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ABSTRACT: This work compared the elastomeric prop-
erties of two low-crystallinity ethylene–octene copolymers.
One was a block copolymer with lamellar crystals and the
other was a random copolymer with fringed micellar crys-
tals. The comparison of the stress–strain behavior at 23�C
revealed that the initial elastic modulus and the yield
stress depended only on the crystallinity of the copolymer.
When the temperature was raised above 23�C, melting of
the fringed micellar crystals of the random copolymer
caused a rapid decrease in the modulus. Some decrease
in the modulus of the block copolymer over the same
temperature range was attributed to the crystalline a-
relaxation. Both polymers exhibited strain-hardening,
ultimate fracture at high strains, and high recovery after
fracture. However, in the block copolymer, the onset of
strain-hardening and the ultimate fracture occurred at

higher strains. The block copolymer also showed higher
recovery from high strains. The initial stretching
resulted in a permanent change in the stress–strain
curve. It was suggested that following the onset of crys-
tal slippage at the yield, the crystals underwent perma-
nent structural changes through the course of the strain-
hardening region. The transformation of the fringed
micellar crystals occurred at lower strains than the
transformation of the lamellar crystals. The extent of the
structural transformation was described by the crosslink
density and the strain-hardening coefficient extracted
from elasticity theory. VVC 2009 Wiley Periodicals, Inc. J Appl
Polym Sci 113: 3236–3244, 2009
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INTRODUCTION

Polyolefin-based thermoplastic elastomers (TPEs)
have received considerable attention due to their
chemical inertness, low density, and low cost com-
pared with other TPEs.1 Since olefin copolymers
became commercially available in the 1960s,2 a siza-
ble effort has been expended to develop catalyst
technology3 and structure–property relationships for
very low crystallinity olefin copolymers.4–11 To
obtain elastomeric properties of low modulus and
high recovery from large deformations, the crystal-
linity is usually less than 20 wt %. The crystals act
as reinforcements and as physical crosslinks to con-
nect the rubbery, amorphous segments with high
comonomer content. The crystallinity is provided by
the ethylene or propylene sequences that are long
enough to crystallize. In random ethylene–octene
(EO) copolymers, the crystallizable ethylene sequen-

ces form fringed micellar crystals that act as the
network junctions.12 However, the statistical distri-
bution of crystallizable chain lengths in the random
copolymers results in a broad crystal size distribu-
tion and a low melting temperature, which limits
their application at higher temperatures.13,14

The novel polyolefin chain shuttling catalyst tech-
nology developed by The Dow Chemical Company
has enabled the synthesis of olefin multiblock
copolymers in a continuous process.15 The block
copolymers of interest here consist of crystallizable
EO blocks with very low comonomer content and
high melting temperature, alternating with amor-
phous EO blocks with high comonomer content and
low glass transition temperature. The multiblock
architecture shows a distribution in block lengths
and a distribution in the number of blocks per
chain,16 which differentiates it from anionically poly-
merized and hydrogenated olefin block copolymers.
However, the crystallizable blocks are long enough
to form chain-folded lamellar crystals with the
orthorhombic unit cell and high melting tempera-
ture. Because of the unique block structure, the ole-
fin block copolymers (OBCs) do not follow many of
the traditional structure/property relationships
established for random polyolefin elastomers.17 The
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block copolymers exhibit faster crystallization18 and
improved adhesion properties19 compared with ran-
dom copolymers.

It is expected that the lamellar crystallization habit
of the block copolymers will impart elastomeric
properties that are significantly different from those
of the random copolymers with fringed micellar
crystals. In the present study, a side-by-side compar-
ison was made between the elastomeric response of
a block and a random EO copolymer that are closely
matched in comonomer content, density, and
crystallinity.

MATERIALS AND METHODS

The block EO copolymer was supplied by The Dow
Chemical Company (Freeport, TX), together with in-
formation on octene content, molecular weight, and
molecular weight distribution as given in Table I.
The detailed description of this block copolymer,
including block length and block composition, can
be found in a previous publication.17 The weight
percent of crystallizable hard block in this block co-
polymer was calculated to be 27% from the weight
percent total octene and the weight percent octene in
the hard/soft blocks. The commercial random EO
copolymer with similar density as the block copoly-
mer was used in this study for comparison. It was
synthesized by the Dow’s INSITETM technology.20

The block copolymer and the random copolymer
were designated as OBC88 and EO87, respectively,
with the number indicating its density (Table I).
Both copolymers have approximately the same mo-
lecular weight, molecular weight distribution, and
melt index (I2, measured at 190�C at load of 2.16 kg).
They were provided in the pellet form.

