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SUI24ARY

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

The introduction of urea and biuret groaps into polyester
and polfether urethanes by the use of 4,4'-methylene bis-
(2-chloroaniline), NOCA, 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 polyether urethanes were harder and had superior
hydrolytic stability compared to polyester urethanes.

The ageing properties of polyurethanp elastomers cured
with blends of MOCA and 1,1'1".-.trimethylol propane (TU)
were equal to elastomers in which NOCA or TTIP were the
sole curing agents. A further advantage of the diamine/
triol system was the improved processing characterist. -s of
the reaction products, compared with systems which employed
MOCA alone which were extremely reactive.



Further copies of this technical report can be obtained from Technology
Reports Centre, Station Square flou:.c, 3t Mary Cray, Orpington, Kent. BR5 3RE

1/



CONTENTS

Page No

I Introduction 1

2 Materials and Methods of Preparation 3

3 Experimental 5

4 Results and Discussion 6

4 1 Visual Assessment 6
4 2 Mechanical Properties 7

5 Conclusions 17

6 References 18

Appendix A: Methods of Preparation 19

Appendix B: Tables 2 and 3 20 - 21



t Reference: YIAC/207/035

1 IPMRODUCTTON

In an attem:pt to produce polyurethane elastomers with improved ageingii properties, the relationships between their chemiual structure and their
resistance to water, elevated temperatures and STE (petroleum) are being
studied. Previcus reports1 ' 2 have described the effects of varying (i) the
deg-ee of' crosslinking and (ii) the backbone polyol in elastomers ;,,hich
contained predominantly urethane grours prepared from typical polyester and
polycth.er/toluene di-isocyanate (TDI) prepolymers, chain extended and/or
crosslinked with diols and triols as follows:

0 0

0 = C = 1 - R - N = C = 0 + II0 - R' - OH C - NJi - !011 - C - 0 - It'- O14

isocyanate-terminated diol polyurethane
polyol or

triol

The degree of urethane crosslinking is dependent on the ratio of triol t:
diol used.' In addition, urethane groups formed by the above reaction ny
slowly and uzu'.lly at elevated temperatures form further crosSlinks either
with exces.s isocyanate in the prepolymer or with added isocyanate, giving
allophanate linkages.

0 0

1C-R- C + 2R 1NII - COO -lI A1' -• X-h-COON]{R'

di-isocyanatc urethane CO

Nli

R allophonate

IJi

CO

It - N - COONMR'

•Vith polyurethane elaztonler:2, of thi' type at simi].ar moleculkr weights it
has been found that polyester urethances generally .;how the best initial
physical ,roerti es, while polyether ureth:nries show superior hydrolytic
stability.1 '• Polyester ureth,,nes. also generally sho,: both less
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discoloration after ageing in air at 800C and swelling in STF at 65 0 C than
the polyether urethanes. Optimum properties were usually obtained with
relatively highly crosslinked elastomers of M. values (molecular weight per
branch link) of' 1000 - 2000.

With diamines, for exaMple 4,4'-methylene bis-(2-chloroaniline), MOCA, the
following reaction occurs.

0 = C = N - R - N = C = 0 + H2N- R' -NH2

isocyanate-terminated polyol diaine

0 0

- N- R - IM - C - Nil - R' - NHJ

a polyurea-urethane

The substituted urea :roups of the urea-urathane polymer may also react with
excess isocyanate, but at considerably ;",.ter rates than urethane groups, to
form a biuret structure, w'hich is a chain brhnch point, since it is trifun-
ctional. As the concentration of biuret crozslinks is increased, the inter-
chain hydrogen bonding decreases.

OCN- R - NCO + 2 R' - NII - CO - NI - R - ' - N- CO - NJ-I RI
di-isocyanate urea-urethane CO

R biuretI

CO

- N - CO - NH - R

The present investigation considers the effects, of varying the type of
chemical gTroup structure (urethane, urea, biuret etc) pre:ient in polyester
and polyether uretbane elastoiners by using a diamine as well as diols and
triols to chain extend and/or crosslink (cure) the ela:;tomers.
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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, % H2 0
0.01, 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, 11 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 4,4'-methylene bis-(2-chloroaniline) (MIOCA) or mixtures thereof as
shown in Table 1(a) and (b).

The methods of preparation are described in Appendix A.

-3-
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TABLE I1(a)

t7

POLYURETHANE ELASTOMERS: DIFFERENT CURING AGENTS

MOCA TMP

Code Type A
No (moles) stoichiometric (moles) stoichiometric (mole

NI-12 : NCO

s.61 0.80 80.0 - -

S.62 0.415 41.5 0.274 41.5 -

Polyester

s.63 prepolymer
(I mole) 0.15 41.5 0.41

S.75 -- - 0.83

S.21 - 0.600 91.0 -

S.65 0.80 80.0 - -

S.66 0.415 41.5 0.274 41.5 -

Polyether

S.67 prepolymer 0.415 41.5 - 0.41!
(I mole)

S.73 -- - 0.83

S.28 - 0.600 91.0 -

--- - - -

I:
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L~AGEN4TS

CA TMP BDTotal
Anticipated t,

stoichiometric chemical bond:
oichiometric (moles) stoichiometric (moles) stoichiometric (OH + IiH2) ~dge f r
INH2 :NCO 0H:NCO NCO )x10dereo os

