
- 1-

IMPROVED PTMEG POLYURETHANE ELASTOMERS 
EMPLOYING MONOFUNCTIONAL POLYETHERS 

Technical Field 

The present invention pertains to polyurethane . 
elastomers prepared by chain extending an isocyanate­
terminated prepolymer prepared by reacting a di- or 

5 polyisocyanate with a polytetramethylene ether glycol 
(PTMEG). More particularly, the. present invention 
pertains to a process of preparing PTMEG-based polyure­
thane elastomers with enhanced physical properties by 
employing a monohydroxyl-functional polyoxyalkylene 

10 polyether in the elastomer prepolymer formulation, to 
polyurethane prepolymer.s suitable for use in the subject. 
process, and to polyurethane elastomers produced by this 
process.· 

Background Art 

15 Polyurethane elastomers are becoming increas-
ingly important conunercial polymer materials. Unlike 
many other thermoplastic and thermoset elastomers, the 
spectrum of raw materials used in polyurethane elastomer 
formulations allows the preparation of elastomers with 

20 physical properties geared to the application to an 
extent not possible with many other p~lymers. Thus, 
polyurethane elastomers have a myriad of diverse appli­
cations,· incl~ding caulks and se.alants, elastomeric 
fibers, viscoelastic and ene.rgy absorbing materials, and 

25 extrusion and injection moldable articles such as gears, 
automobile fascias, and ski boots, to name but a few. 
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The unique properties of polyurethane elasto­
mers are attributable, at least in part, to the somewhat 
unique polyurethane polymer morphology which includes 
both hard and soft segments in the same polymer mole-

s cule. By adjusting the nature and relative amounts of 
hard and soft segments, as well as the degree of cross­
linking, elastomers may be produced with hardnesses from 
. the low Shore A range to the ·high Shore D range . The 
hard and soft segment content also influence a number of 

10 other properties such as low temperature". flexibility I 
tensile strength, modulus, and high temperature proper­
ties such as heat sag and distortion. 

Polyurethane elastomers may be prepared by a 
number of methods. However, the preferred method 

15 involves the preparation of .a soft-segment, isocyanate­
terminated polyurethane prepolymerby reacting an excess 
of a di- or polyisocyanate with an isocyanate-reactive 
component of somewha~ high molecular weight, for example 
a molecular weight in the range of 1000 Da to 4000 Da. 

20 The higher molecular weight isocyanate-reactive compo­
nents generally result in a softer elastomer with 
greater elongation but lower tensile strength and 
modulus. The resulting isocyanate-terminated prepolymer 
is then chain-extended with a lower molecular weight 

25 isocyanate-reactive component·, generally a glycol or 
diamine, to form the elastomer product.· 

Among the most useful polyurethane elastomers 
are glycol extended polyurethanes containing soft­
segments based on polytetramethylene ether glycol 

30 (PTMEG). PTMEG has a repeating unit containing four 
methylene unit.a linked through oxygen atoms, the general 

formula of which may be represented as: 
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HO--[ CH2CH2CH2CH2-0-] 0-H · 
where n is such that the PTMEG has a molecular weight of 
from ~50 to 10000. preferably from 1000 to 4000. Howev­
er, PTMEG is more expensive than other soft-segment 

5 polyols such as polyoxypropylene glycols and polyester 
diols, and thus for PTMEG products to be competitive, 
they must provide improved properties with respect to 
the desired application. The polyurethane industry has 
continually sought methods to increase the performance 

10 and lower the cost of PTMEG-based polyurethane elasto­
mers, as wel~ as to develop competing eiastomers with 
simi~ar properties but at lower ~ost by substituting· 
other isocyanate-reactive polymers for PTMEG in the soft 
segments of the polyurethane elastomer. 

15 For example, in U.S. Patent No. 5,340,902 and 
in the article by A.T •. Chen et al., "Comparison of the 
Dynamic Properties of Polyurethane Elastomers Based on 
Low Unsaturation Polyoxypropylene Glycols and 
Poly ( tetramethylene oxide) Glycols, " POLYURETHANES WORLD 

20 CONGRESS 1993, October 10-13, 1993 (pp. 388-399) I it is 
disclosed that polyurethane elastomers prepared from 
polyoxypropylene diols having u~sa~uration in the range 
c:;>f 0 • 014 - 0 ~ 01 7 meq/ g have enhanced properties as 
compared to PTMEG based elastomers in the same Shore 

25 hardness range. 

As discussed in the latter reference, prepa­
ration of polyoxypropylene polyols. by traditional base 
catalyzed polymerization of propylene oxide (methyl­
oxirane) onto a suitably functional initiator molecule, 

30 for example propylene _glycol or trimethylolpropane, 
results in a product whose unsaturation and monol 
content rapidly increases with increasing molecular 
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weight. The mechanism of formation of unsaturation is 

still subject to question, and has been discussed, for 

example, in BLocic AND GRAFT POLYMERIZATION, v. 2, Ceresa, Ed; 

John Wiley & Sons, on pages 17-21. Whatever the mecha-

5 nism, the result is the formation of all:yloxy groups 

which are monofunctional and which result in the forma­

tion of polyoxypropylene monols with allylic terminal 

unsaturation. Since the polyoxypropylene monols are 

lower molecular weight, monofuncti~nal species, their 

10 presence alters both the functionality of ·.the finished 

polyol as well as the molecular weight distribution. 

