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SUMMARY

“The final report in the present series of investigations
describes the effect of verying the di~-isocysnate on the
agelng properties of polyurethann elastoners,

Polyester and polyethex urethane elastomsrs were preyered
with selected di-isocyanates ana crosslinked and/or chain
extended with either 4,1',1"-trimothylol propane (TMP) or
mixtures of TMP and 4,A4'-mcthylene-bis-(Z2-chloroaniline),

MOCA. Elastomers prepsred with toluene di-isocysnate (1)1}

gave the most <at15factory initial propertles and
resistance to ageing in dry air at 809 C, water at 22 and
80° ,end STF (petrol) at 65°¢.

None of the elastomers prepered from the other
di-isocyanates examined iacluding 1,4-naphthalens,
L,l~diphenyl methane, 1 6~hexamethylene, 4, h-pethylene
bisg-cyclohexyl, txlmethylhexamethylene, isophorone, and
xylene had equally satisfactory all round propsrties io
those based on TDI, Furthetr disadventages of these
di-isocyanates were their extrcuely high or low
reactivities, high cost and limited availability
compared to TDI,

-*The report also summarises the results of previous
investigations in the present series.



Further copies of this technical report can be cobtained from Defence
Regearch Information Centre, Station Square House, St Mary Cray, Orpington,
Kent. BRS 3RE
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Reference: WAC/213/09

1 INTRODUCTIQH
Previous reports’’??” in the present seriss of investigations into the
relationships between polyuretnane chemical structure and ageing properties
have described the effects of varying: (i) the degree of crosslinking,
(ii) the backbone polyol and (iii) the chemical group structure in
elastomers prepared from typical polyester and polyetker/toluene
di~isocyanate prepolymers crosslinked and/or chain extended with diols,
triols and diamines. The cffects of using alternative backbone polyols,
for example, hydroxyl-terminated polybutadienes, have also besn described
previously.-» ¢

These investigations have shown that while unaged polyester ursthane
elastomers possess superior mechanical properties coupled with rather
better resistance to dry air and petroleum (STF) compared with polyether
urethanes, the latter have superior hydrolytic stability, but even so
polyether urethanes have inferior hydrolytic stability to urethanes
prepared from hydroxyl-terminated polybutadienes.

In addition, it has been shown® that urethane elastomers cured with
diamines, for example, 4,4'-methylene-bis-(2-chloroaniline), XOCA, and
blends of MOCA with diols and triols such as 1,1',1"-trimethylol propesne
(TP) and 1,4-butane diol (BD) possess superior initial mechanical and
ageing properties, especially when they are fairly highly crosslinked,
compared to elastomers in which diols or triols are the sole curing agents.
Tre high strength of the MOCA cured elastomers is attributed to the
stiffness of the aromatic groups of the MOCA and the stronger interchain
attraction of the urea groups and the formation of biuret crosslinks
compared with urethane groups.

However, there are some doubts as to the desirsbility of using MOCA or
other halogenated aromatic amines as curing agents for polyurethanes because
of possible health hazards (see Note in Appendix A). Therefore it is
possible that the use of di-isocyanates with more bulky rigid aromatic
structures than toluene di-isocyanate (TDI) might produce elastomers with
equally good properties, thus allowing all or part of the MOCA curing agent
to be replaced with diol/triols.

Similarly, a number of new aliphatic and cycloaliphatic di-isocyanates have
recently become available commercially which are claimed to produce
elastomers with enhanced stability to hydrolysis and/or photo-~oxidative
degradation and were considered worthy of assessment,

The object of the present investigation, the last in the present series,

was to study the ageing properties of elastomers of typical polyester and

polyether prepolymers prepared with various di-isocyanates, crosslinked
or chain extended with either triols or triol/diamine blends.
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2 MAT-RIALS AND LETHODS OF FREIARATICH

All the elastomers were yrepared usins; either (i) o commercially supplisd
polyester, polyethylene adipate Formrez #7-37] ex-§itco Chemical C:¢
(hydroxyl no 53.0, acid no 0.4, H-0 0.2, average molecular weight 1399)
or (ii) a commercizlly supplied volyether, polyoxybutylene glycol,
*Polyzeg' ex-Quaker Oats Co (hyiroxyl mo 56.7, acid no 0.01, H.0, C.1%,
average molecular weight 1980). 1.0 mole equivalent reacted with 2.1
poles equivalent of the di-isocy2:ates listed in Tables 1 and 2. The
polyester or polyether elasti.mers were crosslinked and/or chain extended
either with (i) 0.66 mole equivalent of TMP or (ii) a mixture of EOCA,
0.5 mole equivalent, and 7%uP, 0.33 mole equivalent,

The methods of preparation summarised in Table 2 are described in
Aorendix A,

3 EXPERIMZNTAL

British Standard “ype E dumb-bell test rieces (four pver test) were cut
from the cast shsets and the width and thickness measured before exposure
to the test coniitions., Dumb-bells, in sets of four, 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 20°C

Hot/dry Suspended in air at 80°C

Hot/we’, Immersed in boiled out distilled water at 80°%
Cold/wet Immersed in boiled out distilled water at 22°¢

*Stopdard Test Fluid (STF) Immersed in Standard Test Fluid at 65°C

The c:.arged tubes were placed in circulating air ovens in which the
temperatures did not vary by more than + 0.5% from the test temperature.
After 28 days exposure the tubes and contents were removed from the oven
and conditioned at room temperature for 2, hours before testing. After
the conditioring period, the groups of four specimens werec removed from
the tubes, dried from a superficial liquid, and tested for hardness,
moduli, extension at break and tensile strength as quickly as possible.
Hardness was measured using a micro-indentometer, and the tensile
properties were measured by British Standard Methods *°® on a Hounsfield
Tensometer. Unaged control specimens cut from the materials were tested
by the ssme methods, and the results used as 'unaged" reference points.

*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.”
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L RESULTS

The methods of processing the various elastomers and their condition are
summarised in Table 2,

The visual appearance of the elastomers before and after sgeing are
recorded in Table 12, Appendix B. The mechanical properties of the
elastomers are summarised in Table 13, Appendix B, and the percentage
changes in the original mechanical properties of the elastomers after
ageing are recorded in Tables 3 - 11,

4 1 Selectior of Elastomers for Ageing Trials

The general condition and processing characteristics of polyurethane
elastomers prepared from various di-isocyanates are described below.

All three grades of TDI proved to be the most versatile of the
di-isocyanates examined producing satisfactory elastomers with both
TMP/MOCA and TMP, with good processing, casting and curing characteristics.

