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ALIPHATIC POLYUREA PREPOLYMERS, 
COMPOSITIONS AND METHODS 

BACKGROUND OF THE INVENTION 

[0001] Urethane prepolymers prepared by the reaction of 
a polyisocyanate and a polyol or amine to produce a pre 
polymer or oligomer With free isocyanate groups (NCO) are 
often prepared and used as prepolymer-oligomer additives to 
polyurethane compositions, such as foamable polyurethane 
compositions (see, for example, US. Pat. No. 6,114,402, 
issued Sep. 5, 2000). 
[0002] Government regulations regarding the use and 
preparation of polymers and prepolymers dictate the type of 
products that can be used in the preparation of the polymers 
and prepolymers. Typically, aliphatic polyisocyanates, like 
hexamethylene diisocyanate (HDI), Isophorone diisocyan 
ate (IPDI), and mixtures thereof, contain HDI or IPDI 
monomer components Which, in use, are dangerous When 
sprayed or poured, since they create vapors that are 
unhealthy to Workers. 

[0003] It is desirable to provide prepolymer polymer com 
positions containing the prepolymer and methods of prepa 
ration and use Which reduce the haZards associated With 
monomer vapors and to produce easily prepared, stable, 
aliphatic polyurea prepolymers. 

SUMMARY OF THE INVENTION 

[0004] The invention relates to aliphatic isocyanate pre 
polymers and the preparation and use of such prepolymers. 

[0005] It has been discovered that stable aliphatic polyurea 
prepolymers can be prepared Without the employment of a 
catalyst to promote the reaction or the use of heating cycles. 
The prepolymers of the invention are prepared in a rapid, 
exothermic reaction essentially or substantially free of the 
need or requirement of catalyst, like an organo metallic or 
other typical polymeriZation catalyst. The aliphatic polyurea 
prepolymers are characteriZed by a plurality of uretidione 
groups, e.g., 

OH OH 

III III 

[0006] The prepolymers have loW molecular Weight, usu 
ally 4000 to 5000 or less, and are characteriZed by good 
chemical and Weather resistance, particularly Where the 
primary amine comprises the reaction of an alkoxy C2-C3 
diamine With a caprolactone monomer or dimer polyisocy 
anate. 

[0007] The invention comprises a method for the prepa 
ration of an aliphatic polyurea prepolymer prepared by a 
rapid, exothermic mixing reaction in the absence of a 
promoter catalyst of: a primary aliphatic polyamine; a 
caprolactone monomer, the polyamine reacting With the 
caprolactone monomer to provide an open chain, linear 
aliphatic reaction molecule With a functional, terminal 
amine group at one end of the molecule and a functional 
hydroxy group at the other end of the molecule reacting in 
the mixture, the linear molecule With an aliphatic polyiso 
cyanate With less than about one percent of the monomer, the 
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polyisocyanate reacting With each of the end groups to 
provide an aliphatic polyurea prepolymer. 

[0008] Preferably, the reaction is carried out at an ambient 
temperature, e.g., 20 to 30° C., in a common reaction vessel 
or reactor employing vigorous agitation, With the addition of 
the primary amine to the caprolactone monomer, folloWed 
by the addition of the polyisocyanate, With less than about 
1% by Weight of free polyisocyanate monomer, typically, 
less than 0.5 to 0.2%. The monomer may be removed by a 
vapor extraction process or other means to remove or reduce 

the free monomer content. The reaction is exothermic, and 
no heat or catalyst is required, With the reaction completed 
in, generally, 10 to 20 minutes or less. 

[0009] The necessary amount of reactant to produce a 
prepolymer With desired functional groups may vary. For 
example, the reactants may be employed in more or less 
stoichiometric amounts. Where the prepolymer is to be used 
as a reactive additive prepolymer in other polymeric reac 
tions or compositions, such as an additive, e.g., 1 to 20 
percent by Weight With foamable polyurethane compositions 
or other polymer composition, then the amount of polyiso 
cyanate is arranged to provide free isocyanate groups in the 
polyurea prepolymer, for example, about 2 to 35%, like 12 
to 22% free isocyanate groups. 

