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SOFT THERMOPLASTIC POLYURETHANE ELASTOMERS ANDc~KI PROCESSES FOR THEIR PREPARATION AND USE

ABSTRACT OF THE DISCLOSURE

Thermoplastic polyurethanes which are readily released from a mold, have
a hardness of up to 80 Shore A, and a low degree of cold hardening are
produced from polyester polyols made with at least one dihydric alcohol
having no ether groups and an average of at least 0.40 side carbon chains
per ester group in the polyester polyol.
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SSOFT THERMOPLASTIC POLYURETHANE ELASTOMERS AND
PROCESSES FOR THEIR PREPARATION AND USE

BACKGROUND OF THE INVENTION

IThe present invention relates to soft thermoplastic polyurethane elastomer
N molding compositions which are readily released from a mold. These
Sthermoplastic polyurethanes are characterized by a low degree of cold

hardening, good mechanical properties and a hardness of 45 to 80 Shore
A. This invention also relates to processes for the production and use of
these thermoplastically processable polyurethane elastomers.

Thermoplastic polyurethane elastomers (TPU's) have been known for a
long time. They are of industrial importance because of their high-quality
mechanical properties and inexpensive, thermoplastic processability. A
wide range of mechanical properties can be achieved by using various
chemical builder components. An overview of TPU's, their properties and
uses is given, in Kunststoffe 68 (1978), 819 or in Kautschuk, Gummi,
Kunststoffe 35 (1982), 568.

TPU's are generally built up from linear polyols (usually polyester or
polyether polyols), organic diisocyanates and short-chain diols (chain
lengtheners or chain extenders). Catalysts can also be added to
accelerate the formation reaction. To adjust the properties, the building
components can be varied within relatively wide molar ratios. Molar ratios
of polyol(s) to chain lengthener(s)/extender(s) of from 1:1 to 1:12 have

been proven to be appropriate. Use of these ratios results in products

characterized by a hardness in the range of from 80 Shore A to 75 Shore
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The hardness of a TPU is largely determined by the ratio of hard segment
0 (formed by reaction of the chain lengthener/extender with the isocyanate

groups) to soft segment (formed by reaction of the polyol with the
Z isocyanate groups). If the amount of hard segment is reduced below the

point where an 80 Shore A TPU is produced, the resulting products are
tacky, solidify poorly, exhibit poor releasability from the mold when
injection molded and exhibit severe shrinkage. No economically
acceptable injection molding cycle times are ensured with such TPUs.

In addition, an incipient soft segment crystallization at slightly below room
temperature often leads to a significant increase in hardness. This
increase in hardness which occurs over time or on exposure to sub-
ambient temperatures deteriorates the usefulness and value of parts which
had been designed for softness and flexibility.

Canadian Patent 1 257 946 teaches that use of specific phthalate and
phosphate plasticizers produces TPU's with a hardness of 60 to 80 Shore
A. However, these plasticized TPU's have disadvantageous
characteristics such as bleeding of the plasticizer with after-hardening and
odor problems. When these plasticized TPU's are in contact with rigid
thermoplastics, stress cracking can occur.

U.S. Patent 6,218,479 describes soft polyurethane molding compositions
of low shrinkage in the hardness range from 76 to 84 Shore A. These
compositions are produced by mixing a 65-85 Shore A TPU ("TPU with
a 76-90 Shore A TPU ("TPU The harder TPU B is prepared by
reacting the polyol with the diisocyanate in an NCO:OH ratio of from 2.0:1
to 5.0: 1, so that the shrinkage of the mixture is reduced and a good
dimensional accuracy is achieved. This process is limited in its effect at
very low Shore A values in the range below 75 Shore A.
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0 In U.S. Patent 6,538,075, a previously prepared TPU of 30 to 80 Shore D

cN hardness is degraded in the first part of an extruder with the addition of low

molecular weight diols to form large hard segment blocks. A new soft TPU

Z is then produced in the second part of the extruder with the addition of

c 5 isocyanate(s), polyol(s) and catalyst(s). These TPU's have good

mechanical values and reduced abrasion. The preparation process

Sdescribed is very involved, and it is therefore very difficult to maintain the

TPU properties in a controlled manner. In addition, the releasability of the

C- TPU from the mold in injection molding processing is not particularly good.