On the other hand, elastomers prepared with HDI, MCI, XDI, TMHDI end IFDI
were usually more satisfactory when cured with TMP/MCCA mixtures than
solely with TMP as the latter produced soft undercured elastomers.
However, certain polyester prepolymers, especially those prepared with
di-isocyanates of high aromatic content, for example NDI and MDI, were
extremely reactive towards TMP/MOCA mixtures and gave high exotherms on
addition of the curing agent, producing elastomers often of poor surface
appearance containing gel particles or air bubbles. The enhanced
reactivity of isocyanates containing aromatic groups over aliphatic
isocyanates is probably due to the electron attracting nature of the
aromatic groups. These particular prepolymers yielded

satisfactory elastomers when cured solely with TMP,

The most promising elastomers listed in Table 2 were selected for ageing
trials,

4 2 Visual Assessment

The general condition of the polyurethane elastcmers judged by visual and
empirical methods of assessment are described below,

4L 21 Initially (Unaged)

All the elastomers prepsred from polyesters were strong and tough; those
based on TDI 100 and TDI 80 wers almost colourless and transparent while
those based on TDI 65 were slightly yellow and trenslucent. Polyester
urethane elastomers based on NDI and MDI were slightly bromn, those based
on HDI were white and opaque, while those based on MCI and XDI were pale
yellow,

Polyether urethanes based on TDI, HDI, TMHDI and IPDI were fairly tough,
those based on NDI and MDI appeared to be more flexible, while those based
on MDI (mod) and MCI were rather weak.
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4 2 2 Dry Air (80°)

After ageing in dry air for 28 days at 80°C all the polyester urethanes
showed some discolouration either becoming more yellow or brown.
Elastomers based on TDI and MCI showed the least colour change, wvhile
those based on NDI were the most seriously affected.

All the polyester elastomers, apart from those based on HDI and XDI,
aypeared to show some increase in strength.

All the polyether elastomers, especially those based on NDI, became more
discoloured and all the elastomers, with the exception of thcse based on
TDI and MDI (mod), appeared to lose strength.

4 2 3 ‘Water Immersion {22°)

After 28 days' immersion in water at 22°C, which is admittedly a relatively
mild condition, none of the urethane elastomers, except for those based

on NDI which were more amber, showed any appreciable change of colour or
strength., Similarly, apart from elastomers based or XDI which showed
severe stress cracking, none of the elastomers showed any appreciable
colour change or loss of strength.

4L 2 4 VWater Immersion (80°C)

Under more severe conditions of immersion in water for 28 deys at 809 all
the polyester urethanes were severely degraded; the only materials which
were not completely disintegraled and retained any degree of integrity
were TMP/MOCA cured polyesters based on TDI and XDI. All the polyether
urethane elastomers remained intact. Polyether urethane elastomers based
on TDI, NDI, MCI and MDI remained reasonsbly tough but showed slight or
moderate discolouration; those based on TMHDI and IFDI showed virtually
no change of colour but were weak. Polyether elostomers based on XDI
showed severe stress cracking.

4L 25 STF(Petrol) Immersion (65°C)

Apart from very slight or slight swelling none of the polyester urethane
elastomers appeared to be degraded after 28 days' immersion in STF. On the
otker hand, the majority of the polyether urethane elastomers were swollen
to a slight or moderate degree during immersion in STF and showed apparent
losses of strength on recovery. However elastomers vased on TMHDI, IPDI
and XDI showed severe swelling and loss of strength, None of the
elastomers, apart from those based on MDI and NDI showed appreciable

colour change.

4 3 Mechanical Properties
4 31 Uraged

Tables 3 and 4 show that the initial mechanical properties of polyurethane
elastomers cured with TMP/MOCA mixtures were genmersily better than those

M R
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cured solely with TMP. However, TMF cured polyester urethane elastomers,
unlike THP cured polyether elastomers, generally gave adeguate mechanical
rroperties.

The TMP/MCCA cured system gave harder elastomers with higher 100 per cent
modulus values with both the polyester and polyether prepolymers.

The ultimate tensile strengths of the polyester urethanes were superior
to those of' the polyethers although their moduli and hardness were similar.

The tensile propertius of the pelyesters were generally good, although the
TMP >ured materials based on NDI and MDI and the TMP/MOCA cured material
based on MCI were of lower hardness and lower modulus.

Of the polyethers only the 1MP/MOCA cured materials based on TDI, HDI, XDI
and IPDI had high ultimete tensile strengths although the IPDI material was
rather soft. However, the MDI and NDI based elastomers had good hardness
and modulus values, but possessed low extensions at break,

Table 5 compares the plysical properties of'TMR/MOOA cured polyester
and polyether urethanes prepared from the three different:TDI isomer
mixtures available commercially. %here appears to be a general
advantase in using the 100% 2,4 isomer but the 89/20, 2,4/2,6 mixed
isomers appear to be slightly superior to the 65/35 mixture. ' ‘

4 32 Ageing in Dry Air (80°C)
i

After ageing in dry air for 28 days at 80°C, Tables 6 and 7 show that while
the mejority of polyester urethane elastomers show increases in 100 per cent
modulus with small changes in hardness, the majority of the polyether
urethanes show losses of both 100 per cent modulus and hardness, Other
changes in mechanical properties appear to be more dependent on the type
of di-isocyanate used rather than on the polyol backbone or method of
chemical cure.

| |
With the various TDI isomérs the pattern is rather confused. The general
trend however is for increases in 100% modulus and loss of hardness with
polyester urethanes and for increased exténsions at break, losses of
100% modulus and hardness in polyether urethanes.

TMP/MOCA cured polyester and polysther urethanes based on XDI showed
considerable losses of tensile strength and extension at break as did
TMP/%0CA cured polyether urcthanes based on HDI, TMHDI and IPDI. Judged
oy retention of' their original mechanical properties after ageing at

80°C the best elastomers were TMP/MOCA cured polyéster urethanes bssed on
DI and MCI and TMP cured polyester urethanes based on TDI and MDI. TMP
cured polyethers based on DI and MDI (mod) were also gquite satisfactory
gi?ether wlth TMP/MOCA cured polyether urethanes based on TDI 80/20 and

5/ 35.

The apparent difficulty in interpreting the effects of heat ageing on
polyu;ethane elastomers is according to Wright® due to firstly a temporary
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fall off in properties due to a general weakening of the physical bonds
vithin the polymer. The second yrocess which occurs is a non-reversible
destructive change ir the chemicel structure and there is little evidence
of this occurring below temperatures of 70°. Not only do some elastomers
show a recovery of original properties sfter removal from the source of
heat but others show an improvement in certain physical properties which
may be due to the formation of allophanate and/or biuret crosslinks.
Deterioraticn of properties is probably due to the fact that secondary
chericzl bonds are more easily broken than primary bonds especially at
elevated temperatures.

