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ABSTRACT: Isotactic polypropylene (iPP)/calcium carbonate (CaCO;) nanocomposites with a stratified distribution of CaCO; were
prepared by two-step molding. The iPP and CaCOj; nanoparticles were first mixed by a batch mixer and then compressed into thin
layers. Thin iPP/CaCOj; layers alternating with thin neat iPP layers were finally compressed together to form the stratified samples.
The transcrystals were observed in the stratified samples by polarized optical microscopy and scanning electron microscopy. The
transcrystals grew from the surfaces of the filled layers and occupied most of the space in the neat iPP layers. The f-form crystals
were found in the stratified samples with thick transcrystalline layers, whereas the thickness of the transcrystalline layer was depend-
ent on the content of CaCO; nanoparticles and the cooling rate of the processing. The relative crystallinity index of the conventional
samples first increased and then decreased with the content of CaCO; nanoparticles. However, the relative crystallinity index of the
stratified samples deceased slightly with the content of CaCO; nanoparticles because of the stratified distribution of the CaCO5 nano-
particles. The stratified samples, except for the samples with high f-form contents, became more brittle than the conventional sam-
ples because of the transcrystal formation in the iPP layers. The stratified samples with high f-form contents showed much better

mechanical properties than the conventional samples. © 2013 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 39632.
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INTRODUCTION

The development of polymer nanocomposites can be regarded
as a significant technological advancement in both the academic
and industrial areas in recent years. An important issue in the
processing of polymer nanocomposites is the morphological
control of the matrix materials. Morphological features, such as
the degree of crystallinity, crystalline morphology, spherulite
size, lamellar thickness, and crystal orientation, can all have a
dominant effect on the ultimate properties of the polymer
matrix and, hence, on the composites. It is now well-known
that the existence of a foreign surface can alter the crystalliza-
tion behavior, such as the crystalline structure and morphology,
of a polymer and, therefore, provide an efficient way to fabri-
cate special structures with desired properties.'

Polymer/calcium carbonate (CaCO5) nanocomposites are one kind
of famous composites in normal use. Polypropylene (PP) is exten-
sively used in automobile and electronic appliance applications
because of its good performance, processing properties, and low
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cost. Calcium carbonate is one of the most commonly used fillers
in thermoplastics, especially for polyolefin. In most cases, CaCO;
nanoparticle can significantly enhance the tensile strength, Young’s
modulus, and dimensional stability, but it decreases the toughness
for many polymers.”™ Recently, it was reported that both the stiff-
ness and toughness of polymers could be increased by the addition
of well dispersed or modified CaCO; nanoparticles.™® This topic
has attracted much interest in the scientific field because of the pos-
sibility of using low contents of fillers for great increases in both the
impact and tensile mechanical properties. However, their practical
application as structural reinforcing fillers critically depends on the
effective interfacial load transfer from the polymer matrix to the
particles. In semicrystalline polymers, the interfacial supramolecular
structure induced by the particles plays a crucial role in enhancing
the load transfer. CaCOj particles are normally used to reinforce
polymers and act as heterogeneous nucleating agents for polymer
crystallization along the interface.'' The spherulite size of PP
decreases with the addition of CaCOj particles, and f crystals can
form in composites with CaCO; particles."?
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Figure 1. Schematic drawing of the shape and dimension of the iPP/CaCO; nanocomposites with CaCOj stratified distribution for tensile. The right
side shows the optical micrograph of the iPP/iPP-20 sample including three iPP-20 layers (layers with black particles) and four neat iPP layers (transpar-

ent layers). [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Transcrystals are well-known structural features in polymers;
they occur as the result of overgrowth of polymer crystals on
organic and inorganic fibers."'>™"” In this case, heterogeneous
nucleation occurs with a high density of active nuclei at the
fiber surface, and then, the crystal growth is restricted to the
lateral direction so that a columnar layer develops around the
fiber. Transcrystallization is a nucleation-controlled process, and
the enhanced nucleation at the fiber surface is the key factor in
the formation of a transcrystalline morphology.'* This type of
directional crystal growth can yield substantial molecular orien-
tation within the transcrystalline layers and thus influence the
mechanical properties of the material.">™"” Many researchers
have reported that polymers with transcrystals were stiff and
brittle in comparison with the fine spherulitic polymers; this
probably gave rise to a high Young’s modulus, adhesion, shear,
and tensile yield strengths in the transcrystalline composites.'®
2 However, previous studies concerning transcrystallized poly-
mer materials have generally focused on fiber composites or
model systems. The shape of CaCOj; particles is spherical. They
are usually defined as zero-dimension (0D) particles. To the
best of our knowledge, there has been no report showing
obvious transcrystals in polymer/0D particles. Baer and Hiltner
and coworkers prepared stratified distribution fillers in polymers
by multilayered coextrusion”>* and also studied the effect of
dimension confinement on polymer crystallization.?**® How-
ever, transcrystals in these kinds of polymer composites were
not mentioned.

