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ABSTRACT: This study examines the miscibility and
mechanical properties of isotactic polypropylene (iPP) and
olefin block copolymer (OBC) blends (70/30 wt %). The
blends exhibit phase-separated morphology. The OBC do-
main size decreases with increasing the 1-octene content in
the soft segment. The crystallization, melting behavior,
and the long spacing of the iPP component in the blends
are nearly the same as those of neat iPP, while the Tg of
the iPP component shifts slightly to lower temperature.

‘‘Blocky’’ OBC is immiscible with iPP, while the soft seg-
ment rich polymers in OBC could be partially miscible
with iPP. The impact strength of the blends is greatly
increased with increasing the 1-octene content in the OBC
soft segment. VC 2011 Wiley Periodicals, Inc. J Appl Polym Sci
125: 666–675, 2012
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INTRODUCTION

Rubber or elastomer toughening of semicrystalline
polymers has been a traditional, but lively topic for
modifying semicrystalline polymers having scientific
interest and practical applications. Because of the
relatively poor impact strength of isotactic polypro-
pylene (iPP), the toughening by elastomers, such as
natural rubber, ethylene-propylene rubber (EP), and
EP-diene terpolymer (EPDM), has been studied
extensively.1–4 Using ‘‘single-site’’ metallocene cata-
lysts, pelletized ethylene-a-olefin random copoly-
mers, with narrow branching distribution and mo-
lecular weight distribution can impart toughening of
iPP with processing ease.5,6 The miscibility/compati-
bility between iPP and elastomer is one of the key
concerns, which govern the ultimate mechanical
properties. Yamaguchi et al. studied the compatibil-

ity of binary blends of iPP with metallocene-based
random EP, ethylene-1-butene (EB), and ethylene-1-
hexene (EH) copolymers7 and found that the EPs
with a propylene content of lower than 67 mol %
were immiscible with iPP, while EB and EH could
achieve miscibility with iPP by dissolving in the
amorphous phase of iPP as the a-olefin comonomer
content increased above 50 mol %. Nitta et al. fur-
ther studied iPP/EP blends8 and found that EP
copolymers with a propylene content above 84 mol
% were miscible with iPP, and the crystallizable PP
sequences in these EP copolymers were incorporated
in crystal lattice of iPP and the other portions in the
EP chains were excluded to the amorphous phases,
while the EP copolymers with a propylene-unit con-
tent of less than 77 mol % were incompatible with
iPP. Maeder et al. studied the influence of comono-
mer content on the morphology and mechanical
properties of iPP/metallocene-EB blends9 and found
that with increasing the 1-butene content in EB, the
compatibility of iPP/EB blends was improved,
resulting in better dispersion of EB and stronger
interfacial adhesion; more specifically, a single phase
was observed at a 1-butene content exceeding 69.9
mol %. Maeder further noted that the iPP/EB blends
exhibited optimum impact toughness when an EB
with a 1-butene content of 31.6 mol % was used.
This suggests that there is an optimum a-olefin
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content in random ethylene/a-olefins copolymers for
maximum iPP impact toughness. It should be noted
that at the optimum a-olefin level for the study in
reference,9 the random copolymer was amorphous.
Using the PRISM theory proposed by Schwiezer and
Singh,10 Lohse predicted the miscibility of polypro-
pylene and ethylene-a-olefin copolymer blends.11

The results showed that a ‘‘miscibility gap’’ exists,
and ethylene-1-octene copolymer (EO) would be
miscible with polypropylene at a lower weight frac-
tion comonomer than EP. To summarize, the como-
nomer type and content in ethylene-based elastomer
influences the miscibility and mechanical properties
of iPP/elastomer blends.

