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HIGH VISCOSITY, SOLVENT RESISTANT, 
THERMOSET POLYETHERPOLYURETHANE 
AND A PROCESS FOR MAKING THE SAME 

TECHNICAL FIELD 

This invention relates generally to an improved polyether 
polyurethanes and more particularly to a high viscosity, 
solvent resistant, thermoset polyetherpolyurethane. 

BACKGROUND ART 

Currently, polyether and polyester based polyurethanes 
are utiliZed for a Wide variety of molded articles. An 
illustrative but nonlimiting eXample of this type of molded 
article Would include an end cap for a ?lter. Both the 
polyether material and polyester material have a tendency to 
degrade in oil or fuel solutions. Polyetherpolyurethane mate 
rial Was developed for improved chemical resistance in oil 
and fuel environments and is remarkably durable in these 
applications. HoWever, the polyetherpolyurethane material 
has a very loW viscosity that creates tremendous processing 
problems. In production, speed is of the essence. Therefore, 
the mold must be moved at a very rapid rate of speed. It is 
this movement that causes loW viscosity polyetherpolyure 
thane to slosh Within the mold so that the molded article Will 
not have a smooth and consistent ?nish. This sloshing Will 
create variance not only in the thickness of the molded 
article but also in the appearance of the molded article. In 
addition, thinly cured pieces of polyurethane (?ash), can 
also be created due to the sloshing of the loW viscosity ?uid. 
This ?ash can break-off from the end cap, Which can inhibit 
the ?oW of oil or fuel through the ?lter or through the engine. 

The present invention is directed to overcoming one or 
more of the problems set forth above. 

DISCLOSURE OF THE INVENTION 

In one aspect of the present invention, a high viscosity, 
solvent-resistant, thermoset polyetherpolyurethane, is dis 
closed. The polyetherpolyurethane is a methylene-bridged 
polyarylpolyisocyanate component and a polyether polyol 
solution combined in a catalytic urethane-forming reaction 
Where the polyether polyol solution of the urethane-forming 
reaction includes a diol ?rst component from about 2% to 
about 20% by Weight of the polyether polyol solution having 
a molecular Weight from about 75 to about 200; a polyether 
polyol second component from about 0% to about 75 by 
Weight of the polyether polyol solution having no oXyeth 
ylene groups, a functionality greater than 2 and a hydroXyl 
number from about 30 to about 60; a polyether polyol third 
component from about 0% to about 75% by Weight of the 
polyether polyol solution having no oXyethylene groups, a 
functionality greater than 2 and a hydroXyl number from 
about 170 to about 110; and a polymer polyol fourth 
component, from about 80% to about 10% by Weight of the 
polyether polyol solution having a hydroXyl number from 
about 20 to about 100 and having a nonaqueous dispersant 
stabiliZer. 

In another aspect of the present invention, a process for 
molding a high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane is disclosed. The process includes the 
steps of miXing a diol ?rst component from about 2% to 
about 20% by Weight of a polyether polyol solution having 
a molecular Weight from about 75 to about 200 With a 
polyether polyol second component from about 0% to about 
75% by Weight of the polyether polyol solution having no 
oXyethylene groups, a functionality greater than 2 and a 
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2 
hydroXyl number from about 30 to about 60 With a polyether 
polyol third component from about 0% to about 75% by 
Weight of the polyether polyol solution having no oXyeth 
ylene groups, a functionality greater than 2 and a hydroXyl 
number from about 170 to about 110 With a polymer polyol 
fourth component, from about 80% to about 10 by Weight of 
the polyether polyol solution having a hydroXyl number 
from about 20 to about 100 forming a polyether polyol 
solution and having a nonaqueous dispersant stabiliZer, 
miXing a methylene-bridged polyarylpolyisocyanate com 
ponent and the polyether polyol solution With a catalyst 
forming a polyetherpolyurethane and discharging the poly 
etherpolyurethane into a heated mold. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

In accordance With this invention, an improved molded 
article, for eXample, oil ?lter end cap, is prepared from a 
thermoset polyetherpolyurethane elastomer Which involves 
the catalyZed reaction of a methylene-bridged polyarylpoly 
isocyanate component With a particular polyether polyol 
solution. This polyether polyol solution results in an 
improved high viscosity, solvent resistant, polyetherpoly 
urethane of this invention. 