Plaques with the thickness of about 0.5 mm were
compression-molded from the pellets at 190�C
between MylarVR sheets and cooled to ambient tem-
perature at � 15�C/min in the press. The compres-
sion-molded plaques were subsequently stored at
ambient temperature for 7–12 days before measuring
the physical and mechanical properties.

Density of the compression-molded plaques was
measured using an isopropanol–water gradient col-
umn calibrated by glass beads. Thermal analysis was
carried out with a Perkin Elmer (Boston, MA) Series 7
differential scanning calorimeter (DSC). Scans were
taken between �50 and 190�C with a heating/cooling
rate of 10�C/min. Weight percent crystallinity was
calculated from the heat of melting in the first heating
thermogram and was based on the heat of fusion of
290 J/g for perfect crystals.21 Dynamic mechanical
thermal analysis was carried out with a Polymer Lab-
oratories (Amherst, MA) Dynamic Mechanical Ther-
mal Analyzer. Specimens were tested in dynamic
tension at less than 0.2% strain at 1 Hz from �80�C to
10�C below the melting temperature.
Microtensile specimens were cut from the compres-

sion-molded plaques according to ASTM D 1708. The
tensile stress–strain behavior was measured with an
MTS (Eden Prairie, MN) Alliance RT30 with the cross-
head speed of 111.5 mm/min (500%/min based on
the specimen gauge length). The engineering stress
and strain were defined conventionally. In the hyster-
esis study, the specimens were cyclically loaded and
unloaded in uniaxial tension at a crosshead speed
22.3 mm/min (100%/min based on the initial speci-
men gauge length). The hysteresis experiment was
performed at various strains from 100 to 800%.

RESULTS AND DISCUSSION

Thermal behavior

The melting behavior of the block EO copolymer
was characterized by a much higher melting temper-
ature compared with the random EO copolymer
with about the same density and comonomer con-
tent. The melting thermograms of OBC88 and EO87
are compared in Figure 1. Due to the long crystalliz-
able ethylene sequence, the block copolymer showed
a sharp melting peak, with the peak melting temper-
ature at 118�C. In contrast, the melting range of the
random copolymer with comparable density was
located at a much lower temperature and was very
broad, beginning at about ambient temperature and
ending near 80�C. The ambient temperature aging

TABLE I
Characteristics of Block and Random Ethylene–Octene Copolymers

Polymer

Total
octene
(mol %)

Mw

(kg/mol) Mw/Mn

I2
a

(g/10 min)
Density
(g/cm3)

Tm

(�C)
DHm

b

(J/g)
Xc

c

(wt %)
Tg

d

(�C)

OBC88 12.2 124 2.1 1.4 0.8795 118 49 17 �42
EO87 11.6 111 2.1 1.0 0.8724 061 38 13 �36

a Melt flow index.
b Heat of melting from the first-heating endotherm.
c Crystallinity from heat of melting.
d Glass transition temperature from dynamic mechanical thermal analysis tan d.
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peak in the random EO copolymer was found at
42�C. The low melting temperature and broad melt-
ing range of random EO copolymers were attributed
to the fringed-micellar or bundle-like crystals with a
broad size distribution that result from the statistical
distribution of crystallizable chain lengths.13,14 In
contrast, the long ethylene sequences of the hard
blocks in the block copolymers could crystallize as
larger lamellar crystals with fewer defects and there-
fore much higher melting temperature.22,23

The temperature dependence of the dynamic me-
chanical relaxation behavior of both copolymers is
compared in Figure 2 as the storage modulus (E0),
the loss modulus (E00), and the loss tangent (tan d).
For OBC88, two primary relaxations were observed
in the temperature range examined. The relaxation
at high temperature, about 90�C in the tan d curve,
was identified as the a-relaxation of the hard seg-
ment crystalline phase. The low temperature b-relax-
ation is usually identified as the glass transition of
the amorphous phase of ethylene copolymers.24–26

Therefore, the b-relaxation peak temperature in the
tan d curve was taken as the glass transition temper-
ature, Tg. For OBC88, the b-relaxation essentially
reflected the glass transition of the soft segment,
which comprised most of the amorphous phase. For
EO87, only the b-relaxation was observed. The Tg of
EO87 was slightly higher than that of OBC88 (Table I)
because poorer crystal phase separation in the ran-
dom copolymer resulted in an amorphous phase
with lower octene content.