Recently, the Dow Chemical Company developed
the chain shuttling catalyst technology which can be
used to produce olefin block copolymers (OBCs) in a
continuous process.12 The block copolymers synthe-
sized by chain shuttling technology consist of highly
crystalline ethylene-octene blocks and low crystallin-
ity or amorphous ethylene-octene blocks. The highly
crystalline blocks have very low comonomer content
and high melting temperature, while the low crystal-
linity or amorphous blocks have high comonomer
content and low glass transition temperature. This
new kind of OBC has a statistical multiblock archi-
tecture with a most probable distribution in block
lengths and the number of blocks per chain. When
compared with random ethylene-octene copolymers,
the block architecture imparts a substantially higher
melting temperature and a higher crystallization
temperature, while maintaining a lower glass transi-
tion temperature and a more highly organized crys-
talline morphology.

In the present research, it is hypothesized that the
soft segment composition of OBC can be tuned to
control compatibility with iPP, while the hard seg-
ments, having similar chain architecture to linear low
density polyethylene (LLDPE), are expected to be in-
compatible with iPP.13–16 A recent study showed that
chain blockiness had an influence on the phase
behavior of EO copolymer blends.17 In a previous
study,18 we reported that OBC had better compatibil-
ity with iPP than random EO with similar density

and crystallinity. However, the effect of comonomer
content in soft segments on the miscibility and me-
chanical properties of iPP/OBC blends had not been
studied. It is expected that studying the effect of the
soft segment composition in OBC will lead to a better
understanding of the toughening mechanism of this
class of polyolefin elastomers in iPP.

EXPERIMENTAL

iPP with a melt flow rate of 35 g/10 min at 230�C/
2.16 kg and three ethylene-octene block copolymers
were supplied by the Dow Chemical Company. All
of the OBCs have similar molecular weight and mo-
lecular weight distribution. Similar amounts of chain
shuttling agent were used during production; there-
fore, the speculated block length and distribution of
the OBCs were expected to be similar. The most dis-
tinct difference among these OBCs was the 1-octene
content in the soft segment. The molecular informa-
tion of OBCs is shown in Table I.
The iPP/elastomer blends (70/30 w/w) were pre-

pared using a corotating twin screw extruder (ZSK-
25, D ¼ 25 mm and L/D ¼ 48) operated at 200�C
and a screw rotation speed of 500 rpm. Separate
computer-controlled, loss-in-weight feeders were
used to feed the two pelletized ingredients. An anti-
oxidant (IrganoxTM B225) was added to the blends
with a weight fraction of 0.2% to avoid degradation
during processing. The resulting pellets were injec-
tion molded in a Yizhimi UN120A injection molding
machine. A general purpose screw was used in the
barrel, with barrel temperatures set at 180, 200, 200,
and 210�C from the hopper to the nozzle, respec-
tively. Three types of specimens were made: dog-
bone tensile bars with width of 3.2 mm and thickness
of 3.2 mm (ASTM D638 Type V); flexural test bars
with dimensions of 54.5 � 6 � 4 mm3; Izod impact
test bars with length of 63.5 mm, width of 12.7 mm
(10.16 mm under the notch), and thickness of 4 mm.
A JSM-6700F JEOL scanning electron microscope

(SEM), operated at 5 kV, was utilized to examine the
phase morphology of iPP/OBC blends. All SEM

TABLE I
Characteristics of OBC Samples

Sample
code

Density
(g/cm3)

MFIa

(g/10 min)
Mn

(kg/mol)

Octene
content in soft

segmentb (mol %)

Octene content
in hard segmentb

(mol %)
Hard segment

(wt %)
Xc, DH

c

(wt %)

OBC-1 0.867 0.32 76 22.6 1.13 16 10
OBC-2 0.863 0.32 78 29.7 1.60 15 7.8
OBC-3 0.863 0.34 74 35.7 2.06 18 7.8

a Melt flow index, 190�C/2.16 kg.
b Determined from 13C-NMR.
c Determined by enthalpy of fusion.
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specimens were coated with gold of � 5-nm-thick to
avoid charging; thereby, improving image quality.
Undeformed molded specimens were examined to
obtain a survey of elastomer domain size and disper-
sion. For this purpose, the samples were microtomed
at �100�C to obtain a flat surface. The resulting sur-
face was etched with xylene at 60�C to remove the
elastomer phase from the iPP matrix. Additionally,
SEM was also used to study the morphology of frac-
ture surface of the Izod impact specimens.

