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[57] ABSTRACT

Polyurethane polyether-based elastomers are described
which are thermoplastic, recyclable and have increased
high temperature resistance which permits fabrication
by injection molding. The elastomers are the product of
reaction of 4,4’-methylenebis(phenyl isocyanate), a par-
ticular group of polypropylene oxide-polyethylene
oxide block copolymers and an extender [straight chain
aliphatic diols Cy_g or the bis(2-hydroxyethyl ether) of
hydroquinone or resorcinol]. The block copolymers
have at least 50 percent primary hydroxyl groups, a pH
in the range of 4.5 to 9, a content of alkali metal ion less
than 25 ppm and a molecular weight of 1000 to 3000.
The minimum ethylene oxide (E.O.) residue content
(percent by weight) of the polyether for any molecular
weight (M.W.) is governed by the equation:

wro - (520 ) s <[4 ]

In a particularly preferred embodiment the elastomers
are prepared by replacing up to 25 percent by equiva-
lents of the extender by certain diols (polyethylene
glycols up to 1500 M.W. preferred).

18 Claims, No Drawings
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THERMOPLASTIC POLYURETHANE
ELASTOMERS FROM POLYOXYPROPYLENE
POLYOXYETHYLENE BLOCK COPOLYMERS

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue, |
10

This application is a continuation-in-part of copend-
ing application Ser. No. 504,183, filed September 9,
1974, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to polyurethane elastomers and
is more particularly concerned with thermoplastic poly-
urethane elastomers derived from polyether polyols and
with methods for their preparation. 20

2. Description of the Prior Art

The preparation of thermoplastic polyurethane elas-
tomers from polyester polyols is well-known in the art.
Such elastomers can be extruded, injection molded and
fabricated in other known manner without suffering any 25
degradation due to momentary exposure to the rela-
tively high processing temperatures (of the order of
400° F.) involved in such techniques. In contrast, it has
not hitherto been possible to use polyethylene and poly-
propylene glycols to prepare thermoplastic polyure- 30
thanes, which can be molded by techniques involving
processing temperatures of the above order. It 1s highly
desirable that such polyurethanes be prepared since
polyethylene and polypropylene glycols are signifi-
cantly less expensive than polyester polyols and thereby 35
would provide obvious economic advantages. The lat-
ter would be 1n addition to the recognized advantage in
hydrolytic stability of the resulting polyurethanes,
which hydrolytic stability is associated with the use of
polyether polyols as opposed to polyester polyols. 40

Unfortunately it has been found hitherto that poly-
urethane elastomers prepared using polyether polyols,
particularly polypropylene glycol, are not capable of
withstanding exposure to temperatures of the order of
400° F. even for a brief period such as that required in 45
injection molding and like techniques.

We have now found that, by using a particvlar group
of block copolymer polyether glycols which have not
hitherto been regarded as potential candidates for poly-
ols in the preparation of polyurethane elastomers, it is 50
possible to prepare thermoplastic polyurethane elasto-
mers which will withstand temporary exposure for
limited periods to temperatures as high as 450° F. These
elastomers can be fabricated readily, without degrada-
tion, by extrusion, injection molding and the like. This 55
finding results in marked advantages in terms of reduc-
tion in cost as well as the ability to use the more hydro-
lytically stable polyether based polyurethane elastomers
for fabrication of articles by injection molding and the
like. 60

SUMMARY OF THE INVENTION

This invention comprises thermoplastic recyclable
polyurethane elastomers which are the product of reac-
tion of: 65

{(a) 4,4'-methylenebis(pheny] 1socyanate),

(b) a polyoxypropylene polyoxyethylene block co-
polymer having a molecular weight in the range of

13

2
about 1000 to 3000, a pH within the range of 4.5t0 9, a
primary hydroxyl content of not less than 50 percent,
and a content of alkali metal ion not greater than 25
ppm, said block copolymer having a minimum content
of ethylene oxide (E.Q.) residues for any given molecu-
lar weight (M.W.) corresponding to:

weo - | (M) oo ] <[]

(c) an extender selected from the class consisting of
aliphatic straight chain diols from 2 to 6 carbon atoms,
inclusive, and the bis(2-hydroxyethyl)ethers of hydro-
quinone and resorcinol, and mixtures thereof.

The invention also comprises polyurethanes as de-
fined above in which up to 25 percent, on an equivalent
basis, of the extender is replaced by a diol selected from
the class consisting of (i) branched chain aliphatic diols
from 3 to 6 carbon atoms, (ii) diethylene glycol, dipro-
pylene glycol, (i) polyethylene glycols having a mo-
lecular weight from 200 to 1500, (iv) polycarprolactone
diols having a molecular weight from 500 to 3000, (v)
polypropylene glycols having a molecular weight from
400 to 1000 and (vi) polytetramethylene glycols having
a molecular weight from 650 to 1500, and (vii) mixtures
of two or more of said diols and glycols.

The polyurethane elastomers of the invention are
thermoplastic and sufficiently resistant to temporary
exposure to temperatures of the order of 400° F. as to
permit fabrication by injection molding and like tech-
niques into articles such as automobile parts and acces-
sories, containers, tubing, and the like, for which only
polyester-based polyurethane elastomers have been
used heretofore. The polyurethane elastomers possess
the hydrolytic stability commonly exhibited by polyeth-
er-based polyurethanes as well as excellent structural
strength and stability characteristics. In addition the
polyurethane elastomers of the invention are recyclable,
i.e. when any article fabricated from said elastomers is
found to be below specification for any reason, said
article is not discarded but the material therein can be

(1)

- recycled by comminuting and remolding. Similary, any

scrap elastomer, such as flashing, generated in the mold-
ing process can be recycled and need not be discarded.