[0010] The polyisocyanates employed should be aliphatic 
polyisocyanates, preferably With reduced monomer content, 
e.g., less than 10%, like a dimer, such as HDI(OCN—[CH2] 
6NCO), With substantially loW monomer content. The ali 
phatic polyisocyanate may be a polymethylene or substi 
tuted methylene polyisocyanate, like HDI or IPDI, 
particularly in the dimer, trimer, or mixture form, for 
example, the HDI dimer: 

C 

[0011] or the trimer: 

[CH2]6 NCO 

O N O 

OCN—[-CH2]5—N\"/N—[-CH2]6 NCO 
O 

[0012] The aliphatic primary amine (R—NH2) is the base 
employed to open the heterocyclic lactone ring. It is pre 
ferred to employ aliphatic primary diamine, and more par 
ticularly, loW molecular Weight, e.g., 2000 to 4000, poly 
ether polyamines, such as polyalkoxy C2-C3 diamines 
triamines, like polyethoxy or polypropoxy diamines or 
trimamines, knoWn in the trade as D-2000 Jeffamine (poly 
ether diamine) and D-3000 Jeffamine (polyether triamine). 

[0013] In the invention, the capa ring molecule used 
comprises heterocyclic inner esters of carboxyl acid, such as 
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the capa polyhydroxyl lactams and lactones, Which is 
reacted or treated With a base, e.g., a primary aliphatic 
polyether amine, to open the heterocyclic ring and amine to 
provide a functional amine group at one end and a functional 
hydroxy group at the other end of the open chain inner ester. 
Such inner hydroxy capro esters may be represented by the 
general structural formula of lactams and lactone: 

X O 

[0014] Wherein X is a nitrogen to form a lactam or X is an 
oxygen to form a lactone and n is a number from 0 to 4, 
typically 2 to 3. The caprolactone and the diols and triols 
knoWn in the trade under the trademark TONE® (TONE® 
is a registered trademark of Union Carbide Chemicals and 
Plastics Technology Corporation of Danbury, Conn.) are the 
preferred heterocyclic ring compounds used in the reaction. 

[0015] The aliphatic polyurea prepolymer may contain 
various additives and components as required by a particular 
usage, such as, but not limited to: surfactants; ?ame retar 
dants; bloWing agents; solvents; diluents; biocides; plasti 
ciZers; antistatic agents; antioxidants; catalysts; stabiliZers; 
plasticiZers; viscosity control agents; ?llers; pigments; dyes; 
and polymer and resin additives; alone or in various com 
binations. The prepolymer may also contain reinforcing 
agents, like particulate material, such as silica and carbon 
particles; and ?bers, like carbon and glass ?bers. The 
aliphatic polyisocyanate may be used With free isocyanate 
groups alone or as a prepolymer or an oligomer With free 
NCO groups. 

[0016] The invention Will be described for the purpose of 
illustration only in connection With certain illustrative rep 
resentative examples; hoWever, it is recogniZed that those 
persons skilled in the art may make various changes, 
improvements, and additions to the Examples, all falling 
Within the spirit and scope of the invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

EXAMPLE 1 

[0017] HDI is reacted With a caprolactone diol (hydroxy 
number 200) to produce a 15% NCO prepolymer. 

[0018] HDI is added to the reactor, and the appropriate 
amount of caprolactone diol (hydroxy number 200) and tin 
catalyst, dibutyl tin dilauralate, is added. The mixture is 
agitated, and the temperature is brought to 80° C. for 4 
hours. The residual HDI monomer is greater than 10% PBW 
(parts by Weight). 
[0019] Example 1 is illustrative of a prior art reaction With 
a high monomer HDI and no primary amine. 