The melting and crystallization behaviors of iPP/
OBC blends were examined with a Perkin-Elmer dif-
ferential scanning calorimeter (DSC7). The instru-
ment was calibrated by indium before measurement.
The heating and cooling scans were performed in
the temperature range from 40 to 200�C at a heating
or cooling rate of 10�C/min under nitrogen atmos-
phere with the sample weight of about 2 � 4 mg.

Small angle X-ray scattering (SAXS) measurements
were carried out at the beamline BL16B1 in the
Shanghai Synchrotron Radiation Facility (SSRF). The
wavelength of the radiation source is 1.24 Å. The
SAXS pattern was collected by a MAR CCD (MAR-
USA) detector, which had a resolution of 2048 �
2048 pixels (pixel size ¼ 79 � 79 lm2). The image ac-
quisition time was 300 s for each sample. The sam-
ple-to-detector distance was 3117.4 mm (calibrated
by a biophysical standard, bull collagen). After back-
ground scattering subtraction, and correction for X-
ray absorption and sample thickness, the 2D SAXS
patterns were converted to one-dimensional data.

The superposed scattering curves of iPP and OBC
(considering the volume fraction of each component)
were compared with the scattering curves of iPP/
OBC blends.
The relaxation of iPP/OBC blends and pure com-

ponents were examined in tensile mode in a TA
DMA Q800 instrument. Films with a thickness of
about 0.5 mm and width of 5 mm were prepared by
compression. Temperature scans were collected in
the range of �120 to 150�C, with a frequency of 1
Hz and strain of 0.05%.
The tensile experiments were performed on an Ins-

tron 3365 universal mechanical testing machine at
room temperature (26�C, 55% relative humidity) with
a crosshead speed of 50 mm/min. Flexural measure-
ments were performed on an Instron 3365 universal
mechanical testing machine at room temperature
with a crosshead speed of 2 mm/min. The notched
specimens were tested on an Izod impact machine
CSI-137C at ambient temperature. The reported val-
ues of all the mechanical properties have been aver-
aged over at least five independent measurements.
For impact tests, at least 10 independent measure-
ments were averaged.

RESULTS AND DISCUSSION

Morphologies

The solid morphologies of iPP/OBC blends were
observed by SEM (Fig. 1). The blends showed a

Figure 1 SEM images of iPP/OBC blends.
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phase-separated morphology with OBCs as the dis-

persed phase and iPP as the continuous phase. With

increasing the 1-octene content in the soft segment

of OBC from iPP/OBC-1 to iPP/OBC-3, the size of

elastomer phase decreased remarkably. The elasto-

mer phase size is 5.8 6 1.5 lm, 4.7 6 1.2 lm, and

2.6 6 0.7 lm for iPP/OBC-1, iPP/OBC-2, and iPP/

OBC-3, respectively.
The formation of dispersed phase during melt

blending of polymer blends has been studied
extensively.19–21 There are two factors determining
the morphology of immiscible polymer blends: the
viscosity ratio p ¼ gd/gm (gd: viscosity of the dis-
persed phase, gm: viscosity of the matrix phase)
and interfacial tension. The dispersed particle size
is proportional to interfacial tension and P0.84

when P > 1 or P�0.84 when P < 1.19 Therefore, bi-
nary blends with the lowest interfacial tension
and a viscosity ratio close to unity would form
the smallest dispersed phase particles. The three
OBCs have similar MFI, thus the viscosity for the
three blends is expected to be similar. Therefore,
it is likely that the dominant controlling factor for
dispersed phase size in the blends is the iPP/
OBC interfacial tension. SEM observations of
decreasing OBC average particle size with increas-
ing soft segment 1-octene content implied that the
compatibility between iPP and OBC increased
with increasing soft segment 1-octent content, by
reducing the interfacial tension between the two
components.

