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SUTMARY

The effect of varying chemical group structure on the
properties of polyurethane elastomers has been investigated.

The introduction of urea and biuret groups into polyester
and polyether urethanes by the use of 4,4'-methylene bis-
(2-chloroaniline), MOCA, yielded elastomers with superior
physical properties to elastomers which contained predomin=
antly urethane groups and were chain extended and/or
crosslinked with diols and triols.

MOCA cured polyester urethanes gave higher tensile strengths
with better resistance to dry air and STF (petrol) than
polyether urethanes cured in the same way; while MOCA
cured poiyether urethanes were harder and had superior
hydrolytic stability compared to polyester urethanes.

The ageing properties of polyurethane elastomers cured
with blends of MOCA and 1,1'1"-trimethylol propane (TMP)
were equal to elastomers in which MOCA or TMP were the

sole curing agents. A further advantage of the diamine/
triol system was the improved processing characterist. cs of
the reaction products, compared with systems which employed
MOCA alone which were extremely reactive.
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Reference: VAC/207/03%

1 IITRODUCTION

In an attempt to produce polyurethane elastomers with improved ageing
properiies, the relationships between their chemical. structure and their
resistance to water, elevated tempcratures and STF (petroleum) are being
studieds Previcus reports'?? have described the efi'ects of varying (i) the
degsee of' crosslinking and (ii) the backbone polyol in elastomers which
contained predominantly urethene grouws prepared from typical polyester and
polycther/toluene di-isocyanate (TDI) prepolymers, chain extended and/or
crosslinked with diols and triols ns follows:

0 0
(i

I

0=C=N-R~N=C=0 + HO-R"=~0F » EC~HH~RNH~C~0~R'~0H}

isocyanate~terminated diol polyurethane
polyol or
triol

The degree of urethane crosslinking is dependeni on the ratio of triol to
diol used.' 1In addition, urethane groups f{ormed by the above reaction may
slowly and usutlly at elevated termperatures form further crosslinks either
with excess isocyanate in the prepolymer or with added izocyanate, giving
allophanate linkages.

ﬁ [
C-N=-R=-N-C + 2R -DNH-C0C~HR" » R~ ~ COONHR'

di~isocyanate urethane co
{
H
{
R allophonate

|
NH

{
co

1

R - N - COONHR!

With polyurethane elastomers of this type at similar moleculcr weights it
has been found that polyester urethanes penerally show the best initial
physical proverties, while polyether uretranes show superior hydrolytic
stability.”? Polyester urethines alco pernerally show both less

/-

19



e A L8 5 TR ST

IR ¥ ™ LA AR RS R

discoloration after ageing in air at 80°C and swelling in STF at 65°C than
the polyether urethanes. Optimum properties were usually obtained with

relaetively hipghly crosslinked elastomers of Mc values (molecular weight per
branch link) of 1000 - 2000.

With diamines, for example L,L'-methylene bis=-(2~-chloroaniline), MOCA, the
following reaction occurs.

0=C=N~R~-N=C=0 + HzN - R' - KN >
isocyanate-terminated polyol diamine
0
i

fc-M{-R~-WN1-C~NI=~R'-~-NH}

a polyurea~-urethane

The substituted urea rroups of the urca-urethanc polymer may also react with
excess ilsocyanate, but at considerably :':,ler rates tnhan urcthane groups, to
form a biuret structure, which is a chain branch point, since it is trifun=-
ctionale As the conceniration of biuret crosslinks is increased, the inter—
chain hydrogsen bonding decreases.

OCN - R - NCO « 2R'"-N{~CO-Ni{i=-R = R'~-N=C0~N{=XK
l
di-isocyanate uree~-urethane Co
l
NH
l

R biuret

|
ik
(
€O
l
R' - N-CO~DNH=-R

The present investigation considers the effects of varying the type of
chemical rroup structure (urethane, urea, biuret etc) present in polyester
and polyether uretpanc elastomers by using a diamine as well as diols and
triols to chain extend and/or crosslink (cure) the elastomers.

T



o

2 MATERIALS AND METHODS OF PREPARATION

All the elastomers were prepared using (i) a laboratory prepared ethylene/
propylene (7:3) adipate polyester (hydroxyl no 59.0, acid no 0.35, ® Hz0
0.04, average molecular weight 1900) and (ii) a commercially supplied poly=-
ether polyoxybutylene glycol,'Polymeg' ex-Quaker Oats Co (hydroxyl no 56.7,
acid no 0.01, % H20 0.01, average molecular weight 2000). 1.0 mole equiva~
lent reacted with toluene di-isocyanate (TDI) [Hylene ex~Du Pont UK,a
mixture of 80:20 per cent 2,4 and 2,6 isomers], 2.0 moles equivalent to form
isocyanate-terminated prepolymers. The prepolymers were crosslinked or chain
extended with either 1,1',1''=trimethylol propane (TMP) or 1,4-butane diol
(BD), or L,4'=-methylene bis-(2-chloroaniline) (MOCA) or mixtures thereof as
shown in Table 1(a) and (b).