ci U.S. 6,790,916 describes a three-step process for the preparation of

TPU's having a hardness of 45 to 65 Shore A which are readily released

from the mold. In the described process, ester-based TPU's prepared

from an isocyanate-terminated prepolymer based on polyester polyols

obtained by reacting a mixture of at least two different polyhydric alcohols

with one or more dicarboxylic acids are produced. TPU's produced from

isocyanate-terminated prepolymers based on mixtures of at least two

polyester polyols are also described. The use of mixed esters or mixtures

of polyols in such a three-step process is not preferred due to its

complexity and cost. Further, the viscosities of such prepolymers are

often quite high making it inherently more difficult to control the properties

of the final TPU.

U.S. 5,780,573 is directed to TPU's based on polyester polyols with

functionalities of from 2.01 to 2.08 hydroxyl groups per one molecule and

crystallization enthalpies of 70 J/g or less. This disclosure teaches that

polyester polyols with functionalities outside of the 2.01-2.08 range

produce TPU's which are inferior and unsuitable for polyurethane fibers

and molded articles.
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SUMMARY OF THE INVENTION

o It is an object of the present invention to provide very soft TPU's having
Z hardness values of from about 45 to about 80 Shore A, which are easy

c-i 5 to release from a mold, exhibit excellent mechanical properties and (3)
which do not harden substantially after exposure to cold temperatures.

It is also an object of the present invention to provide a process for the

cl production of very soft TPU's having hardness values of from about 45 to
about 80 Shore A, which are easy to release from a mold, exhibit

c-i excellent mechanical properties and which do not harden substantially

after exposure to cold temperatures.

These and other objects which will be readily apparent to those skilled in
the art are accomplished by producing the TPU with at least one polyester

polyol which has been produced with at least one dihydric alcohol having
no ether groups and an average of at least 0.40 side chain carbon atoms

per ester group in the polyester polyol.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF

THE INVENTION

The present invention provides thermoplastically processable
polyurethane elastomers which are easy to release from the mold and
have a hardness of up to 80 Shore A, preferably from 45 to 80 Shore A,
more preferably from 50 to 75 Shore A, most preferably from 55 to 
Shore A (as measured in accordance with DIN 53505). The TPU's of the

present invention are also characterized by a tensile strength of greater
than 10 MPa, preferably greater than 15 MPa, most preferably, greater
than 20 MPa (as measured in accordance with ISO 37), and by their low
degree of cold-hardening.



As used herein, "degree of cold hardening" means the relative difference
between the hardness value of the TPU at ambient temperature

(approximately 23°C) before exposure to a sub-ambient temperature (HV 1

Z and the hardness value of the TPU at ambient temperature after exposure
to a temperature of 4°C for a period of five days (HV2 This relative
difference is calculated using the following equation:

HV 2 HV 1 /HV 1 x 100%.
N A relative difference of up to 6% indicates a low degree of cold hardening.

A relative difference of greater than 10% indicates a high degree of cold
hardening. The TPU's of the present invention are characterized by a

N relative difference of up to preferably, no more than most
preferably, no more than 3%.

The thermoplastically processable polyurethane elastomers of the present
invention may be produced by any of the processes known to those skilled
in the art. However, one of the advantages of the present invention is the
ability to produce TPU's with very good properties in a single-stage
reaction.

In the single stage reaction, at least one branched hydroxyl-terminated
polyester diol having a number-average molecular weight of from about
800 to about 5,000, is reacted with at least one organic diisocyanate and
at least one diol chain lengthener or chain extender having a molecular
weight of from about 60 to about 400, optionally, in the presence of a
catalyst at an NCO:OH equivalents ratio based on all components
employed, of from 0.9:1 to 1.1:1, preferably from 1.0 to 1.05:1.