Crystallization and melting behaviors

The crystallization and melting behaviors of the
blends were investigated by DSC. As shown in the
cooling curves [Fig. 2(a)], exothermic peaks at
around 127�C correspond to the crystallization of
iPP component. For iPP/OBC-1, a small exothermic
peak can be found at about 95�C, which can be iden-
tified as the crystallization of OBC. No crystalliza-
tion peak of OBC in iPP/OBC-2 or iPP/OBC-3 was
observed. A major endothermic peak located at
about 165�C corresponding to the melting of iPP
component was observed in the second heating
curves of neat iPP and iPP/OBC blends [Fig. 2(b)].
Additionally, a small peak at about 117�C can be
seen in all the three blends, corresponding to the
melting of the OBCs. The crystallization peaks of
OBC in iPP/OBC-2 and 3 were not detected, possi-
bly because the net crystallinities of OBC-2 and 3
were lower than that of OBC-1 (Table I). Therefore,
the heat flow of the primary crystallization process
of OBC-2 and 3 in the blends is too small to be
detected by the instrument.
The crystallinity of the iPP component was calcu-

lated from the ratio of the fusion enthalpy per nor-
malized gram of iPP in the blend to that of a theo-
retically 100% crystalline iPP (taken as 209 J/g).22

The crystallization temperatures, melting tempera-
tures, and crystallinities of iPP component in the
blends are similar (Table II). Some literatures indi-
cated that the elastomer phase could act as a nucle-
ating agent for iPP crystallization, resulting in a

Figure 2 DSC cooling (a) and heating (b) curves of iPP and iPP/OBC blends.

TABLE II
Crystallization/Melting Temperatures and Crystallinity of iPP Component in Neat

iPP and iPP/OBC Blends

Sample iPP iPP/OBC-1 iPP/OBC-2 iPP/OBC-3

Tc (
�C) 127.6 6 0.1 127.1 6 0.1 127.5 6 0.1 127.5 6 0.1

Tm (�C) 167.2 6 0.1 166.7 6 0.1 166.5 6 0.1 166.4 6 0.1
Crystallinity (%) 52 6 1 50 6 1 51 6 1 52 6 1
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decrease of melting temperature and an increase of
crystallization temperature.3 Some other reports
showed that the random EO phase had almost no
influence on the crystallization23 or melting24 behav-
iors of iPP. Whether the crystallization of iPP was
influenced depends on the miscibility and the com-
position of the blends. The spherulite growth rate
decreases in miscible blends compared with pure
iPP due to a dilution effect, but it is almost
unchanged in immiscible blends.8 Composition is

another important factor. When the iPP phase is the
dispersed phase, the crystallization in isolated
regions will occur at a lower temperature due to the
reduction of the average heterogeneous nuclei.25–27

These results suggested that these iPP/OBC blends
were immiscible.

Small angle X-ray scattering

SAXS usually was applied to characterize the long
spacing (L), crystalline layer thickness (lc), and amor-
phous layer thickness (la) of semicrystalline poly-
mers. For two crystalline polymer blends, a single
long spacing peak in the blends was ascribed to be
miscible while two separate peaks were an indica-
tion of segregation.28,29 For iPP blends with amor-
phous elastomers, an increase of L or la was usually
thought to be the result that the elastomer was
incorporated in the amorphous layer of iPP.7,8,30 The
Lorentz-corrected SAXS curves of neat iPP and iPP/
OBC blends are plotted in Figure 3. Neat iPP and
iPP/OBC-2 and -3 show distinct long spacing peaks.
The maxima of the peaks located at lower q than
that of iPP, indicating that the blends had larger
long spacings than iPP. The long spacing peak of
iPP/OBC-1 was a shoulder peak with the maximum
location near the same q as that of iPP. It seems that
the results are similar with the previous reports on

Figure 3 Small angle X-ray scattering curves of neat iPP
and iPP/OBC blends.