The methods of preparation are described in Appendix A.
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TABLE 1(a) _

£EDe-5Y
POLYURETHANE ELASTOMERS:

DIFFERENT CURING AGENTS

MOCA TMP
Cl?(i)e Type p 3 p
(moles) | stoichiometric | (moles) | stoichiometric | (mole
NH, :NCO

S'61 O. 80 8000 - - -
So62 0014.15 L]-105 O. 274 4105 -

Polyester
S463 Pﬁp;ﬁ”;“)"r 0u4415 4145 - - 0.1
Se75 - - - - 0.83
So 21 - - 00600 9100 -
S. 65 0080 8000 - - -
8066 Onl§-15 Z}.105 002714- 11-105 il

Polyether
Se67 Plszgiﬁ‘)*r 0415 4145 - - WRY
S.73 - - - - 0.83
8028 - - 0. 600 9100 -




T™P BED Total
p Anticipated t;
% . stoichiometric chemical bondj
(moles) | stoichiometric | (moles) | stoichiometric (OH + NHQ) % 100 degree of cros:
OH:NCO NCO
- - - - 80.0 urea=-urethane
biuret
0e274 415 - - 83.0 urethane-urea
biuret
- - 0.415 41,5 83.0 urethane-urea
biuret
- - 0.83 83.0 83.0 urethane n
0.600 91,0 - - 91,0 urethane/allophanate
- - - - 80.0 urea-urethane
biuret
0.274 41.5 - - 83.0 urethane~urea
biuret
- - 0.L15 L1.5 83.0 urethane=~urea
biuret
- - 0.83 83.0 83,0 urethane ne
0.600 91.0 - - %21.0 urethane/allophanate‘

*at gelsvated temperat

J-3
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BD Total
- p 4 Anticipated types of
: ) | ) stoichiometric chemical bonding and
:stoichiometric | (moles) | stoichiometric (OH + NHp ) x 100 degree of crosslinking
OH: NCO NCO ‘
- - - 80.0 urea-urethane moderate
biuret
41.5 - - 83.0 urethane-urea moderate
biuret
] - 0.415 41.5 82.0 urethane-urea slight -
: biuret moderate
f
! - 0.83 83,0 83.0 urethane none -~ slight
91.0 - - 91.0 urethane/allophanate* moderate
- - - 80,0 urea=urethane moderate
3 biuret
4145 - - 83.0 urethane~-urea moderate
biuret
- 0.415 41.5 83.0 urethane-urea slight -
biuret moderate
- 0.83 83.0 83.0 urethane none ~ glight
91.0 - - 91.0 urethane/all Ophanate* moderate
l.‘a‘t elsvated temperatures
8. 1+ ) 74
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TABLE 1(b)

FOLYURETIANE ELASTOMERS:

DIFFERENT CONCENTRATIONS OF MOCA

Code
No

stoichio-

Anticipated types of chemical bonding and
degree of crosslinking

Seli2

Selidy

Se61

S.60

urea - urethane = biuret /

tt

"

inereasing number
of biuret

crosslinks

Seli3
S.56
3«57

S. 64
S.65

increasing number
of biuret

crosslinks

3

Type
(moles)
f
4] 001{1{.
8
9
% 0. 52
£
i
£ 0.80
Q <~
Fraey
o
j? 0.88
o]
[0
4
o 0.4
g,
9
50| 025
5.3
821 0.60
Reg g
b
% 0.80
& 0.88
EXPERINMENTAL

British Standard type E dumb-bell test pieces (4 per test) were cut from the
cast sheets and the width and thickness measured hefore exposure to the test
Dumb-bells, in sets of 4, were suspended in loosely stoppered
glass tubes and exposed to some or all of the following environments for

28 days.

Controls
Hot/dry
Hot/wet

conditions.

®Standard Test Fluid (STF)

Conditioned in air at 20°C

Suspended in air at 80°C

Immersed in boiled out distilled water at 80°C
Immersed in dry Standard Test Fluid at 65°C

*Standard Test Fluid (SIF) consists of a 70/30 v/v mixture of iso-octane and
toluene, and is intended to represent a standard "medium to high aromatics"
content petrol.3

be
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The charged tubec were placed in c1rculat1ng air overn<= in which the tempera~
tures did not vary by more than + C.5 °C from the test temperature. After
28 days' exposure the tubes and ‘contents were removed from the oven and
conditioned at room temperature for 24 hours before testing.  After the
conditioning period, the groups of 4 specimens were removed from the tubes,
dried from a superficial liquid, and itested for hardaess, moduli, extension
at breck and tonsile strength as quickly as possible. Hardness was
measured using a micro-identometer, and the tensile properties were

measurec By British Standard Methods*’® on a Hounsfield Tensometer. Unaged
centrol specimens cut from the meterials were tested by the same methods,
and the rerults used as "unaged" refercnce voints.

4 RESULTS ARND DISCUSSION

=

The visuzl apvearances of the elastomers before and after ageing are
P

recerded in Table 2, Appendix B.  The mechanical propertics of tae
clostoners are surmarised in Table 3, dppendix T and the pcrccnuaﬂc changes
after a501ng Lqe original mechanical properties of the clastomers are
recoréed in Tables 6 -~ 15.

b 1 Visual Asscssment

The gereral condiftion of the poiyurethar 2 slastcmers, judged ty visual and
crlpirical methods of ansesoment, are descrived holiow.

Unzged polyesier urethanes, especially those cused v

. - e
shormd oluer

/ich OCA, generally
tly less discoloration (j;*lou:nw) than siailarly cured
noly tior Urethane elacstomers.

MOCA ana mixed MOCA/TMP cured polyurethancs yielded tough elastomers, while
those curcd with MOVA/BD, BD ana TiP were orparently less toush but laLhcr
vore ficxible.

L 12 Ared in Dry Air

After 28 geys?! oven ageing in dry oir al (U ¢l the elasTosers annearea to

be gtilfer than the unarged conirols. Vhe volyell r based urcthares showed
rather more yodlownng than the polyester urcihone ol -tomers.

L1%  later Immersion

2w S Tasriet T pamerees T Y b -3 vl oy vend

Lter Zo dayst immersion in ounter nt 0 C 2ll tha polyester urethanes
¢heied covere losces of strengil altboups Ve brooldmm o KOCAL NOCA/TH
and J.0CA/ED cured elastomers vas not quite ¢ severe as volyester urethangs

~vres aol Ly by UID or BD, which ac-nletely dusirtograted og previously
ana snrgc,i; tnad the presonce of ures and biuret rrouns may offer some

protectinn to [ hydrolyticnlly unstable coler roups.