This polyether polyol solution includes a diol ?rst com 
ponent from about 2% to about 20% by Weight of the 
polyether polyol solution having a molecular Weight from 
about 75 to about 200; a polyether polyol second component 
from about 0% to about 75% by Weight of the polyether 
polyol solution having no oXyethylene groups, a function 
ality greater than 2 and a hydroXyl number from about 30 to 
about 60; a polyether polyol third component from about 0% 
to about 75% by Weight of the polyether polyol solution 
having no oXyethylene groups, a functionality greater than 2 
and a hydroXyl number from about 170 to about 110; and a 
polymer polyol fourth component, from about 80% to about 
10% by Weight of the polyether polyol solution having a 
hydroXyl number from about 20 to about 100 and having a 
nonaqueous dispersant stabiliZer. 

This polymer polyol fourth component is formed from 
tWo polymers that are in solution at the same time. The ?rst 
polymer is a high molecular Weight (typically loW viscosity) 
polyether polyol. The second polymer is a styrene 
acrylonitrile polymer. This styrene-acrylonitrile polymeriZa 
tion takes place in a solution of the polyether polyol. The 
styrene-acrylonitrile polymer Will stay both suspended in 
solution as Well as dispersed in the solution. This polyether 
polyol has a nonaqueous dispersant stabiliZer and contains 
deliberately added unsaturation, Which is able to copoly 
merise With or graft onto the groWing polymer chains 
thereby forming a steric hindrance Which prevents the 
agglomeration of polymer particles. 
The polyether polyol second component and the polyether 

polyol third component have viscosities in the range of 
about 100 to about 5,000 centipoise at ambient temperature, 
and preferably have viscosities in the range of 100 to 1,000 
centipoises. The polymer polyol fourth component has a 
viscosity in the range of about 2000 to about 12,000 centi 
poise and preferably has a viscosity in the range of about 
5,000 to about 7,000 centipoise at ambient temperature. 
The polyether polyols useful in the practice of this inven 

tion are prepared by reacting an alkylene oXide having three 
or more carbon atoms, preferably propylene oxide, With a 
polyhydric initiator. The polyether polyol takes on the 
functionality of the initiator, originally reacted With the 
alkylene oXide, preferably propylene oxide. The reaction, 
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Well-known to those skilled in the art, continues until the 
desired molecular Weight, as demonstrated by the hydroxyl 
number, is obtained. Suitable initiators, catalyst, and reac 
tion are Well-known and need not be speci?cally described 
herein. 

During the preparation of the polymer polyol fourth 
component, a polymer is produced in the liquid base polyol 
by polymeriZation of the monomer or monomers. The mono 
mers are suitably vinyl monomers, for example, styrene, 
acrylonitrile, methacrylonitrile and methyl methacrylate. 
Preferably, a mixture of styrene and acrylonitrile is used to 
produce a copolymer. The polymer polyether polyol solution 
is suitably one having more than 10 percent (10%) and less 
than 80 percent (80%) by Weight polymer polyol fourth 
component present and is preferably one having betWeen 
30% and 70% by Weight polymer polyol fourth component 
and more preferably about 40% by Weight polymer polyol 
fourth component. With regard to the relative amount of 
styrene and acrylonitrile in the copolymer, it is desirable for 
reasons of cost to be able to maximiZe the level of styrene 
present. Therefore, the copolymer should preferably contain 
betWeen 50% and 100% styrene on a molar basis and more 
preferably about 70%. Therefore, the relative amount of 
acrylonitrile in the copolymer should preferably contain 
betWeen 0% and 50% acrylonitrile on a molar basis and 
more preferably about 30% acrylonitrile With the preferred 
ratio of styrene to acrylonitrile being 70:30. 

The polymeriZation reaction, for example, betWeen acry 
lonitrile and styrene, is limited by means of a free radical 
initiator. The free radical initiator can be any of those Which 
are routinely used in vinyl polymeriZation processes includ 
ing peroxides, perborates, persulphates, percarbonates, and 
am compounds. Typical examples of such free radical 
initiators include alkyl and aryl hydroperoxides, dialkyl and 
diaryl peroxides, dialkyl peroxydicarbonates and aZobis 
(nitriles). Preferred free radical initiators are aZobis 
(isobutyronitrile) and bis(4-terbutylcyclohexyl) peroxydi 
carbonate (PERKADOXO® manufactured by AkZo Nobel 
Chemicals Inc. located at 5 Livingston Avenue, Dobbs Ferry, 
NY. 10522-3401). 

