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ABSTRACT: The mechanical, degradation, and related thermal properties of segmented 
polyster-urethane elastomers which were aged under strain in three different environments (25°C 
in air, 85°C in air, and 85°C in water) were investigated by stress-strain measurements, DSC, and 
FTIR. From the stress-strain measurements, it showed that the polyester-urethane samples aged 
under a high prestrain, particularly at high temperature, resulted in decreases of the initial slope, 
and stress and elongation at break. The behavior of stress-strain curves also showed that aging 
the polyester-urethane at a higher prestrain and a higher temperature leaded the urethane elastomer 
to be more brittle. Morphological changes which were induced in the segmented elastomer by 
aging under strain were investigated by DSC in terms of the glass transition temperature of the 
soft segments, the melting temperature of the hard segments, and the heat of fusion of the crystalline 
hard segments. FTIR measurements indicated the degradation of the ester C-0-C bond during 
aging at high strain, especially in the water. Based on the DSC and FTIR studies, the behavior 
of the stress-strain measurements of the aged urethane elastomers was explained. 
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The segmented polyester-based urethanes 
are thermoplastic elastomers with high elonga
tion characteristics, along with typical prop
erties of plastics such as modulus, strength, 
and processibility. It is generally agreed that 
the unique mechanical properties of poly
urethanes, as compared to other types of 
elastomers, are predominantly the result of a 
two-phase morphology. 1 •2 The polyester based 
urethanes consist of an aromatic diisocyanate 
with a glycol chain extender as the hard seg
ment and a low molecular weight aliphatic 
polyesters as the soft segment. They are con
sidered to be linear segmented block copoly
mer, made up of alternating hard and soft block 
segments. Compositional variables and pro
cessing conditions are known to affect the 

degree of phase segregation, phase mixing, hard 
segment domain organization, and subsequent 
polyurethane properties. 2 - 4 > Depending on the 
relative incompatibility of the hard and soft 
segments, phase segregation will occur during 
processing and postcure annealing. The effects 
of polyurethane composition and structure on 
the resultant properties has been investigated 
by several researchers. 5 - 20 These studies have 
been concentrated on model compounds based 
on aromatic dissocyanates, such as toluene 
diisocyanate (TDI) 5 -G or diphenyl methane 
dissocyanate (MDI). 5 -s The phase segregation 
of hard and soft segment domains have been 
demonstrated by: small and wide angle X-ray 
scattering, 9 - 12 differential scanning calorime
try, 9-16 infrared spectroscopy,16 - 18 and mi-

1 To whom all correspondence should be addressed. 
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croscopy.19-20 

Various methods have been used to study 
hydrolytic exposure of urethane elastomers in 
an unstressed state. Several researchers im
mersed the elastomers in water at temperatures 
between 50-100°C. 22 - 25 Other workers in
vestigated the urethane elastomers above water 
at 70-100% relative humility and at the same 
temperature range. 22 - 24 One of the most 
comprehensive studies were conducted by 
Athey21 on thermoplastic elastomers. The 
experimental results indicated that the poly
ether-based urethanes are less easily hydrolyz
ed than the polyester-based urethanes. 

The effect of stress on the morphology of 
urethane elastomers has been reported by 
several workers. Based on small angle X-ray 
scattering data, Desper26 deduced the breakup 
of the hard segment phase into smaller domains 
and associated this process in part to the 
manifestation of mechanical hysteresis. Infra
red dichroism experiments27 - 29 have shown 
that segmented polyurethane undergo some 
degree of irreversible orientation, especially of 
the hard segments, at large strains. X-ray 
strn;lies30·31 have confirmed the process of 
strain induced orientation and crystallization 
in polyurethanes. For many of these materials 
strain-induced crystallization of the soft seg
ment matrix could be largely irreversible32 - 34 

and lead to permeanent deformation and a 
noticeable hysteresis effect. Once crystalliza
tion has occurred, the polymer matrix might 
become brittle. Subsequent energy placed into 
the system leads to the disruption of the 
crystallinity inside the soft segment, 32 and 
causes crazing, bond breaking, and eventually, 
the failure of the polymer as a tensile break. 
Wang32 and others33 - 35 have shown that, for 
polyether polyurethane elastomers, both the 
hard segment and soft segment contents are 
key to determining the material's mechanical 
hysteresis response. 