In this article, we show clear-cut evidence that the transcrystalli-
zation of isotactic polypropylene (iPP) could also take place in
polymer/0D particle (CaCO; in this study) composites with a
stratified distribution of particles, instead of only spherulites.
We also tried to further enhance the mechanical properties of
the CaCOs-filled polymer materials incorporated with the trans-
crystals. The crystalline morphology, including transcrystals,
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were investigated to uncover the essential contributions for the
properties of the nanocomposites.

EXPERIMENTAL

Materials

A commercially available iPP was manufactured by Lanzhou
Petroleum Chemical, Inc. (Gansu, China), with a melt flow
index of 2.5 g/10 min (190°C, 2.16 kg) and a density of 0.90—
0.91 g/cm’. CaCO; nanoparticles with an average diameter of
55 nm were produced by Jiangxi Jingxue Co. (Jiangxi, China).

Sample Preparation

Conventional iPP/CaCO; Nanocomposites. The conventional
iPP/CaCO35 nanocomposites with 2.5, 5, 10, 20, and 50 wt %
CaCOs3 content were melt-mixed in a batch mixer to compara-
tively study the transcrystalline effect on the mechanical proper-
ties. The mixing time was set at 5 min. The temperature was set
at 200°C. After melt-mixing, the conventional iPP/CaCO3 nano-
composites were molded in a rectangle shape 1 mm in thickness
by compression molding with a 10-MPa press at 200°C to tailor
the tensile samples.

Stratified iPP/CaCO; Nanocomposites. First, three thin films
of iPP/CaCO; nanocomposites with 5, 10, 20, or 50 wt %
CaCOs; contents and 0.15 mm thicknesses were prepared by
conventional compression molding under 10 MPa of stress at
200°C. Four thin films of neat iPP with 0.15 mm thicknesses
were also molded under 10 MPa of stress at 200°C. Second, the
previous seven films were alternately sandwiched with iPP films
at the surface and then compressed under 10 MPa of stress at
200°C to form the final composites, which were 1 mm thick, as
shown in Figure 1. As a result, the total content of CaCO;
particles in these stratified samples was close to half of the
iPP/CaCOs5 layers within. Before sandwiching, all of the thin
films were washed with alcohol to make there was sure no dust
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Table I. Abbreviations for the Samples Used in This Study

Sample Description
iPP-2.5 Conventional blends with 2.5 wt % CaCO3
iPP-5 Conventional blends with 5 wt % CaCO5
iPP-10 Conventional blends with 10 wt % CaCO5
iPP-20 Conventional blends with 20 wt % CaCO3
iPP-50 Conventional blends with 50 wt % CaCOs3
iPP/iPP-5 Seven-layer composites, iPP/CaCOs
layers with 5 wt % CaCOs3
iPP/iPP-10 Seven-layer composites, iPP/CaCO3z
layers with 10 wt % CaCOg
iPP/iPP-20 Seven-layer composites, iPP/CaCO3s
layers with 20 wt % CaCO3
iPP/iPP-50 Seven-layer composites, iPP/CaCO5

layers with 50 wt % CaCOz

on the surfaces. Finally, iPP/CaCO; nanocomposites with a
stratified distribution of CaCO; were successfully prepared by
this two-step molding. The CaCO; nanoparticles were dispersed
in a constrained manner in the iPP/CaCOj; layers. The optical
micrograph in Figure 1 shows that no layer was broken, and the
clear interfaces were maintained. The thickness of the thin films
near the surface was thicker than that at the center because of
the expansion after stress release from the surface. A series of
conventional and stratified samples were prepared, and the
abbreviations of the samples used in this study are shown in
Table I.