EXAMPLE 2 

[0020] N-3400, manufactured by Bayer, is a monomer 
extracted dimer. D-2000 J effamine, manufactured by Hunts 
man, is a polyether diamine. The procedure is as folloWs: 

[0021] 500 pounds of N-3400 is added to a 100 gallon 
mixing container equipped With a high speed shear mixer. 
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100 pounds of D-2000 Jeffamine is added very sloWly to the 
vortex of the mixer at 1000 rpm. Immediately, the exotherm 
gets to 180° F. from 80° F. Mixing is continued for 15 
minutes. Samples are taken and the percentage of NCO is 
determined to be 15%. Free HDI monomer is less than 0.2%. 

EXAMPLE 3 

[0022] Example 2 is repeated except HA-300, manufac 
tured by Lyndel Chemical, is substituted for N-3400. 
HA-300 is a trimer With monomer extraction. A 15% NCO 

is produced With less than 0.2% HDI monomer. 

EXAMPLE 4 

[0023] Capralactone monomer and D-2000 Jeffamine are 
mixed at a ratio of 3 to 1 (D-2000 Jeffamine/capa). This 
mixture is sloWly added to HA-300, as in Example 2. The 
180° F. exotherm is generated, and a 15% NCO prepolymer 
is produced With a caprolactone backbone on the isocyanate 
and a diamine on the other leg. 

What is claimed is: 

1. Amethod for the preparation of an aliphatic 2 polyurea 
prepolymer prepared by a rapid, exothermic mixing reaction 
in the absence of a promoter catalyst of: 

a) a primary aliphatic polyether polyamine; 

b) a caprolactone monomer, the polyamine reacting With 
the caprolactone monomer to provide an open chain, 
linear aliphatic reaction molecule With a functional, 
terminal amine group at one end of the molecule and a 
functional hydroxy group at the other end of the 
molecule; and 

c) an aliphatic polyisocyanate With less than about one 
percent of the monomer, the polyisocyanate reacting 
With the end groups to provide an aliphatic polyurea 
prepolymer. 

2. The method of claim 1 Wherein the caprolactone polyol 
comprises a caprolactone diol, triol, or mixture thereof. 

3. The method of claim 1 Wherein the polyamine com 
prises a C2-C3 polyalkoxy diamine or triamine. 

4. The method of claim 1 Wherein the amine comprises a 
polyethoxy or polypropoxy diamine or triamine. 

5. The method of claim 1 Wherein the aliphatic polyiso 
cyanate comprises a hexamethylene dimer, trimer, or mix 
ture thereof. 

6. The method of claim 1 Wherein the prepolymer has a 
molecular Weight of less than about 5000 and has free 
isocyanate groups. 

7. The method of claim 6 Wherein the prepolymer has 
from about 2 to 18 free isocyanate groups. 

8. The polyurea prepolymer produced by the method of 
claim 1. 

9. A polyurethane composition to Which has been added 
from 1 to 20 percent by Weight of the prepolymer of claim 
8. 
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10. A method for the preparation of an aliphatic polyurea 
prepolymer, wherein the prepolymer has a molecular Weight 
of less than about 5000 and has free isocyanate groups, and 
is prepared by a rapid, exothermic mixing reaction in the 
absence of a promoter catalyst of: 

a) a primary aliphatic polyether polyamine, Wherein the 
polyamine comprises a C2-C3 polyalkoxy amine; 

b) a hydroxy caprolactone polyol, the primary polyamine 
reacting With the caprolactone polyol to provide an 
open chain, linear aliphatic reaction molecule With a 
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functional, terminal amine group at one end of the 
molecule and a functional hydroxy group at the other 
end of the molecule; and 

c) an aliphatic polyisocyanate, Wherein the aliphatic poly 
isocyanate comprises a hexamethylene diamine diiso 
cyanate, a triamine diisocyanate, or mixture thereof, 
and Wherein the aliphatic polyisocyanate has less than 
about one percent of the monomer, and the polyisocy 
anate reacts With the end groups to provide an aliphatic 
polyurea prepolymer. 

11. The polyurea prepolymer produced by the method of 
claim 10. 