80.0 - - 80.0 urea-urethane
b.Luxet

41.5 0.274 41.5 - -813.0 urethane-urea
biuret

41-5 -- 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'

800--80.0 urea-urethane
biuret

41.5 0.274 41.5 - - 83.0 urethane-urea

biuret

41.5 -- 0-0.5 41.5 83.0 urethane-urea

biuret

-0.83 83.0 83.0 urethane nc

-0.600 91.0 - 91.0 urethane/allophanate

at elevated temperat

4.1-2



TMP BD Total.... .. Anticipated types of
ih tstoichiometric chemical bonding and

stoichiometric (moles) stoichiometric (OH + NH2) x 100 degree of crosslii-Aing
OH:NCO -NCO

- 80.0 urea-urethane moderate
biuret

41.5 - 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 - slight

9100 91.0 urethane/allophanate moderate

"80.0 urea-urethane moderate
biuret

41 •5 - 835.0 urethane-urea moderate

biuret

0.-415 41.5 83.0 urethane-urea slight -
biuret moderate

- 0.83 83.0 83.0 urethane none - slight

91.0 -- 91.0 urethane/allophanate moderate

at elevated temperatures



TABLE 1(b)

POLYURPETHXE ELASTOMERS: DIVFEREIýT CONCENTRATIONS OF MOCA

MOCA

Code Type Anticipated types of chemical bonding and
No(moles) stoichio- degree of crosslinking

metric

S.42 6 0.44 44.0 urea - urethane - biuret

increasing number
S.44 P 0.52 52.0

$ H of biuret
1.61 ; 0.80 80.0 " c

Q• cros slinks

S.60o 0.88 88.0
0

'-4

S.43 $0 0.44 44.0 it of to

S5increasing numberS.56 0--o55 55.o ito

P H of biuretO• 0

S.57 M 0.60 60.0 crosslinks

4)

S.64 0 0.80 80.0 ft "r-1
0

S.65 a, 0.88 88.0

3 EXPERIMENTAL

British Standard type E dumb-bell test pieces (4 per test) were cut from the
cast sheets and the width and thickness measured before exposure to the test
conditions. 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 Conditioned in air at 200 C

Hot/dry Suspended in air at 800C

Hot/wet Immersed in boiled out distilled water at 800C
*Standard Te~t Fluid (STF) Immersed in dry Standard Test Fluid at 650C

*Standard Test Fluid (STF) 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
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The charged tubes were placed in circulating air over- in which the tempera-
tures did not vary by more than + 0.5 0 C from the test temperature. After
28 days' exposure the tubes and contents were removed from the oven and
conaitioned 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 tested for hardn-ess, moduli, extension
at break and tansile strength as quickly as possible. Hardness was
measured using a micro-identometer, and the tensile properties were

S....on a 11ouns-field Tensometer. Unagedmeasured. by British Standard M~ethods 4 '5  nasonfil Tnoee. iae

control speccimc-is cut from the materials were tested by the same methods,
and the results used as "unaged" reference points.

4 1•USLTS AN•D DISCUSSION

The visual apoearances of the elastoncrs before and after age.g•-, are
recorded in Table 2, Appendix B. The mechanical properties of tue
elastomers are summarised in Table 3, Apocndix E and t-ho, percenta-e changes
after ageing' in the original mechanical, r "oerties of 'he elastomerr are
recorded in Tables 6 - 13.

4 1 Visual Asscssment

The 7•ne•ral condition of the poiyurethar•.• lastcmnrs, judged cy visual and
e'zpirical methods of ansessmnent, areý Oescribe,,- beIow.

4 - I nizig.lly (Unaged)

Unaeod polyes;ter urethanes, especially thosne caeud wih LIOCA, oeneraliy
:7-, "ed ';,..y less discoloration (y-llowig) tanb sisi!nrly cured

"-o'--.'e urethane elartomers.

MOC .anc ui.xd IIOCA/',IP cured polyurethaui-: yielded tough elastomers, while
those cured wi,,ith N4OCA/BD, BD ana aTrIP :err' onnarently less tough but rather
uore fIo;:;bie.

i1 1 2r_ in Dry Air

A~tor ?2 ,ds' oven ageing in dry air at '•C> :i Te eias-o-.;ers anpeared to
be s Thalfer than the unaged con"rol-. eshow•ed
r.:,.hor aore yeo lowi.ng- than thea noo.ester Ir t.•,- ,, t,,e.

S1 5 Lcr I.....e.r.on

AJ'ter -- -,y.' 'zm'ersion Lin at LOt all '-•-"t°Cthaes

,'-,dlosue:o: srnt togatc rda Ofox ::ocpA/,mp
d .. c... red no•o , , quito 50 ,o•het.re ,o t urethans

-'nreu. so J.y by 'f12P or 13D, whJc o'uaet.Ly .i:.intgrntcd s.5 ureviounly

and. ... ,ct . th U the rr .... ,- of' urea- and b , ,groui s ",,,ay offer some
pro ecti n to , hydrolyticatlly unstable eosfc: .;•,oups.