Stress–strain behavior

The uniaxial engineering stress–strain behaviors of
the block and random EO copolymers at 23�C are

compared in Figure 3(a). In both cases, the deforma-
tion was macroscopically uniform with large instan-
taneous strain recovery after fracture at high strains.
The slightly higher modulus and yield stress of the
block copolymer were attributed to the slightly
higher crystallinity (Table II). The most striking dif-
ferences in the stress–strain curves occurred at high
strains where the onset of strain-hardening was seen
at lower strains in EO87 than in OBC88. Because the
engineering fracture stresses were about the same,
the ultimate fracture strain of EO87 was less than
that of OBC88 (Table II). The higher fracture strain

Figure 2 Comparison of the dynamic mechanical relaxa-
tion behavior of OBC88 and EO87 presented as (a) log E0,
(b) log E00, and (c) tan d.

Figure 1 Comparison of the melting behavior of OBC88
and EO87. Specimens were aged 7–12 days after compres-
sion-molding. The first heating thermograms are shown
here with the heating rate of 10�C/min.
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of OBC88, with similar engineering fracture stress as
EO87, resulted in a higher toughness defined as the
work expended to break the copolymer.

Considering that both the copolymers had similar
molecular weights (Mw 110–125 kg/mol) and molec-
ular weight distributions (Mw/Mn � 2), the differ-
ence in stress–strain behavior was attributed to
differences in the deformation mechanism. It is
imagined that initially, only the amorphous rubbery
chains are stretched and the crystals serve as junc-
tions and fillers. The modulus taken from the initial
linear region of the stress–strain curve depends on
the total crystallinity (filler effect). Thus it is not sur-

prising that block and random copolymers with sim-
ilar crystallinity also exhibit similar moduli. At
higher strains, strain-hardening is associated with
destruction of the crystals and reorganization as a
highly oriented structure. The stress–strain curve
indicates that the transformation of the bundle-like
fringed micellar crystals in EO87 occurs at lower
strains than the transformation of the lamellar crys-
tals in OBC88.
The difference in stress–strain behavior is shown

in terms of the true stress in Figure 3(b), where the
true stress for uniform deformation rT is taken as
the ratio of the load F on the specimen to the instan-
taneous minimum cross-sectional area A supporting
that load

rT ¼ F

A
¼ rk ¼ rð1þ eÞ (1)

where r, k, and e are the engineering stress, exten-
sion ratio, and engineering strain, respectively. The
true fracture stress of OBC88 is much higher than
that of EO87, 200 MPa compared with 130 MPa,
shown in Figure 3(b). Because the two copolymers
have almost the same crystallinity, comonomer con-
tent, molecular weight, and molecular weight distri-
bution, this dramatic difference is attributed to the
difference in the oriented structure produced by
drawing. From the practical point of view, such as
in elastic fibers, the highly oriented structure of the
block copolymer may have better mechanical
strength than that of the random copolymer.
The effect of temperature on the tensile modulus

is compared in Figure 4. The 30% secant modulus of
OBC88 dropped to about half, from 8.6 MPa at 23�C
to 4.4 MPa at 70�C. Over the same temperature
range, the decrease in 30% secant modulus of EO87
was more substantial, from 6.6 MPa at 23�C to 1.0
MPa at 70�C. The larger decrease in the random co-
polymer was attributed to gradual melting of the
fringed micellar crystals in this temperature range.12

In contrast, no significant melting of the block copol-
ymer occurred in this temperature range (Fig. 1).
Rather, the decrease in modulus was identified with
the gradual onset of the a-relaxation of the crystal-
line phase (Fig. 2). The a-relaxation is usually attrib-
uted to chain translation along the crystal axis and is
thought to be responsible for the deterioration in

Figure 3 (a) Engineering stress–strain curves of OBC88
and EO87 copolymers at 23�C and a strain rate of 500%/
min and (b) true stress–strain curves.

TABLE II
Parameters Describing the Elastomeric Stress–Strain Behavior of Block and Random Copolymers

Polymer Ea (MPa) ry (MPa) rf (MPa) ef (%) NskT (MPa) NckT (MPa) a

OBC88 18 � 1 2.9 � 0.2 17 � 3 1096 � 66 14.9 0.63 0.042
EO87 13 � 1 2.3 � 0.2 15 � 1 748 � 29 12.2 0.69 0.064

a 5% secant modulus.
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mechanical performance of crystalline polymers
below the melting temperature.24,25,27 The drop in
the tensile modulus taken from the stress–strain
curves corresponded with the drop in E0 (Fig. 2)
over the same temperature range.