In this work, the physical aging of poly
urethane elastomer was proceeded in three 
different environments (25°C in air, 85°C in 
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air, 85°C in water) for two days under various 
strain states. Stress-strain as well as DSC and 
FTIR measurements of these aged samples 
were conducted to study the effect of strain in 
these environments on the mechanical prop
erties and morphology of polyester based 
urethane elastomers. Attempt has been made 
to correlate the stress-strain behavior and the 
morphological changes induced upon stretch
ing of the materials. 

EXPERIMENTAL 

Materials 
Poly( tetramethylene adipate) glycol (PT Ad) 

was synthesized from butanediol and adipic 
acid with an OH/COOR ratio of 1.3/1.0. Thus, 
the polyesters had an acid number of 3 mg 
KOH per g, and the molecular weight Mn of 
the polyester determined by GPC (Waters 
model 746 GPC with µ-styragel columns of 
pore sizes 500° A, 103 A, and 104 A, and a RI 
detector) was found to be 2010 with a dis
persion of M wf Mn= 1.80 at 25°C. Tetrahydro
furan (THF) was used as the mobile phase, and 
narrow MWD polystyrene standards (Aldrich 
Chemical Co.) were used in a linear calibration. 
The polyurethane elastomers were synthesized 
randomly from PT Ad, diphenylmethane-4,4' -
diisocyanate (MDI), and 1,4-butanediol 
(BDO) with a molar ratio of 1.5/7.1/5.5 in the 
N,N-dimethyl formamide (DMF) solvent. The 
reaction proceeded at 85°C for about 1 h. 
Before polymerization, PT Ad, BDO, and 
DMF were distilled at 70°C under vacuum for 
1 h to · remove moisture. MDI was used as 
it received without further purification. The 
final polyurethane contained 57 wt% of PT Ad. 
In order to identify the DSC thermal transition 
and endotherms of the soft and hard segments 
of aged polyurethanes, the high molecular 
weight pure soft segment PT Ad (Mn= 1.8 x 
104, and M w! Mn= 2.1) and pure hard segment 
polymer were synthesized. The high molecular 
weight PT Ad was synthesized from butanediol 
and adipic acid with an OH/COOR mole ratio 
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of 1.05/1, and the pure hard segment polymer 
was synthesized from BDO and MDI with a 
OH/NCO ratio of 1/1. 

Sample Preparation 
Polyurethane films were compression-mold

ed at 180°C on a press (Tien Fa Co., Taiwan, 
R.O.C.) followed by cooling at an ambient 
temperature and environment. Test specimens 
were cut in the shape of a dumbell (ASTM 
D 1708-66). These specimens were first elon
gated to each of the four designated stretch
ing ratios (0.0%, 20%, 200%, and 400%) using 
an Instron Tensile Tester with a strain rate 
of 5.0 cm min - 1 . The specimens were kept 
stretched and were aged in each of the three 
environments: (1) 25°C in air for 2 days; (2) 
85°C in air for 2 days; (3) 85°C in water for 
2 days. After the scheduled time, specimens 
were unloaded and removed from the environ
ment. All the specimens were then equilibrated 
to the ambient conditions before testing. The 
residual strains for samples with various pre
strains and aged under three different envi
ronments are shown in Table I. 

Film for infrared analysis were cast directly 
onto a NaCl plate from dilute polymer solu
tions (0.4 mg ml - 1 ), prepared by dissolving the 
treated samples in DMF solvent, and dired 
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Table I. Residual strain of PU aged 
in various environments 

Prestrain Residual strain 

% % 

25°C/air/l days 
20 3.9 

200 56.5 
400 115.3 

85°C/air/2 days 
20 12.1 

200 148.7 
400 302.3 

85°Cfwater/2 days 
20 12.8 

200 161.5 
400 307.7 

under vacuum to remove the solvent com
pletely. 

Samples cut from treated polyurethane 
elastomers with a weight range of 6.0-10.0 mg 
were used for DSC scan studies. 

Mechanical Experiment 
Stress-strain curves of aged polyurethane 

samples were accomplished on an Instron 
Universal Materials Testing Machine at 25°C. 
The samples were subjected to a deformation 
rate of 5.0cmmin- 1 for the tension experi
ments. The load cell used was first calibrated, 
and it was found that the load remained 
constant within the range of experimental 
error. Typically, each analysis was carried out 
on a minimum of five samples and the average 
values were reported. 