Luart from coverc fricoloration 2ll the polyether urethane clustomers
cpperre Y Lo be in {a rly good condition.




b 14 STF (Petrol) Immersion

Following 28 days' immersion in STF at 65°C all the polyurethane elastomers
apart from those cured with BD appeared to be in fairly good condition,
except that the polyether urethanes again showed rather more discoloration
than the polyester urethanes.

Lk 2 Mechanical Properties
L 21 Initially (Unaged)

The results of mechanical tests summarised in Table 4 show that unaged
polyester urethanes gave ultimate tensile properties in the range 10 - 38
MN/hz, which with the exception of the butane dicl cured material, were
much higher than the corresponding values for polyether urethanes

(3 =20 MN/hz). However, the polyether urethanes showed higher modulus
and hardness values. This effect is due to the different stress strain
curves shown by the two types of urethane. The polyester urethanes show
stress crystallisation at high extensions thus increasing greatly the
Wltimate tensile strength.

Elastomers cured with MOCA or MOCA/BD or MOCA/TMP had superior all round

physical properties in both polyester and polyether urethanes than those
cured solely with TMP or BD.




ba i

TABLE 4

MECHANICAL PROPERTIES OF UNAGED POLYURETHANE ELASTOMERS
EFFECT OF TYPE OF CHEMICAL CURE

Modulus
(MN/m?)
. Tensile Extengion| at exten~ -
nge Type Cure Strengih| at break | sions of Ha?ggg;o
(MN/m2) |{per cent)|(per cent)
100 200 | 300
5.61 MOCA (80%)| 37.7 475 2.816.%1{10.3 9%
5.62 MOCA/TMP 28.8 e 2.514.51 8.1 89
S.6%|Polyester {MOCA/BD 33.7 570 1.511.71 3.2 85
5.75 BD 9.8 635 ‘0.1 0.4 0.7 L=
S.21 T™MP 2.2 700 1.113.1012.1) 72
S<65 MOCA (80%)| k.5 | 3%0 5.307.0012.41 9k
S.66 MGCA/TMP 15.9 340 2.915.2!1 9.9 89
S.67|Polyether |MOCA/BD 20.2 535 12.03.2] 5.1 85
S.73% BD 15.9 170 0.411.1" 1.3 62
| S-28! THP 3.0 25 2.0p - | - | 7

Elastomers cured with blends of MOCA/IMP or MOCA/BD had satisfactory
mechanical properties although their moduli and hardness were not as high
compared to elastomers curcd solely with MOCA.  The main advantage of
MOCA/polyol mixtures, however, was their recduced rcactivity compared with
systems in which NMOCA was the sole curing agent; thic allowed longer mixing
and d ' .ssing cycles, which in ihis respect makes diamine/diol or diamine/
triol wixtures attractive systems for curing polyurcihie clastomers.
MOCA/THP mixture, were vrelerred to MOCA/BD mixtiurcs, cspecially in polyester
urethanes, the former producing havder clastomers waich is altributable to
the greater degree of crosslinking introduced by the MOCA/iricl system.

In polyester urethanes the main effect of reducing the NCCA concentrgtion
(vhich in effect increases the degree of biuret crosslinking of the
elastomer) was a reduction in the hardness and 100 ver cent medulus of the
elastomers. (Table 5.) In polyethers there appearcd to be little effect.

&
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TABLE 5

MECHANICAL PROPERTIES OF UNAGED POLYURETHANE ELASTCMERS
EFFECT OF MOCA CONCENTRATION

| Gans
Code MO;A Tensile | Extension a? extene
No Type stoichio= strength at break sions of Hardngss

etric MN/m*) (%) (per cent) Bs%)
, ) 100 | 200; 200

S.h2 Ly 33,2 380 % 2.6 15.1112.8 88
S.lk 52 3%.0 385 3.5 1 6.5 714.2 88
s.61 | Folyester | g, 37,7 k75 3.3 16.3 0 10.3| 93
8.60 88 28.6 455 3.9 1 6.3 10.3 91
S.43 ik W6 | 305 5.2]9.0013.5] 93
556 55 13.5 | 290 b9 8.5 91
S.57 | Polyether | €0 | k3 | 280 5.205.2 9.1 92
5.65 80 W3 L 330 5.307.0 12.4] o
S.64 8 | 2.0 | 390 5.3% 7.8, 2.0 9

The higher strengths cf polyurea-urethane eclastomers (ie elastomers cured
with a diamine such as MOCA) compared with polyurethane elastomers cured
with either a diol or triol is attributable to the highly polar nature of
the urea group which possesses a strong hydrogen bond.:un; capability. In
addition, the urea ~NH- group is more rcactive to isocyunate than the
corrcsponding urethane ~NH~ group and formation of biuret crosslinks is
likely when excess isocyanate (reducing MOCA concentration) is present,
especially at elevated temperatures. However, it has been reported that
excessive crosslinking may cause a leoss of modulus and soItenin@ on
repeated deformation, especially with polyester urea-urecthanes.’
Crosslinking is also reported to reduce heat build-up on flexing.

L 22 Dry Air

Tables 6 and 7 show the changes in the original mechanical properties of
the clastomere after 28 days' exposure to dry air at 80°C. Table 6 shows
the effect of different types of chemical cure, while Table 7 shows the
effects of different MOCA concentrations.

ks
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TABLE €

BS TN ORIGINAL MZCHANICAL PROPERTTES OF POLVURETHANE ELASTOMERS AFTER
28 DAYSY ELPOSURE TO DRY AIR
iCT OF TYPE CHEMICALL CURE

ORI IR AT

[

Per ceat Changc of Original Mechanical
Property

Tensilz
trength

Extension

* o
at irean

100%
Modulus

Hzrdness

,
'
'

Meca {(38¢%
%ocA (80%)

Polyester

+ 11

+ 75

+20
+2k
+20
-7

0
-18

0
-

+ +
W N B a

i
|
i
i
!
|
i

. Polycther -

Pomcca (334%)

| MOCA (80%)

