(THF) and ethanol.

—xample 3

[0022] A curing agent of this invention was prepared according to the same procedure as that of Example 1 except
that the IPDI was replaced by H{,MDI. A polyurethane film containing the above formed curing agent was formed by
performing the same procedure as that of Example 2. The measured tensile strengths of the thus formed polyurethane
film were 4.3 kg/cm? with an elongation of 100% and 7.0 kg/ecm? with an elongation of 200%. The polyurethane film
formed in this example also exhibits a gel content of 97.5% and an ethanol-swollen of 220%.

Claims

1. A uretedione derivative having the following formula ( | )

H

O - |
C
DN—?-—E—-R-—N<9>N—R—-I’I\I-@-—I\<
0

O

(1)

wherein R represents a unsubstituted or substituted C4-C54 hydrocarbyl group.

2. he uretedione derivative of Claim 1,
characterized in that said uretedione derivative is prepared by reacting a uretedione with an aziridine.

3. The uretedione derivative of Claim 2, further characterized in that said uretedione is prepared by dimerizing a
diisocynate.

4. The uretedione derivative of Claim 3, further characterized in that said diisocynate is selected from the group
consisting of isophorone diisocyanate, hexamethylene diisocyanate, and hydrogenated methylene diphenyl 4,4'-
diisocyanate.

5. A curable resin composition, comprising a uretedione derivative of formula ( | ) of Claim 1 and a resin which is
reactive toward said uretedione derivative.

6. The curable resin composition of Claim 5,
characterized in that said resin comprises amino and carboxy groups.

7. The curable resin composition of Claim 5,
characterized in that said uretedione derivative is prepared by reacting a uretedione with an aziridine.

8. The curable resin composition of Claim 7, further characterized in that said resin is an isocyanate-terminated
urethane prepolymer having terminal isocyanate groups.

9. The curable resin composition of Claim 8, further comprising water which reacts with said isocyanate groups of
said resin to form amino groups.
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The curable resin composition of Claim 9, characterized in that said uretedione group of said uretedione derivative
reacts with said amino groups of said resin at a pH value > 8 to form urea bonding.

The curable resin composition of Claim 10, further characterized in that said urethane prepolymer comprises a
carboxy group which reacts with said aziridine group of said uretedione derivative at a pH value < 6.

A process for producing a uretedione derivative of formula ( | ) of Claim 1, comprising the step of reacting a ure-
tedione with an aziridine to form said uretedione derivative.

The method of Claim 12, characterized in that said uretedione is prepared by dimerizing a diisocynate.

The method of Claim 13, further characterized in that said diisocynate is selected from the group consisting of
iIsophorone diisocyanate, hexamethylene diisocyanate, and hydrogenated methylene diphenyl 4,4'-diisocyanate.
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