Infrared Analysis 
A Fourier Transform IR Spectrophotome

ter (Perkin Elmer l 725X) was used in this 
investigation. All the spectra were taken at 
room temperature. Substraction of IR spectra 
was done using a reference peak at 14 l 0 cm - l 

band, due to thermally stable C-C stretching 
mode of the benzene ring. 

DSC Study 
Differential scanning calorimetry was carried 

out on a Du Pont 910 DSC. The heating rate 
was 20°C min - 1 for the temperature range 
- l00-240°C. 

RESULTS AND DISCUSSION 

Stress-Strain Measurements 
The morphology of phase segregation of 

these urethane elastomers is the key determin
ing their stress-strain behavior. 1 ,2 Test speci
mens were subjected to a series of strains under 
different environments (25°C in air, 85°C in 
air, and 85°C in water) for two days. Typical 
stress-strain curves of the aged urethane 
samples with 0% prestrain at 25°C in air, 20% 
prestrain at 85°C in air, and 200% prestrain 
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at 85°C in water are shown in Figure 1. The 
stress-strain curves for polyurethane, after 
having been prestrained to 400% elongation, 

and aged in three environments (25°C in air, 
85°C in air, and 85°C in water) for 2 days, are 

shown in Figure 2. Prior to obtaining those 
stress-strain curves, the prestrained samples 
were relaxed in air and dried. The effects of 2 
days of aging in water and air with various 
prestrains (0%, 20%, 200%, and 400%) on the 

IJJJJ .JJ 

stress-strain porperties of the urethane elasto
mers are summarized in Table II. 

It is noted that for samples aged at low 
prestrains (0% and 20%) the stress-strain 
behaviors (Figure 1 and Table II) in the three 
different environments were very similar. The 
stress-strain curves for polyurethane samples 
aged under low prestrains (0% and 20%) can 
be divided into three distinct regions. The high 
Young's modulus in region I (0-20% strain) 
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Figure 1. Stress-strain curves of aged polyurethanes. 
(--) Aged under 0% prestrain at 25°C in air; 
(-0-0-) aged used 20% prestrain at 85°C in air; 
(-D-D-) aged under 200% prestrain at 85°C in water. 
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Figure 2. Stress-strain curves for polyurethane aged 

under 400% prestrain and in three different environments. 
(--) Aged 25°C in air; (-- -) aged at 85T in air; aged 
at (-0--0-) 85°C in water. 

Table II. Mechanical properties of PU aged in various environments 

Tensile stress Tensile stress Tensile stress Tensile stress Elongation Initial Young's 
Prestrain 

at 20% strain at 100% strain at 200% strain at break at break modulus 

% kgcm- 2 kgcm- 2 kgcm- 2 kgcm- 2 % kgcm- 2 

-----------------

25°C/air/2 days 
0 110.4 187.6 287.0 583.0 430 758.5 

20 99.4 187.7 292.5 589.0 410 625.5 

200 52.4 157.3 328.4 593.0 350 320.6 

400 33.1. 99.4 231.8 614.0 315 180.0 

85"C/air/2 days 
0 91.1 182.1 276.0 575.0 425 551.3 

20 88.3 198.7 314.6 574.0 395 500.4 

200 35.9 253.9 436.0 560.0 265 187.7 

400 27.6 156.1 447.0 523.0 250 146.6 

85°C/water/2 days 
0 102.1 184.0 281.5 573.0 425 586.5 

20 74.5 193.2 314.6 558.0 390 412.4 

200 27.6 215.3 405.7 528.0 260 164.2 

400 22.1 124.2 430.5 479.0 220 125.1 

Polym. J., Vol. 26, No. 12, 1994 1371 



Y. w. DENG, T. L. Yu, and C. H. Ho 

is due to the elastic deformation of the soft 
segment domain. At higher elongations, in 
region II (20-200% strain), rupturing of the 
hydrogen bonding of the short range hard 
segments occurred. This event may then lead to 
molecular slippage, chain disentanglement, and 
phase mixing. As the elongation increased, the 
soft segment molecules moved from transverse 
to parallel to the draw direction which induced 
crystallization. By completing the crystallite 
orientation, the polymer matrix becomes brittle 
and the stress again rises rapidly with increasing 
elongation ( > 200% strain, region Ill). Com
paring the stress-strain curves of samples aged 
under 20% prestrain with those aged without 
prestrain, the stress was slightly higher in the 
case of strain being higher than 100% for 
samples aged under 20% prestrain that those 
aged without prestrain. This phenomenon 
could be due to the crystallization of soft 
segments aged under 20% prestrain. 