Typically, the polymer polyol fourth component produced 
using the nonaqueous dispersant stabiliZer is used in the 
preparation of polyurethanes, particularly polyurethane 
foams. These polyurethane foams have improved tensile 
strength and load bearing Without the impairment of the 
other physical parameters associated With a foam product. 

This polyether polyol solution, Which is reacted With the 
polyisocyanate, is a mixture from about 2% to about 20% by 
Weight of the diol ?rst component, and correspondingly 
from about 0% to about 75% by Weight of the polyether 
polyol second component and from about 0% to about 75% 
by Weight of the polyether polyol third component and from 
about 80% to about 10% of the polymer polyol fourth 
component. Optionally, a carbon black pigment is present in 
a range from about 0% to about 10%. 

These percentages may be varied Within the ranges stated 
above in order to adjust the hardness, tensile strength, and 
other physical properties of the polyetherpolyurethane 
molded article depending upon the solvents encountered and 
the conditions under Which an end cap for a ?lter is to be 
used. 

Having described the broad scope of the invention, the 
preferred embodiment Would involve using a polyether triol 
second component having from about 10% to about 40% by 
Weight of the polyether polyol solution having Zero oxyeth 
ylene groups, a functionality of about 3 and a hydroxyl 
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4 
number of about 50 to about 60. In addition, the preferred 
embodiment Would also include from about 10% to about 
40% of a polyether triol third component having Zero 
oxyethylene components and a hydroxyl number of about 
110 to about 120. In addition, the preferred embodiment 
Would also include from about 30% to about 70% of a 
polymer polyol fourth component having 10% to 20% 
oxyethylene components and a hydroxyl number of about 10 
to about 40, With about 15% to about 35% of stryene and 
about 10% to about 20% of acrylonitrile and about 75% to 
about 45% of polyether polyol. 
The combination of the polyether second component, the 

polyether third component, and the polymer polyol fourth 
component Would be mixed With a preferred diol, 1,4 
butanediol, Where the preferred diol is present in a range 
from about 5% to about 15%. The overall polyol component 
of the polyetherpolyurethane is formed upon reaction With 
the polyisocyanate. 
The physical properties of the molded article, e.g., oil 

?lter cap, may be readily adjusted by altering the relative 
proportions, Within the parameters above, of the diol 
crosslinker, the polyether polyol second component, the 
polyether polyol third component, and the polymer polyol 
fourth component. In addition, the molecular Weights of the 
polyether polyol second component, the molecular Weight of 
the polyether polyol third component, and the molecular 
Weight of the polymer polyol fourth component can be 
changed to alter properties. 

For instance, if the percentage of the polyether polyol 
third component is increased, the hardness and rigidity of the 
polyurethane increases, but the elongation properties are 
loWer. If the percentage of the polyether polyol second 
component is increased, the hardness and rigidity of the 
polyurethane decreases, and the elongation increases. If the 
percentage of the polymer polyol fourth component 
increases, the hardness and rigidity of the polyurethane 
Would increase, and the elongation Would decrease. If the 
percentage of the diol crosslinker is increased, the hardness 
and rigidity of the polyurethane Would increase, and the 
elongation Would decrease. 

In summary, if the molecular Weight of any of the 
components Would increase, then the hardness and rigidity 
of the polyurethane Would decrease, With a corresponding 
increase in elongation. 

Since the polyetherpolyurethane, in use, is blended and 
poured into a mold prior to af?xing to the ?lter elements, the 
molding and demolding properties of the material should 
also be considered. An increase in the percentage of the 
polyether polyol second component Would loWer the 
hardness, as Would a decrease in the loWer molecular Weight 
polyether polyol third component. If the butanediol or cross 
linker portion is increased, then the hardness can be restored. 
A speci?c example of the polymer polyol dispersion 