Figure 4 Comparison of experimental SAXS curves of iPP/OBC blends and the superposition results of the two
components.
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iPP/EB, iPP/EH blends,7 and iPP/EP blends.8 How-
ever, it should be noted that the OBC in this study
is a semicrystalline polymer. A recent study reported
that OBC with 21 wt % hard segment showed strong
scattering in SAXS.31 Therefore, the data should be
treated in a more precise manner by considering the
contribution of the scattering of OBC.
The scattering curves of neat iPP and OBCs were

superposed by considering the contribution of each
component. As shown in Figure 4, the experimental
curves of iPP/OBC blends were similar to the super-
posed curves of neat iPP and OBCs. Particularly,
scattering curves of iPP/OBC-2 and iPP/OBC-3
were nearly the same as the superposed scattering
curves. To quantitatively compare the experimental
and superposed curves, the long spacing of the
curves determined by the maxima in the Lorentz-
corrected scattering curves were summarized in Ta-
ble III. It was obvious that the superposed curves of
iPP and OBC had the same line shape of iPP/OBC
blends, indicating that the long spacing of iPP com-
ponent in iPP/OBC was nearly the same as that of
neat iPP. This result implies that iPP and OBCs
seem to be immiscible.

Dynamic mechanical thermal analysis

DMTA is capable of determining the miscibility of
two components in the amorphous region of poly-
mer blends. A miscible binary blend will show one
glass transition temperature (Tg) while an immiscible
blend will show two separate Tgs located at the
same positions as each component.32,33 Partial misci-
bility is reflected by two Tgs in the blend, which are
shifted toward each other, that is, the higher Tg is
lowered and the lower Tg is increased simultane-
ously. The dynamic mechanical relaxation behaviors
of iPP/OBC blends, neat OBC, and neat iPP are
shown as Tan d in Figure 5(a). A primary relaxation

TABLE III
The Apparent Long Spacings of iPP/OBC Blends and

Superposed iPP and OBC Curves

iPP iPP/OBC-1 iPP/OBC-2 iPP/OBC-3

Experimental
L (nm)

13.2 13.8 13.8 13.6

Superposed
L (nm)

– 13.7 13.8 13.6

Figure 5 Dynamic mechanical behaviors of OBC and
iPP/OBC blends: (a) Tan d; (b) Tg of neat OBC and OBC
in blend; (c) magnification of iPP glass transition zone.
Curves in (a) and (c) are vertically shifted.

Figure 6 Engineering stress–strain curves of neat iPP
and iPP/OBC blends.
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peak can be seen in neat OBC at about �60�C, which
is conventionally identified as the b-relaxation in the
amorphous phase. The b-relaxation is usually identi-
fied as the glass transition (Tg) of ethylene copoly-
mers.34,35 The crystalline a-relaxation at higher tem-
perature was not observed due to the softening and
flow of the material. Two primary relaxation peaks
can be seen in neat iPP which are indentified as the
crystalline a-relaxation and the b-relaxation of the
amorphous phase.35–37 Three primary relaxation peaks
in iPP/OBC blends could be identified from high to
low temperatures as crystalline a-relaxation of iPP, b-
relaxation (Tg) of iPP, and b-relaxation (Tg) of OBC,
respectively. The Tg of OBC in the blend is 7 � 8�C
lower than that of neat OBC [Fig. 5(b)]. Tg depression
in a dispersed elastomer phase has been reported in
iPP blending with elastomers such as random ethyl-
ene 1-butane copolymer (EB),9 polystyrene-block-poly-
(ethene-co-1-butene)-block-polystyrene (SEBS), and
random ethylene-octene copolymer (EO).38 It has been
proposed that the depression of Tg was attributed to
the thermally induced internal stress resulting from
differential volume contraction of the two phases dur-
ing cooling from the melt.38 The Tgs of the iPP compo-
nent in blends were a little lower than that of neat iPP
[Fig. 5(c)]. From iPP/OBC-1 to iPP/OBC-3, the Tgs of
the iPP component decreased gradually, suggesting
that the two components in iPP/OBC blends inter-
acted and the interaction increased with the 1-octene
content in the OBC soft segment.