The polyester diol required in the present invention must be branched and
must contain an average of at least 0.4, preferably, at least 0.5, and most

preferably, at least 1 side chain carbon atoms per ester group. These

polyester diols generally have number average molecular weights of from
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about 800 to about 5,000, preferably, from about 1000 to about 4000, most
preferably, from about 1500 to about 4000.

Z As used herein, a "branched polyester diol" means a polyester diol having

at least one subordinate chain composed of one or more carbon atoms
which chain is bonded to a linear chain of at least 2, preferably, at least 3

carbon atoms.

The number of side chain carbon atoms per ester group in the branched
C 10 polyester diol may be readily calculated on the basis of the formula

cweights of the polyester diol and dicarboxylic acid and the theoretical
number of carbon atoms in a side chain and the theoretical number of

ester groups in the branched polyester diol.

While not wishing to be bound by any theory, it is believed that the role of

the side chain carbon atoms is two-fold. First, they serve to disrupt
interactions between the urethane ester groups. This allows for faster

crystallization of the urethane hard segments and thus more rapid
hardness build. Secondly, the side chain carbon atoms serve to limit soft
segment crystallization, which is thought to be the main source of cold or

after hardening.

Suitable polyester diols can be prepared, for example, from dicarboxylic

acids having 2 to 12 carbon atoms, preferably 4 to 6 carbon atoms, and
polyhydric alcohols in which no ether groups are present in accordance

with any of the techniques known to those skilled in the art. Suitable

dicarboxylic acids include: aliphatic dicarboxylic acids, such as succinic
acid, glutaric acid, adipic acid, suberic acid, azelaic acid and sebacic acid,
or aromatic dicarboxylic acids, such as phthalic acid, isophthalic acid and
terephthalic acid. The dicarboxylic acids can be used either individually or



L as mixtures such as, for example, in the form of a succinic, glutaric and

Sadipic acid mixture.

O
Z Polyhydric alcohols suitable for use in the production of the branched

polyester polyols used in the present invention are difunctional and include
glycols having from 2 to 10, preferably from 2 to 6 carbon atoms, with at

least one carbon pendant from the main chain. There should be no ether
linkages within the glycol. Diethylene glycol and dipropylene glycol are not

Ssuitable for use in the production of the polyester polyols to be used in the

0 10 practice of the present invention. Suitable dihydric alcohols include; 2-

Smethyl-1,3-propane diol, 3-methyl-1,5-pentane diol, 3,3'-dimethyl-1,5-

pentanediol, neopentyl glycol (2,2'-dimethyl-1,3-propanediol), propylene

glycol, and 2,2'-diethyl-1,3-propanediol. The polyhydric alcohols can be

used by themselves or as a mixture with one another, depending on the

desired properties. The dihydric alcohols can also be used in combination

with linear aliphatic glycols such as butanediol and hexanediol provided

that the overall average number of side chain carbon atoms per molecule

is at least 0.4.

Preferred polyester diols include: neopentyl glycol adipates, 1,6-

hexanediol-neopentylglycol polyadipates, and 2,2'-diethyl-1,3-propanediol

adipates. The polyester diols have number-average molecular weights

M n of from about 800 to about 5,000, preferably, from 1000 to 4000 and

can be used individually or in the form of mixtures with one another.

Organic diisocyanates suitable for use in the practice of the present

invention include: aliphatic, cycloaliphatic, araliphatic, heterocyclic and

aromatic diisocyanates, such as those described in, for example, Justus

Liebigs Annalen der Chemie, 562, pages 75 to 136.



Examples of suitable diisocyanates include: aliphatic dilsocyanates, such
as hexamethylene-diisocyanate; cycloaliphatic diisocyanates, such as
isophorone-diisocyanate, 1 4-cyclohexane-diisocyanate, 1 -methyl-2 ,4-

Zcyclohexane-diisocyanate and 1l-methyl -2,6-cyc lohexan e-d iisocyan ate and
the corresponding isomer mixtures, 4 4 '-dicyclohexylmethane-
diisocyanate, 2 4 -dicyclo-hexylmethane..diisocyanate and 2,2'-
d icyclohexylm ethane-diisocyan ate and the corresponding isomer mixtures;