The unsaturation created du;t:"ing base catalyzed 

propy:lene oxi¢le polymerization may be measured. by 

titration with mercuric acetate using the protocol 

15 established by ASTM D-2849-69, "Testing Urethane Foam 

Polyol Raw Materials. 11 With polyoxypropylene glycols, 

for example, the unsaturation increases from about 0.027 

meq. unsaturation/g po·lyol at an equivalent weight of 

600-700 tc;> in excess of 0.09 meq/g at an equivalent 

20 w~_ight of c.a. 2000. These levels of unsaturation 

correspond to c. a. 10 mol percent in low molecular 

weight diols, and SO mol percent of monol in a 4000 

molecular weight polyoxypropylene glycol! The average 

functionality, at the same time, decreases from about 

25 1. 9 to about 1. 6. at these levels of unsatu:r::ation, as 

compared to the theoretical functionality of 2.0. 

In U.S. Patent No. 5,340,902 and the Chen et 

al. article previously.cited,.polyoxypropylene polyols 

were prepared using a zine hexacyanocobaltate·glyme 

30 catalyst instead of traditional.KOH catalyst. By this 

method of preparation, the unsaturation of a c.a. 4000 

molecular weight polyoxypropylene glycol is reduced to 
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levels in the range of O. 015 meq/g, corresponding to 

approximately 4 mole. percent monol and an average 

functionality in excess of 1.9. The authors disclose 

that polyoxypropylene glycols having-a molecular weight 

5 of 2,250 can be used to prepare chain extended elasto­

mers in the Shore A 80 hardness range with properties 

similar to those prepared from 1000 molecular weight 

PTMEG. Unfortunately, a di:i;:-ect comparison cannot be 

made, as the polyoxypropylene-prepared.elastomers do not 

10 have identical hardnesses as their PTMEG ~ounterparts. 

Differences in hardness affect ~any properties, most 

notably tensile strength, elongation, and modulus. 

Furthermore, to the extent they are comparable, the 

polyoxypropylene glycol-derived elastomers demonstrated 

15 lower split-tear strength than PTMEG products. 

The ability to prepare PTMEG competitive 

polyoxypropylene glycol-based polyurethane elastomers 

utilizing low unsaturation poiyols prepared by double 

metal cyanide· glyme catalysis is premised on the low 

20 monol content of these polyols. The '902 patentees, for 

example, indicate that the normally relatively high 

monol content of conventional polyols act as chain 

terminators in polyurethane formation, limiting the 

elastomer molecular weight and · downgrading · physical 

25 properties. Elimination or reduction of monol content 

raises polyol functionality and increases elastomer 

molecular weight, thus increasing physical properties. 

That the monol content in polyurethane elasto­

mer formulations act as chain stoppers is further 

30 supported, for example, by U.S. Patent No. 3,483,167, 

wherein a lower alkanol is added to a linear urethane 

prepolyme.r and then amine extended. The ·lower alkanol 
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addition is stated to lower viscosity of the prepolymer. 

Similar results are reported in DE 3, 132, 760 Al. In 

U.S. Patent No. 3,150,361, lower alkanols or mono­

hydroxyl-functional polyethers are added· to solution-

s borne polyurethane prepolymers prepared from polyoxy­

alkylene triols useful for treating leather.· The monol 

is said to serve as chain blockers, 

plasticity of the crosslinked product. 

increasing the 

In U.S. Patent 

No. 3, 384, 623-, lower alkanols and monohydroxyl-function-

10 al polyesters and polyethers are added in splution to an 

uncatalyzed linear polyurethane prepolymer which is 

diamine extended to form a spandex spinning dope. The 

monols are stated to reduce gelling in the . polymer 

solution after diamine addition. Neither of the latter 

15 patents provide compositions useful for cast polyure­

thane elastomers. 

In U.S. Patent No. 3,875,086, up to 50 weight 

percent hydroxyl-functional polyoxyalkylene polyether 

monols are added to the B-side of a one-shot polyure-

20 thane elastomer formulation containing significant 

amounts of po!yoxyalkylene triols to control hardness 

and improve reactant flowability in production of 

flexible polyurethane foams. The elastomers preparetl by 

the disclosed process were far softer and exhibited 

25 lower tensile and tear strengths than comparative 

products'not ~ontaining the monols. 

It would be desirable to prepare PTMEG prod­

ucts having enhanced properties as compared to those 

30 commercially available. It would further be desirable 

to lower the cost of PTMEG-based elastomers. 
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Summary Of The Invention 

It has now been surprisingly discovered that 
the addition of minor amounts of high molecular weight 
polyoxyalkylene monols to PTMEG-based polyurethane 

5 prepolymers which .are subsequently glycol extended to 
form polyurethane elastomers increases, rather than 
decreases, the physical properties . of the. elastomer 
products. Incorporation of the polyoxyalkylene monols 
in the A-side prepolyrrier does not appear to ~ignif.icant-

10 ly affect hardness. Moreover, the ability to utilize 
relatively inexpensive polyoxyalkylene monols in the 
formulation results in a cost-advantage to the present 
formulations. This result is particularly surprising in 
view of the teachings of the art that monol content of 

15 polyoxypropylene diols is responsible for decreased 
physical properties. 

Description of the Preferred Embodiments 

The polyurethane elastomers of the present 
invention comprise the reaction product of a prepolymer 

20 prepared from a di- or polyisocyanate, preferably a 
diisocyanate or low functionality polyisocyanate, with 
a polyol soft segment-producing composition comprising 
in major part a PTMEG of number average molecular weight 
between 600 Da and 6000 Da, more preferably between 1000 

25 Da and 4000 Da, and most preferably between about i500 

.Da and 3000 Da, and a minor portion, i.e., between 0.5% 

and 10%, more preferably between 1% and 8%, and most 
preferably between about 2% and 5%, based on the weight 
of PTMEG, of a polyoxyalkylene moriol, preferably a 

30 polyoxypropylene or polyoxybutylene monol; with a chain 
extender, preferably a low molecular weight glycol. 
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When cross-linked elastomers are desired, a minor 
portion of the polyols utilized may have a nominal 

functionality greater than two, for example from 3 to 

about 8. Preferably, the polyols, with the exception of 

5 the polyoxyalkylene monol, are essentially difunctional. 