The term ‘“‘aliphatic straight chain diols from 2 to 6
carbon atoms, inclusive,” means dicls of the formula
HO(CH;),OH wherein n is 2 to 6 and there i1s no
branching in the aliphatic chain separating the OH
groups. The term is inclusive of ethylene glycol, 1,3-
propanediol, 1,4-butanediol, 1,5 -pentanediol and 1,6-
hexanediol.

The term “branched chain aliphatic diols from 3 to 6
carbon atoms’ means an aliphatic diol having the stated
carbon atom content in which the hydrocarbon chain
separating the two hydroxyl groups is branched, 1.¢. the
chain is substituted by at least one alkyl group. The term
is inclusive of 1,2-propanediol, 1,3-butanediol, 2,3-
butanediol, 1,3-pentanediol, 1,2-hexanediol, 3-methyl-
pentane-1,5-diol and the like.

The term ‘“‘alkali metal ion” is inclusive of sodium,
potassium, and lithium 10ns.

DETAILED DESCRIPTION OF THE
INVENTION

The thermoplastic polyurethane elastomers of the
invention can be prepared by processes which are con-
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ventional in the art for the synthesis of polyurethane
elastomers. Such processes include the one-shot proce-
dure in which all the reactants are brought together
simultaneously, and the prepolymer procedure in which
the isocyanate is reacted with the polyol in a first-step
and the isocyanate-terminated prepolymer so produced
is subsequently reacted with the extender. The one-shot
process includes the process in which the diisocyanate
has been converted to a quasi-prepolymer by reaction
with a very minor (i.e. less than about 10 percent on an
equivalent basis) of polyol prior to carrying out the
polyurethane forming reaction. The one-shot is the
preferred procedure for preparing the elastomeric poly-
urethanes of the invention. In a most preferred embodi-
ment the elastomeric polyurethanes of the invention are
prepared by a continuous one-shot procedure such as
that set forth in U.S. Pat. No. 3,642,964.

The principal feature which distinguishes the elasto-
meric polyurethanes from prior elastomers lies in the
employment of a particular group of polyether diols.
The latter are polyoxypropylene polyoxyethylene
block copolymeric glycols which are obtained by first
polymerizing propylene oxide and then reacting the
resulting polyoxypropylene glycol with ethylene oxide.
The reactions in question are carried out in accordance
with procedures well-known in the art; see, for exam-
ple, U.S. Pat. No. 2,674,619 which gives specific details
of procedures of this type. For example, the polymeri-
zation of the propylene oxide is effected by condensing
propylene oxide with propylene glycol or water in the
presence of a basic catalyst such as sodium hydroxide,
potassium hydroxide and the like. The polymerization
can be carried out to any desired extent depending upon
the desired molecular weight of the ultimate product.
The polypropylene oxide so obtained is then reacted

with ethylene oxide, also in the presence of a basic

catalyst if so desired.
The polyoxypropylene polyoxyethylene block copol-
ymeric glycols of the invention meet a number of very
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specific requirements. The molecular weight thereof 4

lies within the range of 1000 to 3000. The proportion of

ethylene oxide residues in the block copolymers must
exceed a certain minimum which varies depending upon
the molecular weight of the block copolymer under

consideration. Thus, for a copolymeric glycol having a 45

given molecular weight (MW) the minimum amount, in
percentage by weight, of ethylene oxide residues pres-
ent in the gylcol is given by the equation (1) supra.
Illustratively, the following minimum amounts of ethyl-
ene oxide units in the glycol are called for by the equa-
tion (I) for various molecular weights within the above
range.

M

Molecular weight of glycol % by weight of ethylene oxide

1000 7.3

1200 18.75
1400 26.78
1600 32.8]
1800 37.5

2000 41.25
2200 44,32
2400 46.87
2600 49.04
2800 50.89
3000 52.5

__._—_.—__—-—--—-———_-__'-__-

Further, whatever the molecular weight, the number
of primary hydroxyl groups present in the block copol-
ymeric glycols must be at least about 50 percent. The

50

33

65

4

majority of the primary hydroxyl groups are those de-
rived from the ethvlene oxide residues but certain of the
hydroxyl groups derived from propylene oxide can also
be primary depending upon the manner in which the
oxirane ring of the propylene oxide opened up in the
polymerization., Accordingly, the percentage of pri-
mary hydroxyl groups present in a given block copoly-
meric glycol is not necessarily related directly to the
amount of ethylene oxide residues which have been
introduced. The two parameters, namely, the percent-
age of primary hydroxyl groups and the percentage by
weight of ethylene oxide residues, are indicative of
different characteristics of the block copolymeric gly-
cols and are not merely different ways of expressing the
same characteristic.

In order to be useful in preparing the elastomeric
polyurethanes of the invention the block copolymeric
glycols must be substantially free from any remaining
traces of basic catalyst employed in their manufacture.
By this is meant the following. Advantageously the pH
of the glycols is within the range of 4.5 to 9.0 and, pret-
erably, is within the range of 6.0 to 7.5. The amount of
alkalt metal ion present in the glycols is advantageously
less than about 25 ppm and preferably less than about 5
ppm. Levels of alkali metal 10on 1n excess of about 25
ppm give rise to undesirable results due to a significant
level of trimerization of the diisocyanate during the
polyurethane forming reaction.