:.85
+160C

+ 28
- 17
- 35

+10
+26
+1h

i
-+
\N

~18
+ 4
-6
-6

a

- 10 -

ii



TABLE 7

CHANGES IN ORIGINAL, MECHANICAL PROPERTIES OF POLYURETHANE ELAST(CMERS AFTER
28 DAYS' EXPOSURE TO DRY AfR AT 80°C
EFFECT OF MOCA CONCENTRATION

,  Per cent Change of Original Mechanical
1% MOCA | Property
Cﬁde Type Stoichio= =
° . matric ! Tensile Extension 100% Hardness
i | Strength | at btreak Modunlus &
! i
SJ.l2 Z bl B +2l -8 +2
S.bk ! 52 . +12 0 2
3 at |
s.61 | Yoiyester | 80 - 2 -2 +2b +2
S.60 88 |- +2 +20 +y
4
}l 1
S.43 i L + 99 +61 Y -1
5.56 I 55 +112 +57 =31 +1
5.7 | Polyether E 60 +161 +73% -10 +2
565 80 +160 +51 0 0
.64 " 88 + 95 31 16 |+

MOCA cured polyester urethanes werc the least affected by exposure to dry air
judged by the relatively small changes in their original ultimate mechaniced
properties. MOCA/TMP and BD curcd polyester urclthanes also chowed relatively
small changes in tensile strength while MOCA/BD and TMP cured polyester
urethancs showed increases in tensile strength. MOCA cured polyether
urethances showed considerable increases in their original tensile strengths,
but, blends of MOCA witn BD or TMP, BD and TP cured polyethers, showed
smaller changes in tensile strength.

4y 2 3 ater Immersion

After 28 days' immersion in woilca af £0°C (Table 8) the polyether urethanes
were in much better conditicen that the polyester urethane elastomers.
Polyester urcthane elastomers curcd with MOCA, MOCA/TMP and MOCA/BD were still
intact but Loo wenk to tect, whilst those cured with BD and TMP completely
digintepgrated, as in previeous eccesoments, 'l

- 11 -
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TABLE 8

CHANGES IN ORIGINAL MECHANICAL PRgPERTIES OF POLYURETHANE ELASTOMERS AFTER
28 DAYS' IMMERSION IN WATER AT 80 C
EFFECT OF TYPE OF CHEMICAL CURE

Per cent Change of Original Mechanical i
Property |
nge Type Cure
Tensile Extension 1C0%
strength | at break Modulus | Hardness
8.60 MOCA 88% Too weak to test ;
5.61 MOCA 80% noon L i
3.62 MOC A/'I’MP 1] n n n
$.63 Polyester MOCA/BD woon noon
575 BD Disintegrated
S.21 ™D "
S.6k MOCA 88% =86 -10 62 -7
S.65 MOCA 80% -30 +27 ~73 -9
5.66 Polyether MOCA/TMP -2 +79 ~1t8 ~16
S.67 MOCA/BD ~78 ~19 -85 =26
5.73 BD ~65 +80 Too weak | Too weak
8.28 ™P =92 +97 =55 -10

Of the volyether urethanes assessed for hydrolytic stability MOCA or TMP
cured uretr-nes chewed the greatest losses of tensile strength, while S5.66,
a MOCA/TMP cured elastomer, showed the lcast change.

Table G shows that in MOCA curcd polyether urethanes a reduction in the
concentration of the curing agent (ic increased biuret crosslinking) tended
to give elastomers with better retention of tensile strength although the
extension at break shows considerable increase on ageing.

-2 -

|
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TABLE 9

CHANGES IN ORIGINAL MECHANICAL PROPERTIES OF POLYETHER URETHANE ELASTOMERS
AFTER 28 DAYS' IMMERSION IN WATER AT 80°C
EFFECT OF MOCA CONCENTRATION

Per cent Change of Original Mechanical

Polyether MOCA Property

Urethane %
Code Stoichio~ . . Modulus

. Tensile Extension
4 No metric strength | at break at 10?% Hardness
{ extension

S.b3 Ly ~6l +126 -69 -5
5.56 55 -50 +210 ~-38 -18
5.57 60 -l5 +220 ~65 A
5.65 80 80 + 27 =73 -9

The water immersion results for the best material in Table 9 containing
increased biuret crosslinking, however, are not as good as those for S.66
which was based on a MOCA/TMP mixed curing system. Therefore a series of
polyether urethanes was made using various ratios of TMP/MOCA.

The original mechanical properties of the mixed cured polyethers were not
as high as those for MOCA but the hydrolytic stability ot TMP/MOCA cured
elastomers S.53, S.66 and S.66A, as judged by changes in their 100 per cent

modulus, were the most satisfactory of the elastomers cured in this way.
(Table 10.)

- 13 -
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4 24 STF (Petrol) Immersion

After 28 days' immersion in STF at 65°C, the most effective curing system

for polyester urethanes was either MOCA or MOCA/TMP, whilst MOCA was the most

effective in polyether urethanes.

Polyurethane elastomers cured with BD or MOCA/BD were generally unsatisfactory,

Although polyester urethanes showed the
best retention of extension at break and hardness properties, polyether
urethanes generally showed the best retention of 100 per cent modulus.

especially vhen judged by their losses of 100 per cent modulus and hardness.