Measurements

Polarized Optical Microscopy (POM). The CaCO; dispersion
and the transcrystalline morphology of the samples were investi-
gated by POM (Olympus, BX51-P). A slice 15 um thick was
cryogenically microtomed from the nanocomposites in the
thickness direction for the observation.

Differential Scanning Calorimetry (DSC). The crystalline char-
acteristics of the nanocomposites were studied by DSC (TA
DSC 204) with nitrogen as a purge gas. The nonisothermal
crystalline melting behavior of the specimens was obtained
through the melting of the samples (ca. 5 mg) from 25°C at a
heating rate of 10°C/min. To study effect of the cooling rate on
the crystalline behavior, the samples were melted at 220°C for 5
min to remove any thermal history and then cooled to 25°C at
10, 5, and 3°C/min. Finally, they were heated to 220°C at a
heating rate of 10°C/min.

X-ray Diffraction (XRD). Wide-angle XRD analysis was per-
formed on a MSAL-XD 3 (Beijing Purkinje General Instrument
Co., Ltd., China) with Cu Ko radiation with a wavelength of
1.54 A (36 kV and 20 mA). Scanning was performed over
the angle range 20 = 10-40° at a scanning rate of 4°/min. The
p-form content (Kp) was calculated by the Turner—Jones’s equa-
tion as follows:*
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Ky— Ip(300)
! Ig(300) T L(110) T L(oa0) T L(130)

(1)

where Ip300) is the intensity of the characteristic peak of the
p-form crystals and I,(110) Iy040) and Ii30) are the intensities
of the characteristic peaks of the a crystals.

Scanning Electron Microscopy (SEM). The CaCO; dispersion
in the samples was also characterized by an S3000N Hitachi
scanning electron microscope at 20 kV. The samples were first
cryogenically fractured in liquid nitrogen and then coated with
a thin layer of gold before the observation. To investigate the
crystalline morphology, the cryogenically fractured samples
were etched by a 1% solution of potassium permanganate a
10:4:1 v/v mixture of concentrated sulfuric acid, 85% ortho-
phosphoric acid, and water to remove the amorphous part of
iPP.>° To observe the fracture behavior of the samples, the ten-
sile fracture surfaces of the samples were directly coated with
gold and then examined by SEM.

Tensile Experiments. Tensile tests were performed with an Ins-
tron universal tensile testing machine with a crosshead speed of
20 mm/min. The measured temperature was set at 23 = 2°C.
The average values from at least five samples were reported.

RESULTS AND DISCUSSION

Crystalline Morphology and Crystallization Behavior in the
Stratified Nanocomposites

Figure 2(a) shows that the crystalline morphologies of the iPP
layers were very different from those of the filled iPP layers in
the stratified samples. Because of the nucleating effect of the
CaCO; nanoparticles, the size of the crystals in the filled iPP
layers was smaller than that in the iPP layers. In addition to the
spherulites, transcrystals were found in the iPP layers. The
transcrystals grew from the interfaces and acted act as fibers
with a high density of active nuclei. In kinetics, the CaCOj;
nanoparticles increased the peak temperature of crystallization,
and the crystallization rate of iPP because of the nucleation
effect of the CaCO5 nanoparticles.’"** As a result, crystallization
first occurred at the interfaces to form transcrystals in the iPP
layers, and the spherulites subsequently appeared in the center
of the iPP layers. The final crystalline morphology of the iPP
layers was transcrystalline at the interfaces and spherulitic in the
center. The SEM images further proved the crystalline morphol-
ogy in the iPP layers. The crystalline domains were unfolded by
the etching of the amorphous phase. The CaCOj; nanoparticles
were also etched by the solution, and the holes were clear in the
iPP/CaCOs layers. Big holes indicated the aggregation of CaCOs;
nanoparticles [Figure 2(b)]. To clearly show the two different
crystals, the etched surface with high magnification are shown
in Figure 2(c). The two black lines indicate the interfaces of the
spherulites and the transcrystals.