10 

By the term "polyurethane" is meant a polymer 

whose structure contains predominately urethane 

0 

II ·. 
-[-NH-C-0-]-

+inkages between repeating units. Such linkages are 

formed by the addition reaction between an organic· 

isocyanate group R-[-NCO] and an organic hydroxyl group 

[HO-]-R. In order to farm a polymer, the organic 

15 isocyanate.and hydroxyl group-containing compounds must 

be at least difunctional. However, as mo~ernly under­

stood, the term "polyurethane" is not limited to those 

polymers containing only urethane linkages, but includes 

polymers containing allophanate, biuret, carbodiimide, 

20 oxazolinyl, isocyanurate, uretidinedione, and urea 

linkages in addition to urethane. The reactions of 

isocyanates which lead to these types of linkages are 

summarized in the POLYURETHANE HANDeooK, Gunter Oertel, Ed., 

Hanser Publishers, Munich, ®1985, in Chapter 2, p. 7-41; 
2 5 and in POLYURETHANES : CHEMISTRY AND TECHNOLOGY i J. H:·. Saunders 

and. K.C. Frisch, Interscience Publishers, New York, 

1963, Chapter III, pp. 63-118. In addition to polyols 

(polyhydroxyl-containing monomers), the most common 
isocyanate-reactive monomers are amines and alkanol-

30 amines. In these cases, reaction of the amino group 

leads to urea linkages interspersed within the polyure­

thane structure. 
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The urethane forming reaction is generally 

catalyzed. Cat.alysts useful are well known to those 

skilled in the art., and many examples may be found for 

example, in the POLYURETHANE HANDBOOK, Chapter 3, § 3. 4 .1 on 

5 pages 90-95 i and in POLYURETHANE: CHEMISTRY AND TECHNOLOGY, in 

Chapter IV, pp. 129-217. Most commonly utilized cata­

lysts are tertiary amines and organotin compounds, 

particularly dibutyltin diacetate and dibutyltin dilau­

trate. Combinations of catalysts are often useful also. 

10 In the preparation of polyurethane elastomers, 

15 

the isocyanate-terminated prepolymer is reacted with the 

active hydrogen-containing compound(s) in an isocyanate 

to active hydrogen ratio of from 0.7.to 1 to 2 to l. 

The "index" of the composition is defined as the 

-NCO/active hydrogen ratio multiplied by 100. While the 

range described previously may be utilized, most 

polyurethane elastomers are prepared at indices of from 

90 to about 120, more preferably from. 95 to about 110, 

and most preferably 100 to 105. In calculating the 

20 quantity of active hydrogens present, in general all 

active hydrogen containing compounds other than non­

dissolving solids are taken into account. Thus, the. 

total is inclusive of polyols, chain extenders, func­

tional pla~ticizers, etc. 

25 Hydroxyl group-containing compounds (polyols} 

useful in the preparation of polyurethanes are described 

in the POLYURETHANE HANDBOOK in Chapter 3 I § 3 . 1, pages 4 2 -

61; .and in PoLYURETHANES: CHEMISTRY AND TECHNOLOGY in Chapter 

II, §§ III and IV, pages 32-47. Many hydroxyl-group 

30 containing compounds may be used, including simple 

aliphatic glycols, dihydroxy aromatics, bisphenols, and 

hydroxyl-terminated polyethers, polyesters, and poly-
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acetals, among others. Extensive lists of suitable 

polyols may be found in the above references and in many 

patents, for example in columns 2 and 3 of U.S. Pat. No. 
3,652,639; columns 2-6 ·of U.S. Pat. No. 4,421,S72i and 

5 columns 4-6 of U.S. Pat. No. 4,310,632; these three 

patents being hereby incorporated by reference . 

. Polyester polyols also represent preferred 
polyurethane-forming reactants. Such polyesters are 

well known in the art and ,are prepared siil\PlY by poly-
10 merizing polycarboxylic acids or their derivatives, for 

example their acid chlorides or anhydrides, with a 

polyol. Numerous polycarboxylic acids are suitable, for 
example malonic acid, citric acid, succinic acid, 

glutaric acid, adipic acid, pimelic acid, azelaic acid, 

15 sebacic acid, maleic acid, fumaric acid, terephthalic 
acid, and phthalic acid. Numerous polyols are suitable, 

for example the various aliphatic glycols, trimethylol­
propane and trim~thylolethane, a-methylglucoside, and 

sorbitol. Also .suitable are low molecular weight 

20 polyoxyalkylene glycols such as polyoxyethylene glycol, 
poly9xypropylene glycol, and block and heteric polyoxy­
ethylene-polyoxypropylene glycols. These lists of 
dicarboxylic acids and polyols are illustrative only, 
and not limiting. An excess of polyol should be used to 

25 ensure hydroxyl termination, although carboxy groups are 
also reactive with isocyanates. Methods of preparation 

of such polyester polyols are given in the POLYURETHANE 
HANDBOOK and in POLYURETHANES: CHEMISTRY AND TECHNOLOGY• .. 

Also suitable as the polyol are polymer 

30 modified polyols, in particular the so-called vinyl 
polymer modified polyols. Such polyols are well known 
to the art; .and are preparE;!d by the in situ polymeriza-
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trile and styrene·' 
polyester polyol, 

minor amount of 
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vinyl monomers, preferably acryloni­

in the presence of a polyether or . . 
particularly polyols containing a 
natural or induced · unsaturation. 