(Ni aromatic diisocyanates, such as 2,4-toluene-diisocyanate, mixtures of 2,4-
toluene-diisocyanate and 2,6-toluene-diisocyanate, 4,4'-diphenylmethane-

diisocyanate, 2 4 -diphenylmethane-diisocyanate and 2,2'-diphenyl-
0 methane-diisocyanate, mixtures of 2 14 -diphenylmethane-diisocyanate and

4 4'-diphenylmethane-diisocyanate, urethane-modified liquid 4,4'-
diphenylmethane-diisocyanates, 2 4 -diphenylmethane-diisocyanates, 4,4'-
diisocyanato-1 ,2-diphenylethane and 1 ,5-naphthylene-diisocyanate. 1,6-
Hexamethylene-diisocyanate, 1 4-cyclohexane-diisocyanate, isophorone-
diisocyanate, dicyclohexylmethane-diisocyanate, diphenylmethane-
diisocyanate isomer mixtures with a 4,4'-diphenyl-methane diisocyanate
content of more than 96 4,4'-diphenylmethane diisocyanate and 
naphthylene-daisocyanate are preferably used. These di isocyanates may
be used individually or in the form of mixtures with one another. They can
also be used together with up to 15 mol% (calculated for the total
diisocyanate) of a polyisocyanate, but polyisocyanate should be added at
most in an amount such that a product which is still thermoplastically
processable is formed. Triphe nyl meth ane-4,4', 4s.tri isocyan ate and
polyphenyl-polymethylene polyisocyanates are examples of such suitable
polyisocyanates.

Chain lengthening agents or chain extenders which are suitable for use in
the practice of the present invention include diols, optionally mixed with
small amounts of diamines, having a molecular weight of from about 60 to
400. Aliphatic diols having from 2 to 14 carbon atoms, such as 1,6-
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hexanediol, diethylene glycol, dipropylene glycol, and in particular ethylene

glycol and 1,4-butanediol are particularly suitable. Diesters of terephthalic

acid with glycols having 2 to 4 carbon atoms, e.g. terephthalic acid bis-
Z ethylene glycol or terephthalic acid bis-1,4-butanediol; hydroxyalkylene

ethers of hydroquinone, e.g. 1,4 -di(P-hydroxyethyl)-hydroquinone;

ethoxylated bisphenols, e.g. 1,4-di(p-hydroxyethyl)-bisphenol A;

(cyclo)aliphatic diamines, such as isophoronediamine, ethylenediamine,

1,2-propylenediamine, 1,3-propylenediamine, N-methyl-propylene-1,3-

diamine and N,N'-dimethylethylenediamine; and aromatic diamines, such

as 2,4-toluenediamine, 2,6-toluenediamine, 3,5-diethyl-2,4-toluenediamine

Sand 3,5-diethyl-2,6-toluenediamine and primary mono-, di-, tri- or

tetraalkyl-substituted 4,4'-diaminodiphenylmethanes, are also suitable.
Ethylene glycol, 1,4-butanediol, 1,6-hexanediol, 1,4-di(p-hydroxy-ethyl)-

hydroquinone and 1,4-di(P-hydroxyethyl)-bisphenol A are most preferably

used as chain lengtheners/extenders. Mixtures of the above-mentioned

chain lengtheners/extenders can also be employed. In addition, relatively
small amounts less than about 0.5 equivalent% of all chain

lengthener/extender molecules) of triols can be added.

Conventional monofunctional compounds such as chain terminators or
mold release aids, can also be added in small amounts. Examples of

suitable monofunctional compounds include alcohols such as octanol and
stearyl alcohol, and amines, such as butylamine and stearylamine.