However, for samples aged under highly 
prestrain (200% and 400% prestrain), the 
stress-strain curves (Figures 1 and 2 and Table 
II) were quite different from those aged under 
low prestrain (0% and 20%) as shown by the 
stress-strain data (Table II). The data indicated 
that the samples aged under a higher prestrain 
had a lower initial slope (Young's modulus) 
and a lower elongation at break. For the 
samples aged under a low prestrain, the stress
strain curves of different aging environments 
were very similar; while the shape of the 
stress-strain curves for samples aged under a 
high prestrain strongly depended upon the 
aging temperature and environment. Aging 
under a high prestrain, when the aging 
temperature was increased, the samples had 
higher stress in the high strain region (strain 
higher than 70%) and lower stress was found 
in the low strain region of the stress-strain 
data (Table II). Comparing the stress-strain 
data of polyurethane elastomers aged at 85°C 
in air and 85°C in water, we also found that 
the stress was lower over whole range of strain 
for samples aged at 85°C in water. 
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For samples aged in the same environments 
but with various prestrains, the stress-strain 
data showed an increase in brittleness as aging 
prestrain was increased. This phenomenon may 
be due to the fact that at higher prestrain 
complete orientation of the hard segments 
parallel to the draw direction caused an 
increase in the degree of crystallinity of the 
hard segments and brittleness (as shown by the 
DSC data in the following sections). From 
Table II, we also noticed that the stress at break 
increased with increasing prestrain for samples 
aged at room temperature. However, the stress 
at break decreased with increasing prestrain for 
samples aged at higher temperatures. The 
samples aged at a high temperature also 
exhibited a lowering Young's modulus with 
increasing aging prestrain. The behaviors of 
lower Young's modulus and stress at break of 
stress-strain measurement for urethanes aged 
under a high prestrain and high temperature 
may be due to the chain scission of the ester 
linkage in the soft segments (as shown by the 
FTIR data in the following sections). 

In the following sections, DSC data 
demonstrated the variations of morphology of 
polyurethanes aged under various conditions 
and FTIR results showed the evidence of the 
degradation of polyester C-O-C bonds for 
urethanes aged under a high prestrain and at 
higher temperature. 

DSC Analysis 
The DSC curves of pure soft segment 

polymer (high molecular weight PT Ad) and 
pure hard segment (copolymers of BDO and 
MDI) which were aged without prestrain at 
25°C in air are shown in Figure 3. The positions 
of the DSC endotherms and thermal transi
tions are listed in Table III. As indicated in 
Figure 3 and Table III, the glass transition 
temperature (Tg,) and melting endothermal 
(Tm) were around -51°C and 48°C respec
tively. The small endotherm due to short range 
order hydrogen bonding (/2 ) 36 and the melting 
endotherm of microcrystalline domain (Tm,) 
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were around 66°C and 170~220 °C respec
tively. 

Typical DSC curves of the aged urethane 
samples under various prestrains are shown in 
Figure 4 for the aging conditions of 25°C in 
air with 200% and 400% prestrain, 85°C in air 
with 0% prestrain, and 85°C in water with 20% 
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58 lHH 158 

Temperature (•C) 

Figure 3. DSC curves of (a) pure hard segment 
(copolymer of BDO and MDI); (b) pure PTAd (M.= 
1.8 x 104 and Mw/M.=2.1). 

prestrain. The samples were strained for two 
days prior to the DSC experiments. Table III 
lists the position of the DSC endotherms and 
the thermal transitions of the prestrained 
samples aged under various environments. The 
uncertainty associated with each temperature 

Temperature (•C) 

Figure 4. DSC curves of polyurethanes aged under: (a) 
200% prestrain at 25°C in air; (b) 400% prestrain at 25°C 
in air; (c) 0% prestrain at 85°C in air; and (d) 20% prestrain 
at 85°C in water. 