5 Methods of preparing polymer polyols may be found in 
columns 1-5 and in the ·Examples of U.S. Pat. No. 
3,652,639; in columns 1-6 and the Examples of U.S. Pat. 
No. 3,823,201; particularly in columns 2-8 and the 
Examples of U.S. Pat. No. 4,690,956; and in U.S. Pat. 

10 No. 4,524,157; all· of which patents are he::-ein incorpo­
rated by reference. 

Other additives and auxiliaries .are commonly 
used in polyurethanes. These additives include plasti­
cizers, flow control agents, fillers, antioxidants, 

15 flame retardants, pigments, dyes, mold release agents, 
·and the like. Many such additives and auxiliary materi­
als are discussed in the POLYURETHANE HANDBOOK in Chapter 3, 
§3. 4' pages 90-109 and in POLYURETHANES: CHEMISTRY AND 

TECHNOLOGY I Part I I' Technology. 

20 The polyurethane elastomers of the subject 

25 

invention are glycol extended, predominately linear 
polyurethanes having soft segments derived from an 
isocyanate-terminated PTMEG prepolymer and a polyoxy­
alkylene monol. 

The polyoxytetramethylene ether glycols 
(PTMEG) utilized to form the soft-segment polyurethane 
are dihydroxyl functional polyoxytetramethylene polymers 
prepared in the conventional manner by polymerizing 
tetrahydrofuran in the presence of a suitable polymer-

30 ization catalyst, for example a Lewis acid catalyst such 
as boron trifluoride·etherate. Other catalysts may be 
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utilized as well, and the manner of PTMEG polymerization 
is not critical. Suitable PTMEGs are commercially 
available, for example as Terathane® 2000 PTMEG avail­
able from Du Pont Chemicals. The PTMEG should have a 

5 number average molecular weight between 600 Da and 6000 
Da, preferably between 1000 and 4000 Da, and in particu­
lar, between 1500 Da and 3000 Da. 

The monohydroxyl-functional polyoxyalkylene 
polyether should contain polyoxypropylene or polyoxy-

10 butylene residues in major part, i.e., greater than so 
weight percent based on the total weight of the polyoxy­
alkylene polyether monol, preferably greater than 70 
weight percent, and most preferably, greater than 90 
weight p~rcent.. The polyoxypropylene and polyoxy-

15 butylene resi~ues may be derived from oxetane and 
tetrahydrofuran, respectively, as wel_l as from propylene 
oxide and butylene oxide. The remainder of th~ polyoxy­
alkylene polyether other than the monofunctional initia­
tor residue, may comprise other oxyalkylene moieties 

20 such as. oxyethylene moieties. In the most preferred 
embodiment, the hydroxyl-functional polyoxyalkylene 
polyether monol is a homopolyoxypropylene monol. 

When moieties other than those derived from 
propylene oxide are present in the hydroxyl-functional 

25 polyoxyalkylene monol, they may be present as a block or 
in random (heteric} fashion. Preferably, however, the 
amount of oxyethylene moieties is less than 30 weight· 
percent, more preferably less than 20 weight percent, 
ai:id most preferably less than 10 weight percent. The 

30 number average molecular weight of the hydroxyl-func­
tional polyoxyalkylene monol ·should lie between 500 Da 
and 10,000 Da, more preferably between 1000 Da and 6000 
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Da, and most preferably between 1000 Da and 4000 Da. 
Most preferably, the molecular weight of the hydroxyl­
ftinctional polyoxyalkylene monol should approximate the 
molecular weight of the major PTMEG component used in 

s preparing the soft-segment prepolymer. 

The hydroxyl-functional polyoxyalkylene monol 
may be prepared by methods known to those skilled in the 
art. For example, one mole of a polyoxyalkylene dial of 
suitaole molecular weight may be capped wich one equiva-

10 lent of a capping. agent such as dimethylsulfate, 
dioctylsulfate, and the like, to produce an alkyl ether 

capped diol, i.e., a monol. In similar fashion, an 
alkyl·ester capped monol.may be prepared by capping a 

polyoxyalkylene dial with an ester forming reagent such 
15 as acetic anhydride, butyric anhydride, octanoic acid 

chloride, and the like. However, in such methods, 
additional purification steps may be required to sepa­
rate the predominately mono-capped products from un­

capped diol and ~i-capped diol. The term "hydroxyl-
20 functional polyoxyalkylene" includes such ether and 

ester capped products as well aa others. The important 
criterion is that the monol be essentially a polyoxy­
alkylene monohydro:Xyl-functional polyether polyol with 
only a single isocyanate reactive functionality, the 

25 single hydroxyl group. The nature of the unreactive cap 
is essentially unimportant since it comprises such a 
small portion of the total hydroxyl-functional polyoxy­
alkylene monol. 

Thus, the preferred process of preparing the 
30 hydroxyl-functional polyoxyalkylene monol is to oxy­

alkylate a monohydroxyl-functional initiator compound. 
The initiator compound may, for example, be an aromatic, 
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aliphatic, or cycloaliphatic monohydroxyl-functional 

initiator. Suitable aromatic initiators include phenol, 

benzyl alcohol, alkyl substituted phenols such as 

nonylphenol, and the like. Sui table cycloaliphatic 

5 initiators. include cyclohexanol, alkyl substituted 

cyclohexanols, cyclopentanol, cyclohexylmethanol, and 

the like. Pref er ably, however, the initiator is an 

aliphatic alcohol, for example, methanol, ethanol, 

propanol, 1-, and 2-butanol, 2-ethylhexanol, ·1-octanol, 

10 and the like. The initiator may also be an aliphatic 

ca~boxylic acid, ·in which case the oxyalkylation will 

produce an aliphatic ester capped polyoxyalkylene monol. 