TABLE 11

CHANGES IN ORIGINAL MECHANICAL PROPERTIES OF POLYURETHANE ELASTOMERS AFTER
28 DAYS' IMMERSION IN STF AT 65°C
EFFECT OF TYPE OF CHEMICAL CURE

Per cent Change of COriginal Mechanical Property

Code
Type Cure ot = s ,
No Tensile  Extension — yone yosius  Hardness
strength j at breakx . '
5.60 MOCA 88| -5 | -4 -21 0
S.61 MOCA 30% | -4k | 11 +5 0
S.62 MOCA/THP ! +1 | +6 i ~48 0
Polyester i X !
5.6 |MOCA/BD | -65 | .18 53 4
e : i Too weak
S.75 BD ~50 -9 i Too weak to test to test
S.21 THP -85 1 =50 1 -18 -4
S.6h MOCA 88% ~03 45 ; ~Ti | -7
5.6% MOCA 80% | =h2 -32 ~11 [ -6
.66 MOCA/TMP | -7 | 50 | -1l -18
S:06 | po1yether 1 (CEEE R ! 1
S.67 MOCA/BD -71 40 | -5 -12
$.7% BD 63 -6 | =25 -16
S.28 THP =76 ~71  (no result, failed =10
, at 80% extension)}
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Table 12 shows that the effect of increased biuret crosslinking, obtained by
using considerably less than stoichiometric quantities of MOCA curing agent,
producec polyester urethane elastomers with improved resistance to STF
although retention of 100 per cent modulus tended to fall with increasing
crosslinking. In general, the polyester urethanes showzd rather better all

round retention of physical properties compared to the polyether urethanes
after immersion in STF.

TABLE 12

CHANGES IN ORIGINAL MECHANICAL PROPER%‘IES OF POLYURETHANE ELASTOMERS
AFTER 28 DAYS' IMMERSION IN STF AT 65 C
EFFECT OF MOCA CONCENTRATION

Ter cent Change of Original Mechanical
Code NOCA Property
Type % | ‘
No Stoichiometric | Tensile ' Extension Mzd%gf, Hardness
Strength | at break cﬁtcn"ilc:n s ‘
N
S.b2 T, 8w 20 +1 -23 -2
S.hb Bed s2 -52 -2 - 0
s.61 | Fovester - |8 44 g, ity -1 | +5
5.60 A° 8 88 50 -k -21 0
Suis A U 5k —5k 42 -6
. S
5.56 v g 55 -61 ~50 -31 -9
QP
S.57 | Polyether @ §;q 60 =57 : A ~11 ~7
= ‘
8.65 gg g 80 she 32 - -6
3.64 (T oe s 63 s | -m -2 \

Table 1% shows the effects of immersion in STF on the physical properties of i
polyurethane elastomers cured with MOCA/TMP blends. The best polyether

urcthenes cured in this way S.37 and S5.5%, apart from rather greater losses

of hardness, were superior to polyether urethanes cured solely by MOCA

(Table 12), but were not quite as food as S.42, a MOCA cured polyester

urcthane, and S.62, a MOCA/TMP cured polycster urcthane, examined previously

(Tables 11 and 12).

- 16 -
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TABLE 13

CHANGES IN ORIGINAL MECHANICAL PROPER%IES OF POLYURETHEANE ELASTCMERS
AFTER 28 DAYS' IMMERSION IN STF AT 65 C
EFFECT OF MOCA/TMP CONCENTRATION

% Stoichiometric Per cent Changepof Original Mechanical’
Code roperty
No e Tensile |Extension | 100%

ensile ension
MOCA | TP | Total strength | at break |Modulus Hardness
]

S.5% | 33.0 | 50.0 | 83.0 43 50 - - -1
S.5k !Polyether 44,0 | 33.0 | 77.0 -35 -53 - -13
S.66 | 41.5 | 41.5 | 83.0 ~75 =50 -1k ~18
S.66A | 42.5| 47.5195.0 | -31 | k9 +23 -11
5.62 giPolycuter k1.5 41.5 | 83.0 +1 +6 -8 0

5 CONCLUSIONS

The introduction of urea and biuret groups into the structure of polyurethane
elastomers by the use of a diamine curing agent 4,4'-methylene bis-(2-chloro-
aniline), MOCA, produced elastomers with superior physical properties
initially compared with polyurethanes cured with a polyol 1,1',1"-trimethylol
propane (TIP). The TMP cured elastomers which contained urethane crosslinks
showed superior hardness and moduli to BD cured elastomers, which also con-
tained a large number of urethanc groups, but were predominantly linear.

MOCA cured polyester urethane elastomers possessed higher initial tensile
strengths and in general showed better resistance to dry air at 80°C and STF
at 65 C than polycilcr urethanes cured in the same way. Or the other hand,
MOCA cured polycther clagtomers were harder initially and . -.siderably more
resistant to water at 80°C than MOCA cured polyester urethanes.

Polycster urethane elastomers with a reiatively high degree of biuret cross-
linking, which was achieved by using less than stoichiometric quantities of
MOCA, showed lower hardnesses and moduli initially comparcd to less highly
crogslinked MOPA cured polyester urethanes. The hydrolytic stability of
MOCA curcd polyether urethanes and the STF resistance of polyester urethanes
improved with biuret crosslinking.

A reasonable comgromise between initial mechanical properties and resistance

to dry air at 80 C, coupled with resistance to water or STF, was achieved
with polyether urcthaneelastomers cured with blends of MOCA and TMP. For

-17 -
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example, satisfactory resistance to STF, coupled with fair hydrolytic stability
was obtained with S.37 cured with 38.5% MOCA and 28.5% ™P (stoichiometric).
Satisfactory hydrolytic stability coupled with fair resistance to STF was
obtained with S.53 cured with 33% MOCA and 50% TP and S.66 and 66A cured with
41.5% MOCA/4+1.5% TP and 47.5% MOCA/47.5% TMP respectively.

A further advantage of MOCA/TMP blends was the reduced reactivity of the
curing system compared to systems in which MOCA was the sole curing agent.
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METHODS OF PREPARATION

Prepolymers
A1l the clastomers were prepared via prepolymers as follows.