We found that the transcrystalline thickness in the iPP layer was
relative to the content of CaCOj; nanoparticles in the nearby
iPP/CaCOs; layer. Figure 3 shows the transcrystalline thickness,
which was from the interface of the iPP layer and the iPP/
CaCO; layer to the interface of the transcrystal, and the spheru-
lite decreased with CaCO; nanoparticle content. The iPP/iPP-5
samples had the thickest transcrystals (ca. 83 wum), which
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Figure 2. (a) POM image and (b,c) SEM micrographs representing the transcrystallization at the interfaces of the iPP layers and iPP-20 layers. [Color
figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

occupied the whole iPP layers. The thickness of the transcrystals  influenced the compactness of transcrystallization, but it did
in the iPP/iPP-50 samples was about 16 um; this was the thin-  not determine the growth rate of the transcrystalline layer. The
nest in the stratified samples. These results indicate that the number of transcrystalline nucleating points increased with the
density of the nucleating point on the composite layer merely  content of CaCO; nanoparticles at the interfaces. More
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Figure 3. Effect of the CaCO; content in the iPP/CaCOj; layers on the transcrystalline thickness in the iPP layers. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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Figure 4. Comparison of the melting curves of the iPP/CaCO; nanocompo-
sites at the first melting with a heating rate of 10°C/min. [Color figure can
be viewed in the online issue, which is available at wileyonlinelibrary.com.]

crystalline nuclei made the transcrystals smaller at the same
crystallization conditions because of the confined space.

The nonisothermal crystallization and melting behavior was
investigated by DSC analysis. Figure 4 shows the melting curves
of the iPP and iPP/CaCO; nanocomposites at first melting with
a heating rate of 10°C/min. All of the samples, including the
stratified samples and except for the iPP/iPP-5 samples, had only
one melting temperature of the iPP o-form crystals (164°C). The
XRD results also show that there was no f-form crystal ((300),
characteristic peak of f-form crystals) in any of the samples
expect for the iPP/iPP-5 samples (Figure 5). A small melting
peak of the f-form crystal at 147°C was found in the iPP/iPP-5
samples, which had the thickest transcrystalline layers. The results
indicate that the f-form crystals probably preferred to form in
thick transcrystalline layers. The ratio of the height of the melting
peak of the a-form crystals to that of the f-form crystals (R) was

iPP/iPP-50
e e e et
i iPP-50
iPP/iPP-20
iPP-20="
M

2
D ; iPP-10
g (300
c iPP/iPP-5
iPP-5
04 iPP-2.5
(130)
(110
iPP
s 1 n 1 n 1 n 1 n 1 1 1
12 14 16 18 20 22 24 26
20/

Figure 5. XRD results of the iPP and the iPP/nano-CaCO; nanocompo-
sites. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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about 0.18, as shown in Figure 4. The f-form content was 15%;
this was very close to the value calculated by eq. (1) from the
XRD results shown in Figure 5. It must be pointed out that the
first melting curve was dependent on the thermal history of the
processing. All of the samples were prepared by compression
molding, and the cooling rate was about 50°C/min. That was a
very rapid cooling rate. We predict that the f-form content
would increase when the cooling rate is slowed because the thick-
ness of the transcrystals would probably increase as well.

Figure 6 shows the melting curves of the samples under a cool-
ing rate of 10, 5, and 3°C/min, respectively. The intensity of the
melting peak of the f-form crystals was enhanced when the
cooling rate was decreased. The fi-form content increased when
the cooling rate was slowed. R was calculated. Here, we must
point out that the R value just provides a semiquantitative anal-
ysis compared to the Kj value from eq. (1). Table II shows the
R value of the samples at different cooling rates. The results
indicate that the f-form crystals could be easily formed in the
stratified samples at the low cooling rate. In the iPP/iPP-5 sam-
ple, for example, the ratio that went up to 0.45 at a cooling rate
of 3°C/min was 0.18 at a cooling rate of about 50°C/min. It
was reported that the f-form crystals were related to the crystal-
lization temperature dependence. The rate of o-form crystals
was larger at higher and lower crystallization temperatures, and
the rate of fi-form crystals was larger at the middle tempera-
ture.’>** The low cooling rate provided a long crystallization
time for the f-form crystallization at the middle temperature.