The oxyalkylation may be performed · by an · 

suitable method, for example by base catalysis utilizing 

15 strong bases such as sodium hydroxide, potassium·hydrox­

ide, sodium or potassium methoxide, and the like. Other 

suitable catalysts include diethylzinc, combinations of 

metal naphthenates and tertiary amines, and the like. 

20 
Pref erred catalysts are double metal cyanide complex 

catalysts such as the zinc hexacyanocobaltate·glyme 

catalysts disclosed in U.S. Patents 4,843,054 and 

5,158,922, and in particular, the substantially amor-

phous zinc hexacyanocobaltate t-butyl alcohol complex 

catalysts disclosed in EP-A-0654302. The use of the 

25 latter c.atalyst, for example, · is capable of producing 

truly monodisperse "polyoxyalkylene monols having 

exceptionally narrow molecular.weight distributions. 

In the prepolymer technique utilized in the 

subject invention, an isocyanate-terminated, soft-

30 segment-containing, A-side prepolymer is prepared by 

reacting an excess of diisocyanate with a mixture 
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comprising PTMEG in major portion and a polyoxyalkylene 
monol in minor portion, preferably less than 10 weight 
percent based on the weight of PTMEG, most preferably 

. ,. . 

between about 1 and 6 weight percent, and most prefera-
5 bly between about 2 and 5 weight percent. The isocyan­

ate may be used in the equivalent ratio (NCO/OH) of 
greater than 1.5 to about 20:1, more preferably 1.8:1 to 
10 :·1, and most preferably about 2. O: 1 to 6. O: 1. 

·. 
Many isocyanates are useful in the preparation 

10 of urethane elastomers. Examples of such isocyanates 
may be found in columns 8 and 9 of U.S. Pat. No. 

4,690,956, herein incorporated by reference. The 

15 

isocyanates pref erred are 
toluene diisocyanate (TDI) 
cyanate (MDI), and crude 

the commercial isocyanates 
methylenediphenylenediiso-

or polymeric MDI. Other 
isocyanates which may be useful include isophoronediiso-. 
cyanate and dimethylxylylidenediisocyanate. Other 
isocyanates may be found in the PoLYURETHA.."lE HANDBOOK, 

Chapter 3 ' § 3 . 2' pages 6 2 - 7 3 and POLYURETHANES : CHEMISTRY AND 

20 TECHNOLOGY' Chapter II' §II' pages 17-31. 

Modified isocyanates are also useful. Such 
isocyanates are generally prepared through the reaction 
of a commercial isocyanate, for example TDI or MDI, with 
a low molecular weight diol or amine, or alkanolamine or 

25 .by the reaction of the isocyanates with themselves. In 
the former case, isocyanates containing urethane, 
biuret, or urea linkages are prepared, while in the 

latter case ~socyanates containing allophanate, carbodi­
imide or isocyanurate linkages are formed. 

30 Preferred isocyanates include aryl diisocyana­
tes such as 2,4- and 2,6-toluenediisocyanate, 2,2'-, 
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214'-, and 4,4'- diphenylmethanediisocyanates (MDI) 
carbodiimide modified MDI, and alippatic and cycloaliph­
atic isocyanates such as 1,6-hexanediisocyanate, isopho­
rone diisocyanate, 2,4- and 2,6-methylcyclohexyl diiso-

5 cyanate, and 4, 4 '-dicyclohexylmethanediisocyanate and 
isomers thereof. When polyisocyanates are used, their 
functionality is ·preferably about 2.2 or less. 

The resulting prepolymers wi1·1 cont.'ain an NCO 
group weight percent tailored to the elastomer end use. 

10 For elastomers with large .quantities of hard segments, 
the NCO content of the soft-segment prepolymer may 
advantageously be from 10% to 20%, while for softer 
elastomers where the percentage of hard segments is 
less, the NCO group content of the soft-segment prepoly-

15 mer may advantageously be between 3% and 14%, preferably 
between 4% and 10%, and most preferably between 5% and 
8%. 

Adjustment of the NCO group content of the . 
soft-segment prepolymer is within the level:of skill in 

20 the art. NCO group contents in weight percent of the 
two most widely used isocyanates, toluene diisocyanate 
(TDI) and methylenediphenylerie diisocyanate (MDI) are 

· 48% ·and 34%, respectively. Reaction of these or other 
di- . or polyisocyanates with any isocyanate-reactive 

25 component will progressively lower the isocyanate group 
content until a ratio of one equivalent of isocyanate to 
one equivalent of isocyanate reactive groups is present, 
at which time the theoretical isocyanate group content 
is zero. However, with a given equivalent ratio 

30 (index), the N~O group content will be inversely propor­
tional to the molecular weight of the isocyanate reac­
tive component. Thus, the i·socyanate content of a 
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prepolymer product obtained from. a given quantity of 

isocyanate reacted with one mole of a · 2000 molecular 

weight diol will be higher than that obtained from one 

mole of a 4000 molecular weight dial. 

5 The prepolymers are prepared by ~eacting the 

isocyanate and isocyanate reactive component while 

stirring, generally under nitrogen. Solvents are not 

utilized, or if utilized in minor amounts, should be 

stripped from the prepolymer prior to glycol extension 

10 to form the elastomer. The reaction ls generally 

conducted at elevated temperatures, for example from 40-

100 "C, more preferably from 5o-ao·c, and may optionally 

be catalyzed by tra,ditional urethane promoting cata­

lysts, e.g., dibutyltin dilaurate, dibutyltin diacetate, 

15 tertiary amines, phosphoric acid, and the like. The 

prepolymer may be advantageously degassed by application 

of vacuum. 