Elastic strain recovery

The effect of repeated cyclic loading on the elasto-
meric behavior of block and random copolymers is
shown in Figure 5. In these examples, the specimens
were continuously cycled 10 times to 300% strain,
based on the initial gauge length. For both block and
random copolymers, a considerable change in the
stress response occurred between the 1st cycle and
the 2nd cycles. On the subsequent cycles there were
small but consistent decreases in the stress response.
The specimens exhibited a certain amount of unrec-
overed strain or ‘‘strain set’’ after the 1st cycle, with
only a very small increase in the ‘‘strain set’’ on each
subsequent cycle. It appeared that a significant and
permanent structural change occurred during the 1st
cycle that resulted in a ‘‘conditioned’’ material with
better elastomeric recovery.11,28 After the 1st cycle,
the structural changes during subsequent cycles
were rather insignificant, as indicated by the almost
overlapping stress–strain curves. The major differ-
ence between the cyclic deformation behavior of the
block and random copolymers was in the amount of
‘‘strain set’’ created in the 1st cycle. As indicated by
the arrows in Figure 5, the ‘‘strain set’’ from 300%
strain was about 75% in OBC88 compared with
about 120% in EO87.

In other experiments, the copolymers were cycled
to strains between 100 and 800%. To compare the
effect of the imposed strain on the amount of recov-
ery, a strain recovery parameter was defined as
follows:

StrainRecovery ð%Þ ¼ eapp � erec
eapp

� 100 (2)

where eapp is the applied strain and erec is the unrec-
overed strain after the 1st cycle. The strain recovery
at 23�C is plotted as a function of the applied strain
in Figure 6(a). The dependence of strain recovery on
the applied strain was somewhat different for
OBC88 and EO87. The strain recovery decreased
gradually with increasing applied strain for OBC88,
whereas for EO87 the strain recovery decreased rap-
idly at lower applied strains and then leveled off at
higher applied strains. As a consequence, for applied
strains between 200 and 500%, OBC88 exhibited sub-
stantially higher recovery than EO87. For example,
recovery from 200% strain was about 80% for
OBC88 and only about 68% for EO87. This suggests
that the largest changes in the crystalline structure

Figure 4 Temperature dependence of the secant modulus
at 30% strain for OBC88 and EO87.

Figure 5 Comparison of the first loading and unloading
cycles and the nine subsequent cycles to a strain of 300%
for (a) OBC88 and (b) EO87. The engineering stress and
strain were based on the initial specimen dimensions. The
strain rate was 100%/min, based on the initial gauge
length.
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of EO87 occurred at lower strains, whereas the struc-
tural changes in OBC88 occurred more gradually as
the strain increased.

The strain recovery was also measured in hystere-
sis experiments performed at 50�C, as shown in Fig-
ure 6(b). The dependence of strain recovery on
applied strain for OBC88 was about the same at
50�C and at 23�C. The decreasing trend in strain re-
covery with increasing applied strain at 50�C almost
paralleled the trend at 23�C. However, for EO87 the
strain recovery at 50�C was substantially higher than
that at 23�C and the dependence on the applied
strain was smaller. The difference between OBC88
and EO87 was attributed to the temperature-depend-
ence of the crystallinity. Whereas the crystallinity of
OBC88 did not change significantly over the temper-
ature range from 23�C to 50�C, the crystallinity of
EO87 dropped from 13 wt % at 23�C to 6 wt % at
50�C according to the DSC thermogram (Fig. 1). An
increase in the elastic amorphous fraction resulted in
higher strain recovery. Indeed, a random EO copoly-
mer with lower crystallinity than EO87 showed