In addition to meeting the above requirements, the
polyoxypropylene polyoxyethylene block copolymers
employed in preparing the polyurethane elastomers of
the invention preferably also exhibit unsaturation of less
than 0.06 milliequivalents/gram as measured by ASTM
D 1638-60T and preferably also exhibit a peroxide con-
tent of less than 15 ppm.

The polyoxypropylene polyoxyethylene block co-
polymers described above have been employed hitherto
as surfactants and cell control agents in polyurethane
foam forming reactions. To the best of our knowledge it
has not previously been suggested that these materials
would be useful in the preparation of polyurethane
elastomers. It has certainly not been suggested that
these materials would give rise to polyurethane elasto-
mers having the particularly useful properties described
herein.

The various diols employed as extenders in the prepa-
ration of the polyurethane elastomers of the invention
are well-known in the art as is the diisocyanate which 1s
employed.

The proportions in which the dusocyanate, the poly-
oxypropylene polyoxyethylene block copolymers, and
the extender are employed in the preparation of poly-
urethane elastomers of the invention are such that the
ratio of equivalents of isocyanate to total equivalents of
hydroxyl groups in the reaction mixture is within the
range of about 1:0.96 to about 1:1.10. The relative pro-
portions of polyoxypropylene polyoxyethylene block
copolymer to extender can vary over a wide range
depending upon the molecular weight of the copoly-
mer. In general the proportion of equivalents of copoly-
mer to equivalents of extender is within the range ot
about 1:1 to about 1:12. It i1s found that the higher pro-
portions of extender are desirable for the higher moiec-
ular weight copolymers.

The hardness of the polyurethane elastomers of the
invention lies within the range of about 60 Shore A to
about 80 Shore D. In general, hardness ts a function of
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the molecular weight of the polyoxypropylene poly-
oxyethylene copolymer; for any given ratio of equiva-
lents of extender and copolymer it is found that the
higher the molecular weight of the copolymer the
softer the elastomer.

As set forth above, the polyurethane elastomers of
the invention are preferably made by the one-shot pro-
cedure and most preferably by a continuous one-shot
procedure. In such procedures the reactants are
brought together in any order. Advantageously, the
polyols, 1.e. the polyoxypropylene polyoxyethylene
block copolymer and the extender(s), are preblended
and fed to the reaction mixture as a single component,
the other major component being the diisocyanate (or
quasi-prepolymer where used). The mixing of the reac-
tants can be accomplished by any of the procedures and
apparatus conventional 1n the art. Preferably the indi-
vidual components are rendered substantially free from
the presence of extraneous moisture using conventional
procedures; for example, by azeotropic distillation using
benzene, toluene, and the like, or by heating under re-
duced pressure at a temperature above the boiling point
of water at the pressure employed.

The mixing of the reactants can be carried out at
ambient temperature (of the order of 25° C.) and the
resulting mixture i1s then heated to a temperature of the
order of about 40° C. to about 130° C,, preferably to a
temperature of about 90° C. to about 120° C. Alterna-
tively, and preferably, one or more of the reactants is
preheated to a temperature within the above ranges
before the admixing is carried out. Advantageously, in a
batch procedure, the heated reaction components are
subjected to degassing in order to remove entrained
bubbles of air or other gases before the reaction takes
place. This degassing 1s accomplished conveniently by
reducing the pressure under which the components are
matntained until no further evolution of bubbles occurs.
The degassed reaction components are then admixed
and transferred to suitable molds or extrusion equip-
ment or the like and cured at a temperature of the order
of about 20° C. to about 115° C. The time required for
curing will vary with the temperature of curing and also
with the nature of the particular composition. The time
required in any given case can be determined by a pro-
cess of trial and error.

It 1s frequently desirable but not essential, to include
a catalyst in the reaction mixture employed to prepare
the compositions of the invention. Any of the catalysts
conventionally employed in the art to catalyze the reac-
tion of an isocyanate with a reactive hydrogen contain-
ing compound can be employed for this purpose; see,
for example, Saunders et al., Polyurethanes, Chemistry
and Technology, Part I, Interscience, New York, 1963,
pages 228-232; see also Britain et al,, J. Applied Poly-
mer Science, 4, 207-211, 1960. Such catalysts include
organic and inorganic acid salts of, and organometallic
derivatives of, bismuth, lead, tin, iron, antimony, ura-
nium, cadmium, cobalt, thorium, aluminum, mercury,
zinc, nickel, cerium, molybdenum, vanadium, copper,
manganese and zirconium, as well as phosphines and
tertiary organic amines. Representative organotin cata-
lysts are stannous octoate, stannous oleate, dibutyltin
dioctoate, dibutyltin diluarate, and the like. Representa-
tive tertiary organic amine catalysts are triethylamine,
triethylenediamine, N,N,N’,N’-tetramethylethylenedia-
mine, N,N,N’,N'-tetraethylethylenediamine, N-methyl-
morpholine, N-ethylmorpholine, N,N,N’,N'-tetrame-
thylguanidine, N,N,N’,N’-tetramethyl-1,3-butaned:a-
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mine, N,N-dimethylethanolamine, N,N-diethyle-
thanolamine, and the like. The amount of catalyst em-
ployed 15 generally within the range of about 0.02 to
about 2.0 percent by weight based on the total weight of
the reactants.