The soft-segment polyurethane prepolyrners are 

chain extended with hydroxyl-functional chain extenders 

20 of relatively- low molecular weight, i.e., generally less 

than 300 Da. Examples of suitable hydroxyl-functional 

chain extenders are ethylene glycol, 1, 2- and 1, 3 -

propanediol, 1,2- and 1,4-butanediol, neopentyl glycol, 

2,2,4-trimethyl-1,5-pentanediol, 1,6-hexanediol, 1,8-

25 octanediol, 1, 10-decanediol, 1, 12-dodecanediol, diethyl­

ene glycol, triethylene glycol, dipropylene glycol, 

tripropylene glycol, the polyoxyalkylene glycols of 

molecular weights of up to about 300 Da; dihydroxyaroma­

tic compounds such as hydroquinone, resorcinol, 4,4'-

30 dihydroxybiphenyl, the various bisphenols, for example 

bisphenol A and bisphenol F, the various dihydroxynapht-
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halenes, and the .va~ious oxyalkylated dihydroxyaromatic 
compounds with molecular weights up to about 300 Da. 

Generally, use of crosslinkers should be 
minimized if thermoplastic elastomers are desired, .for 

5 as the degree of crosslinking increases, the melt 
processability rapidly decreases. Most minor amounts of. 
crosslinkers may improve hardness, tensile strength, 
modulus, and compression set, while generally diminish­
ing elongation and tear strength. Suitable"crosslinkers. 

10 are polyhydroxyl functional compounds such as glycerine, 

trimethylolpropane and thei~ oxyalkylated oligomers, 
N,N,N',N'-tetrakis[2-hydroxyethyl or 2-hydroxypropyl]­
ethylene diamine, the various oxyalkylated aliphatic and 
aromatic diamines, aminophenols, a:nd the like, particu-

15 larly triethanolamine and tripropanolamine. The forego­
ing list of crosslinkers is illustrative, and not 
limiting. Preferably, the polyurethane elastomers of 
the subject invention are substantially or completely 
devoid of crosslinkers. 

20 The amounts of chain extenders and optional 
crosslinkers are chosen such that virtually complete 
reaction of · prepolymer. NCO groups is achieved when 
maximum polymer molecular weight is desired. Greater 
amounts of chairi extenders over the stoichiometric 

25. amount may exert a plasticizing ef feet which may be 
desirable in some instances. Too little chain extender 
and/or crosslinker will produce a product containing 
residual NCO groups which•may react with each other to 

form allophanate, uretdione, or isocyanurate linkages, 
30 or with moisture to form urea linkages. In any event, 

the polymer properties will change over time, which in 
most cases is undesirable. Preferably, chain extenders, 
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and optionally crosslinkers, are used at an isocyanate 
index of from 95 to 105, preferably about 100. 

The prepolymer, chain extender(s} and optional 
crosslinker (s) , and optional additives such as dyes, 

5 pigments, fillers, reinforcing fibers, conductivity 

modifying agents, oxidation and ultraviolet light 

inhibit~rs, plasticizers, and the like, when present, 

may be thoroughly mixed and preferably degassed and cast 

or extruded, optionally but generally in tne presence of 
10 suitable catalysts, to form· non-cellular products. If 

microcellular or foamed products a~e desired, e.g., for 

applications such as jounce bumpers or shoe soles, the 
desired amount of reactive or non-reactive blowing agent 

may be added. Preferably, the elastomers are non-

15 cellular, and are allowed to cure for 5 to 10 minutes. 
Full development of physical properties generally does 
not take place until after at least 48 hours. 

Having generally described this invention, a 

further understanding can be obtained by reference to 

20 certain specific examples which are provided herein for 
purposes of illustration only and are not intended to be 

limiting unless otherwise specified. 

Example 1 
Polvurethane Elastomer Using 1.0 Weight % Mona/ Based On Po/vol Weight 

25 · An isocyanate-terminated prepolymer was 
prepared using the following formulation: 
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PREPOLYMER FORMUIATION 

MATERIALS Equiv. Wt. Equiva- Weight (g) 
'J lents 

4,4' -diphenylmethane diisocy- 125.0 0.9668 120.85 
anate (MDI) . 

2000 .Da polyoxytetramethylene 1011 0.3224 325.68 
ether glycol (hydroxyl # 55 .5) 

2000 Da octanol initiated 2070 0.0016 3.29 
polyoxypropylene monol 
(hydroxyl # 27 .1) 

Total Prepolymer Weight 449.82. 

The 2000 Da polyoxytetramethylene ether glycol 

(Terathane® 2000), 2000 Da octanol initiated polyoxypro­

pylene monol, and 4,4'-diphenylmethane diisocyanate 

(MDI) were charged to . a 1000 ml, 3-neck round-bottom 
15 flask equipped with a thermocouple, stirrer and nitrogen 

inlet. While stirring, the mixture was heated to 80°C. 
The components were reacted at 80°C for approximately 6 

hours forming an isocyanate-terminated prepolymer with 

a weight percent isocyanate content of 5. 87 . (theoretical 

20 NCO= 6.00%). 

The isocyanate-terminated prepolymer was 
degassed under vacuum (<l mmHg for 20 minutes) and· then 
chain extended using 1, 4-butanediol at isocyanate to 

hydroxyl ra.tio (NCO/OH) of 1. 05 ( 105 index). The 

25 prepolymer (174.55 g; 0.2440 equiv.) was added to an 8-

ounce container followed by the 1,4-butanediol (10.45 g; 
0.2323 equiv.) The mixture was stirred thoroughly for. 

approximately . 1 minute, then cast into closed molds 
preheated to 100 ° C. The molds were transferred to a 

30 100°c vented oven and cured about 16 hours. The cured 
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elastomers were demolded and then conditioned for 4 
weeks at 23°C and 50% relative humidity prior to 
testing. The elastomer physical/mechanical properties 
are reported in Table 1. 