Table III. Thermal properties of aged polyurethanes 

Prestrain T.,!°C TmJ°C 12/°C II 2/°C Tm,/°C /iHrfcal g- 1 

PU/25°C/air/2 days 
0% -33 65 210 8.09 

20% -36 63 210 8.79 

200% -37 45 65 211 9.66 

400% -39 46 62 203 11.07 

PU /85° /air/2 days 
0% -32 57 125 214 7.80 

20% -33 58 123 210 8.95 

200% -33 209 9.60 

400% -34 210 10.84 

PU/85°Cjwater/2 days 
0% -30 60 125 210 7.66 

20% -32 60 124 211 8.94 

200% -33 210 9.24 

400% -33 202 10.60 

PT Ad (M. = 1.8 x l04)/25°Cjair/2 days 
0% -51 48 

Pure Hard Segment/25°C/air/2 day 
66 198 and 217 
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is approximately± 2°C. 
The prestrained urethane samples, aged 

under ambient conditions (25°C in air) 
generally exhibited three transition regions 
detected by DSC as shown in Figure 4 and 
Table III. Between - 30°C and - 40°C, a sharp 
increase in the specific heat occurs, and is due 
to the soft-segment glass transition (Tg). The 
Tg of the soft segment domains, is an indicator 
for the degree of phase separation. When there 
were hard segments dispersed in the soft 
domains, the Tg, was raised. It is found that 
Tg, shifts slightly to lower temperatures when 
the samples were subjected to higher prestrains 
(Table III). This implies that prestrain would 
promote phase demixing of hard and soft seg
ments favoring pure soft domains. Between 
60°C and 65°C a small endotherm occurs (12), 

due to the dissociation of short range ordering 
in the hard segment domain. 32 · 36 For samples 
aged at 25°C and under a high prestrain 
( 200% elongation), a small endotherm ap
peared around 45°C, due to the melting endo
therm (TmJ of the soft segment crystallization 
induced by strain. The primary endotherm 
(Tm2 ) was found in the third region (170~-
2300C) with the multiple peaks, which could 
be the sequential melting/distruption of hard
segment domains having different degrees of 
organization. 36 This endotherm was not 
affected by prestrain in this study, however, the 
heat of fusion, AHr, increased with increasing 
prestrain during aging. Crystallization requires 
an extact arrangement of hard segments into 
a lattice structure and thus has a well defined 
temperature associated with melting. There
fore, the present data indicated that prestrain 
may be expected to change the shape or size 
of the crystalline melting peak, but not its 
position unless significant changes are made in 
crystallite size or perfection. The crystallite 
size increased with increasing prestrain. These 
different degrees of organization were devel
oped depending upon prior thermal and proc
essing history of the elastomers. It is noted 
that when the aging prestrain reached 400%, 
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the multiple melting peaks disappeared and 
turned into a broad endotherm. 

Similar behavior of the glass transition 
temperature (Tg) of the soft segment, melting 
temperature (Tm) of the microcrystalline 
domain, and endotherm of hard segment (AHr) 
for the sample aged at 85°C in air as those aged 
at 25°C in air were found. (Table III and Figure 
4). The Tg, of the soft segment slightly 
decreased and the heat of fusion, AHr, of 
microcrystalline domain increased as the 
prestrain increased during aging. In contrast 
to the prestrained samples aged at 25°C, the 
Tg, of the soft segments was increased by aging 
the samples at a higher temperature, indicating 
that annealing at high temperature could 
promote mixing of soft and hard domains and 
result in a higher Tg,. The heat of fusion, AHr, 
of microcrystalline decreased as the aging 
temperature increased, suggesting the rupture 
of hydrogen bond in the microcrystalline 
domain at high temperature. Comparing to the 
samples aged in air at 25°C, the other differ
ence in the thermal behavior of samples aged 
at 85°C in air, was the appearance of an 
endotherm (II2 ) in the l 10~130°C range for 
urethane samples with low prestrains (0% 
and 20%). This endotherm might be due to the 
dissociation of long-range ordering hard
segment domains. 36 For aging at 85°C with 
prestrain higher than 200%, the endotherms 
of short range ordered hard segment domain 
(I2) and long range ordered hard segment 
domain (II 2) disappeared, and the shape of 
the crystalline hard segment domain (TmJ 
were broader than those aged under lower 
prestrain. These data suggested that aging 
under high prestrain and high temperature 
resulted in an increase of the size of the crys
talline hard domain. 