A, Iron oreverc ::,oloration 3ll the eo].y;ther urethlane eastomers
to bein fly good condiLtion.

-60--



4 1 4 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.

4 2 Mechanical Properties

4 2 1 Initially (Unaged)

The results of mechanical tests summarised in Table 4 show that unagedpolyester urethanes gave ultimate tensile properties in the range 10 - 38MN/m 2 , which with the exception of the butane diol cured material, were
much higher than the corresponding values for polyether urethanes
(3 - 20 MN/m 2 ). However, the polyether urethanes showed higher modulusamd hardness values. This effect is due to the different stress straincurves shown by the two types of urethane. The polyester urethanes showstress crystallisation at high extensions thus increasing greatly the
ultimate tensile strength.

Ilastomers cured with MOCA or MOCA/BD or MOCA/TMP had superior all roundphysical properties in both polyester and polyether urethanes than those
cured solely with TMP or BD.
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TABLE 4

MECHANICAL PROPERTIES OF UNAGED POLYURETHANE ELASTOMERS
EFFCT OF TYPE OF CHEM•ICAL CURE

Modulus

Code Tensile Extension at exten- Hardness
0odc Type Cure Strenig',h at break sions of (Bso)No (•~,2/m) -prcn) (per cent)

I00 3200ýY)0

s.61 MOCA (8001) 37.7 475 3.8 6.3 10.31 93

s.62 MOCA/TMP 28.8 430 2.5 ".5i 8.1 89

S.63 PolyesteriMOCA/BD 33.7 570 11.5I 1.71 3.2 85

S.75 BD 9.8 633 0.10.4 0 7 43

S-21 ~ TMP 12.2 300 1.113u1 12.1 72
s.65i ?.OCA. (89)4

1OA(06) 14.5 330 15.3 17.I24 9
S.66 1MGCA/TMP 15.9 340 12.0,5.1 9.9 89
s.67 PolyetherIM5OA/BD -535 120 3-2! 5.1- 8

BD 15.9 470 71.4 1.1 1. , 2
S.28,t 3.0 225 !2.01 - - 71

Elastomers cured wi th blends of IMOCAi'1 or MOCA/BD had satisfactory
mechanicai properties although their moduli and hardness were not as high
compared to elastomers cured solely w i~h '1OCA. The main advantarge of

MOCA/polyol mixtures, however, was their reduced reactivity compared with
system-- in which 11OCA was- the s-ole curing angent ; this aullowed longer• mixing
and d, ,using cycles, which in this respect mzukes an/dooriane

triol ,,,xtures attractive system• for cur-an- pooyureth'mne clastomers.
MOCA/T1-1P mixture. were p'roefrrcd Lo MOCA/') m2.xturcs, especially in polyester
urethanes, the former producing harder elastomert: w.- Ch -s attributable to
the greater degree of crosslinkino, introduced by t'he 111CA/trilo! system.

in polyester urethanes the main effect of reducang tho MCO£ concentration
(which in effect increases the deteoe of biuret crosslinkdng of the
elastoz,,ior) was a reduction in thc har'dne~ss ad 100 ir cent modu~u• of the
elastomors. (Table 5.) In polyc'-hers there appeared to be little effect.
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TABLE 5

MECHANICAL PROPETIES OF UNAGED POLYURETHANE ELAMSTCERS
EFCT OF MOCA CONCENTRATION

MGdulus
(MN/M 2)

Coe % Tensile Extension at exten-
ode Type % strength at break sions of Hardness
No stoic10- (MN/rm) (%) (per cent) (BS')

ietric .v1 01200 1,300
S.42 44 33.2 380 2.6 5.1 12.8 88

S. 44 52 33.0 3,85 3.5 16.5 14.2 88
s.6i Polyester 80 37.7 475 3.8 6.3 1 93

S.60 88 28.6 455 3.9 6.3 10.3 91

S.43 44 14.6 305 5.2 9.0 13.5 93

S.56 55 13.5 290 4.9 8.5 91

S.57 Polyether 60 !14.3 280 5.2 5.2 9.1; 92

S.65 80 i 14.3 330 5.3 7.0 12.4 94

S.64 88 20.0 390 %5.37.8 12.0, 94

The higher strengths of polyurea-urethane elastomers (ie elastomers cured
with a diainine 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 bondA:.p capability. In
addition, the urea -NH- group is more reactive to isocyanate th.an the
corresponding urethane -141- 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 loss of modulus and softening on
repeated deformation, especially with polyester urea-urethanes. ,7

Crosslinking is also reported to reduce heat build-up on flexing.

4 2 2 Dry Air

Tables 6 and 7 show the changes in the original mechanical properties of
the elastomere after 28 days' exposure to dry air at 80 0 C. Table 6 shows
the effect of different types of chcmical cure, while Table 7 shows the
effects of different MOCA concentrations.