Would be a polymer content of 23% With the ratio of stryene 
to acrylonitrile is 70:30. A one liter reactor equipped With a 
stirrer, thermometer and heat exchanger, and a graduated 
dropping funnel, Was charged With a base polyether (210 g., 
glycerol started, PO: 86%, E0: 14%) and a nonaqueous 
dispersant stabiliZer (26.5 g., 0.5%). While stirring under a 
slight nitrogen ?oW, the charge Was heated to 125° C. (257° 
F.), and a stream of styrene (141.2 g., 26.6%), acrylonitrile 
(60.5 g.,12%) and a polymeriZation initiator (Perkadox 
P-160® manufactured by AkZo Nobel Chemicals Inc. (2.65 
g., 0.5%) dispersed in the above described base polyether 
(90 g.) Was continuously added to the charge during a period 
of 120 minutes. Upon completion of the addition, the 
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reaction mixture Was maintained at 125° C.(257°) for a 
period of 60 minutes. The reaction mixture Was then stripped 
of volatiles for tWo hours at 110° C.(230° F.), under less than 
10 millimeters of mercury. The stripped reaction product 
Was a White opaque stable dispersion. 

Anonaqueous dispersant stabiliZer could be prepared With 
a tWo liter reactor ?tted With a mechanical stirrer, a 
thermometer, a temperature regulating device, a nitrogen 
supply and condenser, Was charged With a polyether polyol 
(1000 G.,0.212 mols., glycerol started, PO; 85% ED: 15%, 
MW; 5,000) and degassed for 30 minutes under a one 
millimeter vacuum. The reactor content Was cooled to 60° C. 

(1400 and further charged With potassium acetate (0.12 
g., 0.0015 mols) and vinyltrimethoxy silane (12.6 g., 0.0085 
mols) and vinyltrimethoxy silane (12.6 g., 0.0085 mols). The 
mixture temperature Was raised to 140° C. (285° under 
150 milliliter/minute nitrogen ?oW for eight hours. The 
entrained gases are vented to the atmosphere. The reactor 
content Was cooled to room temperature. The product poly 
ether polyol Was colorless and had a viscosity of 5720 c.p.s. 
at 25° C.(77° With a residual unsaturation of 0.15 M/Q 
per gram. 

It has been discovered that an especially preferred for 
mulation Would contain 50 parts by Weight of a 3,000 
molecular Weight (hydroxyl number 56) polyether triol; 100 
parts by Weight of a 7000 molecular Weight polymer polyol 
(hydroxyl number 23); 36 parts by Weight of a polyether triol 
having a hydroxyl number of about 112, and about 20.22 
parts by Weight of 1,4 butanediol results in a polyetherpoly 
urethane molded article, e.g., oil ?lter end cap, Which has an 
advantageous balance of hardness, elongation and rigidity, 
as Well as the molding properties Which alloW it to be poured 
into a mold Without sloshing for a smooth consistent ?nish. 

Due to the higher viscosity nature of the urethane, ?ash 
along the edges of the end cap Will not be created. If present 
and broken-off, the ?ash can enter the oil or fuel system, 
thereby inhibiting the How of ?uid through the ?lter or 
through the engine. The polyetherpolyurethane can become 
to af?xed to each end of the oil ?lter and then cured in such 
a con?guration that cracks do not result. As Will be shoWn 
later, the physical properties of this especially preferred 
embodiment result in an excellent ?lter material. 

The methylene-bridged polyarylpolyisocyanate useful in 
the practice of the invention is Well-knoWn to the polyure 
thane art and polyphenylmethane polyisocyanate component 
is useful in the practice of this invention and demonstrates 
that it is Well-knoWn to use such component in the formation 
of elastomers. 

The functionality of these polymeric isocyanates, as they 
have come to be knoWn, is greater than 2.0 as stated above. 
Preferably, the average functionality Would be in the range 
of about 2.2 to about 4. The preferred range of the func 
tionality of the polyurethane Would be from about 2.2 to 
about 3.3 With an especially preferred range from about 2.2 
to about 2.5. The urethane-forming reaction is carried out at 
an isocyanate index (NCO/OH) of from about 0.9 to about 
1.5, preferably about 1.0 to about 1.25, and an especially 
preferred isocyanate index at about 1.05. 