To prepare the TPU, the building components, optionally in the presence

of catalysts, auxiliary substances and/or additives, can be reacted in
amounts such that the equivalent ratio of NCO groups to the sum of the

NCO-reactive groups, in particular the OH groups of the low molecular

weight diols/triols and polyols, is from 0.9:1.0 to 1.1:1.0, preferably from

0.95:1.0 to 1.10:1.0.



r^.
0 Suitable catalysts for use in the practice of the present invention include

N any of the known tertiary amine catalysts such as triethylamine,

O dimethylcyclohexylamine, N-methylmorpholine, N,N'-dimethylpiperazine,
Z 2-(dimethylaminoethoxy)ethanol, diazabicyclo[2,2,2]-octane and, in

N 5 particular, organometallic compounds, such as titanic acid esters, iron
compounds or tin compounds, such as tin diacetate, tin dioctoate, tin

Sdilaurate and the tin-dialkyl salts of aliphatic carboxylic acids, such as

r dibutyltin diacetate and dibutyltin dilaurate. Preferred catalysts are

CN organometallic compounds, in particular titanic acid esters and iron and tin
compounds. The total amount of catalyst in the TPU is, in general from

-N about 0 to about 5 preferably from 0 to 1 based on 100 wt.%
of the TPU.

In addition to the TPU components and the catalysts, auxiliary substances
and/or additives can also be added. Some examples which may be
mentioned include lubricants, such as fatty acid esters, metal soaps

thereof, fatty acid amides, fatty acid ester-amides and silicone compounds,

antiblocking agents, inhibitors, stabilizers against hydrolysis, light, heat
and discoloration, flameproofing agents, dyestuffs, pigments, inorganic

and/or organic fillers and reinforcing agents. Reinforcing agents are, in
particular, fibrous reinforcing substances, such as inorganic fibers, which
are prepared according to the prior art and can also be charged with a
size. Further details on the auxiliary substances and additives mentioned

are to be found in the technical literature, for example the monograph of
J.H. Saunders and K.C. Frisch "High Polymers", Volume XVI,

Polyurethane, part 1 and 2, Verlag Interscience Publishers 1962 and 1964,
the Taschenbuch fur Kunststoff-Additive by R. Gachter and H. MOller

(Hanser Verlag Munich 1990) or DE-A 29 01 774.

Other additives which may optionally be incorporated into the TPU include

thermoplastics such as polycarbonates and acrylonitrile/butadiene/styrene
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terpolymers. Other elastomers, such as rubber, ethylene/vinyl acetate
C-N copolymers, styrene/butadiene copolymers and other TPU, can also be
O used. Commercially available plasticizers, such as phosphates,

Z phthalates, adipates, sebacates and alkylsulfonic acid esters, may in
cN 5 principle be used but are not generally considered to be desirable.

SThe TPU of the present invention is adjusted to a Shore A hardness less
than or equal to 80, preferably, from 45 to 80, more preferably, from 50 to

c- 75 by adjusting the molar ratio of polyol to chain lengthener/extender.

c-i The TPU's of the present invention may be prepared by any of the
processes known to those skilled in the art. For example, the TPU may be
prepared by the prepolymer process in which the polyester polyol and
diisocyanate are first reacted at the beginning of the reaction and the chain
extender is subsequently introduced into the reaction mixture to form the
thermoplastic polyurethane. A more preferred process is the single stage
reaction process (also known as the "one shot process") in which the
polyester polyol, diisocyanate and chain extender simultaneously
introduced and reacted.

The TPU of the present invention can be prepared either discontinuously
or continuously. The best known industrial processes for the production of
TPU's are the belt process (as described in, for example, GB-A 1 057 018)
and the extruder process (as described in DE-A 1 964 834, DE-A 2 059
570 and U.S. Patent 5,795,948).

Any of the known mixing units, preferably those which operate with a high
shear energy, are suitable for the preparation of the TPU according to the
invention. Examples suitable mixing units for the continuous production of
TPU's are co-kneaders, preferably extruders, such as e.g. twin-screw
extruders, and Buss kneaders.
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The TPU of the present invention may be prepared, for example, on a
Ctwin-screw extruder by addition of the diisocyanate, polyol, and chain

0lengthener/extender in parallel in the same metering opening of the

extruder. The polyester polyol and chain lengthener/extender can also be
premixed to form a single stream which is added to the extruder in parallel
with the diisocyanate stream through the same opening. Optionally, the
polyester polyol and diisocyanate can be added in the first part of the
extruder with the chain lengthening/extending being added subsequently

Cin the second part of the extruder. It is also possible to pre-react the
diisocyanate and polyester polyol to form a prepolymer before introduction
into the extruder in a static mixer line) and then chain extend the
prepolymer in the extruder.