When the compositions of the invention are prepared
by the less preferred prepolymer method, the diisocya-
nate and the polyoxypropylene polyoxyethylene glycol
are reacted, 1f desired, in the presence of a catalyst as
defined above, in a preliminary stage to form an isocya-
nate-terminated prepolymer. The proportions of diiso-
cyanate and polyoxypropylene polyoxyethylene glycol
employed in the preparation of this prepolymer are
consistent with the ranges defined above. The diisocya-
nate and the polyoxypropylene polyoxyethylene glycol
are preferably rendered substantially free from the pres-
ence of extraneous moisture, using the methods de-
scribed above, before the formation of the prepolymer
1s carried out. The formation of the prepolymer is ad-
vantageously carried out at a temperature within the
range of about 70° C. to about 130° C. under an inert
atmosphere such as nitrogen gas in accordance with
conventional procedures. The prepolymer so formed
can then be reacted, at any desired time, with the exten-
der diol to form the elastomers of the invention. This
reaction s carried out advantageously within the range
of reaction temperatures specified above for the one-
shot procedure. In general, the prepolymer and the
extender are mixed and heated within the requisite tem-
perature range while the mixture 1s degassed as de-
scribed previously. The degassed mixture is then trans-
ferred to a suitable mold, extrusion apparatus, or the
like, and cured as described for the one-shot procedure.

If desired, the elastomers of the invention can have
incorporated in them, at any appropriate stage of prepa-
ration, additives such as pigments, fillers, lubricants,
stabilizers, antioxidants, coloring agents, fire retardants,
and the like, which are commonly used 1in conjunction
with polyurethane elastomers.

In a particular embodiment of the invention it is
found that up to about 25 percent, based on equivalents,
of the extender (c) can be replaced by a different diol
without affecting the highly desirable properties of the
elastomers of the invention. On the contrary, such re-
placement confers enhanced resistance to high tempera-
tures on the polyurethane elastomers of the invention
without detracting from the other desirable properties.
Ilustrative of the diols which are used to replace a
proportion of the extender (c) in the above manner are:
diethylene glycol, dipropylene glycol; branched chain
aliphatic diols from 3 to 6 carbon atoms, such as 1,2-pro-
pylene glycol, 1,3-butanediol, and 3-methyl-1,5-pentane
diol; N-methyldiethanolamine, N-ethyldiethanolamine;
polyethylene glycols having molecular weights in the
range of 200 to 1500; polypropylene glycols having a
molecular weight from 400 to 1000, polytetramethylene
glycols having a molecular weight from 650 to 1500;
and polycaprolactone diols having a molecular weight
in the range of 500 to 3000.

In a preferred group of elastomers of the invention
the extender (¢) is 1,4-butanediol of which from 3% to
109, on an equivalent basis, has been replaced by dipro-
pylene glycol, diethylene glycol, 3-methyl-1,5-pen-
tanediol, polyethylene glycol having a molecular
weight of about 400 or mixtures thereof.

Where part of the extender (c) is replaced by another
diol as described above, the latter can be added to the
polyurethane forming reaction mixture as a separate
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component or can be preblended with the polyol com-
ponents as described previously.

The following examples describe the manner and
process of making and using the invention and set forth
the best mode contemplated by the inventors of carry-

ing out the invention but are not be be construed as
limiting.

EXAMPLE 1

A series of polyurethane elastomers was prepared,
using a standard procedure throughout, from a number
of different polyoxypropylene polyoxyethylene block
copolymers having varying ethylene oxide contents and
primary hydroxyl contents but all having a molecular
weight of 2000. The ethylene oxide content of all the
polyols was determined by nuclear magnetic resonance

C
2 3

Elasiomer
Polyol

8

rial was then injection molded to form a sheet
(4.5 4.5x1/16") for test purposes. The resulting sheet
was postcured for 16 hours at 115" C. tollowed by 7
days at room temperature (circa 20° C.). The cured

5 elastomer was then subjected to physical testing.

In Table I below are recorded the proportions {in
moles) of ingredients empolyed in preparing the various
elastomers in accordance with the above process to-
gether with physical properties of the postcured pressed

M

% E.O.

% Primary OH
Metal ppm

pH

Proportions (molar)
MDI 5.94
Polyol 1 | 1
{,4-butanediol 3 5 3
Dipropvlene glycol
NCO/OH

Moiding Temperature ('F.)
(time of exposure)

330
380
390
4{X)
410
420
440
430

12
32
73
7 1.8

0.99

=
.
v

o o e 0 O
oL om0 0 Q.
o oo O

Pmpertias

Hardness

Modulus psi

50%

100%

300%

Tensile Strength: psi
Elongation at break: %

Compression set: %
Clash-Berg Modulus T/ "C. —

M

spectroscopy as described in Dow Chemical Company
Bulletin Method TC-AM-66-23 dated May 23, 1966. In
all cases the polyisocyanate  used was 4,4'-
methylenebis(phenyl isocyanate) and the extender was
1 .4-butanediol. The procedure for preparation of the
elastomers was as follows:

The polyoxypropylene polyoxyethylene block co-
polymer was degassed by heating under reduced pres-
sure at 110° C. for 30 minutes. To the resulting matenal
was added the 1,4-butanediol and the mixture so ob-
tained was again degassed at 110° C. under reduced
pressure for 30 minutes. To the resulting product, still at
110° C.. was added 0.024 percent (by weight of total
reactants) of stannous octoate followed by the 4,4'-
methylenebis(phenyl isocyanate). The mixture so ob-
tained was subjected to high speed mechanical stirring
for 15 seconds and then poured into a shallow aluminum
tray. The poured elastomer and tray were allowed to
stand at room temperature (circa 20° C.) for 24 hours.
Thereafter the elastomer was chopped inlo pieces, gran-
ulated and dried for 3 hours at 110° C. The dried mate-

10 sheets derived from those elastomers which could be
molded. The Table also records the behaviour of the
various elastomers subjected to molding temperatures
from 350° F. to 450° F. In the case of Elastomers A-D,
all of which are outside the scope of the invention,

15 molding was not possible because of degradation at the
molding temperatures.