5 Example 2 

10 

15 

20 

Polyurethane Elastomer Using 2.0 Weight% Monol Based On Polyol Weight 

An isocyanate-terminated prepolymer was 
prepared using the following formulation and the 
procedure described in Example 1: 

PREPOLYMERFORMULATION 

MATERIALS Equiv. Wt. Equivalents Weight (g) 

4,4' -diphenylmethane 125.0 0.9653 120.67 
diisocyanate 

2000 Da polyoxytetramethyl- 1011 0.3193 322.73 
ene ether glycol 
(hydroxyl # 55.5) 

2000 MW octanol initiated 2070 0.0032 6.61 
polyoxypropylene monol 

·(hydroxyl# 27.1) 

Total Prepolymer Weight 450.01 

The isocyanate-terminated prepolymer had a 
weight percent isocyanate 'content of· 5. 87 (theoretical 
NCO= 6.00%). 

Cured polyurethane elastomer moldings were 
25 formed from this isocyanate-terminated prepolymer using 

the procedure described in Example 1. The elastomer 
physical/mechanical properties are reported in Table 1. 
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Example 3 
Polyurethane Elastomer Using 4.0 Weight% Monol Based On Polyol Weight 

An isocyanate-terminated prepolymer was 

prepared using the following formulation and the 
5 procedure described in Example 1: 

.10 

15 

PREPOLYMERFORMUIATION 

MATERIALS Equiv. Wt. Equivalents Weight (g) 

4,4' -diphenylmethane 125.0 0.9623 120.29 
diisocyanate 

2000 Da polyoxytetramethyl- 1011 0.3131 316.48 
ene glycol (hydroxyl# 55.5) 

2000 MW octanol initiated 2070 0.0064 13.23 
polyoxypropylene. monol 
(hydroxyl # 27 .1) 

Total Prepolymer Weight 450.00 

The isocyanate-terminated prepolymer had a 

.weight percent isocyanate content of 5.89 (theoretical 

NCO:::: 6.00%). 

Cured polyurethane elastomer moldings were 
20 formed from this isocyanate-terminated prepolymer using 

the procedure described in Example 1 but using 174.Slg 

of prepolymer. · The e·lastomer physical/mechanical 

properties are reported in Table 1. 

Comparanve Example: 
25 Polyurethane Elastomer Without Monol 

An isocyanate-terminated prepolymer was 

prepared using the · following formulation and the 
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procedure described in Example 1: 

PREPOLYMER FORMULATION 

MATERIALS Equiv. Wt. Equivalents Weight (g) 

4,4' -diphenylmethane 125.0 0.9683 121.04 
diisocyanate 

2000 Da polyoxytetramethyl- 1011 0.3254 328.96 
ene ether glycol 
(hydroxyl # 55 .5) 

2000 ·Mw octanol initiated - - -
polyoxypropylene mqnol . 
(hydroxyl # 27 :1) 

Total Prepolymer Weight 450.00 

The i~ocyanate-terminated prepolymer had a 
weight percent isocyanate content of 5.98 (theoretical 

15 NCO=· 6.00%). 

Cured polyurethane elastomer ~oldings were 
formed from this isocyanate-terminated prepolymer using 
the procedure described in Example 1 but using 174.36g 
(0.2483 equiv) of prepolymer and (10.64 g; 0.2364 

20 equiv. ) of 1, 4-butane diol. The elastome;r 
physical/mechanical properties are reported in Table 1. 

The physical/mechanical properties of the 
elastomers are summarized in the table below. It was 
found that the addition of monol to elastomers based on 

25 polytetramethylene glycol gave unexpected improvements 
in.the% elongation, tensile strength and tear strength, 
while the other properties remain relatively constant. 
It was expected that monol would act as a chain termina­
tor lowering the elastomer molecular weight and thus 

30. lower the elastomer physical/mechanical properties. 
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TABLE 1 

Elastomer Physical/Mechanical Properties 

Comparative 
Example Example 1 Example 2 Example 3 

Weight% Monol 0.0 1.0 2.0 4.0 

Shore A Hardness 83 83 83 83 

5 Rebound(%) 75 72 72 71 

Elongation(%) 508 520 564 619 

Tensile Strength (psi) 4520 4440 4930- 5320 
, 

100% Modulus (psi) 770 790. 780 760 

Die C Tear Strength (pli) 396 411 428 432 

10 These results are especially surprising in 
view of the fact that all the elastomer raw materials 
other than the polyoxyalkylene monol ·are difunctional, 
i.e., there is no "excess" functionality over that 
required to produce a linear polymer. Thus, addition of 

15 even small quantities of monofunctional reactant would 
be expected to severely impact physical properties, 
which are known to be molecular weight-dependent. 
Further surprising is that ad~ition of monol does not 
appear to significantly affect the hardness of the 

20 elastomer, in contrast to the process where monol is 
added to the B-side (polyol side} of one shot formula­
tions as disclosed in u.s. Patent No. 3,875,086 where 
severe decrease in hardness was observed. 