-9-



TABLE 6
CHtArGES TN ORIGINAL MECHANICAL PROPERT7S OF POLMYTA EASTOMERS AFTER

28 DAYS' EXPOSURE TO DRY AIR
=,1ECT OF TYPE CHemICAL CUPRE

Per cent Changc of Original Mechanical
Code ~ I Property

No Type j Cure IS Tensilz' a-tension 10 0%' 6 Hrdes

strength at treal Modulus

S.60 N,0CA (88,c) - 1 2 +20 + 4

S.61 -OCA (80%) - 2 -2 +24 + 2

S-02_ MOCPAip + 11 + 3 +20 1
6 .. Polyester 1.OC/D 49 4 +

BD + 9 +13 0 - 2
oo•, :,: 7 +12 -18-3

C -; CA L8% 85 L'z + 6 + 1

YG6 •ýOA (80;'ý) +160 +51 0 0+ J)1 +313 -231

"Polyet.ber +
1.6i EOCA/BD + 28 +10 +20 +"

,BD -17 +26 -25 - 6
-5 +14 -47 - 6

- 10 -



TABLE 7

CHANGES IN ORIGINAL MECHANICAL PROPERTDPIS OF POLYUR=HANE ELASTCES AFTER
28 DAYS' EXPOSURE TO DRY AL. AT 800C
EFFECT OF MOCA CONCENTRATION

Per cent Change of Original Mechanical

Coe% MOGA Property
No Type Stoichio- Extension jl100% tasiness

M~tric Tensile F:eso 0% Hrns
Strength at break Modl!us

S.42 44 + 31 +24 -8 +2

S.44 8052 1 +12 0 +2

S.61 80 - 2 - 2 +24 +2

S.60 88 - I + 2 +20 +4

S.4 + 99 +(,.-11-
S.56 55 +112 +57 -31 +1

S.57 I Pelyether 60 +161 +73 -10 +2

s.65 80 +160 +31 0 0

S.64 88 + 85 +31 + 6 +1

MOCA cired polyes'ter urethanes were The least affected by exposure to dry air
judged by the relatively small charnges in their original ultimate mechanical
properties. MOCA/TMP and BD cured polyester urethanes also showed relatively
small changes in tensile strength while 1OCA/BD and TMP cured polyester
urethanes showed increases in tensile strength. MOCA cutred polyether
urethanes showed considerable increases in their original tensile strengths,
but, blends of MOCA witn BD or TMP, BD and TMP cured polyethers, showed
smaller changes in tensile strength.
4 2 3 Water Immersion

Afteir 28 dans' immersion kn vratu:, rit • OC (Table 8) the polyether urethanes
were in much better condition that the polye~ster urethane elastomers.
Polyester urethane elasiomcrs cured with MOCA, MOCA/114P and MOCA/BD were still
intact but too weak to test, whilst those cured with BD and TMP completely
disintefrated, as in previous aoeresmcnts.2

S~- 11 -



TABUE 8

CHXNE IN ORIGINAL MECHANICAL PROPERTIES OF POLYURFHANE EKLASTERS AFT]ER
28 DAYS' IMMERSION IN WATER AT 80°C
EFFECT OF TYPE OF CHE4ICAL CURE

I Per cent Change of Orrigina. Mechanical

CdPropertyCode Tyeur
NO e Tensile Extension 100% Hardness

strength at break Modulus

S.60 MOCA 88% Too weak to test

S.61 MOCA 80% " " " "

S.62 MOCA/TMP " " " "

S.63 Polyester MOCA/BD " " " "

S.75 BD Disintegrated

S.21 TMP It

8.64 MOCA 88% -86 -10 -62 - 7

S.65 MOCA 80% -80 427 -73 - 9

S.66 PlyetherI MOCA/TH•P -21 +79 -48 -16

S.67 MOCA/BD -78 -19 -85 -26
S.73 BD -65 +80 Too weak Too weak

S.28 Tmp -92 +97 -55 -10

Of the polyether urethanes assessed for hydrolytic stability MOCA or TMP
cured uretV-mes -hawed the greatest losses of tensile strength, while S.66,
a MOC4CP cured elastomer, showed the Icast change.

Table 9 shows that in MOCA curcd po]yether 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.

-12-



TABLE 9

CHANGES IN ORIGINAL MECHANICAL PROPERTIES OF POLYETHER URETHANE ELASTG4ERS
AFPER 28 DAYS' IMMERSION IN WATER AT 8 0°c
EFFECT OF MOCA CONCENTRATION

Per cent Change of Original Mechanical
Polyether MOCA Property
Urethane %I

Code Stoichio- Tensile Extension Modulus
No. metric strength at break at 100% Hardness

extension

s.43 44 -64 +126 -69 - 5

S.56 55 -50 +210 -88 -18

S.57 6o -45 +220 -65 - 4

s.65 80 -80 + 27 -73 - 9

s.64 88 -86 -10 -62 - 7

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 WP/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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42 4 STF (Petrol) Immersion

After 28 days' immersion in STF at 650C, the most effective curing system
for polyester urethanes was either MOCA or MOCA/THP, whilst HOCA was the most
effective in polyether urethanes. 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.
Polyurethane elastomers cured with BD or MOCA/BD were generally unsatisfactory,
especially when judged by their losses of 100 per cent modulus and hardness.