Toluene di-isocyanate (TDI), 2.0 moles equivalent, was placed into a dried -
500 ml glass three-necked flask equipped with thermometer stirrer, nitrogen
and vacuum~inlet and heated to 80 C under nitrogen. Melted polyol, 1.0 mole
equivalent, previously degassed by heziing to 120 - 125°C for 30 minutes and
applying a vacuum of 1 mmHg*, was added to the IDI over a period of 30
minutes. The mixture was heated under nitrogen with continuous stirring at

80 -~ 85°C for 3 nours: during the last 30 minutes a vacuum of 1 mmHg was
applied.

The TDI prepolymer was transferred to a dried 600 ml beaker and degassed under
1 mmiy; vacuum for 10 minutes. Crosslinking or chain extending agents: TMP
or MOCA or BD or mixtures thereof (Tables 1(%) and (c)), were stirred into the
prepolymer.  The mixture was rcheated to 80°C and degassed for 3 ~ 15

minutes at 1 mmtig.

The rcaction products were poured into PTFE coated aluminium trays and cured

in an oven for 16 hours at 90°C to produce sheets 220 x 150 mm approximately
2.5 mm thick.

*1mmlg = 13%.%22 N/m?
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TABLE 2

GENERAL CONDITION AND APPEARANCE OF POLYURETHANE ELASTOMERS

Code % Stoichiometric
N Type Unaged Controls
° MOCA | ™P BD | Total
S.k42 44,0 | - - 44,0 | clear, tough
S.h4 52.0 - - 52.0 clear, tough
3.60 88.0 | = - 88.0 | very slightly yellow, tough
S5.61 80.0 - - 80.0 very slightly yellow, tough
5.62 Polyester k1,5 | 415 | = 83.0 clear, moderately tough o]
5.63 k1.5 - 41.5 | 83.0 clear, flexible
5.75 - - 83.0 | 83.0 slightly opalescent, flexible
S.21 - 91.0 - 91.0 clear, moderately tough 1l
5.37 28.5 | 38.5 - 67.0 very slightly yellow, tough, rigid
S.43 b,0 | = - 4,0 very slightly yellow, tough rigid ;
5.53 3340 | 50,0 | = 83.0 very slightly yellow, tough, rigid L
Se54 44,0 | 23.0 | = 77.0 | very slightly yellow, tough \
S.56 5540 - - 55.0 very slightly yellow, tough ‘
S.57 Polyether 60.0 | = - 60.0 | very slightly yellow, tough, rigid | sl
1 S.64 88.0 - - 88.0 very slightly yellow, tough sl
5.65 80.0 - - 80.0 very slightly yellow, tough sl
E 1
5.66 41,5 | 41.5 - §3.0 clear, flexible 814
S.67 41,5| = k4.5 | 83.0 very slightly yellow, flexible sl4
S.73 - - 83.0 | 83.0 clear, flexible sl
5.28 - 91.0 | = 91.0 | clear, moderately tough slf
Key: MOCA = 4,4'-methylene hij
™ = 1,1,1-trimethylo_
3 BD = 1,4=butane diol
E NT = not examined
20
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. POLYURETHANE ELASTOMERS

ietric

b | Tota Unaged Controls 28 Daye at 80°C 28 nal,’i‘tii 80° 28 1
k4,0 clear, tough little change dark brown, very weak little
52.0 clear, tough little change dark brown, very weak little
E 88.0 | very slightly yellow, tough slightly more yellow | dark brown, very weak little
] 80.0 very slightly yellow, tough slightly more yellow | dark brown, weak slight
; 83.0 clear, moderately tough slightly more yellow | dark brown, weak, tacky little
.5 | 83.0 | clear, flexible very slightly more dark brown, soft and weak | slightly
L yellow and weaker
L0 | 83.0 slightly opalescent, flexible little change catastrophic failure, slight
brown liquid
; 91.0 clear, moderately tough little change catastrophic failure, little ol
brown liquid
] 67.0 | very slighuiy yellow, tough, rigid ( NT amber, fairly tough slightly
§ 4,0 very slightly yellow, tough rigid slightly more yellow | amber, fairly tough slightly
E 83.0 very slightly yellow, tough, rigid | NT amber, fairly tough slightly;
; 77.0 very slightly yellow, tough NT amber, fairly tough slightly
| | 55.0 | very slightly yellow, tough NT amber, fairly tough slightly
? 60.0 very slightly yellow, tough, rigid | slightly more yellow | amber, fairly tough little cH
88.0 | very slightly yellow, tough slightly more yeliow | pale amber, fairly tough | slightly
f. 80.0 very slightly yellow, tough slightly more yellow | pale amber, fairly tough slightly
t 83.0 clear, flexible slightly more yellow | amber, fairly tough little ch
5 83.0 very slightly yellow, flexible slightly more yellow | amber, fairly tough slightly
b 83.0 clear, flexible slightly more yellow | amber, weak snd flexible deep amb
91.0 clear, moderately tough slightly more yellow | deep amber, fairly tough slightly
—
[ Key: MOCA = 4,4'-methylene bis-(2-chloroaniline)
™ = 1,1,1-trimethylol propane
F BD = 1,k=butane diol
; NT = not examined
]
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APPENDIX B

rxtrols

Dry Air
26 Days at 80°C

Water o
28 Days at 80°C

STF
28 Days at 65°C

s tough
E, tough

'a

little change
little change
slightly more yellow
slightly more yellow

dark brown, very weak
dark brown, very weak
dark brown, very weak
dark brown, weak

brown liquid

little change
little change
little change
slightly more yellow

bough slightly more yellow | dark brown, weak, tacky little change
very slightly more dark brown, soft and weak | slightly more yellow
yellow and weaker

by flexible little change catastrophic failure, slightly opaque, weaker

slightly more yellow

amber, fairly tough

ugh little change catastrophic failure, little change
;[ brown liquid
E;, tough, rigid | NT amber, fairly tough slightly more yellow
Fu, tough rigid slightly more yellow | amber, fairly tough slightly more yellow
t, tough, rigid | NT amber, fairly tough slightly more yellow
» tough NT amber, fairly tough slightly more yellow
tv tough NT amber, fairly tough slightly more yellow
» tough, rigid | slightly more ycllow | amber, fairly tough little change
Ev, tough slightly more yellow | pale amber, fairly tough | slightly more yellow
¥, tough slightly more yellow | pale amber, fairly tough | slightly more yellow

little change

¥, flexible slightly more yellow | amber, fairly tough slightly more yellow
slightly more yellow | amber, weak and flexible deep amber, swollen
Elgh slightly more yellow | deep amber, fairly tough | slightly more yellow