TABLE I

D E v G H

4 5 6 6 7

11.16 46 47 47 27 10

53 Bi 54 54 75 63

— > 13 < 15 < 15 — —

8.7 ] 7 7 7 7

5.94 594 5.94 5.94 4.45 1.44

i 1 1 l ]

5 5 5 4.5 3.5 2.5

- — — 0.5 — —

0.99 (.94 (.99 0.99 .99 (0.99

OK OK OK Ok OK OK

OK | | | i |

d I 5 min. {15 min {20 min. { 10 min. | 10 min.

¢ | at L at | at i at | at

g2 ; 420" F ; 4200 F i 420" F. l 420° F. [ 420" F.

r + L j ' T

a | } H } !

d 4 v ¥ v b

= ! ; ; i }

5 i i | | !

— 44D 43D — 92A 00A

— 1120 300 — 790 730

— 1410 10310 — 1010 310

— 2550 1820 — 1200 1180

- 5120 4610 — 324G 25850

— 510 550 — — —

— 263 30.5 — — —

EE— 40 _ - —

Identity of polyols used in Elastomers of Table I (All

50 polyols derived by reacting a polyoxypropylene glycol
with the appropriate quantity of ethylene oxide):
e

Polyol 1: P2010 Union Carbide

55 2: L6} Wyandotte

1. X423 Olin
4: XD8179 Dow
5. L-44 Wyandotte
& X-427 Olin
7. 142 Wyandotte

60 8 L-31 Wyandolte
Polyol 5 was treated by filtration through Brightsorb
clay before use.

65 EXAMPLE 2

Using the same standard procedure described 1n Ex-
ample 1 a series of elastomers was prepared with a
varying ratio of pelyol to 1,4-butanediol extender, using
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as the polyol in all cases the polyoxypropylene polyoxy-
ethylene copolymer having a molecular weight of 2200,
an ethylene oxide content of 46% by weight, a primary
hydroxyl content of 81%, an alkali metal content of
circa 10 and a pH of 7. The proportions {moles) of
ingredients and properties of the elastomers are summa-
rized in Table II. Each of the elastomers could be main-
tained at the molding temperature of 420° F. for 10
minutes without showing any sign of degradation.

TABLE II
Elastomer J K L M N
MDI 408 5.10 6.i2 114 8.16
Polyol ] i 1 1 }
1,4-butanediol 3 4 5 6 7
NCO/OH 1.02 102 1.02 102 1.02
Molding temp. °F. 420 420 430 440 440
Hardness
Shore A 76 84 g8 92 92
Shore D 25 31 39 42 45
Modulus: psi
100% 510 760 1000 1250 1510
200% 710 1000 1290 1630 1910
300% 900 1210 1620 2040 2560
Tensile Strength psi 2470 2890 3930 35030 5580
Elongation at break % 940 B70 730 Ti0 630
Tenstle set at break: % 170 180 140 140 120
Tear Strength: Die C: psi 40 480 610 670 720
Compression set: % 40.3 412 357 408 4i

Clash-Berg modulus, Ty, *C. -5 -3 -4 -4 —42

EXAMPLE 3

A series of elastomers was prepared, using the proce-
dure described in Example 1, from 4,4'-methylenebis(-
phenyl isocyanate) (MDI), the polyoxypropylene poly-
oxyethylene glycol identified as Polyol 6 in Example 1,
and 1,4-butanediol, but replacing 5 percent, on an equiv-
alent basis, of the butanediol by a second diol extender.
The proportions (moles) of ingredients, and the proper-
ties of the resulting elastomers (after curing as described

in Example 1) are set forth in Table 111 below.
TABLE I11
Elastomer O P Q
MDI 6.12 6.12 6.12
Polyol 6 “ ] ] ]
1,4-butanediol 4.75 4.75 4,75
dipropylene glycol 0.25 —_ —
dicthylene glycol — 0.25 —
3-methyl-1,5-pentanediol — — 0.25
NCO/0OH | 1.02 1.02 1.02
Properties
Hardness
Shore A 82 86 —
Shore D 40 40 —
Modulus psi
50% 780 900 800
100% 1170 1270 1200
3009% 2510 2340 2150
Tensile strength: psi 5250 4370 4250
EXAMPLE 4

A series of elastomers was prepared, using the proce-
dure described and ingredients in Example 1 but replac-
ing 1,4-butanediol by varying amounts of bis(2-hydrox-
vethyl ether) of hydroquinone as extender and using as
the polyoxypropylene polyoxyethylene glycol, one
having a % E.QO. content of 52, a % primary hydroxyl
content of 83, and a pH of 7 [L-35: Wyandotte]. The
proportions (moles) of ingredients and properties of the
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elastomers (after curing as described in Example 1) are

set forth in Table IV below.