Athey® bes show with a MOCA cure polyoxybutylene glycol urethane that
after 15 days at 70°C there was an increase of 100 per cent modulus and
tensile strength but a decrease after longer periods of heating. Extension
at break increased with time while tear strength decreased. On the other
band, at 100°C while tensile strength and 100 per cent modulus decreased
tear strength and extension at break increased,

Polyetier urethanes are provably inherently less stable to higher
temperatures than polyester urethanes due to oxidative cleavage of the
ether linksge.

This has been confirmed experimentally by Singh'° using continuous and
intermittent stress relaxation and oven ageing studies at 50 - 150°C using
polyethylene adipate and polyoxybutyleme glycol/2,4 TDI prepolymers
crosslinked with TMP.

The general concensus of opinion is that the maximum continuous working
temperature for conventional polyurethane elastomers is 70 - 80°C.

L 33 Weier Immersion (22°)

After 26 days' immersion in water at 22°C (Table 8) there were few
differences hetween the chenges in original mechanical properties of
TMP/MOCA cured polyester and polyether urethanes based on TDI 100 and
TDI 65/35. Folyester urethene based on XDI was not greetly changed, but
the polyether based on the same di -isocyanate suffered severe stress
cracking, Even under these mild conditions some of the elastomers
showed considerable changes in properties particularly the rolyester
based on NDI, the TMF/MOCA cured polyethers based on IFDI and the TMP
cured polyether based on MDI (mod).

Elastomers showing the best retention of original properties were
TMF/MOCA cured polyether urethenes based on HDI and TDI 100;

TMP/MOCA cured polyester urethanes based on MCI and XDI and TMP cured
polyester urethane based on MDI.

4 34 Water Immersion {80°C)
The effects of 28 days' immersion in water at 80°C on urethane elastomers

also shown in Tables 8 and 9 are more signiticant than the effects
described above, All the polyester urethanes were severely degraded;
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TMP/MOCA cured polyester eiastomers based on TDI and XDI were intact but
too weask to test, while the remainder based on TMP/MOCA cured iiCl, XDI
ana TMF cured I.DI, MDI and HDI polyester elastomers aisintegrated.

TMP/MOCA cured polyether ursthenes based on TDI 100, TDI 80/20, TDI 65/35
and MCI showed reasonable retention of properties. TMP cured polyether
urethanes based on TDI 80/20, NDI, MDI and MDI (mod) were also fairly
satisfactory but rather soft.

' TMR/MOCA cured polyether urethanes based on XDI, HDI, TMEDI and IPDI

shovied large changes in properties.
4 35 Immersion in Petrol (STF) (65°C)

Tables 10 and 11 show that after 28 days' immersion in SI¥ at 65°¢
polyester urethane elastomers, especially when cured with TMP/MOCA, are less
susceptible to attack than polyether urethane elastomers prepared with the
same di-isocyanates. Similarly, TMF/MOCA cured polvether urethenes
prepared with TDI 80 and HDI were better than TMP cured polyether urethenes
based on the same di-isccyanates.

The elastomers showing the vest retention of original mechanical properties

were TMP/MOCA cured polyester urethanes based on TDI and XDI.

Nore of the polyether urethanes, apart from TMP/MCCA cured TDI 100 and
80/20 elastomers had satisfactory resistance to STF at 65°C,

5 DISCUSSION

Toluene di-isocyanate (which is chemically one aromatic ring group with a
methyl substituent) was the most versatile of all the di-isocyanates
examined all three isomeric forms of this isocyanate produced easily
processed polyether or poiyester prepolymers capable of being cured with
either 1,1',1"-trimethylol propane (TMP) or trimethylol propanq/methyl
bls-(2-chlaxoan111ne) (MOCA) mixtures. TMI/MOCA cured TDI/polyester
urethanc elastomers especially, gave good initial physical proreriies
together with satisfactory resistance to dry air at 80°C, water at 22°
and petrol (STF) at 65°C; but their resistance to water at 80°C was
extremely poor. On the other nand, similarly cured polyether/TDI
prepolymers produced polyurethane elastomers with satisfactory initial
physical yroperties coupled with satisfactory resistance to dry air at
809C, water at 22 and 8C°C, but with only fair resistance to SIF at 65°C.
A further advantage of TDI is that it is a readily available liquid of
relatively low cost (about 3s 6d per 1b (17.5p)) but having the
disadvantages of a high vapour pressure, unpleasant odour and possible
toxicity. Adequate precautions and good ventilation are necessary for
its use. '

None ot the other di-isocyenates exemined produced elastomers with the all
round properties equal to those based on TDI although 1,5-naphthalene
di-isocyanate (NDI) and 4,4-diphenyl methane di-isocyanate (MDI), which
chemically are large rigid symmetrical structures containing two aromatic

- 18 -
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rings, and HDI, an aliphatic di-isocyanate, had the adventage of producing
TMP cured polyester urethanes with fairly good ail round mechanical
properties. NDI and MDI also produced TMP cured polyether urethances with
fairly satisfactory resistance to dry air end water at 22 and 809C,

A disadvantage of both these di-isocyanates is their very high
reactivities to MOCA or similar amines and that they produce elastomers
which are coloured, especially after ageing. Their high cost (MDI 65 0d
per 1b (30p), NDI £1 per 1b (100p)) and limited aveilsbility at present
are further disadvantages, Although MDI is a solid of low vapour pressure
it has a tendency to unstable due to dimerization on storage. A modified
MDI in liquid form was also examined but did not appeer to offer any other
specific advantages over MDI in polyester or polyether urethanes,

A number of promising TMP/MOCA polyester urethanes were prepared using
4,4 -methylene bis-cyclohexyl di-isocyanate, MCI, a liquid cycloaliphatic
di-isocyanate which produced elastomers with good resistance to dry air
at 80%, water (at 22°C only) and STF at 65°C. Particularly disappointing
were the performances of liquid di-isocyanates, viz trimethylhexamethylene
di~isocyanate, TMHDI, an alipnatic di-isocyanate and isophorone
di-isocyanate, IPDI, an aliphatic-cycloaliphatic di-isocyanate, which
generally produced soft slow curing elastomers. The main advantsge of
this type of di-isocyanate, together with HDI, may be in their
non-yellowing properties of elastomers exposed to sources of photo-
oxidative degradation. A further liquid di-isocyanate, a mixture of

70 per cent meta- and 30 per cent para-xylene di-isocyanates (XDI) which
chemically comprises an arometic group with an aralkyl substituent and

is available in sample quantities from Japan, and which, while proving

to be reasonebly effective in polyester urethanes, yielded polyether
urethanes which showed severe stress cracking on ageing in water at

22 and 80°C, end STF at 65°C.