The DSC data of the prestrained samples 
aged at 85°C under water were similar to those 
of samples aged at 85°C in air in the following 
patterns: the appearance of I 1 and II2 

endotherms at lower prestrains; and the dis
appearance of I 1 and I 2 endotherms and the 
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Wavenumbers crn-1 

Figure 5. FTIR spectra of polyurethane aged in four 
different conditions. (a) 0% prestrain, 25°C in air; (b) 200% 
prestrain, 25°C in air; (c) 200% prestrain, 85°C in air; (d) 
200% prestrain, 85°C in water. 

broadening of the microcrystalline domain 
(Tm 2) in the highly prestrained samples. (Table 
III and Figure 4). 

In general, Tg1 decreased with increasing 
aging prestrain and increased with increasing 
aging temperature; while T m 2 remained con
stant with increasing prestrain and aging 
temperature and seems not to depend on the 
environment that the samples were subjected 
to. The heat of fusion, 11.Hr, increased with 
increasing prestrain and decreased with in
creasing aging temperature. 

Infrared Analysis 
As shown in the previous section, the stress

strain data for urethanes aged under a high 
prestrain strongly depended upon the aging 
temperature and environment. Hence, the 
urethane samples aged under 200% prestrain 
in three different environments were inves
tigated by FTIR. The IR spectra of 200% 
prestrained polyesterurethane samples aged in 
three environments (25°C in air, 85°C in air 
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Table IV. Absorbance of ester and urethane 
C-O-C stretching for PU aged at 

various conditions 

1250---1180 1100---1030 
Aging condition 

cm- 1 cm- 1 

25°Cjair/ 0% prestrain 87.2 91.4 
25°Cjair/200% prestrain 87.0 91.2 
85°C/air/200% prestrain 84.6 89.1 
85°Cjwater/200% prestrain 83.3 87.1 

Note: The absorbance are given using the 1430--1400 
cm- 1 band equals 10 as a reference. 

and 85°C in water) are presented in Figure 5. 
According to the IR spectra absorption band 
assignment by Silverstein et al., 37 the very 
strong band that occurs at 1230 cm - 1 is 
considered to be the ester C-0-C unsymmetric 
stretching of the ester and urethane groups 
mixed with CH 2 wagging mode. Another band 
appearing at I 080 cm - 1 is attributed to ester 
C-O-C symmetric stretching of the ester and 
urethane groups. Table IV shows the changes 
of the intergrated absorption peak area (A) of 
the C-0-C stretching of the 200% pres trained 
samples aged in air and water at various 
temperatures, using the 1410 cm - 1 band, which 
is a thermally stable C-C stretching in the 
benzene ring as a reference peak. The water
aged samples were found to be more degraded 
than the air-aged samples, especially at higher 
temperature. 

CONCLUSION 

Very similar stress-strain curves of urethane 
elastomers aged under low presstrains (0% and 
20%) in three environments (25°C in air, 85°C 
in air, and 85°C in water) were obtained. 
However, for urethane elastomers aged under 
high prestrains (200% and 400% ), the behavior 
of stress-strain curves was strongly influenced 
by the aging environments. Aging at a high 
prestrain, with increasing aging temperature 
caused a decrease in the initial slope of stress-
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·strain measurement, and an increase in brittle
ness of urethanes. Aging at a high temperature 
also resulted in decreases both in tensile stress 
and elongation at break. Comparing samples 
aged at a high temperature but under various 
prestrains, we found that aging at a higher 
prestrain resulted in lowering the initial slope 
of stress-strain curve, stress at break, and 
elongation at break. FTIR experimental data 
revealed the degradation of ester C-O-C bond 
for polyurethane elastomers aged at a high 
temperature with a high prestrain, especially 
under water which may be the reason for the 
lowering of the initial slope of the stress-strain 
curve and the tensile stress at break and 
elongation at break. DSC experimental results 
demonstrated the increase in microcrystalline 
domain induced by increasing prestrain during 
aging. The crystallization of urethane elasto
mers induced by prestrain during aging leads 
to the behavior of brittleness. The FTIR 
experimental results also revealed that more 
degradation of ester C--0-C bond for urethane 
elastomers aged under water than aged in air 
which caused the behavior of lower stress over 
the whole range of strain of stress-strain curves 
for urethane elastomers aged under water at 
85°C than under air at 85°C. 
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