TABLE IV

Elastomer R S T
MDI 2.575 3.605  4.635
Polyoxypropylene polyoxy- l 1 l
ethylene glycol
Bis(2-hydroxyethyl ether)- 1.5 2.5 3.5
hydroquinone
NCO/OH 1.03 1.03 1.03
Properties
Hardness
Shore A 80 90 94
Shore D —~ 42 50
Modulus psi
0% 500 900 1200
100% 700 1200 1600
300% 1000 1700 2390
Tensile strength: psi 2850 3200 3250

EXAMPLE 5

Using the procedure described in Example 1, an elas-
tomer was prepared from the following ingredients and
proportions (all proportions in moles);

MDI 1.58 moles
Polyoll (.0 moles
|, 4-butanediol 6.0 moles
Polyethylene glycol 0.4 moles

(M.W. = 400)
NCO/OH = 1.02:1

iSame as Polyol 5 (Example 1)

The elastomer, after forming into pressed sheets and
curing as described in Example 1, was found to have the
following properties:

Density 1.185 g/cc.
Shore D Hardness 40
Modulus psi

at 100% 1290
300% 2240
Tensile Strength; psi 5540
Elongation at break % 480
Elongation set % 55
Compression set % 33
Clash-Berg Modulus Ty°C. — 37

The elastomer was injection molded to form the
pressed sheet for testing purposes and showed no ten-
dency to degrade in the molding process.

EXAMPLE 6

Using the procedure described in Example 1, an elas-
tomer was prepared from the following ingredients and
proportions (in moles):

MDIi 7.45 moles
Polyol! 1.0 mole
1,4-butanediol 6.0 moles
Polyethylene glycol 0.3 mole

(M.W. = 400)
NCO/OH = 1.02:1

ISame as Polyol 6 (Example 1)

The elastomer, after forming into pressed sheets by
injection molding and curing as described in Example |,
was found to have the following properties:
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-continued
Shore A Hardness 90 Tensile Strength: psi 5410
Modulus psi Elongation at break % 520
at 50% 1140 Elongation set % 60
100% 1350 5 Tear Strength: pli 910
200% 1850 Compression set % 29
300% 2380 Clash-Berg Modulus T,°C. — 135
Tensile Strength: ps: 5460
Elongation at break % 544 . |
Elongation set % 60 The stability of the above elastomer to processing
Compression set % 26 10 temperatures of 400° F. encountered in injection mold-
ing was determined using a Monsanto Rheometer 1n
The elastomer showed no sign of degradation on which a charge of the elastomer was maintained at 400°
being injection molded. F. in the extruder barrel and, at intervals of five min-
utes, a fixed amount of material was extruded from the
EXAMPLE 7 15 orifice under pressure of 90 psig and the time taken to
Using the procedure described in Example 1, an elas- extrude this fixed amount of material was determined.
tomer was prepared from the following ingredients and The following results were recorded:
proportions {(moles):
20 Time taken to extrude
A 4.08 moles Elapsed time fixed amount
Polyol 0.75 moles S mins. 0.225 minutes
1.4-butaned:ol 3.0 moles 10 mins. (0.201 minutes
Polyethviene glycol 0.25 mole 15 muns. (0.195 minutes
(M.W. = 1000) 20 muns. 0.255 minutes
NCO/OH = 1.02:1.0 23

i . \
Same as Polyot 6 (Example 1) The above results indicate stability of the matenal to

T rocessing under extrusion conditions.
The elastomer, after forming into pressed sheets by P 8

injection molding and curing as described in Example 1, EXAMPLE 9

: e 30
was found to have the following properties: Using the procedure described in Example 1, an elas-

tomer was prepared from the following ingredients and

Diensity 1.169 g/cc. proportions (moles):

Shore A Hardness 30

Modulus psi

at S0% 460 33 M 12.12 moles
100% 670 Polyol 5 (see Example 1) 1.0 mole
2009% 960 1,4-butanediol 10.0 moles
300% 1250 Polyethylene glycol 1.0 mole
Tensile Strength: psi 4250 (M.W. = 1500)

Elongation at break % 730 NCO/OH = 1.01/1.0

Tensile set % 90 40

Compression set % 23 ' |

Clash-Berg Modulus T;"C. —48 The elastomer, after forming into pressed sheets by

‘_—w_—“

injection molding and curing as described in Example 1,

The elastomer showed no sign of degradation on was found to have the following properties:

being injection molded. 43
Hardness: Shore A 50
EXAMPLE 8 Modulus psi
An elastomer was prepared exactly as described in ?;’g% ??3(}
Example 7 except that the proportion of 1,4-butanediol sz?z 1490
to polyol was increased as follows: 50 300% 190
Tensile Strength: psi 4490
e Elongation at break % 660
MDI 6.12 Tensile set 9 130
Polyol 6 0.75 Compression set %6 LY
i 4-butanediol 5.0 Clash-Berg Modulus T;"C. —45
Polyethylene glycol 0.25 53
(M.W. = 1000) | |
e The above elastomer showed no sign of degradation
, - when injection molded to form the pressed sheets for
The e!astomer, in the form of injection molded sheets determination of the above properties.
as described in Example 1, was found to have the fol- €0
lowing properties: EXAMPLE 10
Using the procedure described in Example 1, an elas-
S e — " . . .
Density 1.196 g/cc. tomer was prepared from the following ingredients and
Shore A Hardness 90 proportions (moles):
Modulus psi 65
at 50% 1040 e ——
100% 1400 MDI 4.2 moles
2009 1920 Polyol 6 (see Example 1) i.0 mole

J00% 2540 Bis(2-hydroxyethyljether of 1.0 moles
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-continued

resorcinol
NCO/OH = 1.05/1.0

The elastomer so obtained was injection molded,
without showing any sign of degradation, to form
pressed sheets which were cured as described in Exam-
ple 1 and then found to have the following properties:

Density 1.18 g/cc.
Hardness: Shore A 89
Tensile Modulus psi

at 50% 900

100% 1190
300% 1570
Tensile Strength, psi 2630
Elongation at break % 690
Tensile set % 90
Compression set % 23