Two other di-isocysnates which were also of interest but arrived too late
for evaluation in the present investigation were O-toluidine di-isocyanate
TODI)'' and dianisidine di-isocyanate {DADI), both of which would e
expectsed to behave in a similar manner to NDI and MPI., In addition, a
high avlecular weight dimer acid derived di-isocyanate (DDI) is at

present being examined in conjunction with a TMP/MOCA cured laboratory
prepared low molecular weight butadiene/butyraldehyde copolymer.

Summarising the results of the present investigation in conjunction with
those of earlier investigations,'”* these confirm that polyurethane
elastomers with satisfactory resistence tc ageing (for the purpose of
this report losses of not more then cre-third their initial tensile
strengths, extensions at break, 100 per cent moduli and hardnesses
after 28 deys' exposure to selected environments are considered the
criteria of satisfactory resistance to ageing) mey be prepared from
MOCA or TMP/MOCA cured polyester, polyether or hydroxyl-terminated
polybutadiene/toluene di-isocysnate prepolymers; few systems however
have been found which satisfy these oriterea for all tiree chosen
environments namely hot wet, hot dry and STF.

For example, urethanes prepared with polyethylene adipate or polyethylene/
propylene adipates have produced elastomers with good initial physical
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(roperties, tor example, tensile strengths of 40 - 50 Mi/m> (6000 - 7000
1b/in ), extension at break of 400 - 600 per cent, 100 per cent moduli of
2.5 - 4,0 MN/m and nordress values of 80 - 90 BSO. PoLyester urethane
elastomers have been 1ormulated vhich show satisfactory ageing properties
after ageing in dry air at 80°C, immersion in water at 229C and petrol at
65°C but no elastomers based on adipate esters have been found to be
cepable of withstanding water immersion at 80°C, This has confirmed our
beiiet' that the ester group in these urethanes is responsible t'or the poor
byurolytic stability at elevated temperatures. This instability is almost
independert of' changes in chemical structure, although marginal improve-
ments appeer to be achieved by the introduction of biuret crosslinks and
aronatic, eg urez groups, which may of't'er some protection to the ester
groups,

The bast polyether urethanes proaduce elastomers which usually have initial
properties ratner int'erior to polyester urethanes, for example ultimate
tensile strengths of 20 - 35 MN/m' (3000 - 5000 lb/in’) with extensions at
break of 350 -~ 450 per cent; but with 100 per cent moduli of 5 - 6 MN/m"
and hardness values of 90 - 99 BSC, ie similar or rather better thean those
of polyester urethanes. Lolyether urethane elastomers have been shown to
give satistactory resistance to ary air at 80°C and are only sligrtly
inferior to polyester urethanes in this respect and fairly good hydrolytic
stability at 22 and 80°C, rolyether urethanes while showing moderate
resistance to petrol at 659 C, Jjudged by retention of original properties
on recovery, were usually swollen while actually immersed in the petrol.
Improved resistence to swelling by petrol is achieved, to some extent, by
increasing the degrec ol crosslinking of the elastomer,

llydroxyl-terminated polybutadiene/TDI prepolymers crosslinked with diols
gave urethane elastomers with inferior initial physical properties compared
to those based on polyesters and polyethers, havin¢ tensile strengths of
7.0 -~ 11,0 MN/m* (1000 - 1500 lb/in"), extensions at break ot 200 - 300 per
cent, with 10u per cent moduli of 3.0 - 5,0 MN/m and hardness values of

70 - 85 B3, The hydrolytic stability of these ulastomors at 80°C is
outstandin:; and their resistance to dry air ati 80°% is satisfactory;
uni'ortunately the resistance of these elastomers to petrcl at 65%C was
ratlier poor,

6 CONCLUSICNS

e resuils ol the present irveatipation shows that of the di-isocyanates
availeble t'or use in polyurethanes, elastomers prepared with toluene
di~isocyanate show tne best all rouna properties, judged by initial
mechanicai properties and retention of original properties after ageing
in dry air, water and STF (petrol).

ror applications where the use of KOCA is restricted, 1,6-hexamethylene
ai-isocyznate, A4,4-diphery. methane di-isocyanate and 1,6-naphthelene
di-isocyunate are capable of producing satisfactory urethane elastoners
wren cured with triols,
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These results, in conjunction with those of earlier investigations in the
present series'~" show that polyurethane elastomers with good ageing
properties in selected environments may be prepared with polyester or
polyether or hydroxyl-terminated polybutadiene/toluene di-isocyanate
prepolymers preferably containing an excess of isocyanate, of average
molecular weight 2000 ~ 2500, The polyester and polyether prepclymers

are preferably chain extended or crosslinked with MOCA or TME/MOCA mixtures
in less than stoichiometric equivalents to the di-isocyanate, so as to
introduce both aromatic urea groupcs and a moderate degree of biuret
crosslinking.

No po%yester urethane has been found to be capable of withstanding water
at 80°C.

The only polyurethanes to show reasonable retention of properties to ail
the environments were polyether TDI prepolymers crosslinked with TMP/MOCA
giving a caleulated molecular weight between crosslinks of less than 2000
or alternatively polyethers chain extended with TDI znd crosslinked with
less than stoichiometric amounts of MOCA again to give Mg < 2000.

1 FURTHER WORK

Certain further investigations into the ageing properties of polyurethane
elastomers are in progress, including the assessment of commercially
supplied e-caprolactone polyesters, and hydroxyl-terminated polybutadiene
elastomers prepared using more rigid aromatic di-isocyanates and chain
extenders. The influence of various additives on the ageing properties
of polyurethanes are also being assessed by natural and accelerated
weathering trials; the results of these studies will be reported in due
course,
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ADPPENDIX A

M:iTHODS OF PREPARATION

PREPOLYMERS
All the elastomers were prepared via prepolymers as follows.

The seiected di-isocyanate, 2.1 mole equivalent, was placed .into a dried:
500 ml glass three-necked flask eg uipped with thermpmeter stirrer, nitrogen
and vacuun-inlet and heated tc 80°C under nitrogen. Melted polyol, 1.0 mole
equivalent, previously degassed by heating to 120 - 1259 for 30. minutes and
applying a vacuum of 1 mmHg, was added to the di-isocyanate over a period of
30 minutes. The mixture was heated under nitrogen with continuous stirring
at temperatures which varied from 3 hours at 80 - 85°C for toluene
di-isocysnate to 1% hours at 130°C for naphthdlene di-isocyanate; during
the last 30 minutes a vacuum of 4mmig was applied.