The TPU's of the present invention are very soft (less than 80 Shore A)
and have good mechanical properties. During processing by injection
molding, the components solidify very rapidly and are therefore easily
removed from the mold. The TPU's of the present invention still have very
good elastic properties no soft segment crystallization) even at low
temperatures which manifests itself by a low increase in cold hardness
after being subjected to sub-ambient temperatures as low as 40C for
several days.

The TPU's of the present invention are useful for the production of soft,
flexible injection-molded components such as shoe soles, grip caps,
sealing components and dust caps. In combination with other
thermoplastics, products with a pleasant handle (hard-soft combination)

are obtained.

Extruded articles, such as e.g. profiles and hoses, can also be produced

from the TPU's of the present invention.
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The invention is further illustrated but is not intended to be limited by the
following examples in which all parts and percentages are by weight
unless otherwise specified.

EXAMPLES

The components employed in the preparation of the TPU, the relative
molar amounts of those components, and the properties of the resultant
TPU's are set forth in the following tables.

(N EXAMPLES 1-14
Preparation of the TPU:

The polyester polyol produced from the alcohol and acid indicated in Table 1
(at 1900°C), the diisocyanate heated to 600°C, and 1,4-butanediol were
mixed intensively and after approx. 15 sec., the reaction mixture was
poured on to a coated metal sheet and after-conditioned at 1200°C for 
minutes. 4 4 '-diphenylmethane-diisocyanate (MDI) was the isocyanate
used in Examples 1-12 and 14. Hexamethylene diisocyanate (HDI) was
used in Example 13. The diisocyanate, polyester polyol and butanediol
were simultaneously introduced in Examples 1-13. In Example 14, the
diisocyanate and polyester polyol were first reacted to form a prepolymer
and the butanediol was subsequently added.
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1

____Palyester Poll oll

ExapleDihydric Alcohol Dicarboxylic Acid side chain carbon Number Average Chain Moles Chain Extender /Moles of MIDI/Eape Component Component atoms/# ester groups Molecular Weight Extender Mole Polyol Mole Polyol

1 NPG Ad 1.11 2000 HQEE 0.63 1.63
2 NPG Ad 1.11 2000 EG 1.00 
3 NPG Ad 1.11 2000 BDO 1.01 2.01
4 2MPD Ad 0.55 2000 BDO 1.2 2.2

DEG Ad 0.00 2000 BDO 1.2 2.2
6*DPG Ad 1.13 2000 BDO 1.2 2.2

7 PG Ad 0.55 2000 BDO 1.2 2.2
8 3MPD Ad 0.56 2000 BDO 1.2 2.2
9 HDO/NPG (60/40) Ad 0.44 2000 BDO 1.2 2.2

NPG Ad 1.11 2000 BDO 1.2 2.2
11 NPG Ad 1.11 2000 EG 1.2 2.2
12 3MPD Ad 0.53 4000 BDO 3.6 4.6
13** NPG Ad 1.11 2000 HQEE -0.7 1.7

NPG Ad 41.11 2000 EG 0.66 1.6
UMOII C&a VV VAdII I lul "ILL coringI~L L[IMe iiv~

NPG neopentyl glycol
2MPD =2-methyl-i .3-propanediol
DEG =diethylene glycol
DPG 1 ,2-dipropylene glycol
PG propylene glycol
3MPD 3-methyl-i 
HDO/NPG hexanediol/neopentyl glycol
Ad adipic acid
HQEE 1 ,4-di-(betahydroxyethyl) hydroq ui none
BOO 1 ,4-butanediol

nuon



r The cast sheets were cut and granulated. The granules were melted in an
0 injection molding machine D 60 (32-screw) from Mannesmann and shaped

to bars (mold temperature: 400C; bar size: 80x10x4 mm). With the

exception of Example 3, the injection time was 25 seconds and the cooling
time was 25 seconds. In Example 3, the injection time was 50 seconds
and the cooling time was 50 seconds.