EXAMPLE 11

Using the procedure described in Example 1, an elas-
tomer was prepared from the following ingredients and
proportions (moles):

MDI B.91 moles
Polyoi! 1.0 mole

1,4-butanediol 7.14 moles
Polycaprolactone diol (.43 mole

(M.W. = 2000)
NCO/OH = 1.04/1.0

The elastomer so obtained was injection molded,
without showing any sign of degradation, to form
pressed sheets which were cured as described in Exam-
ple 1 and then found to have the following properties:

Hardness: Shore D 39
Modulus, psi

at 50% 1050
100% 1320
300% 2260
Tensile Strength, psi 5660
Elongation % 630
Tensile set % 80
Compression set 9% 43

EXAMPLE 12

Using the procedure described in Example 1, two
elastomers were prepared in which a minor part of the
1,4-butanediol extender was replaced by polytetrameth-
ylene glycol (PTMG) having a molecular weight of
1000 (Teracol 1000). The ingredients and molar propor-
tions were as follows:

Elastomer U Vv

MDI 7.58 6.93
Polyol 6 (see Example 1) (.0 [.0

1, 4-butanediol 6.25 5.55
PTMG 0.25 0.11
NCO/OH 1.01/1.0 1.04/1.0

The two elastomers were injection molded, without
showing any signs of degradation, to form pressed
sheets which were cured as described in Example 1 and
then found to have the following properties:
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Elastomer U V
Density, g/cc. [.18 1.18
Hardness: Shore A B8 87
Modulus, psi
at 30% 920 920
100% 1340 1180
200% 1930 1530
300% 2660 1900
Tensile Strength, psi 5790 4930
Elongation at break % 480 640
Tensile set % 30 —
Elongation set % — 110
Die C Tear Strength, psi 710 —
Compression set % 27 32.5
Clash-Berg Modulus T/°C. —38.5 —44

EXAMPLE 13

Using the procedure described in Example 1, an elas-
tomer was prepared in which a minor part of the 1,4-
butanediol extender was replaced by polypropylene
glycol (PPG) of molecular weight 1025. The ingredi-
ents and molar proportions are as follows:

MDI 6.86
Polyol 6 (see Example 1) 1.0
1,4-butanediol 5.55
PPG 0.11
NCO/OH 1.03/1.0

The elastomer was injection molded, without show-
ing any signs of degradation, to form a pressed sheet
which was cured as described in Example 1 and then
found to have the following properties:

Density, g/cc. }.18

Hardness: Shore A 87
Modulus, psi

at 0% 910
100% 12(X)
200% 1600
300% 2100
Tenstle Strength, psi 5210

Elongation at break % 590
Tenstle set % 90
Compression set % 31
Clash-Berg Modulus T7°C. ~42

We claim:
1. A thermoplastic, recyclable polyurethane elasto-

so mer which is the product of reaction of

35

6>

(a) 4,4’ -methylenebis(phenyl] isocyanate),

(b) a polyoxypropylene polyoxyethyvlene block co-
polymer having a molecular weight 1n the range of
about 1000 to 3000, a pH within the range of 4.5 to
9, a primary hydroxyl content of not less than 50
percent and a content of alkali metal 1on not greater
than 25 ppm, said block copolymer having a mini-
mum content of ethylene oxide (E.Q.) residues for
any given molecular weight (MW) corresponding
to:

wso - [ (e ) ] [ 45]

(c) an extender consisting of from 73 to 100 percent,
on an equivalent basis, of a member selected from
the class consisting of aliphatic stratght chain diols
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having from 2 to 6 carbon atoms, inclusive, and the
bis(2-hydroxyethyl)ethers of hydroquinone and
resorcinol, and mixtures thereof and from 25 to 0
percent by equivalents of a member selected from
the class consisting of (1} branched chain aliphatic
diols from 3 to 6 carbon atoms, {ii) diethylene gly-
col and dipropylene glycol, (i1} polyethylene gly-
cols having a molecular weight from 200 to 1500,
(iv) polycaprolactone diols having a molecular
weight from 500 to 3000, (v} polypropyelene giy-
cols having a molecular weight from 400 to 1000,
(vi) polytetramethylene glycols having a molecular
weight from 650 to 1500 and (vi1) mixtures of two
or more of said diols or glycols;

the molar proportions of said block copolymer (b) to

said extender (¢) being within the range of about
i:1 to 1:12, and the ratio of equivalents of 1socya-
nate to total equivalents of hydroxyl groups being
within the range of about 1:0.96 to about 1:1.10.

2. A thermoplastic, recyclable polyurethane elasto-
mer according to claim 1 wherein the extender is 1,4-
butanediol.

3. The thermoplastic, recyclable polyurethane elasto-
mer according to claim 1 wherein the extender 1s a
mixture comprising from 100 to 75 percent, on an equiv-
alent basis, of 1,4-butanediol and from 0 to 25 percent by
equivalents of dipropylene glycol.

4. A thermoplastic, recyclable polyurethane elasto-
mer according to claim 1 wherein the extender is a
mixture comprising from 100 to 75 percent, on an equiv-
alent basis, of 1,4-butanediol and from 0 to 25 percent by
equivalents of polyethylene glycol having a molecular
weight of about 400,

5. A thermoplastic, recyclable, polyurethane elasto-
mer according to claim 1 wherein the polyoxypropyl-
ene polyoxyethylene block copolymer has a molecular
weight of about 2000 and a minimum of 41.25 percent
by weight of ethylene oxide residues.