The formation of f-form crystals was not only related to the
cooling rate but also dependent on the content of CaCO; nano-
particles. The samples with lower CaCO; contents had higher
p-form contents. Thus, the iPP/iPP-5 samples had the highest
density of the f-form crystals in all of the samples at a cooling
rate of 3°C/min. In the literature, it was shown that f-form crys-
tals could be formed under some special conditions, such as with
the addition of a f-nucleating agent,>** directional crystalliza-
tion at certain temperature gradients,*> and shearing or elonga-
tion of the melt during crystallization.**>° In our case, the
nearby polymer chains were oriented by the transcrystalline crys-
tallization of the polymer chains for the first. The oriented chains
probably formed f nuclei and then f-form crystals formed. The
samples with thick transcrystals had greater opportunities to crys-
tallize the f-form crystals than the samples with thin transcrys-
tals. Second, the ratio of p-form-crystal to o-form-crystal
contents was relative to the content of nucleating agents. The low
concentration produced a high f-form percentage.”>*" Thus, the
high f-form content was found in the stratified samples with low
contents of CaCOs3 at a slow cooling rate because of the thick
transcrystalline layer that formed in that situation.

Effect of the Transcrystals on the Mechanical Properties of
the Nanocomposites

Figure 7 shows the mechanical properties of the iPP/CaCO3 nano-
composites. The mechanical properties of the iPP/CaCO35 samples
were relative to the distribution and content of the CaCOs nano-
particles. For the conventional blends, the Young’s modulus
increased and the strain at break decreased with the content of
CaCO; nanoparticles. The yield strength of the conventional

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.39632
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Figure 6. Comparison of the melting curves of the iPP/CaCO; nanocom-
posites treated at different cooling rates: (a) 10, (b) 5, and (c¢) 3°C/min
and with a heating rate of 10°C/min. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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blends first increased with the content of CaCO; nanoparticles
and then decreased when the content of CaCO3 nanoparticles was
above 5 wt %. These results indicate that the nanoparticles made
the iPP matrix brittle and less tough. The aggregation of the
nanoparticles, which produced remarkable stress concentration,
further decreased the toughness of the iPP. The degree of aggrega-
tion increased with the content of CaCOj; nanoparticles. The yield
strength first increased from about 25 MPa for neat iPP to about
27 MPa for the iPP-5 nanocomposites and then decreased to
about 21 MPa of the iPP-50 nanocomposites. The variation of the
yield strength was ascribed to the variation of the relative crystal-
linity index in the iPP/CaCO5 nanocomposites. Hong and Strobl®!
also reported that yield strength increased with crystallinity in
semicrystalline polymers. The insets in Figure 7(c) show that the
relative crystallinity index of the conventional composites also first
increased with the content of CaCO; nanoparticles and then
decreased when the content of CaCO; nanoparticles was above 5
wt %. Because of the nucleating effect, the relative crystallinity
index of the samples increased when the content of CaCO; nano-
particles was low. However, the relative crystallinity index
decreased in the highly filled samples because of the movement of
polymer chains confined by the overfull nanoparticles and also
the low content of iPP.

For the stratified samples, the Young’s modulus also increased and
the strain at break also decreased with the content of CaCOj;
nanoparticles. However, the stratified samples, except for the iPP/
iPP-5 samples, had a higher Young’s modulus and lower strain at
break than that of the conventional samples with close contents of
CaCO5 nanoparticles. For examples, the iPP-5 and iPP/iPP-10
samples had close contents of CaCO; nanoparticles, but the
Young’s modulus of the iPP/iPP-10 samples was 23% higher and
the strain at break was 68% lower than those of the iPP-5 samples.
The results indicate that the stratified samples were more brittle
than the conventional samples. We believe that the brittle enhance-
ment was related to the transcrystals in the iPP layers because the
transcrystals were stiff and brittle in comparison with the fine
spherulites.14 Figure 7(c) shows that the yield strength of the
stratified samples slightly decreased with the content of CaCO;
nanoparticles because their relative crystallinity index slightly
decreased as well. Interestingly, the mechanical properties, espe-
cially the strain at break, of the iPP/iPP-5 samples were higher

Table II. R Values in the Composites at Different Cooling Rates

Sample R(50) R(10) R(5) R(3)
iPP 0 0 0 0
iPP-2.5 0 0.15 0.18 0.23
iPP-10 0 0 0 0
iPP-20 0 0 0 0
iPP-50 0 0 0 0
iPP/iPP-5 0.18 0.20 0.23 0.45
iPP/iPP-10 0 0.13 0.17 0.21
iPP/iPP-20 0 0.12 0.16 0.20
iPP/iPP-50 0 0.12 0.15 0.18

R represents the ratio, and the number in parentheses is the cooling rate.