The di-isocyanate prepolymer was transferred to a dried 600 ml beaker and
degassed under 1 mmHg vacuua for 10 minutes. Crosslinking or chain
extending agents: TMP 0.66 mole equivalent, equal parts of TMP/MOCA®
(TMP 0.33 mole equivalent and MOCA 0.50 mole equivalent) (Table 2),' were
stirred into the prepolymer. The mixture was reheated 60 - 80°C and
degassed for 1 -~ 15 minutes at 1 mmHg.

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
approxdmately 25 mm thick.

*Reports'® on the hazards in the use of MOCA are somewhat conflicting.
Briefly MOCA shows the general toxicity characteristics of the halogenated:
aromatic amines, and when taken into the body may produce cyanosis;
although it may cause dermatitis on animals there is no direct evidence
of it causing it on humans. On thermal breakdown it gives off an
irritating gaseous product. MOCA produces liver cancer when given to
rats fed on a protein deficient diet. Recent tests for its
carcinogenacity using dogs ied 100 mg per day for 14 months gave no
bladder tumours. However tests will continue for 4 - 5 years and
great caution in its use is advised.

-?23 -
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TABLE 12
' GENERAL CONDITION AND APPEARANCE OF POLYURETHANZ ELASTOMERS PREPARED WITH
DIFFERENT DI-ISOCYANATES SELECTED FOR ASSESSMENT OF AGEING PROPERTIES
Code .‘ Cross Linker/ _ Dry Air B
Number Polyol . Di-isocyanate |n in Extender| Creged Controls 28 days at 80°C
S 110 | Polyester Toluene 100%, 2,4~ TMP/MOCA | clear transparent,|very slightly more ]
(Bthylene | very. tough yellow, tough
, adipate)
S 110A Toluene 80% 2,4-| TMP/MOCA |clear transparent,|slightly more yellow, | ]
20% 2,6~ tough tough"
S 111 'Toluene 65% 2 b~ TMP/MOCA very pale yellow, | more yellow, tough ]
’ - 35% 2,6-7 . | slightly translu- £
! ’ cent, tough 3
S 1114 Toluene 65% 2,4-{ TMP very pale yellow, |more yellow, flexible | 1]
1 35% 2 ,6= slightly translu- ‘ g
cent, flexible 3
S 112B 1 ,5=Naphthalene TMP very pale brown, [|more brown, very £
‘ , ‘ . fairly tough - tough g
flexible
S 1138 4 ,4=Diphenyl T™P pale bre.m, tough,| slightly more brown, |1
methane rigid tough
S 11438 1 ,6=Hexamethylene TMP white opaque, little change, less |1
' tough tough
S 1174 Methylene bis- TMP/MOCA very pale yellow, [slightly more yellaw, |1
cyclohexyl; tough ‘ very tough
S 1324 Xylene . TMP/MOCA very pale yellow, | slightly more yellow, | 1
translucent, wetter
‘ tough ‘
S 118 Polyéther Toluene 100% 2',l+- THP/MOCA very pale yellcew, |more yellow, tough <
(Polyoxybutylene translucent, r
| glycol) - fairly tough
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APPENDIX B

Water immersion 28 days at

STF (Petrol) 28 days at 65°C

Dry Air
0 Degree of Swelling
28 days at 80°C 220g 80°¢C
On Removal On Recovery
very slightly more 1little change intact but severe | slight little change of
yellow, tough discoloration and colour, slight
loss of strength loss of strength
slightly more yellow, | little change intact but severe | very slight~}little change of
tough discoloration and | slight colour, slight
loss of strength loss of strength
more yellow, tough little chaage, intact but severe | very slight-{little change of
slightly less discoloration and | slight colour, slight
yellow loss of strength loss of strength
more yellow, flexible | 1ittle change, catastrophic slight little change of
slightly less failure, brown colour, slight
yellow viscous liquid loss of strength
more brown, very slightly more amber, |catastrophic very slight |deep amber,
tough strength unchanged feilure, black moderate loss of
viscous liquid strength
slightly more brown, | little change catastrophic slight rather more
failure, browm amber, moderate
tough ’
viscous liquid loss of strength
little change, less little change catastrophic slight little change,
tough failure, yellow moderate loss of
viscous liquid strength
slightly more yellow, | little change severe discolora- | slight little change of
very tough tion, opaque mass, colour, moderate
no strength loss of strength
slightly more yellow, | little change intact but moderate 1little change of
wetter moderate colour, slight
discoloration loss of strength
and ccnsiderable
loss of strength
mcre yellow, tough slightly more yellow,] amber, fairly slight- little change of
no change in strengthj tough moderate colour, moderate
; . strength

2k




TABLE 12 (Contd)
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opaque, tough

yellow and less
tough, severe stress
cracking

T
!
i P
Code | c e Cross Linker/ Dry Air
Number Polyol Di~isocyanate Chein Exterder Unaged Controls 28 aays at 80°¢
S 119 |Polyether Toluene 80% 24~ TMP/MOCA clear transparent,|slizhtly more yellow, | s
(Polyoxybutylene 20% 2,6- moderately tough |fairly tough n
glycol)
S 120 Toluene 65% 2,4- TMP/MOCA  |very pale yellow, |more yellow, tough £
35% 2,6~ fair - moderately o
tough
S 124B 1 45~Naphthalene TMP brown, flexible considerably more 1
brown, tough
S 1228 4, 4=Diphenyl TMP clear wrinkled, more yellow, less ]
methane very flexible tough
S 123A 1,6-Hexamethylene TMP/140CA very pale yellow, |slightly more yellow, | 1
tough less tough
S 12438 Modified TP clear treonsparent,|slightly more yeilow, | 1
4 ,k=diphenyl rother wezk little change of
methane strength
S 1254 liethylene bis~- TIR/H0CA very rale yellow, [little change of 1
cyclohexyl rather weak colour or strength
S 1264 Trimethylhexa=- TME/MOCA very pale yellow, {slightly more yellow,| 1
methylene translucent, less tough
fairly tougn and
elastic
S 1274 Isophorone MP/M0CA very pale yellow, |slightly more yellow,| 1
tough less tough
S 1334 Xylene TMP/MOCA pale yellow considerably more ]