]

k,4%~methylene bis-(2-chloroaniline)
1,1, 1=trimethylol propane

1,4=butane diol

rot examined
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TABLE 3

MECHANICAL PROPERTIES OF POLYURETHANE ELASTOMERS BEFORE AND AFTER 28 DAYS' AGEING

Py

o

EEDESY |
% Stoichiometric Controls (Unaged) 80°C Dry
o |Tvwe s |m | = a: ;:Nr/ zzez)xt s |m |8 |4
MOCA | T™MP BD | Total MN /mz % Bs® W/m2 | % Bs® ___;
} 1 100 | 200 | 300 ﬂ
S.h2 bh,0| - - 440 |33.2 |380] 88|2.6|5.1112.8 43,6 40| 90 zi
sy | o |s52.0] = | - |52.0 |32.8 | 385| 88]3.65.2] ™.2]32.5 |430]| % 34‘
S.60 2 88.0| - - |88.0 |28.6 455 91]3.96.3110.328.2 |65 | 95 |4
5.61 w {800} - -~ 180.0 |37.7 475 93] 3.8 16.3|10.3|36.9 | U465 | 95 [ Ll
s.62 | B w5 |u15| - [83.0 [28.8 {430 ] 89 [2.5 |45 | 8.1 320 |45 90 34
5.63 A (#1.5] - | #1.5]83.0 |33.7 [570] 85| 1.5]1.7 ]| 3.2 |50.1 |550 881
5.75 2 - - [83.0]83.0 | 9.8 |635| 43[0.1f0.4| 0.7 [10.7 |720| 42}Od]
S.21 - {91.0] - [91.0 {12.2 |300]| 72| 11| 3.1]12.1]21.1 |335]| 70{0.!
5.37 38.5|28.5| - |67.0 | 6.4 |190] 89|3.7|~ | - [10.3 |30} 883
S.43 bl - - (w40 |46 |305] 93]5.2/9.0|13.5]29.14 |40 | 92 3.
5.53 33 |950.0| =« [83.0 | 5.1 |10} 87|3.1]|~ - 6.3 | 250 86 2!
S.5k Wy [33.0] - [77.0 | 5.7 |10 88| k41|~ - 8.2 |270| 90} 3.
$.56 | %olss | - | - |55.0 |13.5 |290| 91fk.9[8.5] - |28.6 [u55| 92 3.
S.57 x| 60 - - |60.0 [ 14.3 [280] 92]5.2|9.1| = |37.4 |485] ol | 4.
S.64 : 88 - - 188.0 [19.9 | 396 94 |5.3|7.8{12.0{3.9 |510] 95] 5.
S.65 | = |80 - - [80.0 |1.3 |320] 94]5.3]7.0]%2.4]37.3 |500] 9k{5.]
S.66 ’; 41.5 | 41.5] - [83.0 [15.9 [340) 89]2.9]5.2] 9.9[17.8 |h5] 73] 2.
S.66A | a |47.5[47.5] - [95.0 [11.6 [355] 91| 4.3 ]6.1| 8.9]17.6 |330]| 88] 5.
.67 44.5| -« |41.5]83.0 [20.2 |535] 85[2.0]3%.2| 5.1]|25.8 {590 | 89 2!
$.73 - | - |8%0]83%0 [15.9 |4r0]| 62 |0k | 11| t.3[13.2 |595] 58] o.
S.28 - {91.0 = |91.0 | 3.0 |225| 71/2.0 |~ - 1.95; 256 { 67 0.11
KEY: TS = tensile strength MOCA = &4,4'~methylene b{
EB = extension at break ™ = 1,1"1"trinethyld
H = hardness BD = 1,4~butane diol
M = modulus - = too weak to test|
mechanical prope€
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BEFORE AND AFTER 28 DAYS' AGEING

Controls (Unaged) 80°C Dry 80°C Wet @
M (MN/u?) M (MN/n?) M (MN/m?) ?

EB H | at per cent TS |EB | H | at per cent IS |EB | H | at per cent s |BB ||
% |BS MN/m? | % |BS° MN/m?2| % |BsS® MN/m?2| % | B
) 100 } 20G | 300 100 | 200 | 300 100 | 200 } 300 :

380 | 88f2.65.1112.8{43.6 |40 90|2.4|%.0] 7.5] - - | = |- - = [26.6 |385
385 88]3.6 5.2 w.2|32.5 [430| 90 3.6|5.2] 9.8} - - | - |= - |- 15.6 | 340
4551 91]3.9 6.3 | 10.3|28.2 |u65]| 95| 4.7 16.9 | 11.1] - S T - |- [1.2 [435] i
k751 9313.816.3]110.3(36.9 |465] 95]|4.7]6.9 |11.0] = o | - |- - |- |21.2 luzs| ¢

90

68

4o

k30| 89]2.5]4.5] 8.1]32.0 L5 30151 8.8] =~ - - |- - - 29.2 U455

5701 8511.511.7 | 3.2|50.1 {550 1 }2.3] 4e1} - N ERE - |- 1.8 | 465

635 | 43]0.1{0.4] 0.7 [10.7 |720 0.1]0.3] 0.5} - - | = |- - |- 5.9 |575

2001 7211113.1|12.1)21.1 [335] 70]0.9]2.5] 7.5 - - | = }{=- - |- 1.8 | 150

101} 89)3.7 = = |13 |30 88[3.1]5.0| 7.7 | 10.4 |5ko| 78 |0.8 | 1.4 |2.4| 4.6 |125] °