TABLE 11

C1ANGES Ei ORIGINAL MECHANICAL PROPERTIES OF POLYURETHANE ELASTCM4ERS A1T
28 DAYS' IOMERSION IN STF AT 650C
_FK;1CT OF TYPE OF C1041ICAL CURE

Per cent Change of Original Mechanical Property
Code Typ c Cure 1

No - jTensile Extension 10=5 Modulus Hardnessj strength at break

s.6o MOCA 88%5 -1 C -21 0

S.61 N MOCA lil _l4 -11 +5 0

S.62 140CA/rO) + I + 6 -48 0
Polyester

s.6, i 1OCA/BD -65 1 -18 -53 o
S-75 IBD -40 - 9 Too weak to test Too weak

to test

S.21 ,-85 05 -50 -18 -4
I t

s.64 MOCA 88,5 -65 -45 7

S.65 NOCA 80% -42 -32 -6

S.66Polyther MOCA/-DhP -75 -50 -14 -18

S.67 MOCA/BD -71 -40 - 5 -12

3.73 BD -63 -16 -25_1

S.28 ThP -76 -71 ýno result, failed -10
nat 80%, extension)

- 15 -



Table 12 shows that the effect of increased biuret crosslinking, obtained by
using considerably less than stoichiometric quantities of MOCA curing agent,
produced polyester urethane elastomers with improved resistance to S1F
although retention of 100 per cent modulus tended to fall with increasing
crosslinking. In general, the polyester urethanes showed rather better all
round retention of physical properties compared to the polyether urethanes
after immersion in STF.

TABLE 12

CIDAIGES IN ORIGINAL MECHANICAL PROPERTIES OF POLYURETHANE ELASTC4ERS
AFfZrr 28 DAYS' IMMESION IN STF AT 650C
EFFECT OF MOCA CONCENTRATION

Per cent Change of Original Mechanical

C OCA Property
C ode% ..

No • Modulus iNo I Stoichiometric Tensile tExtension a Modurd

_ _trength at break at 100i jHardnessI iextension

"".42 44 -20 + 1 -23 -2

s.44 52 -52 -12 -17 0
Polyester ; 80 -oF5s.6 4 .1 0 -4411 + 5 0

S.6o 88 -50 - 4 -21 0

S.3t44 -54 -54 -42 -6
S56- . 55 -61 -50 -31 -9

S-57 Polyether W W 60 -57 -46 -11 -7

S.65 80 -42 -32 -i1 -6

s.64 88 -63 .ki -11 -7

Table 13 shows the effects of immersion in STF on the physical properties of
polyurethane elastomers cured with MOCA/T14P blends. The best polyether
urethanes cured in this way S.37 and S.54, apart from rather greater losses
of hardness, were superior to polyether urethanes cured solely by MOCA
(Table 12), but were not quite as good as S.42, a MOCA cured polyester
urethane, and S.62, a MOCATMP cured polyester urethane, examined previously
(Tables 11 and 12).
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TABLE 13

CHANGES IN ORIGINAL MECHANICAL PROPERTIES OF POLYUPETEANE £LASTCHERS
AFTER 28 DAYS' D4MERSION IN STF AT 65°C
EFFECT OF MOCA/TKP CONCENTRATION

% Stoichiometric Per cent Change of Original Mechanical'

Code Property
No ! Type.. . . .

MA Type T l Tensile Extension 100%
i MOCA T4P Total strength at break Modulus Hardness

S.37 1 38.5 28.5 67.0 -28 -34 -5 -12

S.53 33.0 50.0 83.0 -43 -50 - -14

S.54 !Polyether 44.0 33.0 77.0 -35 -53 - -13

S.66 41.5 41.5 83.0 -75 -50 -14 -18

S.66A 47.5 47.5 95.0 -31 -49 +23 -11

S.62 Pole:1:ter 41.5 41.5 83.0 + 1 + 6 -48 0

5 COINCLUSIO1NS

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 propertieswitha poyol ,1',1-trimethylolinitially compared with polyurethanes cured with a polyol 1, 1' "-tietyo

propane (TMP). The TIP cured elastomers which contained urethane c.'osslinks
,;howed superior hardness and moduli to BD cured elastomers, which also con-
tained a large number of urethane 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 800C and STF
at 65 C than polye.' rr urethanes cured in the same way. On the other hand,
MOCA cured polyethcr clastomers were harder initially and siderably more
resistant to water at 80°C than MOCA cured polyester urethanes.

Polyester urethane elastomers with a relatively high degree of biuret cross-
linking, which was achieved by using less than stoichiometric quantities of
MOCA, showed lower hardnesses and moduli initially compared to less highly
crosslinked MO'A cured polyester urethanes. The hydrolytic stability of
MOCA cured polyether urethanes and the STF resistance of polyester urethanes
improved with biuret crosslinking.

A reasonable compromise between initial mechanical properties and resistance
to dry air at 80 C, coupled with resistance to water or STF, was ahieved
with polyether urethane elastomers cured with blends of MOCA and TMP. For

- 17 -



example, satisfactory resistance to STF, coupled with fair hydrolytic stability
was obtained with S.37 cured with 38.5% MOCA and 28.5% I4P (stoichiometric).
Satisfactory hydrolytic stability coupled with fair resistance to STF was

obtained with S.53 cured with 35% HOCA and 50% TMP and S.66 and 66A cured with
41.5% MOCA/41.5% THP and 47.5% MOCA/47.5% ¶4TMP respectively.