m
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APPENDIX B

Water immersion 28 days at

STF (Petrol) 28 days at 659

Eontrol Dry Air Degree of Swelli
o s 0 gree o elling
E On Removal On Recovery
:}parent, stizhtly more yellow, | s1lightly more yellow,|amber, fairly slight- little caange of
{‘tough fairly tough no change in strength|tough moderate colour, moderate
2 loss of strength
gellow, more yellow, tough slightly more yellow,[amber, fairly slight- little change of
;rately no change in strengthjtough moderate colour, moderate
E loss of strength
35 ble considerably more little change dark brown, slight more amber,
4 brown, tough fairly tough considerable
2 loss of strength
ff ed, more yellow, less little change slightly more slight- slightly more
jole tough yellow, little moderate yellow,
: loss of strength considerable
loss of strength
Eellow, slightly more yellow, | little change little change in moderate little change of
4 less tough colour, some loss colour, moderate
: of strength loss of strength
joaront, slightly more yellow,| little change very slightly slight- very slightly
* little change of more brown, little| moderate more yellow,
strength change of strength considerable
loss of strength
pellow, |little change of little change very slightly moderate little change of
” colour or strength more brown, littls colour, moderate
; change of strength loss of strength
‘k‘llow, slightly more yellow,| little change little change of severe little change of
<, less tough colour, rather colour,
gh and weak considerable
loss of strength
@ellow, slightly more yellow,| little change little change of moderate- little change of
3 less tough colour, some loss | severe colour,
3 of strength considerable
3 loss of strength,
E more orange
f considersbly more less opague, severe [less opaque, severe considerable
Pg yellow and less stress cracking severe stress loss of strength
; tough, severe stress cracking
cracking
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TABLE 13

MUCHANICAL PROPERTIES OF POLYURETHANE ELASTOMERS PRZPARED
WITH DIFFERENT DI-ISOCYATATES BZFORE AIID AFTER AGEING

Key: T8 Tensile strength
EB Extension at break
Y009 Ha00s Maoo Moduli at extensions of 100, 20C and 300 per cent
H Hardness
- Value not recorded or too low to be accurately recorded
1 Original Properties
(Unaged Controls)
Code Polvol Dimisocvanate | CTOSS Linker/ l ,
Number Folye Y Choin Extender | TS [EB |M,50 |Mpeo | Msoo @ H | TS
MN/m? | % | Mi/m? | a/p? | MR/m? ) BSO| MN/m?
L
S 110 | Polyester TDI 100 THB/20CA 18,7 15151 1.9 | 3.2 6,2 85 | 32,9 ,
(Ethylene i 5
S 110A | adipate) TDI 80/20 TMP/AMOCA 3640 {5L5] 24 @ 3. 6.4 |85 | 23.8
I
S 111 TDI 63/35 THP/10CA 3062 {490 2.4 | 3,9 | 7.2 88 | 31.2
L.
S 1114 TDI 80/20 TMP 24,9 13501 1.9 | 3.2 1 T |71 | 32.6
S 1124 DI TMP/1.0CA 1841 | 390! 3.4 6.0 13,4 | 91 -
S 112B NDI ™P 16,0 | 400| 0.4 143 2.8 167 | 23.4
S 1134 DI TME/MOCA 22,7 | k20) 2.6 £.0 { 10,0 | 8Y -
S 113B 14DI TMP 20,9 | 420( 0.8 2,2 112.8 | 69 | 17,7
S 1144 HDI TMP/MOCA 179 | L90| 5.4 S | 741 |99 -
S 1148 HDI TMP 26,1 | 485 3.8 440 8.1 | 96 8.6
S 116A 1DI mod TMP/MOCA 26,2 | 355| 3.8 6.7 | 16,7 | 89 -
S 1174 MCI TMP/MOCA 33,2 [ 550 1.3 2,8 | 6,0 |67 | L0.6
S 132A XDI TMP/MOCA 30,5 | 550| 2.2 3.3 5.5 |97 9.7
S 132B XDI ™P 16,6 | 430 2.2 3.8 9,6 | 83 -
|
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APPEIDIX B

recorded YNote: 6.9 I0)/m? = 1000 1b/in?
- Properties 28 Deys in Dry Air 26 Days Immersion in Water
Controls) 2t 80°C | et 22°C
Moo | ¥300 ] H| TS |EB | M0 ;1.1200 Myoo | H | TS |EB |My00 | 200 |¥300 | H
2 | /m? | M/n? , BS®| M, m? | % MN/m? iC/m? ) M/o? | BSO wi/m® % | a/md | /e’ o/’ | Bso
52§ 6.2 185|329 |515] 2.4 | 3.5 | 5.8 (79 135.6 |500] 1.9 | 3.4 | 5.3 |78
3 | 6.4 Ess 23.8 | 765]| 2.0 f;a.7 3.9 97 |27.7 §6zoi 2.4 1 3.25 5.1 |80
3.9 | 7.2 |88 | 31.2 505 | 3.3 5. ! 8.6 183 | 23,0 (Lés 2.4 | 4,3 1 7.0 62
| 32 ] 7 (7| 32.6 130] 200 F 2.3 1k *69 I - -] -
6.0 L3 for b - ) - - - - Do 227 ju20| 1 | ez 32 65
| 13| 2.8 167 |23 [390) 1.2 2.5 | 49 tes | - -] - -5 - -
5.0 (10,0 {89 | - | -] - l - I - -] -
2.2 [12.8 | 69 | 17.7 | 405| 0.8 1.8 | 341 |64 20,7 | 4351 0.7 | 1.5 | 3.2 |66
S | T7e1 199 - - - - - - - - - - - -
beO | 841 |96 | 8.6 | 345| 5.0 | 5.1 | 6.8 | 98 |24.3 |450| 2.4 | 3.2 | 6.3 |8
6.7 | 16,7 | 89 - - - - - - - - - - - -
2.8 6.0 | 6] | 40.6 | 550 | 2.,G 3.7 7.0 {77 |27.8 | 505] 1.8 3.0 5.2 | 68
3.3 5.5 | 97 9.7 | 435 9.0 9.1 9.1 198 |30,0 { 575 3.2 3.9 5.7 185
3.8 1 9.6 |83 - - - - - - - - - - - -
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TABLE 13 (Contd)

MECHANICAL PROPERTIES OF POLYURETHANE ELASTOMERS PREPARED
WITH DIFFERENT DI-ISOCYANATES BEFORE AND AFTEZR AGEING

Key: TS Tensile strength
EB Extension at break
M, 009 Ma00s Hi300 Moduli at extensions of 100, 200 and 30C per cent
H Hardness

Value not recorded or too low to be accurately recorded

! : Original Properties
(Unaged Controls)

"Co‘d © Polyol Di-isocyanate Cm'?'s Linker/ ! ] . "
[lumber Chain Extender | TS § EB | ki00 |Ma00 | Msoo H s

MN/m? I % | 1my/n? |Mi/n? | MN/n? | BS? | 10V/m?
$ 118 | Polyether TDI 100 TMB/MOCA 8.9 1235| 4.4 | 7.8 | - |90 |14.9