J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.39632



wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

b

900

800

700

e
3

600

500

=

i
A
2

400

300

Young's modulus /MPa

200

100

b

(a)

1000

900

800

700

600

N
R

AR __—_—

500

400

Strain at broken /%

300

200

100

9

7770

N8

Ny
2t

Yield strength /MPa

A A

7
.
7
P
|
?:‘

A A BN Z

Figure 7. (a) Young’s modulus, (b) strain at break, and (c) yield strength
of the iPP/CaCO; nanocomposites. The inset symbol and line in part ¢
shows the relative crystallinity index (X,) of the iPP/CaCO; nanocompo-
sites calculated from the XRD results in Figure 5. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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than those of the iPP-2.5 samples. This was ascribed to the high
f-form content of the iPP/iPP-5 samples. The f-form crystals had
a higher ductility and strength than that of the a-form crystals
with little loss of stiffness.*

Figure 8 shows the SEM images of the tensile fracture surfaces in
the conventional and stratified samples. Figure 8(a—d) presents the
fracture surfaces of the iPP-5, iPP-10, iPP-20, and iPP-50 samples,
respectively. The rough fracture surfaces of the iPP-5, iPP-10, and
iPP-20 samples indicated the polymer chains pulling out and the
tough fracture happening in these stretched samples. However,
stiff fracture occurred in the iPP-50 samples because of the rela-
tively smooth fracture surface and lots of aggregated CaCO5 nano-
particles therein. The aggregated CaCO; nanoparticles, providing
stress concentration, made the composites become brittle.

The facture surfaces of the stratified samples were very different
from that of the conventional samples. The pure iPP layers and
the CaCOs filled iPP layers exhibited different fracture behav-
iors. Figure 8(e—h) presents the fracture surfaces of the iPP/iPP-
5, iPP/iPP-10, iPP/iPP-20, and iPP/iPP-50 samples, respectively.
The fracture surfaces of the pure iPP layers were much
smoother than the fracture surfaces of the filled iPP layers in
the iPP/iPP-5, iPP/iPP-10, and iPP/iPP-20 samples. These results
indicate that stiff facture occurred in the iPP layers and tough
fracture occurred in the filled iPP layers. Generally speaking, the
neat iPP exhibited tough behavior under tensile stress. However,
it became brittle in the stratified samples. This was ascribed to
the transcrystals at the iPP layers in the stratified samples. The
transcrystals, which were formed in the iPP layers by the nucle-
ation of the nearby filled iPP layers, were stiff and brittle.

CONCLUSIONS

The transcrystals were successfully fabricated in the iPP/CaCO;
nanocomposites through control of the distribution of CaCO;
nanoparticles. The transcrystals were found in the iPP layers in
the stratified samples. The thickness of the transcrystalline layer
was dependent on the content of CaCO; nanoparticles. The thick
transcrystalline layers were found in the low content of CaCOs;
nanoparticles. The f-form crystals could easily form in the strati-
fied samples with thick transcrystalline layers because of the ori-
ented polymer chains formed by the formation of the
transcrystals. The low cooling rate was beneficial to the formation
of the -form crystals because of the formation of the thick trans-
crystalline layers and the long crystallization time for the f-form
crystallization. Both the conventional samples and the stratified
samples became stiff and brittle with the addition of CaCO;
nanoparticles. The Young’s modulus increased and the strain at
break decreased with the CaCO; nanoparticles. Because of the
transcrystals in the iPP layers, the stratified samples, except for
the samples with high f-form crystals, exhibited more brittleness
than the conventional samples. The fracture surfaces of the iPP
layer exhibited stiff behavior in the stratified samples. The yield
strength, which was affected by the relative crystallinity index, first
increased and then decreased when the content of CaCO5; nano-
particles was above 5 wt % for the conventional samples and
slightly decreased for the stratified samples. The stratified samples
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Figure 8. Scanning electron micrographs of the tensile fracture surfaces of the iPP/CaCO; nanocomposites: (a) iPP-5, (b) iPP-10, (¢) iPP-20, (d) iPP-50,
(e) iPP/iPP-5, (f) iPP/iPP-10, (g) iPP/iPP-20, and (h) iPP/iPP-50.
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with high f-form contents showed much better mechanical prop-
erties than the corresponding conventional samples.
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