A further advantage of MOCA/D1P blends was the reduced reactivity of the
curing system compared to systems in which MOCA was the sole curing agent.
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APP•DIDX A

METHODS OF PREPARATION

Prepolymers

All the elastomers 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 e8 uipped with thermometer stirrer, nitrogen
and vacuum-inlet and heated to 80 C under nitrogen. Melted polyol, 1.0 mole
equivalent, previously degassed by heaLing to 120 - 125 C for 30 minutes and
applying a vacuum of I mmHg*, was added to the TDI over a period of 30minutes. The mixture was heated under nitrogen with continuous stirring at

80 - 85°C for 3 hours: 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 minimf vacuum for 10 minutes. Crosslinking or chain extending agents: TMP
or MOCA or BD or mixtures thereof (Tables i(ý) and (c)), were stirred into the
prcpolymcr. The mixture was reheated to 80 C and degassed for 3 - 15
minutes at I mmiig.

The reaction 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.

"1 mmHg 133.322 N/m2

I:!
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TABLE 2

GENERAL CONDITION AND APPEARANCE OF POLYURETHANE ELASTCHERS

Code T % StoichiometricNo Type -.. -..-.. - Unaged Controls
oMOCA THP BD Total_

s.42 44.0 - - 44.0 clear, tough

s.44 52.0 - - 52.0 clear, tough

j.6o 88.0 - - 88.O very slightly yellow, tough

S.61 80.0 - - 80.0 very slightly yellow, tough

3.62 Polyester 41.5 41.5 - 83.0 clear, moderately tough

S.63 41.5 - 41.5 83.0 clear, flexible

S.75 - - 83.0 83.0 slightly opalescent, flexible

S.21 - 91.0 - 91.0 clear, moderately tough

S.37 28.5 38.5 - 67.0 very slightly yellow, tough, rigid

S.43 44.0 - - 44.0 very slightly yellow, tough rigid

S.53 33.0 50.0 - 83.0 very slightly yellow, tough, rigid

S.54 44.0 33.0 - 77.0 very slightly yellow, tough

S.56 55.0 - - 55.0 very slightly yellow, tough

S.57 Polyether 60.0 - - 60.0 very slightly yellow, tough, rigid

s.64 88.0 - - 88.0 very slightly yellow, tough

S.65 80.O - - 80.0 very slightly yellow, tough sl

s.66 41.5 41.5 - 83.0 clear, flexible al

S.67 41.5 - 41.5 83.0 very slightly yellow, flexible sl

S.73 - - 83.0 83.0 clear, flexible Sl

S.28 -. 91.0 - 91.0 clear, moderately tough I

Key: MOCA = 4,4'-methylene N

THP = 1,1,1-trimethylo

BD = 1,4-butane diol

NT = not examined

S0-0./



IPOLY~ EPELASTOOP

tric I Dry Air Water

Total Unaged Controls 28 Days at 80oC 28 Days at 800 C 28

144.0 clear, tough little change dark brown, very weak little

52.0 clear, tough little change dark brown, very weak little

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 slightly

83.0 clear, moderately tough slightly more yellow dark brown, weak, tacky little
S.5 83.0 clear, flexible very slightly more dark brown, soft and weak slightly

yellow and weaker

iO 83.0 slightly opalescent, flexible little change cata.rtrophic failure, slightl
brown liquid

91.0 clear, moderately tough little change catastrophic failure, little d
- brown liquid

r 67.0 very slighkLy yellow, tough, rigid NT amber, fairly tough slightly

44.0 very slightly yellow, tough rigid slightly more yellow amber, fairly tough slightly

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 c

88.0 very slightly yellow, tough slightly more yellow pale amber, fairly tough slightly

80.0 very slightly yellow, tough slightly more yellow pale amber, fairly tough slightly

83.0 clear, flexible slightly more yellow amber, fairly tough little cb

83.0 very slightly yellow, flexible slightly more yellow amber, fairly tough slightly

83.0 clear, flexible slightly more yellow amber, weak and flexible deep amb

S91.0 clear, moderately tough slightly more yellow deep amber, fairly tough slightly

Key: MOCA = 4,4'-methylene bis-(2-.chloroaniline)

THP = 1,1,1-trimethylol propane
BD = 1,4-butane diol

NT = not examined
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APPEDIX B

trols Dry Air Water STF

28 Days at 80 °C 28 Days at 80OC 28 Days at 65°C
little change dark brown, very weak little change

little change dark brown, very weak little change
Slittle change dark brown, very weak little change

, tough slightly more yellow dark brown, very weak little change

, tough slightly more yellow dark brown, weak slightly more yellow

slightly more yellow dark brown, weak, tacky little change

very sli6htly more dark brown, soft and weak slightly more yellow
yellow and weaker