(Polyoxybutylene :

S 119 | glycol) TDI 80/20 |  TMP/MOCA 1649 3457 3.0 | 53 | 9.9 189 [47.8
S 120 TDI 65/35 THP/MOCA 10,5 1225] 3.5 | 5.6 - 18 {10.7
S 119A TDI 80/20 TMP 2.9 , 180! 1.5 - - |76 | 3.
S 121A WDI THE/MOCA 3.9 1120] 3.5 - = {90 | k9
S 121B NDI TP 3.0 1120{ 1.5 - - |7 | 3.7
S 1224 DI TMP/MOCA 61 1215| 3.8 | 6.0 - |90 -
S 122B - MDI THP L2 | 250! 0.6 | 2,0 - {67 | 2.0
S 123A HDI TMP/NOCA 13.6 14601 0.8 | 0.8 | 1.6 [ 65 | 3.3 1
S 1248 MDI mod T™P e, | 245 0.8 - - |8 -
S 1254 NCI TMP/HOCA 5.0 | 285| 140 | 445 - |66 | 3.3
S 125B MCI T™MP 0.7 | 280| 0.1 | 0.6 - {39 -
S 126I TMHDI TMP/MOCA 5.6 [ 430 0.3 | 0.8 | 1.5 |57 | 1.2
S 1274 IDX TMP/MOCA 1549 1 4451 0.7 f 1.8 | 341 |64 | 5.5
S 1334 XDI TUP/MOCA 8.8 | 565] 1.3 | 1.9 | 3.1 |82 | 1.6
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APPENDIX B

E

pent
recorded Hote: 6,9 MY/m? = 1000 1b/in?
Properties 28 Days in Dry Air 28 Days Immersion in.#ater
pd Controls) at 80°¢ at 2200
;o Mpoo IMsoo | H | T8 |EB |M,00 |Maoo |Msoo | B | TS | EB | Mygo | Maco Moo | H
MN/m? | MN/m? | BS® | 10/m® | % | MV/m? | 19/n? | MN/m? | BS® {1/m? | % | MN/m? | 101/m? | 12i/m? | BS°
s | 7.8 - 190 {149 1350 3.8 | 5,9 |11.2 |88 | 7.k | 2401 3.5 | 6.4 - 189
o | 5.3 | 9.9 |89 [47.8 Jwof 2 |54 |65 |13 - -1 - | -1 - |-
5 | 5.6 | - 189 |10.7 1320] 3.3 | 5.6 | - |8 | 8. {270] 3.2 | 5.6} - |87
- - 176 | 304 f215| 1.3 | 28| - |72 f - | - - - - -
P> - - 190 | u9 | 8| - - - lw !l o~ - - - - -
- - |7 | 3.7 {180 - 1.9 - |7 ] 2.2 j1uC] 1 a - - |7k
8 | 6.0 - |90 - - - - - - - - - - - -
2,0 - {67 | 2.0 {245 0.6 | 1.3 - | 60 149 11901 0.9 - - | 66
8 | 0.8 | 1.6 [65 | 3.3 lu25| o | 0.7 | 1.3 |56 [10.9 | 4651 0.7 | 1.2 | 1.9 |63
- - e - - - - - - | 1. | 130 1,0 - - |65
: b5 | - |66 | 3.3 [200| - - - [ 66 | ke [240] 1.9 | 2.8 | - |69
0.6 - |39 - - - - - - - - - - - -
0.8 | 1.5 |57 1.2 | 36C| - 0.2 0.6 | 32 | 4e2 | 485 - - 0.2 |
148 | 341 |64 | 5.5 445 | 01 0.8 | 1.8 |57 | 8.5 | 380] 1,3 } 2.4 | 3.7 |64
129 | 3.1 |82 | 1.6 [460| 0.7 | 0.8 | 1.0 |76 | 9.3 | 510] 1.7 | 2.2 30 |32




TABLE 13 (Contad)

JECHANICAL PROPERTIES OF POLYURETHAI'Z ELASTOMERS PREPARED
WITH DIFFLRE!T DI-ISCCYANATES LEFORE AND AFT.R AGEING

Key: TS Tensile strength
EB Extension at break
%005 Ma00s Ma00 loduli at extensions of* 100, 200 and 300 per cent
H Hardness
- Vdlue not recorded or too low to be accurately recorded
Origzinal Properties
| y (Unaged Controls)
Code .. - Cross Linker
Number | Polyol Di-isocyanate | ooin Extender| TS |EB |Myo00 | Moo [mwo H | T8
MN/m2 | % i M/m? | MN/m? | MN/m? | BSC | 10V/m?
8 110 | Polyester TDI 100 THP/MOCA 48,7 15151 1.9 | 3.2 | 6.2 |85
(Ethylene
S 110A | adipate) TDI 80/20 TMP/MOCA | 36,0 | 545 | 2.4 | 3.1 | 6.4 |85
D e
S 114 TDI 65/35 TMB/MOCA 30,2 {490, 2.4 | 3.9 | 7.2 |88
S 1114 TDI 80/20 T™P 2Le9 [350% 1.9 | 3.2 | T4 | T
S 1124 NDI TMP/MOCA | 1841 [ 390| 3.4 | 6.0 | 3.4 | 91
S 112B NDI TMP 1640 [ 400| O | 1.3 | 2.8 |67
S 1134 ! MDI ' TMRPATOCA | 22,7 |420| 2.6 | 5.0 | 10.0 | 89
S 113B MDI T™P 20.9 | 420| 0,8 | 2.2 | 12.8 |69
8 1144 HDI TMP/MOCA | 17.9 | 490 5ub | 5k | 741 |99
S 1148 ' HDI TMP 2641 | 485 | 3.8 | 4.0 | 8., |96
S 116A MDI mod TMP/MOCA 26,2 355 3.8 | 6.7 |16,7 |89
S 1174 |  MCT TMP/MOCA 33,2 [ 550 1.3 | 2.8 | 6,0 |67
S 132A XDI TME/MOCA 30,5 | 550 2.2 3.3 | 5.5 | 97
S 132B XDI . TMP 16,6 | 430| 2,2 | 3,8 | 9,6 |83
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AFPENDIX B