6. A thermoplastic, recyclable, polyurethane elasto-
mer which is the product of reaction of:

(a) 4,4’ -methylenebis(phenyl isocyanate);

(b) a polyoxypropylene polyoxyethylene block co-

polymer having a molecular weight in the range of

about 2000, a pH within the range of 6.0 to 7.5, a
primary hydroxyl content of not less than 30 per-
cent, a content of alkali metal ion not greater than
25 ppm, a minimum content of ethylene oxide resi-
dues of 40%: and
(c) an extender consisting of from 75 to 100 percent,
on an equivalent basis, of 1,4-butanediol, and from
25 to O percent by equivalents of a member selected
from the class consisting of (i) branched chain ah-
phatic diols from 3 to 6 carbon atoms, (ii) diethyl-
ene glycol and dipropylene glycol, (iii) polyethyl-
ene glycols having a molecular weight from
1500, (iv) polycaprolactone diols having a molecu-
lar weight from 500 to 3000, (v} polypropylene
glycols having a molecular weight from 400 to
1000, (vi) polytetramethylene glycols having a
molecular weight from 650 to 1500 and (vi1) mix-
tures of two or more of said diols or glycols.
7. A thermoplastic, recyclable, polyurethane elasto-
mer according to claim 6 wherein up to 25% of the

1,4-butanedio! is replaced by an equivalent amount of

dipropylene glycol.
8. A thermoplastic, recyclable, polyurethane elasto-
mer according to claim 6 wherein up to 25% of the
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i,4-butanediol is replaced by an egutvaient amount ol
diethylene glycol.

9. A thermoplastic, recyclable, polyurethane elasto-
mer according to claim 6 wherem up 1o 23% of the
1,4-butanediol is replaced by an equivalent amount of
polyethylene glycol of molecular weight ot about 400.

10. A thermoplastic, recyclable, polyurcthane elasto-
mer according to claim 6 wherein up to 25% of the
1,4-butanediol 1s replaced by an equivalent amount of
3-methyl-1,5-pentanediol.

11. A thermoplastic, recyclable, polyurethane elasto-
mer which 1s the product of reaction of:

(a) 4,4 -methylenebis(phenyi 1socyanate);

(b} a polyoxypropylene pelyoxyethylene block co-
polymer having a molecular weight tn the range of
about 2000, a pH within the range of 6.0 to 7.5, a
primary hydroxyl content of not less than 50 per-
cent, a content of alkali metal ion not greater than
25 ppm, a minimum content of ethylene oxide resi-
dues of 40%:; and

(c) bis(2-hydroxyethyl ether) of hydroquinone, the
molar proportions of (b) to {(¢) being within the
range of about 1:]1 to 1:12, and the ratio of equiva-
lents of isocyanate to total equivalents of hydroxyl
groups being within the range of about 1:0.96 1o
about 1:1.10.

12. A thermally stable polyurethane elastomer which
is a reaction product of (a) a poly(oxypropylenc)-
poly(oxyethylene) glycol of molecular weight from
about 1000 to about 3000 and containing 15 to 50% by
weight of oxyethylene groups (b) methylenebis(4-
phenylisocyanate) and (c) 1,4-butanediol; the NCO/OH
equivalents ratio being from 0.96 to 1.10 and the molar
ratio of (¢) to (a) being from 1/1 to 12/1, said elastomer
having a hardness of about 40 to 55 Shore D, an ¢longa-
tion of greater than 2709, an ultimate tensile strength
of at least 2700 psi and a Die C tear strength of at least
500 pli, said elastomer displaying improved thermal
stability as evidenced by its ability to retain at least
twice as much of its original tensile strength, after expo-
sure to a temperature of 415° F. for 20 minutes, as an
otherwise similar elastomer in which (a) contains 109
or less oxyethylene groups. |

13. A thermally stable polyurethane elastomer as in
claim 12 in which the molecular weight of (a) is about
2000 and the oxyethylene group content 1s 30-45%.

14. A shaped article prepared from the thermally
stable polyurethane elastomer of ¢laim 12.

15. A thermoplastically processible polyurcthanc pre-
pared by reacting 4,4'-methylenebis(phenyl! isocyanate), a
low molecular weight glycol chain extender having only
primary hydroxyl groups and a blend of from about 25 10
about 95 parts by weight, per 100 parts by weight of blend,
of a bluck copolymer of ethylene oxide and I,2-propylene
copolymer 15
from about 1000 to about 3000, and the remainder of the
blend is poly(tetramethylene ether)glycol having a molecu-
lar weight of from about 650 to 1500, said block copolymer
containing from about 60 to abou! 00 percent primary
hydroxyl groups.

16. The polyurethane of claim 15 wherein the chain
extender is 1,4-butanediol.

17 The polyurethane of claim 15 wherein the chdin
extender is bis-hydroxyethyl ether of hyvdroguinone

18 The polvurethane of claim 15 whercin the chaty

extender is diethylene glycol.
% * . * x
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On the title page: Under "OTHER PUBLICATIONS" Saunder

¢t al., Polyurethanes, Part I, Interscience, NY, p. 4,
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line 48: "gylcol" should read --glycol-- . Column 8,

line 7 : "empolyed" should read -—employed-- . Columns

/ and 8, TABLE I at "Polyol" under "Elastomer I","Polvol 8"
quantity there should be "1": under "Properties" at
"Modulus psi" all the values cited should be on the next
line at "50%". Column 10, Example 5, line 28:"Polyoll

1.0 moles" should read -—-Polyol 1.0 mole--— ; line 30
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"Polyethylene glycol 0.4 moles" should read --Polyethylene
glycol 0.4 mole--. Column 11, Example 7, line 22:
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