-25-

Havi~g now fully described the invention, it 
will be apparent to one of ordinary skill in the art 
that many changes and modifications can be made thereto 
without departing from the spirit or scope of the 

5 inventio~ as set forth herein. 
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Claims: 

1. A polyurethane elastomer, ·comprising the 
reaction product of: 

a) an ·isocyanate-terminated prepolymer 
5 having . an NCO group content of from about 2 weight 

percent to about 20 weight percent, which is the reac­
tion product of a di- or polyisocyanate having a f unc­
tionali ty of about 2 to about 2.2; a polytet~amethylene 
ether glycol having a molecular weight between about 600 

10 Da and 6000 Da; and from 1 weight percent to about 10 
weight percent, based on the weight of said polyoxy­
tetramethylene ether glycol, of a hydroxyl-functional 
polyoxyalkylene monol containing in.major part oxyalkyl­
ene moieties derived from propylene oxide, butylene 

15 oxide, and tetrahydrofuran or mixtures thereof, said 
polyoxyalkylene monol having a molecular weight of from 
about 500 Da to about 10,000 Da; and 

b) a glycol chain extender at an isocyanate 
index of from about 70 to about· 130. 

20 2. The polyurethane elastomer of claim 1 
wherein said NCO group conten"b of said prepolymer is 
from about 4 weight percent to about 16 weight percent. 

3. The polyurethane elastomer of claim 1 
.wherein said NCO group content of said prepolymer is 

25 from about 4 weight percent·to about 10 weight percent. 

4. T~e polyurethane elastomer of any one of 
claims 1 to 3 wherein the weight percentage of said 
polyoxyalkylene monol is from about 1 weight percent to 
about 6 weight percent. 
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5. A polyurethane elastomer as claimed in 
any one of the preceding cla~ms, comprising the reaction 
product of: 

a) an isocyanate prepolymer having an NCO 
5 group content of from about 4 weight percent to about 10 

weight percent, which is the reaction product of a di­
or poly-isocyanate having a functionality of about 2 to 
about 2.2; a polytetramethylene ether glycol having a 
molecular weight between about 1000 Da and about· 4000. 

10 Da; and from 1 weig_ht percent to about 6 weight p~rc~nt 
cased on the weight of said polyoxytetramethylene ether 
glycol of a hydroxyl-functional polyoxyalkylene monol 
containing in major part oxralkylen~ moieties derived 
from propylene oxide, butylene oxide, and tetr.ahydrofur-

15 an, said polyoxyalkylene monol having a molecul~r weight 
of from about 500 Da to about 4000 Da; and 

b) a glycol. cnain extender at an isoqyanate 
index of from about 90 to about 110. 

6. The polyurethane elastomer of any one of 
20 the preceding claims wherein the oxyalkylene moieties of 

said polyoxyalkylene monol comprise minimally 90 wei~ht 

percent oxypropylene moieties. 

7. The polyurethane elastomer of any one of 
the preceding claims wherein said polyoxyalkylene monol 

25 is a C1_20 alkanol initiated polyC?xypropylene homopolymer. 

8. The polyurethane elastomer of claim 7 
wherein the molecular weight of said polyoxyalkylene 
monol is from about 1000 Da to about 4000 Da. 

9. The polyurethane elastomer of any one of 
30 the preced1ng claims wherein said di- or polyisocyanate 
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is a diisocyanate selected from the grbup consisting of 
2, 4- and 2, 6-toluene diisocyanate; 2, 4 '-, 2, 2 '-, and 
4,4'-diphenylmethane diisocyanate; 2,4'-, 2,2'-, and 
4,4'-dicyclohexylmethane diisocyanate; 

5 tetramethylxylidene diisocyanate; 1,6-hexane 
diisocyanate; isophorone diisocyanate, and mixtures 
thereof. 

10. The polyuretha~e elastomer of ·any one of 
the preceding claims wherein said glycol chain extender 

10 is selected from the group consisting of ethylene 
glycol, 1,2- and 1,3-propanediol, 1,2- and 1,4-
butanediol, 1,6-hexanediol, neopentyl glycol, 1,4-
cyclohexanediol, · 1,4-cyclohexane dimethanol, 2,2,4-
trimethylpentane diol, . hydroquinone, 0,0'-bis(2-

15 hydroxyethyl)hydroquinone, 4,4'-dihydroxybiphenyl, 
bisphenol A, bisphenol F, and mixtures thereof. 

11. A process for enhancing the physical 
properties of a polytetramethylene ether glycol based 
polyurethane elastomer prepared by the reaction of an 

20 isocyanate terminated prepolymer prepared from poly­
tetramethylene ether glycol with a di- or polyisocyanate 
followed by reaction with a glycol chain extender, 
comprising: 

preparing said prepolymer in the presence of 
25 from about 1 weight percent to about 10 weiqht percent, 

based on the weight of said polyoxytetramethylene ether. 
glycol, of a hydroxyl-functional polyoxyalkylene mono! 
having a molecular weight of from 500 Da to about 10, 000 
Da, said polyoxyalkylene monol comprising. in excess of 

30 50 weight percent of oxypropylene or oxybutylene moi­
eties, or mixtures thereof. 
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12. The process of claim 11 wherein said 
prepolymer contains from about 4 weight percent to about 
1 O weight percent NCO groups, and said polyoxytetra­
methylene ether glycol has a molecular weight of from 

5 1000 Da to about 6000 Da. 

13. The process of claim 11 or claim 12 
.wherein said polyoxyalkylene mono! is a C1_20 alkanol 
initiated polyoxypropylene monol having a .. molecular 
weight from about 500 Da to about 4000 Da. 

10 14. The process of any one of claims 11 to 13 

15 

wherein said glycol chain extender is selected from the 
group consisting of ethylene glycol, 1,4-butanediol, 
diethylene glycol, 1,6-~exane diol, and mixtures 
thereof. 

15. The process of claim any one of claims 11 
to 14 wherein said polyoxyalkylene mono! is present in 
an amount of from about 1 to about 6 weight percent. 

16. The process of claim 15 wherein said 
polyoxyalkylene monol is present in an amount of from 

20 ,about 1 to about 4 weight percent. 