SMeasurements:

The measurement of the hardness of the TPU's was carried out in
accordance with DIN 53505, and the measurement in the tensile test in
accordance with ISO 37.

To characterize the extent of cold hardening due to soft segment
crystallization, the plaques were placed in a refrigerator at 40C for 5 days.
After removal from the refrigerator and equilibration at room temperature,
the hardness values were re-measured. The increase in hardness from
that reported at room temperature is a measure of the material's
resistance to cold hardening.

The solidification properties in the injection molding processing are
characterized by hardness measurement on a standard test specimen (4
mm thick) directly on release from the mold (after 0 sec) and 60 sec after
release from the mold (cycle time 25/25 sec). The higher these two initial
values, the faster the TPU solidifies, the better the green strength and the
sooner it can be released from the mold.

A very soft TPU was obtained directly in a simple manner, even without
the addition of plasticizers, by the single-stage process according to the
invention.
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These TPU's have very good mechanical properties, are readily

0 processable and, because of a rapid rate of solidification, release readily
from the mold. Cold hardening did not occur.
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Table 2

Example Hardness 100% Modulus, Tensile Strength, Elongation at Break, Hardness after 0 seconds Hardness after 60 seconds
Eape(normal/ref rigerator) MPa MPa %(Shore A)(SoeA

1 57/57 885 26 3
47/47 1.1 11.5 963 19 

3 46/46 1.44 15.4 906 41 42**
4 63/64 2.3 18.3 1154 17 

60/61 2 10.5 1368 10 14
6* 57/56 1.8 8.6 1327 14 

57/58 2 -13.7 1194 14 
8 63/62 2.2 19.4 1097 13 18
9 54/54 26.5 1073 22 24

55/54 953 31 36
Dufau I .A 7 Qq

7QRI f j 
74/75

31.592I .i t t %JI1

65/66i 2,6
24.1

64/6i5 118 13157-q*Comparative example not according to the invention
TPU produced using 50 second injection time and 50 second cooling time
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It can be seen from the data presented in Table 2 that polyester polyols

based on dihydric alcohols containing ether groups did not produce TPU's

having the advantageous processing and mechanical properties of the
TPU's produced in accordance with the present invention. This is seen in
Comparative Examples 5 and 6 where the adipates based on DEG and
DPG both produced TPU's having inferior hardening kinetics.

COMPARATIVE EXAMPLES A, B, C
A 2250 molecular weight polybutylene adipate polyester polyol was

reacted with MDI and ethylene glycol using the same procedure that was

used to produce the TPUs made in Examples 1-12. The resulting TPU's
exhibited a high degree of cold hardening evident upon comparison of the
hardness values reported in Table 3. Despite low levels of hard segment,
use of these polyester polyols having less than about 0.4 side chain

carbon atoms per ester group made manufacturing TPUs below about 
to 80 Shore A without the use of a plasticizer quite difficult.

Table 3
Polyol 2250MW Polybutylene adipate
Chain Extender Ethylene Glycol
NCO:OH 1.00

Comparative Example A B C

Moles CX Mole Polyol 2.23 1.6 1.29
side chain carbon

atoms/# ester groups

Hardness, Shore A 76 67 69
Hardness after 48 hours
at 44 0F (6.70 Shore A 80 82 89

Stress at 100%
Elongation, MPa 4.07 2.96 2.34
Tensile Strength, MPa 20.0 26.2 26.9
Elongation at Break, 580 622 653

CX chain extender
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Although the invention has been described in detail in the foregoing for the
purpose of illustration, it is to be understood that such detail is solely for that

purpose and that variations can be made therein by those skilled in the artZ without departing from the spirit and scope of the invention except as it may
be limited by the claims.

Throughout this specification and the claims which follow, unless the
context requires otherwise, the word "comprise", and variations such as
comprises" or "comprising", will be understood to imply the inclusion of a

stated integer or step or group of integers or steps but not the exclusion of
any other integer or step or group of integers or steps.