3051 9315421940 13.5[29.1 |490| 923.6]6.3] 9.3| 5.3 |690| 88} 1.6 |2.212.8 6.7 |0 |
} [180f 87|3.1]~ - 6.3 |250| 86| 2.k | b4 = 1M.1 |90 | 76 0.6 [1.3}2.5] 2.9 | 90 °
) 170 88 jh4.1| = - 8.2 |270| 90} 3.5]5.8] = 7.1 |500} 79]11.0 |1.8|2.9) 3.7 | 80 ¢
} 1290 91| 4.9|8.5) - 128.6 |us5| 92]3.4]5.6] 9.0 6.7 [900| 7510.6 |1.0]1.5] 5.3 | s

) {
b (280 92)5.219.1] = |37.4 |485| 94 u.7]6.7] 10.5 7.9 |8% | 88]1.8 |2.3]|3.0] 6.1 |150]| {
) 1390 94]5.317.8]12.0[326.9 |510] 95| 5.6 8.3111.6| 2.8 350} 87]2.0 }2.5|2.7]| 7.4 {215 i
b 1330 94 )5.317.012.4(37.3 |500| 94|5.3[7.7]10.7] 2.8 {420] 86| 1.4 |2.0 2.5| 8.3 |225 4
) [3%01 8912.9]5.2] 9.9 1.8 |uhs!| 73|2.1{3.1| €.5]12.6 |610] 75|15 |2.313.8] .0 |10 1
¢
(
b
6

3551 91| k.316.1| 8.9)17.6 {330 88 521 7.6113.L 16,2 t60n] 83]2.2 |3.0[4.4]| 8.0 |18
 |535] 85]2.0|3.21 5.1{25.8 |59 891 z.4 ] 3.4 h.gg L5 14351 63]10.3 |04 0.4 5.9 |32
l"’?O 62 O.l"‘ 1.1 1.3 1302 595 58 003 - Oo‘f 5.5 81*5 - - had - 5.9 595

25| 71{2.0 |« - 1.95 | 256 1 67 10.7 | 1.4} = 0.25 | bho | 6hf 0451 1.212.6) 0.7 | 65
MOCA = L4 it-methylene bis~(2-chloroaniline) Note: 6.9 MN/m? =
™P = 1,1'"1"-trimethylol propane
BD = 1,4=butane diol

- = too weak to test or failed before this
rechanical property was obtained.
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¢ 1,l4~butane diol

21.

1, 1" 1"~trimethylol propane

s.n0 weak to test or failed before this
mec:-2nical property was obtained.

2/. 73

80°C et 65°C STF
M (MN/m?) M (MN/m2)
n; B}slo at per cent ll;rl?nz ﬂ; Bgo at per cent m‘?.z II; Bg° at per cent
100 | 200 { 300 100 | 200 {300 100 | 200 | 300
to| o240} 75| - - == |- |- |66 |385] 8| 2.0] k.4 10.8
43| 90}3.6]5.2] 9.8} - - =1~ - |~ |%5.6 |340] 88| 3.0|c.1| 0.k
u6s | 95| 4.7 | 6.9 |11.1; ~ - - |- - - W2 1435] 91] 31|47 7.1
465 | 95| 4.716.9 |11.0 | = - - | - J= 212 |425] 93| 4.0]6.3| 0.0
us| 90}3.0)5.1] 8.8} ~ - = |= - = }29.2 |u55] 89} 1.3]2.8] 6.2
sso{ 88{1.k]2.3] 4.1] ~ -] -1~ - |- |11.8 [465] 85| 0.7]11.5] 2.8
720! 42]0.,110.3] 05} = -1 =1~ - - 5.9 |575) =~}<0.1}0.2] 0.4
335( 20]0.9]2.5] 7.5} = - - |- - |- 15 |150] 69| 0.9 |~ -
320| 88]3.1]5.0| 7.7} 0.4 [540 | 7810.8 | b 2] kb J125| 78] 3.5|~ -
40| 92{3.6|6.3] 9.3} 5.3 |690| 88} 1.6 |2.2 28] 6.7 |+o} 87 3.0}~ -
20| 86{a.efbe]| = 111.1 (490} 7610.6 |1.3]25| 29 | 90 75| -~ |- -
2701 90]3.5{5.8] - 7.1 |500| 7911.0 |1.8]29]| 3.7 | 80} 76| - |~ -
uss| 921 3.415.61 9.0] 6.2 |900| 75]0.6 | 1.0 15| 53 |5} 83 34 |- -
485| o4 {4.716.7110.5| 7.9 |890] 88118 [2.3]3.0] 6.1 [150| 85| L.6 |~ -
510 95|5.618.3]11.6| 2.8 |[350] 87]2.0 J2.5]27] 7.4 1215] 87| 4.7 6.8] -
s00| oul5.317.7]10.7| 2.8 |40 86 (1.4 |2.0f25] 8.3 {225] 88| w716.3] ~
wis| 730 2.10 3.1 6.5(12.6 |610] 75| 1.5 |2.3{3.8] 4O 1170) 73| 2.5~ -
330 88]5.217.6 13.u_‘16.2 600| 83]2.2 [3.0]4.4] 8.0 |180]| 81} 5.3~ -
590! 89| 2.4 13,6 .61 L5 [435] 63]0.3 |04 04 5.9 226 75 19| 3.5 L&
5951 58]0.3 |~ O] 5.5 |B4S| ~ [~ - |- | 59 |395] 52| C3(1.1) 2.3
2561 6710.7 1.4} = 0.25 | o | 64|o.45]1.2)2.6) 0.7 | 65{ 6k} - |- -
b 4, 4'-methylene bis-(2-chloroaniline) Note: 6.9 MN/) m* = 1000 psi

S No 17/71/C3/BS
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