Suitable catalysts of urethane formation useful in the 
practice of this invention are also Well-knoWn to those 
skilled in the art and are added in catalytic amounts. The 
catalyst system useful in this system includes an organome 
tallic catalyst such as, preferably dibutyltin dilaurate. Many 
organometallic catalysts are useful in the practice of this 
invention and are sold under the trademark RC-201TM by 
Rhein Chemie GmbH located at Diisseldorfer Str. 23-27, 
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6 
68204 Mannheim, Germany. Often, for convenience of 
handling and measuring small quantities, the organometallic 
catalyst is used in a solution of butanediol to make it more 
easily handled and, since the butanediol is reacted, it does 
not become a contaminant. The preferred catalyst mix is 
usually one part organometallic catalyst to nine parts of the 
butanediol. In production the dilution is no longer important 
Where larger amounts are measured and used. 

Other popular catalysts for the polyurethane reaction are 
certain tertiary amine catalysts, such as, for example, 
triethylenediamine, sold by Rhein Chemie GmbH as 
RC-104TM. 

The catalysts system Would be a blend of the amine 
catalyst and the organometallic catalyst varying from a ratio 
of 5:1 (metallic to amine) to about 1:5 (metallic to amine). 
The total catalyst system Would be present in an amount of 
from about 0.001% by Weight, to about 0.1% Weight, based 
upon the Weight of the polyol component, preferably from 
about 0.005% to about 0.01%, and normally less than about 
0.01%. The selection and adjustment of the amount of the 
catalysts is Well Within the ordinary skill in the art, and does 
not, as such, form part of this invention other than its 
contribution to the best mode for practicing the invention. 

In the practice of this invention to make the molded 
articles, the speci?c polyol component, as de?ned above, is 
mixed and reacted With the Well-knoWn methylene-bridged 
aromatic polyisocyanates, preferably polyphenylmethane 
polyisocyanate, having a functionality greater than 2, in the 
presence of a catalyst system. This is Well-knoWn and has 
long been used by those skilled in the art of preparing 
polyurethane elastomers. 

Another component that may be optionally added is a 
variety of ?llers or pigments to vary the color and surface 
treatment of the end cap if desired. A preferred black 
pigment is sold under the trademark DR0206TM by Plasti 
colors located at 2600 Michigan Avenue, PO. Box 816, 
Ashtabula, Ohio 44005-0816. The amount of pigment can 
range from Zero percent (0%) to about ten percent (10%). 
This is Well Within the skill of the practitioner, and the 
addition of such inert, unreactive materials to the part of the 
reaction mixture containing the polyether polyol is only 
incidental to the practice of the invention herein described 
and claimed. 

In preparing the molded articles, i.e., end caps, to the ?lter 
elements themselves, the polyol components are mixed 
together at room temperature including the catalyst systems. 
End cap molds are typically heated to 121° C.(250° The 
isocyanate and polyol components are mixed through an 
in-line static mixer and discharged into the mold for the end 
caps. The urethane forming mixture Was alloWed to react in 
the mold for about 60% to 80% of the gel time of the 
reaction mixture, from about 15 to about 18 seconds for a 25 
second gel time, before insertion of one end of the ?lter 
media. This delay time Would vary depending upon the gel 
time of the polyurethane reaction mixture used as an end 
cap. Insertion of the ?lter media into the ungelled reaction 
mixture alloWs the media, usually paper, to become bonded 
Within its reaction structure of the polymer. The combination 
of ?lter media and the polyurethane material in the mold is 
then oven-cured, usually at the temperature of 121° C.(250° 

for about 2 minutes. Greater or less time, or different 
temperatures may be used, as desired. Of course in a 
commercial operation the drying and insertion of the ?lter 
media Would all be an automated operation. After curing, the 
?lters Were removed from the oven and the mold, With the 
process being carried out again for the other end of the 
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?lters. Use of the formulations described above result, after 
curing and storage at room temperature, in uncracked poly 
etherpolyurethane material in ?lter end caps. To be 
successful, these end caps must not separate from the ?lter 
media upon aging and remained in good contact. 
Among the formulations set forth above, the best mode 