It appears that the current iPP/OBC blends were
partially miscible based on the shifted Tg of iPP
component. However, the shift of Tg of the iPP com-
ponent was small. Furthermore, the SAXS data
showed that the iPP lamellae structure in the blends
could be perfectly fitted by the combination of neat
iPP and corresponding neat OBC scattering curves.
To understand the somewhat confused experimental
results, one should refer to the complex composition

and unique chain structure of OBC. In addition to
the molecular weight distribution, block length and
the number of blocks distribution from multiblocks
to diblocks, OBCs can contain hard segment rich
and soft segment rich polymers.39,40 In a recent
study, it was suggested that the extraction of hard
or soft segment rich polymers reduced the miscibil-
ity and broadened the partial miscible window of
OBC/EO blends compared with the EO/EO
blends.17 Turning to this study, soft segment rich
polymers could also play an important role in the
miscibility of iPP/OBC blends. Because of the long
ethylene segments in the hard OBC blocks, it is
unlikely that multiblock component of OBC can be
miscible with iPP. The soft segment rich polymers of
the OBCs in this study, with high 1-octene content,
could be partially miscible or miscible with iPP.
According to the theoretical estimation of Lohse,11

the miscibility window for iPP/EO at 167�C is about
55 to 70 wt % (� 23.4–36.8 mol %). Thus, the soft
segment rich polymers in the tested OBCs could
range from partially miscible to miscible with
increasing the 1-octene content. Therefore, it is possi-
ble that these soft segment rich polymers could be
incorporated into the iPP phase. This may explain
the decreased Tg of iPP component in the blends.
Noting that the fraction of soft segment rich poly-
mers is about 8 � 10 wt %,17 the iPP Tg decrease is
slight. Furthermore, one would expect that the small
amount of extractable soft segments would have a
trivial influence on the crystallization and melting
behaviors of iPP. The net effect is that these iPP/
OBC blends exhibit primarily the characteristic of
immiscible blends. Assuming that the entire soft seg-
ment rich polymers could be incorporated in the
amorphous of iPP, the long spacing of the iPP
would only change about 5%, which is difficult to
detect in quenched samples with a wide distribution
of lamellar thicknesses.

TABLE IV
A Summary of the Relaxation Behavior of iPP and iPP/OBC Blends

iPP OBC-1 OBC-2 OBC-3 iPP/OBC-1 iPP/OBC-2 iPP/OBC-3

Tg of iPP (�C) 9.5 6 0.1 – – – 8.2 6 0.1 6.1 6 0.1 5.4 6 0.1
Tg of OBC (�C) – �56.5 6 0.1 �60.3 6 0.1 �60.3 6 0.1 �63.3 6 0.1 �66.6 6 0.1 �68.2 6 0.1

TABLE V
Tensile and Flexural Properties of Neat iPP and iPP/OBC Blends

Sample name
Flexural modulusa

(MPa)
Yield stressb

(MPa)
Stress at breakb

(MPa)
Strain at breakb

(%)

iPP 1333 6 4 35.4 6 0.2 21.0 6 2. 500 6 120
iPP/OBC-1 759 6 5 20.3 6 0.2 18.3 6 1.0 540 6 50
iPP/OBC-2 710 6 6 19.1 6 0.2 20.0 6 0.6 590 6 40
iPP/OBC-3 625 6 24 18.7 6 0.1 23.1 6 0.6 700 6 50

a Determined from flexural tests.
b Determined from tensile tests.
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Mechanical properties