The reference in this specification to any prior publication (or information
derived from it), or to any matter which is known, is not, and should not be
taken as an acknowledgment or admission or any form of suggestion that
that prior publication (or information derived from it) or known matter forms
part of the common general knowledge in the field of endeavour to which
this specification relates.



0 The claims defining the invention are as follows:
0

1. A thermoplastically processable polyurethane elastomer which is
Z readily released from a mold characterized by a hardness of up to about

80 Shore A, a tensile strength of greater than 10 MPa, and a low degree of
cold hardening which is the reaction product of:

A) at least one branched hydroxyl-terminated polyester polyol having a
number-average molecular weight of from 800 to 5,000, which is

C the reaction product of:

at least one dihydric alcohol having

N no ether groups and

an average of at least 0.40 side chain carbon atoms
per ester group in the polyester polyol,

with

one or more dicarboxylic acids having a maximum of 12
carbon atoms

with

B) at least one diisocyanate and

C) at least one diol chain extender having a molecular weight of from
60 to 400,

formed in the absence of a plasticizer by reacting B) and C) at an
NCO:OH molar ratio of from 0.9:1 to 1.1:1.

2. The elastmer of Claim 1 having a hardness of from 45 to 
Shore A.

3. The elastomer of Claim 1 in which the NCO:OH molar ratio is
approximately 1:1.
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4. The elastomer of Claim 1 in which an average of at least 0.5 side
chain carbon atoms per ester group in the polyester polyol is present in the
dihydric alcohol.

5. The elastomer of Claim 1 in which an average of at least 1 side
chain carbon atom per ester group in the polyester polyol is present in the

VD dihydric alcohol.

6. The elastomer of Claim 1 in which the diisocyanate is selected from
the group consisting of 4 ,4'-diphenylmethane-diisocyanate, isophorone-

l diisocyanate, 1,6-hexamethylene-diisocyanate, 

diisocyanate, 4 ,4'-dicyclohexylmethane-diisocyanate and mixtures thereof.

7. The elastomer of Claim 1 in which the diol chain extender is
selected from the group consisting of ethylene glycol, 1,4-butanediol, 1,6-
hexanediol, 1,4 -di-(betahydroxyethyl)-hydroquinone, 1,4-di-
(betahydroxyethyl)-bisphenol A and mixtures thereof.

8. The elastomer of Claim 1 in which the polyester polyol is the
reaction product of neopentyl glycol and adipic acid.

9. A process for the production of the elastomers of Claim 1
comprising reacting

A) at least one branched hydroxyl-terminated polyester polyol having a
number-average molecular weight of from 800 to 5,000, which is
the reaction product of:

at least one dihydric alcohol which

contains no ether groups and

has an average of at least 0.40 side chain carbon

atoms per ester group in the polyester polyol,

with
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one or more dicarboxylic acids having a maximum of 12
Scarbon atoms

with

SB) at least one diisocyanate and
C) at least one diol chain extender having a molecular weight of from

to 400,

in the absence of a plasticizer at an NCO:OH molar ratio of from 0.9:1 to
,N 1.1:1.

10. The process of Claim 9 in which the organic diisocyanate is

selected from the group consisting of 4,4'-diphenylmethane diisocyanate,
isophorone diisocyanate, 1,6-hexamethylene diisocyanate, 
naphthylene diisocyanate, 4 4 '-dicyclohexylmethane diisocyanate, and
mixtures thereof.

11. The process of Claim 9 in which the diol chain extender is selected
from the group consisting of ethylene glycol, 1,4-butanediol, 1,6-
hexanediol, 1,4 -di-(betahydroxyethyl)hydroquinone, 1,4-di-
(betahydroxyethyl)-bisphenol A.

12. The process of Claim 9 which is conducted in a single stage.

13. A thermoplastically processable polyurethane elastomer which is
readily released from a mold, substantially as hereinbefore described with
reference to the Examples but excluding the comparative Examples.

14. A process for the production of elastomers as defined in claim 1,
said process being substantially as hereinbefore described with reference
to the Examples but excluding the comparative Examples.

15. Thermoplastically processable polyurethane elastomers whenever
obtained by the process of any one of claims 9 to 12 or 14.
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