, flexible little change catastrophic failure, slightly opaque, weaker
brown liquid

iough little change catastrophic failure, little change
brown liquid

I., tough, rigid NT amber, fairly tough slightly more yellow

tough rigid slightly more yellow amber, fairly tough slightly more yellow

~ tough, rigid NT amber, fairly tough slightly more yellow

, tough NT amber, fairly tough slightly more yellow

S, tough NT amber, fairly tough slightly more yellow

tough, rigid slightly more yellow amber, fairly tough little change

tough slightly more ye3ow pale amber, fairly tough slightly more yellow

1, tough slightly more yellow pale amber, fairly tough slightly more yellow

slightly more yellow amber, fairly tough little change

flexible slightly more yellow amber, fairly tough slightly more yellow

slightly more yellow amber, weak and flexible deep amber, swollen

ugh slightly more yellow deep amber, fairly tough slightly more yellow

= 4,4'-methylene bis-(2-chloroaniline)

S1,1,1-trimethylol propane

1, 4 -butane diol

not examined
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TABLE 3

MECHANICAL PRWiRIES OF POLYJRHAN RLASTO4 AND AFw 28 DAYS' AM

% Stoichiumetric Controls (Unaged) 8I0C Dr

Code 1M1 (MN/IP?)
No Type TSM2 H at per cent TSB H

OCI T% Be - N/ 2  % Be
'100 20013001(

s.42 44.o - - 44.0 33.2 38o 88 2.6 5.1 12.8 43.6 47o 9o 2j

s.44 • 52.0 - - 52.0 32.8 385 88 3.6 5.2 14.2 32.5 43o 90 3N
S.60 o 88.0 - - 88.0 28.6 455 91 3.9 6.3 10.3 28.2 465 95 4J

S.61 co 80.0 - - 80.0 37.7 475 93 3.8 6.3 10.3 36.9 465 95 4.1

s.62 M 41.5 41.5 - 83.0 28.8 430 89 2.5 4.5 8.1 32.0 445 90 3-

S.63 • 41.5 - 41.5 83.0 33.7 570 85 1.5 1.7 3.2 50.1 550 88 1.

S.75 0 - - 83.0 83.0 9.8 635 43 0.1 0.4 0.7 10.7 720 42 Oj
P4 4

S.21 - 91.0 - 91.0 12.2 300 72 1.1 3.1 12.1 21.1 335 70 0.1

S.37 38.5 28.5 - 67.0 6.4 190 89 3.7 - - 10.3 320 88 3.;

8.43 44 - - 44.0 14.6 305 93 5.2 9.0 13.5 29.1 490 92 3.i

S.53 33 50.0 - 83.0 5.1 180 87 3.1 - - 6.3 250 86 2.1.

8.54 44 33.0 - 77.0 5.7 170 88 4.1 - - 8.2 270 90 3-,

S.56 55 - - 55.0 13.5 290 91 4.9 8.5 - 28.6 455 92 3.1

S.57 r 60 - - 60.0 14.3 280 92 5.2 9.1 - 37.4 485 94 4.1

s.64 • 88 - - 88.0 19.9 390 94 5.3 7.8 12.0 36.9 510 95 54j

S.65 80 - - 80.0 14.3 330 94 5.3 7.0 12.4 37.3 500 94 5.4

8.66 • 41.5 41.5 - 83.0 15.9 340 89 2.9 5.2 9.9 17.8 445 73 2.•
0

S.66A 47.5 47.5 - 95.0 111.6 355 91 4.3 6.1 8.9 17.6 330 88 5.4

8.67 41.5 - 41.5 83.0 20.2 535 85 2.0 3.2 5.1 25.8 590 89 2.i

8.73 - - 83.0 83.0 15.9 470 62 0.4 1.1 1.3 13.2 5951 58 O.4

s.28 -1 91.0 3.0 225 71 2.0 - - 1.95 :256 67 O.i

KEY: TS = tensile strength MOCA •,4'-methyleneb

EB = extension at break W4P = 1, 1' 1"-trimethylc,

H = hardness BD = 1,4-butane diol

M = modulus - = too weak to testl
mechanical propeO
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- EF• E AND AFM 28 DAYS' AE=

Controls (Unaged) 80°C Dry 800 C Wet

M (NN/rg/) H (Mg/M2) N (3q/M2)fl H at per cent TS B H atpercent TS EB H at per cent TS fl
2 BS - - Q/M2  

% - - - N/, 2  % BeO - N/u 2  %10 20W0 10 200 300 100 200 300
38o 88 2.6 5.1 12.8 43.6 47o 90 2.4 4.0 7.5 ..- -. . 26.6 385
385 88 3.6 5.2 14.2 32.5 430 90 3.6 5.2 9.8 . .- - 15.6 34o
455 91 3.9 6.3 10.3 28.2 465 95 4.7 6.9 11.1 - - - 14.2 435
475 93 3.8 6.3 10.3 36.9 465 95 4.7 6.9 11.0 - - - 21.2 425
43o 89 2.5 4.5 8.1 32.0 445 90 3.0 5.1 8.8 - - -. . 29.2 455
570 85 1.5 1.7 3.2 50.1 550 88 1.4 2.3 4.1 - - -. 11.8 465
635 43 0.1 0.4 0.7 10.7 720 42 0.1 0.3 0.5- -.. 5.9 57
300 72 1.1 3.1 12.1121.1 335 70 0.9 2.5 7.5 .. - - 1.8 150