for carrying out the invention involves mixing the polyether 
polyol solutions as folloWs: 50 parts by Weight or 24.0% of 
a propoxylated triol having a hydroxyl number of 56; 36 
parts by Weight or 17.3% of a propoxylated triol having a 
hydroxyl number of about 112; 100 parts or 48.0% by 
Weight of a polymer polyol With a nonaqueous dispersant 
stabiliZer having a hydroxyl number of 23; and 20.22 parts 
by Weight of 1, 4 butanediol With 0.017 parts by Weight of 
triethylene diamine catalyst and 0.017 parts by Weight of 
dibutyltin dilaurate catalyst in a one-to-one ratio of catalysts. 
In a commercial operation the catalyst Would probably be 
added Without dilution. This polyol system is reacted With a 
polyphenylmethane isocyanate having a functionality of 
about 2.3 in proportions suf?cient to give an isocyanate 
index of 1.05 Within the reaction mixture. This is the 
especially preferred isocyanate index in the practice of this 
invention. The reaction mixture is found to have a gel time 
of about 24 seconds. Apreferred polyphenylmethane isocy 
anate is sold under the trademark PAPI 2094TM by DoW 
Chemical Company located at the DoW Chemical Company 
having an address at PO. Box 1655, Midland, Mich. 48641 
1655. Plasticolors DR0206TM is added in an amount of 2 
parts by Weight or 1 percent (1%) 

The reacting material is discharged into a mold preheated 
at 121° C. (2500 After about 18 seconds, one end of ?lter 
media is plunged into the reacting mixture and placed in a 
121° C. (250° oven to cure for a period of tWo minutes. 
The process is repeated for the other end of the ?lter media 
to form a ?lter cartridge. Variations of this method Would be 
apparent to those skilled in the art depending upon the 
degree of sophistication of the equipment available. 

Also, for testing purposes, plaques approximately 15.24 
centimeters (6 inches) by 15.24 centimeters (6 inches) by 
about 0.212 centimeters (0.083 inches) Were prepared using 
the various polyurethane formulations. From these plaques, 
the test strips Were prepared in the usual manner. The 
foregoing formulation Was found to be particularly preferred 
after testing. 

Because of the environment Within Which a ?lter is used 
in an internal combustion engine, after curing the samples 
are removed from the oven and alloWed to age at room 
temperature for several days. Alitmus test for materials used 
Was cracking at room temperature. When this occurred, such 
polyurethane end caps materials Were discarded as unac 
ceptable. 

Concurrently, testing Was performed on test strips from 
the plaques in environments that Were more severe than the 
environment in Which the ?lter Would normally be used: 
Mixtures of 90% engine oil With 10% Water, 100% diesel 
fuel, and 100% engine oil. Samples Were immersed in the 
solvents, except for diesel fuel, at 121° C. (250° With 
samples being pulled at 96 and 250 hours of exposure and 
examined. Samples Were immersed in diesel fuel at 21° C. 

(70° 
The plaques Were removed from the buckets containing 

the ?uids and alloWed to cool to room temperatures in 
freeZer food storage bags. Standard tensile and test strength 
tests (ASTM) Were performed on the dies cut from the 
plaques. Hardness Was checked With Shore A durameters. 
The aging before testing Was a minimum of one Week. 
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8 
Tensile strength and tear strength samples Were tested at a 
cross-head speed of 20 inches per minute. 

The foregoing best mode description and the invention 
itself Will be further highlighted and exempli?ed by the 
folloWing examples. These examples are provided for pur 
poses of illustration and are not to be considered as limiting 
the instant invention. 

EXAMPLE 

Polyetherpolyurethane oil ?lter end caps and test plaques 
Were prepared using the procedure as described above. The 
formulations and properties are set forth beloW. 

HV6 HV3 
Parts by Weight 

Isocyanate Component: 

NCO-A 85.3 75.7 
Polyol Component: 

OH-A 50 50 
OH-B 36 36 
OH-C 100 100 
Chain Extender: 20.22 17.22 
1,4 Butanediol 
Catalysts: 

Triethylenediamine (RC/6080) 0.017 0.015 
Dibutyltin dilaurate (RC/201) 0.017 0.015 
Pigment: 

DR0206 Black Pigment 2.00 2.00 
NCO Index 1.05 1.05 

GLOSSARY 

TRADE- SUP 
GENERIC DESCRIPTION MARK PLIER 

NCO-A A polymeric diisocyanate having a PAPI 2094 TM DOW 
molecular Weight of about 
300.f = 2.3 

OH-A A 1,4 butanediol chain extender CROSSLINK- RHEIN 
ER B T“ 

OH-B A polyether triol containing VORANOL DOW 
100% PO groups having an OH # 230-056 TM 

of 57.4 (3000 MW) 
OH-C A polyether triol containing VORANOL DOW 

100% PO groups having an OH # 230-112 TM 

of 111.5 (1500 MW) 
OH-D A polymer polyol having a non- VORANOL DOW 

aqueous dispersant stabilizer XUS-16111 TM 
having an OH # of 23 (7000 MW) 