90 per cent

::" ately recorded : Note: 6.9 Mi/m® = 1000 1b/in®

rmInZl Properties 29 Days Immersion in Water 28 Days Immersiorn. in STF

i (Unaged Controls) at 80°C at 65°¢

B (1,00 | Mooo | Msoo | H | TS | EB |00 |X¥poo |Mse0 | H | TS | B jrm,oo laes | Vago | B
% MN/m? | M/m? | My/m? | BSO | 10V/m2 | % | 1I/m? | 1N/ | MN/m? | BSO | 13/m? ‘ % | 13/m? | 1/m? | :5/m?| BS®
51 1.9 | 3.2 | 6.2 |85 Too weak to test 53,7 1 510] 2.3 | 3.6 | 4.0 | 76
~'5 2k 3.1 6.4 | 85 To> weak to test 2449 518; 19 3.5 7.0 | 77
ko | 2.1 | 3.9 | 7.2 |88 | Too weak to test 20,5 | 451 3.C | L | 7.2 |79
0! 1.9 342 T |71 Tisintegrated Lol 250 | 0.9 247 T - 70‘“
)0 Sely 6.0 | 134 |9 Disintegrated - - - - - -

Ot 1.3 2.8 | 67 Disintegrated 8.3 | 355| 0.8 2.2 Lo 63

0| 2.6 5.0 | 10,0 | 89 Disintegrated - - - - - -
0] 0.8 2.2 12,8 | 69 Disintegrated ko7 | 330 | 0.7 147 3.2 {58
0! Se& | S | 741 199 Disintegrated - - - - - -
5 3.8 4,0 8.1 | 96 Disintegrated 11,8 | 4601 0.5 1.2 2.0 | 8
55| 3.8 | 6.7 [16.7 |89 Disintegrated - - - - - -

: O 1.3 246 6,0 | 67 Disintegrated 18.3 | 535| 0.6 1 24 | A
50 | 2.2 3.3 5.5 | 97 Too weak to test 23.9 {595 1.8 2.6 L2 | 88
0| 2.2 3.8 9.6 |83 Disintegrated - - - - I
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TABLE 13 (Contad)
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MECHANICAL PROPERTIES OF POLYURETHANE ELASTOMERS PREPARED
WITH DIFFERENT DI-ISOCYANATES BEFORE AND AFTER AGEING

LA

Key: TS Tensile strength
EB Extension at break
Moor Mooos Moo Moduli at extensions of 100, 200 and 300 per cent
: H Hardness
B - Value not recorded or too low to be accurately recorded
9 Original Properties 2¢
] . (Unaged Controls)
3 Code Polyol Di~i + Cross Linker
: | Number 0yo 1S0CYEnate | Chain Extender | TS |EB |M 00 |Mroo |Msoo | H | TS
g MN/m2 | % | MN/m? | MN/m? | MN/m2 | BSO | MN/m2
: | 5118 | Polyether TDI 100 TMP/}OCA 8.9 | 235 Lol | 7.8 - |90 | 6.0
' (Polyoxybutylene
S 119 | glycol) TDI 80/20 TMP/MOCA 1649 | 345 | 3.0 | 5.3 | 9.9 |89 |13.7
S 120 TDI 65/35 TMP/MOCA 10,5 | 225 | 3.5 | 5.6 - 18 | 9.8
S 1194 TDI 80/20 T™MP 2.9 [ 180 1.5 - - 176 | 3.9
S 1214 NDI TMP/MOCA 3,9 | 120 | 3.5 - - 190 -
S 121B NDI T™MP 3,0 | 120 | 143 - - |7 | 5.7
S 122A MDI T™P/MOCA 6.1 | 215 | 3.8 | 6.0 - {90 | 9.6
S 1228 MDI T™™P 4,2 | 250| 0.6 | 2,0 - 167 | 3.9
S 123A HDI TMP/MOCA 13,6 | 460 0.8 | 0.8 | 1.6 |65 | 6.7
S 1248 ¥DI mod T™P 3.9 | 245 0.8 - - 18 | 4.2
S 125A MCI TMP/MOCA 5.0 | 285 | 1.0 | 4.5 - |66 | 341
S 1258 MCT T™MP 0.7 | 280 0,1 0.6 -~ 139 | 2,0
S 126A TMHDI TMP/MOCA 5.6 | 430 | 0,3 0,8 | 1.5 [57 | 1.3
S 1274 IDI TMP/MOCA 1549 | 445 0.7 1.8 | 3.1 |64 | 5.5
8 1334 XDI TMP/MOCA 18,8 | 565 | 1.3 19 | 3.1 {82 | 5.7
b
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APPENDIX B

ely recorded Note: 6.9 MN/m® = 1000 1b/in®

al Properties 28 Days Immersion in Water 28 Days Immersion in STF
fged Controls) at 80° at 65°C

MZOO MBOO H TS EB M‘IOO MZOO I MEOO H T3 EB M‘IOO MZOO I"1300 H
MN/m? | MN/m2 | BSO | MN/m2 | % | MN/m? | MN/m? | MN/m2 | BSO | MN/m2 | % | MN/m? | MN/m? | MN/m2| BSO

7.8 - 190 | 6,0 | 375 1.7 | 2.6 | 3.9 |76 | 5.1 [115] 5.1 - - | 78

5.3 9.9 {89 [13.7 |©0l0| 0.7 1.5 2.3 |75 3.9 | 170 2.5 - - 73

3.5 | 5.6 | - |89 ] 9.8 [500] 1.9 | 2.7 | 3.8 |73 | kb [100] Lk | = - | 76
1.5 | - - |76 | 3,9 | 310] 0.8 | 1.8 | 3.2 |74 | 1.4 | 8O| - - - | 70
3.5 | - - oo | - | -| - - S T R - - -
133 | - | = |7 | 5.7 |295] 07 | 1.9 | 3.5 |59 |09 |55 - | - | - |6
38 | 6.0 | - [90 | 9.6 |10 | 200 | 32 | w6 [79 | - | - | - - S| -
6 | 2,0 - [ 67 | 3.9 |355] Ouh | 142 | 2.6 [53 | 0.7 | 90| 5.0 - - -

0.8 | 0.8 1.6 | 65 6.7 | 625 | 0.7 1.2 2.3 135 5.9 |45 0.2 0.7 1.6 [<30

0.8 - - |82 | 42 |[435] 0,2 | 0.8 | 1.2 |53 | 0.5 {130 0. - - | 40

1.0 | 45 - |66 | 341 [330] 0.8 | 1.5 | 2.6 |55 | 1.9 [170] 0.7 - - | 37

0.1 0.6 - |39 | 2,0 |500( 0.2 0.6 | 1.2 |28 - - - - - -
0,8 | 1.5 |57 | 1.3 | 485 - - 0.2 |41 1. | 265 0.1 0.6 - [<30
1.8 | 3.1 |64 | 5.5 [540] 0,2 0.4 0.7 {1 2,8 (245 0.4 1.9 - 54
1.9 | 34 |82 5.7 | 530 0.6 143 1.3 | 30 2,3 280 0.8 1.5 - <30 ‘

S No 41/71/SP