190 89 3-7 - - 10.3 320 88 3.1 5.0 7.7 10.4 54o 78 0.8 1.4 2.4 4.6 125
305 93 5.2 9.0 13.5 29.1 490 92 3.6 6.3 9.3 5.3 690 88 1.6 2.2 2.8 6.7 140
180 87 3.1 - - 6.3 250 86 2.4 4.4 - 11.1 490 76 0.6 1.3 2.5 2.9 go
170 88 4.1 - - 8.2 270 90 3.5 5.8 - 7.1 500 79 1.0 1.8 2.9 3.7 80
290 91 4.9 8.5 - 28.6 455 92 3.4 5ý6 9.0 6.7 900 75 0.6 1.0 1.5 5.3 145
280 92 5.2 9.1 - 37.4 485 94 4.7 6.7 10.5 7.9 890 88 1.8 2.3 3.0 6.1 150
390 94 5.3 7.8 12.0 36.9 510 95 5.6 8.3 11.6 2.8 350 87 2.0 2.5 2.7 7.4 215
330 94 5.3 7.0 12.4 37.3 500 94 5.3 7.7 10.7 2.8 420 86 1.4 2.0 2.5 8.3 225
340  89 2.9 5.2 9.9 17.8 445 73 2.1 3.1 6.5 12.6 610 75 1.5 2.3 3.8 4.0 170
355 91 4.3 6.1 8.9 17.6 330 88 5.2 7.6 13.4 16,2 600 83 2.2 3.0 4.4 8.0 180
535 85 2.0 3.2 5.1 25.8 590 89 2.4 3.4 1. 0I L. 435 63 0.3 0.4 0.4 5.9 320
470 62 0.4 1.1 1.3 13.2 595' 58 0.3 - 0.4 5.5 845 - -. 5.9 395225 71 2.0 - - 1.95 i 256 67 0.7 1.4 - 0.25 440 64 0.45 12 2.6 0.7 65

HOCA = 4,41'-methylene bis-(2-chloroaniline) Note: 6.9 MN/M 2

THP = 1,1'1l"-trimethylol propane

BD = 1,4-butane diol

= too weak to test or failed before this
mechanical property was obtained.
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!0

eC Dry 800C wet 659C STF
-ii - .- " -i

- (I/M 2) 11 (M/, 2 ) M (M/0 2 )

TS atpercent S H atperct TS u R at per cent

HA %3S Wf/0 2  % B / 2W3W% Be
0W00300 100100 20 300

43.6 47(9go 2.4 4.0 7.5 .. . . 26.6 385 86 2.0o4.4 1o.8

32.5 430 90 3.6 5.2 9.8 .. 15.6 340 88 3.0 c-1 10.4

28.2 465 95 4.7 6.9 11.1 - 14.2 435 91 3.1 4.7 7.1

36.9 465 95 4.7 6.9 11.0 - - - 21.2 425 93 4.0 6.3 10.0

32.0 445 90 3.0 5.1 8.8 . . . . . . 29.2 455 89 1.3 2.8 6.2

50.1 550 88 1.4 2.3 4.1 . . . . . . 11.8 465 85 0.7 1.5 2.8

10.7 720 42 0.1 0.3 0.5 - 5.9 575 - <0.1 0.2 0.4

1.1 335 70 0.9 2.5 7.5 .- -J - - 18b 150 69 0.9 -

10.3 320 88 3.1 5.0 7.7 10.4 540 78 0.8 1.4 2.4 4.6 125 78 3.5 - -

-.1 490 92 3.6 6.3 9.3 5-3 690 88 1.6 2.2 2.8 6.7 1'.O 87 3.0 - -

6.3 250 86 2.4 4.4 - 11.1 490 76 0.6 1.3 2.5 2.9 90 75 - - -

8.2 270 90 3.5 5.8 - 7.1 500 79 1.0 1.8 2.9 3.7 80 76 - - -

8.6 455 92 3.4 5.6 9.0 6.7 900 75 0.6 1.0 1.5 5.3 145 83 3.4 - -

.4 485 94 4.7 6.7 10.5 7.9 890 88 1.8 2.3 3.0 6.1 150 85 4.6 - -

.9 510 95 5.6 8.3 11.6 2.8 350 87 2.0 2.5 2.7 7.4 215 87 4.7 6.8 -

.3 500 94 5.3 7.7 10.7 2.8 420 86 1.4 2.0 2.5 8.3 225 88 4.7 6.3 -

.8 445 73 2.1 3.1 6.5 12.6 610 75 1.5 2.3 3.8 4.0 170 73 2.5 - -

.6 330 88 5.2 7.6 15,.4 16,2 600 83 2.2 3.o 4.4 8.0 18o 81 5.3 - -

.8 590 89 2.4 3.h' S 1± 1-5 435 63 0.3 0.4 0.4 5.9 320 75 1.9 3.3 4.8

.2 595 58 0.3 - 0.4 5.5 845 - - - - 5.9 395 52 0.3 1.1 2.3

.95 256 67 0 .7 1.4 - 0.251 440 64-0.45 1.2 2.6 0.7 65 64 -

4,4'-methylene bis-(2-chloroaniline) Note: 6.9 MN/M 2 = 1000 psi

1, 1" 11-trimethylol propane

114-butane diol

ý.--o weak to test or failed before this
mec:-,nical property was obtained.

S No 17/71/cJ/B$
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