RC/ Triethylenediamine RC/6080 TM RHEIN 
6080 
RC/201 Dibutyltin dilaurate RC/201 TM RHEIN 
DR0206 Black Pigment (Carbon) DR0206 TM PLASTI 

COLORS 

The polyurethane end caps and polyurethane material thus 
prepared Was tested as described above With results as 
folloWs: 
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TEST RESULTS 

FORMULATION HV6 HV3 

Unaged 

Tensile Strength — Unaged 2200 1998 
Tear Strength — Unaged 162 109 
Hardness — Unaged (Shore A) 89 88 
Clean Engine Oil Immersion at 250° F. for 240 hours 

Tensile Strength 1823 1659 
Tear Strength 128 103 
Hardness 86 85 
Clean Engine Oil Immersion at 250° F. for 500 hours 

Tensile Strength 1750 1473 
Tear Strength 114 100 
Hardness 86 85 
Engine Oil/Water Immersion at 250° F. for 240 hours 

Tensile Strength 1425 1268 
Tear Strength 120 83 
Hardness 79 78 
Engine Oil/Water Immersion at 250° F. for 500 hours 

Tensile Strength 1140 924 
Tear Strength 115 73 
Hardness 74 72 
Diesel Fuel Immersion at 250° F. for 240 hours 

Tensile Strength 1207 1183 
Tear Strength 71 60 
Hardness 87 88 
Diesel Fuel Immersion at 250° F. for 500 hours 

Tensile Strength 1234 970 
Tear Strength 75 59 
Hardness 85 84 

Tensile Strength is in pounds per square inch (PSI). Tear Strength is in 
pounds per lineal inch (PLI). Hardness uses the Shore scale (Shore A). 

The HV6 and HV3 polyurethanes represent formulations 
Within the scope of this invention. Both of these materials 
showed good properties and strength even though the HV6 
material demonstrated superior strength due to the addition 
of three parts of 1,4 butanediol. 
As can be seen from the foregoing, the polyurethane end 

caps of this invention provide a substantial improvement 
over the prior art attempts, since the higher viscosity mate 
rial Will improve the appearance of the product by elimina 
tion of sloshing in the mold as Well as preventing the 
formation of ?ash, Which can inhibit ?uid How in the ?lter 
or engine, if broken-off from the end cap. 

Those of ordinary skill in the art upon reading the 
foregoing description of this invention and vieWing the data 
provided in the examples Will be able to make many 
modi?cations and obvious variations While remaining 
Within the scope of the claims of this invention Without 
departing therefrom. Such variations are intended to be 
covered by the claims of this invention. 
What is claimed is: 
1. Ahigh viscosity, solvent-resistant, thermoset polyether 

polyurethane comprising: 
a methylene-bridged polyarylpolyisocyanate component 

and a polyether polyol solution combined in catalytic 
urethane-forming reaction Where the polyether polyol 
solution of the urethane-forming reaction includes a 
diol ?rst component from about 2% to about 20% by 
Weight of the polyether polyol solution having a 
molecular Weight from about 75 to about 200; a poly 
ether polyol second component from about 0% to about 
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10 
75% by Weight of the polyether polyol solution having 
no oxyethylene groups, a functionality greater than 2 
and a hydroxyl number from about 30 to about 60; a 
polyether polyol third component from about 0% to 
about 75% by Weight of the polyether polyol solution 
having no oxyethylene groups, a functionality greater 
than 2 and a hydroxyl number from about 170 to about 
110; and a polymer polyol fourth component, from 
about 80% to about 10% by Weight of the polyether 
polyol solution having a hydroxyl number from about 
20 to about 100 and having a nonaqueous dispersant 
stabilizer. 

2. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 1, Wherein the functionality of 
the polyether polyol second component is 3 and the func 
tionality of the polyether polyol third component is 3. 

3. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 1, Wherein the polyether polyol 
second component is a polyether triol ranging from about 
10% to about 40% by Weight of the polyether polyol solution 
and having a hydroxyl number ranging from about 50 to 
about 60 and the polyether polyol third component is a 
polyether triol ranging from about 10% to about 40% by 
Weight of a polyether polyol solution and having a hydroxyl 
number of about 110 and to about 120 and the polymer 
polyol fourth component ranging from about 70% to about 
30% of the polymer polyol Wherein the polymer polyol 
includes styrene, acrylonitrile, and polyether polyol. 

4. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 3, Wherein the diol ?rst compo 
nent is 1,4 butanediol. 

5. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 3, Wherein the diol ?rst compo 
nent comprises from about 2% to about 20% butanediol. 

6. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 1, Wherein the polyether polyol 
solution includes a pigment. 

7. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 1, Wherein the catalyst includes 
dibutyltin dilaurate. 

8. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 1, Wherein the catalyst includes 
triethylenediamine. 

9. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 1, Wherein the catalyst includes 
a mixture of dibutyltin dilaurate and triethylenediamine. 

10. The high viscosity, solvent-resistant, thermoset poly 
etherpolyurethane of claim 1, Wherein styrene is from about 
15% to about 35% by Weight of the polymer polyol fourth 
component and acrylonitrile is from about 10% to about 
20% by Weight of the polymer polyol fourth component and 
polyether polyol is from about 75% to about 45% by Weight 
of the polymer polyol fourth component With the acryloni 
trile and styrene polymerized together. 

11. A method for molding a high viscosity, solvent 
resistant, thermoset polyetherpolyurethane comprising the 
steps of: 

mixing a diol ?rst component from about 2% to about 
20% by Weight of a polyether polyol solution having a 
molecular Weight from about 75 to about 200 With a 
polyether polyol second component from about 0% to 
about 75% by Weight of the polyether polyol solution 
having no oxyethylene groups, a functionality greater 
than 2 and a hydroxyl number from about 30 to about 
60 With a polyether polyol third component from about 
0% to about 75% by Weight of the polyether polyol 
solution having no oxyethylene groups, a functionality 
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greater than 2 and a hydroXyl number from about 170 
to about 110 With a polymer polyol fourth component, 
from about 80% to about 10% by Weight of the poly 
ether polyol solution having a hydroXyl number from 
about 20 to about 100 and having a nonaqueous dis 
persant stabilizer, to form a polyether polyol solution; 

mixing a methylene-bridged polyarylpolyisocyanate 
component and the polyether polyol solution With a 
catalyst forming a polyetherpolyurethane; and 

discharging the polyetherpolyurethane into a heated mold. 
12. The method for molding a high viscosity, solvent 

resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein the functionality of the polyether polyol 
second component is 3 and the polyether polyol third 
component is 3. 

13. The method for molding a high viscosity, solvent 
resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein the polyether polyol second component is 
a polyether triol ranging from about 10% to about 40% by 
Weight of the polyether polyol solution and having a 
hydroXyl number ranging from about 50 to about 60 and the 
polyether polyol third component is a polyether triol ranging 
from about 10% to about 40% by Weight of a polyether 
polyol solution and having a hydroXyl number of about 110 
and to about 120 and the polymer polyol fourth component 
ranging from about 70% to about 30% of the polymer polyol 
Wherein the polymer polyol includes styrene, acrylonitrile, 
and polyether polyol. 

14. The method for molding a high viscosity, solvent 
resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein the diol ?rst component is 1,4 butanediol. 
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15. The method for molding a high viscosity, solvent 

resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein the diol ?rst component of the urethane 
forming reaction comprises from about 2% to about 20% 
butanediol. 

16. The method for molding a high viscosity, solvent 
resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein the polyether polyol solution includes a 
pigment. 

17. The method for molding a high viscosity, solvent 
resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein the catalyst includes dibutyltin dilaurate. 

18. The method for molding a high viscosity, solvent 
resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein the catalyst includes triethylenediamine. 

19. The method for molding a high viscosity, solvent 
resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein the catalyst is a mixture of dibutyltin 
dilaurate and triethylenediamine. 

20. The method for molding a high viscosity, solvent 
resistant, thermoset polyetherpolyurethane as de?ned in 
claim 11, Wherein styrene is from about 15% to about 35% 
by Weight of the polymer polyol fourth component and 
acrylonitrile is from about 10% to about 20% by Weight of 
the polymer polyol fourth component and polyether polyol 
is from about 75% to about 45% by Weight of the polymer 
polyol fourth component With the acrylonitrile and styrene 
polymeriZed together. 