higher strain recovery when compared at the same
temperature.29

Sliplink model of elastomeric structure

The mechanical behavior of the block and random
copolymers with low crystallinity complied with the
concept of an elastomeric network with crystals
serving as multifunctional junctions. However, mor-
phologically the fringed micellar crystals of the ran-
dom copolymer contrasted with the lamellar crystals
of the block copolymer. The impact of this structural
difference was probed by testing the experimental
data against structural models of elasticity. A previ-
ous study demonstrated that the stress–strain curve
of elastomeric random copolymers is well-described
by the sliplink model, in which the lateral attach-
ment and detachment of crystallizable chain seg-
ments at the crystal edges provide the sliding
topological constraint attributed to sliplinks and the
crosslinks represent permanent junctions, possibly
created by chain entanglements that tighten into
rigid knots upon stretching.12 It was of interest to
test the sliplink model against the stress–strain curve
of the block copolymer and to compare the extracted
parameters for block and random copolymers for
insight into the role of the different crystalline
structures.
Based on reptation concepts, the sliplink theory

treats the network junctions as two types, sliplinks
and crosslinks.30,31 Sliplinks are mobile network
junctions that restrict chain mobility until a sufficient
force is applied, whereas crosslinks behave as per-
manent network junctions. In uniaxial extension, the
total stress (r) can be written as the sum of the con-
tribution from sliplinks (rs) and crosslinks (rc):

r ¼ rs þ rc (3)

with

rs ¼NskT
1þgð Þ 1�a2

� �
a2 k� 1

k2

� �
1�a2ðk2þ 2

kÞ
� �2 k2

1þgk2
þ 2

kþg

� �8<
:

þð1�a2Þð1þgÞ
1�a2ðk2þ 2

kÞ
k

ð1þgk2Þ2�
1

ðkþgÞ2
" #

þ gðk� 1
k2
Þk

ð1þgk2ÞðkþgÞ�
ðk� 1

k2
Þa2

1�a2ðk2þ 2
kÞ

)

(4)

and

rc ¼NckT k� 1

k2

� � ð1� a2Þ
1� a2ðk2 þ 2

kÞ
� �2 � a2

1� a2ðk2 þ 2
kÞ

( )

(5)

Figure 6 Comparison of the strain recovery from the first
cycle for OBC88 and EO87 as a function of applied strain
at (a) 23�C and (b) 50�C. Lines are drawn as guides.
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where k is the Boltzman constant, T is the tempera-
ture in K, and k is the draw ratio. The four material
parameters operating in the equations are the den-
sity of crosslinked chains Nc, the density of sliplinks
Ns, the slippage parameter g, and the inextensibility
parameter a. Slippage allows for the decreasing
modulus at low strains, and the parameter a
describes the stress upswing at high strains. The
data fit was carried out with g held constant at 1.1,
the value reported for crosslinked polyethylene fila-
ments stretched in the melt state.32 A three-parame-
ter, least-squares fit was performed to obtain Ns, Nc,
and a for OBC88 and EO87. Good fits were obtained
over the entire stress–strain curve (Fig. 7). The fitting
parameters with g ¼ 1.1 are listed in Table II.

The separate contributions of crosslinks and sli-
plinks to the total stress–strain curve are presented
in Figure 8. For both copolymers the stress response
at low strains (k < 2) was governed primarily by the
sliplink contribution. With increasing strain, the
onset of slippage caused a rapid decrease in the ini-
tial high modulus. This produced a yield-like pla-
teau before k ¼ 2. The sliplink density, which
primarily determined the initial modulus and the
plateau stress, was previously shown to correlate
with the amount of crystallinity.12 The slightly
higher sliplink density of OBC88 compared with
EO87 probably reflected the slightly higher crystal-
linity of OBC88 rather than an intrinsic effect of the
different crystalline morphologies. It appeared that
the initial modulus and yield-like plateau stress
depended on crystallinity in the same way for block
and random copolymers.

The crosslink contribution primarily determined
the slope of the stress response at intermediate
strains, whereas the inextensibility parameter deter-
mined how rapidly the stress increased in the strain-

hardening region. A substantially higher value of a
for EO87 described the onset of strain-hardening at
a lower strain, which was the most striking differ-
ence in the stress–strain behavior of EO87 than in
OBC88. The good fit of the stress–strain curve of the
block copolymer to the sliplink model indicated that
crystalline slippage also occurred in the lamellar
crystals during stretching. However, the lower value
of a of block copolymers demonstrated that the
long, rubbery soft blocks were more easily stretched
to higher strains than the much shorter amorphous
blocks produced by the statistical comonomer distri-
bution of random copolymers.
The initial stretching resulted in a permanent

change in the stress–strain curve. It appeared that
following the onset of crystal slippage at the yield,
the crystals underwent permanent structural changes
through the course of the strain-hardening region.
The crystalline deformation is incorporated in the Ns

term. The structural changes appear to be irreversi-
ble (Fig. 5), so the sliplink contribution may be
absent from the 2nd and subsequent stress–strain
curves. The strain on the 1st cycle was varied from
400 to 600%, and the subsequent loading curves for
the 2nd cycle are shown in Figure 9. The stress and

Figure 8 Separate contributions of (a) crosslinks and
(b) sliplinks to the stress–strain curve.