The engineering stress–strain curves obtained from
tensile tests are plotted in Figure 6. As expected, the
fracture strain increased and the yield stress
deceased for the blends compared with neat iPP.
Yielding became diffuse with the addition of elasto-
mers. Furthermore, inclusion of elastomers pro-
moted strain hardening phenomenon, and caused
higher fracture strain, which agrees well with previ-
ous reports.8,41,42 The effect of elastomer varied from
OBC-1 to OBC-3, that is, the fracture stress and frac-

ture strain increased from iPP/OBC-1 to iPP/OBC-3.
Table IV summarizes the tensile and flexural experi-
mental results. The modulus and yield strength of
iPP/OBC blends were much lower than that of neat
iPP and decreased from iPP/OBC-1 to iPP/OBC-3,
which can be attributed to the different modulus of
OBC component.
Notched Izod impact tests were performed at

room temperature to evaluate the toughness of OBC
with different soft segment 1-octene content (Fig. 7).
Typically, neat iPP showed very poor impact tough-
ness (� 2 kJ/m2). All the blends attained much
higher impact strength than neat iPP, indicating that
OBC can effectively enhance the toughness of iPP at
room temperature. From iPP to iPP/OBC-2, the
impact strength increased gradually. On the other
hand, the room temperature impact strength for
iPP/OBC-3 exhibited a sharply higher breaking
energy compared with the other samples. In elasto-
mer-toughened polymers, impact toughness was
determined by elastomer particle size (interparticle
distance) and interfacial adhesion.1,43–45 It can be
qualitatively observed from the SEM images that the
elastomer phase size decreased in the blends from
iPP/OBC-1 to iPP/OBC-3 (Fig. 1). It is likely that
this decrease in average elastomer particle size
enhanced the notched room temperature impact
toughness of the blends.
To further understand the mechanism of different

impact toughness of the iPP/OBC blends, SEM

Figure 7 Room temperature Izod impact strength of
iPP/OBC blends.

Figure 8 SEM images of fractured surface of iPP/OBC blends after Izod impact tests. The impact direction was from left
to right.
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observation of the fracture surface was performed
(Fig. 8). For neat iPP, a sharp surface was observed
which is in accordance with typical brittle fracture.
Many holes and spheres in iPP/OBC-1 and iPP/OBC-
2 fractured surface were shown, which is an indication
of interfacial debonding. For iPP/OBC-3, distinct
elongation deformation could be observed, and it is
impossible to distinguish the matrix and dispersed
elastomer, which is a typical characteristic of ductile
fracture. The fracture morphology and impact
strength data were well in accordance with each other.

Although it is likely that the miscibility of iPP/
OBC blends was hindered by the crystallizable hard
segments, the toughening effect varied significantly
with increasing soft segment 1-octene content. This
could be attributed to the higher compatibility arising
from the higher interfacial adhesion between iPP/
OBC and the resultant reduction in OBC particle size
in the iPP matrix. Because of the increasing miscibil-
ity between iPP and soft segments from OBC-1 to 3,
it is likely that they could more easily diffuse into the
iPP phase during melt compounding, while the less
compatible hard segments of OBC remained isolated
in the OBC phase. A schematic diagram of the pro-
posed iPP/OBC interaction is shown in Figure 9. The
higher potential for soft segment diffusion for OBC
with higher soft segment 1-octene content may have
enhanced the interfacial adhesion between iPP and
OBC. Thus, the sharp increase in the room tempera-
ture impact toughness of iPP/OBC-3 could be attrib-
uted to both the small elastomer particle size and
strong interfacial adhesion.

CONCLUSIONS

The development and commercialization of OBCs
offer new opportunities for polyolefin blends and

create a need for understanding their effectiveness
on polymer toughening. In the present study, we
systematically investigated the miscibility of iPP/
OBC blends with varied 1-octene contents in the soft
segment of OBC and their corresponding mechanical
properties. It is evident that the investigated OBCs
were immiscible with iPP at all 1-octene levels in the
soft segment. However, due to the existence of soft
segment rich polymers in the OBCs, this portion of
the OBCs composition may exhibit partial miscibility
with iPP, leading to slight iPP Tg depression. The
mechanical properties especially the room tempera-
ture impact toughness were greatly increased as the
OBC soft segment 1-octene increased. It is believed
that the enhanced mechanical properties were due
to the increase in iPP/OBC interfacial bonding as
the OBC soft segments 1-octene content increased,
resulting in substantially higher iPP/OBC adhesion
and smaller particle size in the iPP matrix.
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