Figure 7 Comparison of stress–strain curves at 23�C cal-
culated from sliplink theory (solid lines) with experimental
results (data points).
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strain were based on the sample dimensions at the
end of the 1st cycle. It was found that if the applied
strain on the 1st cycle was at least 400%, the subse-
quent stretching resulted in a stress–strain curve
without the knee, which suggested the disappear-
ance of sliplinks. The stress–strain data were tested
against the two-parameter formulation in Eq. (5),
which considers only crosslinks and inextensibility
and is equivalent to the classical rubber theory.
Eq. (5) did not describe the 2nd cycle curve if the
strain on the 1st cycle was less than 400%, presum-
ably because the crystalline structure was only par-
tially transformed. However, if the strain on the 1st
cycle was 400% or more, the fit was very good (Fig. 9).
The values of Nc and a that gave the best fit are
listed in Table III. Both Nc and a were substantially
higher on the 2nd loading than in the 1st loading,
indicating that the structural changes during the 1st
loading produced a much stiffer structure. For
OBC88, both Nc and a gradually increased as the
strain on the 1st cycle increased, indicating continu-

ing structural transformation through the strain-
hardening region of the 1st cycle. The parameters
were consistently higher for EO87 because strain-
hardening and the associated structural changes
occurred at lower strains on the 1st cycle. Indeed,
the parameters for EO87 appeared to reach constant
values at 500% 1st cycle strain, possibly indicating
that the structural transformation was complete.

CONCLUSIONS

This work compared the elastomeric properties of a
random EO copolymer and a block EO copolymer
with similar densities. In these elastomers, the crys-
tals act as reinforcements and as physical crosslinks
to connect the rubbery, amorphous segments. It was
anticipated that the lamellar crystallization habit of
the block copolymer would result in elastomeric
properties significantly different from those of the
random copolymer with fringed micellar crystals.
The comparison of the stress–strain behavior at 23�C
revealed that the initial elastic modulus and the
yield stress depended only on the crystallinity of the
copolymer. It followed that the lower melting tem-
perature of the fringed micellar crystals of the ran-
dom copolymer caused a more rapid decrease in the
modulus as the temperature was raised above 23�C.
Some decrease in the modulus of the block copoly-
mer over the same temperature range was attributed
to the crystalline a-relaxation. Both polymers exhib-
ited strain-hardening, ultimate fracture at high
strains, and high recovery after fracture. However,
in the block copolymer, the onset of strain-hardening
occurred at a higher strain and the ultimate fracture
strain was higher. The block copolymer also showed
higher recovery from high strains.
The initial stretching resulted in a permanent

change in the stress–strain curve. It was suggested
that following the onset of crystal slippage at the
yield, the crystals underwent permanent structural
changes through the course of the strain-hardening
region. The stress–strain curve indicated that the
transformation of the bundle-like fringed micellar
crystals in the random copolymer occurred at lower

Figure 9 Fit of eq. (5) with the second cycle loading
curve of (a) OBC88 and (b) EO87. Open points are experi-
mental results and solid lines are the fit. Various applied
strains in the first cycle are as labeled.

TABLE III
Model Parameters for the Second Cycle Stress–Strain

Response of Block and Random Copolymers

Polymer
First cycle
strain (%)

NckT
(MPa) a

OBC88 400 2.9 0.22
500 3.2 0.27
600 3.7 0.31

EO87 400 3.7 0.30
500 4.0 0.34
600 3.9 0.35
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strains than the transformation of the lamellar crys-
tals in the block copolymer. This may have been
because the long, rubbery, soft blocks were more
easily stretched to high strains than the much
shorter amorphous blocks produced by the statistical
comonomer distribution of random copolymers. The
extent of the structural transformation was described
by the crosslink density and the strain-hardening
coefficient extracted from elasticity theory. Consider-
ing the differences in crystallization habit of the ran-
dom and the block copolymers, it seems likely that
the transformation during stretching led to different
oriented, crystalline morphologies.

The authors thank The Dow Chemical Company for their
technical support.
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