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ABSTRACT: An experimental study on crystal structure
and morphology of isotactic polypropylene (iPP) subjected
to vibration was carried out on a laboratory apparatus.
Crystallite size, crystal structure, and crystallinity of iPP
under vibration or nonvibration were investigated through
differential scanning calorimeter (DSC), wide angle X-ray
diffraction (WAXD), and polarized optical microscopy
(POM). The results reveal that at high cooling rate, the
crystallinity of samples under vibration decreases, and at
low cooling rate it remains constant because of chain relax-
ation. On the other hand, the sizes of the iPP spherulites
under vibration decrease as compared with those without

vibration. Taking the relaxation of the iPP chain into con-
sideration, we believe that the influence of vibration condi-
tions on the main �-form of the iPP crystal is rather complex.
An obvious increase of �-form content in the crystal phase
results from the imposition of vibration. The results indicate
that the content of �-iPP is dependent on vibration ampli-
tude and time. © 2004 Wiley Periodicals, Inc. J Appl Polym Sci 94:
2187–2195, 2004
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INTRODUCTION

When the traditional polymer processes, mainly con-
trolling the variations of temperature and plasticiza-
tion parameters, are found in many cases to be insuf-
ficient and even inapplicable, development of new
methods are an urgent scientific and technological
problem. Therefore, the technology of melt vibration
(more specifically at low frequency) has attracted ex-
tensive interest of academic research and industrial
application in the past two decades, because it can
decrease the viscosity of polymer melt, lower the pro-
cessing temperature and pressure, eliminate the melt
defects, and enhance the mechanical properties, stiff-
ness, and strength, etc.1 Among the interests, people’s
attentions were focused on the influence of vibration
on macroscopical properties of polymers, such as rhe-
ology behavior and mechanical properties. To our
knowledge, there have been few reports concerning

the influence of vibration on microscopical structure
and morphology of polymers. It is well-known that
the physical properties of semicrystalline polymeric
materials strongly depend on their microstructure and
crystallinity. As a commodity polymer material, iso-
tactic polypropylene (iPP) has been believed to be
suitable for studying the effects of mechanical vibra-
tion and ultrasonic waves’ oscillation on polymers.2–5

iPP exhibits pronounced polymorphic crystalline
modifications designated as monoclinic �-form, hex-
agonal �-form, orthorhombic �-form, and smectic
form.6–8 Morphologies of the �- and �-form are usu-
ally spherulitic, in the case of melt crystallization. The
monoclinic � form is thermodynamically the most
stable of all crystalline modifications, and the �-form
is metastable. Under normal melt-crystallization, the
�-phase of iPP occurs only sporadically among the
predominant �-phase. It is believed that acquiring
more �-phase crystal is possible under special condi-
tions, such as quenching the melt to a certain temper-
ature range,9 directional crystallization in a tempera-
ture gradient field,10 shear-induced crystallization,11

or doping the resin with certain heterogeneous nucle-
ating agents.12–14 It has been proved that regardless of
whether nucleating agents are present or not, high
content of �-phase crystal can only be obtained within
a limited range of crystallization temperature.15–19

Recently, a new experimental phenomenon has
been reported, that the �-crystal of the neat PP oc-
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curred after vibration plastication in a vibration inter-
nal mixer.5 It was proved that vibration treatment
could affect the microscopic structure and metastable
stage of iPP, and for crystalline polymers, nonisother-
mal crystallization was of more practical significance
than isothermal crystallization, since the processing
course actually approached the nonisothermal crystal-
lization. The present article presents a report on the
crystal structure and morphology of iPP that are ex-
posed to mechanical vibration treatments and dis-
cusses the effects of vibration on microstructure and
morphology under nonisothermal crystallization.

EXPERIMENTAL

Materials and sample preparation

The polymer materials used were grades of commer-
cial isotactic polypropylene (T300, product from Sin-
opec Shanghai Petrochemical Co. of China, MI
� 3.0g/10min at 230°C and 21.2N load). Its molecular
weights were Mn � 80,643, Mw � 333,465, and Mz
� 839,136. All were homopolymers and were supplied
in granule form.

iPP pellets were pressed into film of about 60 �m in
thickness, by using a hot-press at 200°C. The sample
was placed on a hot stage, heated up to 200°C, and
held for 10 min to erase the thermomechanical prehis-
tory. Then it was exposed to vibration under the con-
ditions of frequency and amplitude being 30Hz and
0.1mm, respectively, or to nonvibration, on the test
stage (Fig. 1). At last it cooled down to room temper-
ature at 10°C/min. The vibration time was varied in
the range of 0 to 60 min. In the same way the samples
cooled down from melt to room temperature at 6°C/
min. iPP films were vibrated under different vibration
conditions of amplitudes being 0, 0.1, 0.2, 0.3, 0.4, 0.5,
and 0.6 mm, respectively, at constant frequency of 30
Hz for 10 min and cooled down to room temperature
at 2°C/min. Under the constant vibration conditions
of frequency � 30 Hz and amplitude � 0.4 mm, the
samples treated for different vibration time were stud-
ied.

Differential scanning calorimetry

A Perkin–Elmer series 7 differential scanning calorim-
eter (DSC) with nitrogen as purge gas was used to
investigate the crystallization behavior of iPP at a
heating rate of 10°C/min. The temperature range was
80–200°C.

The percentage of �-phase of a sample, ��, was
determined by the relative crystallinities of �-phase
and �-phase according to eq. (1) given as

�� �
X�

X� � X�

� 100% (1)

where X� and X� are the crystallinity of the �-phase
and �-phase, respectively, based on specific fusion
heats of the sample.

Because of the coexistence of �-phase and �-phase
crystals in the treated samples, the crystallinity of each
phase could be calculated separately according to eq.
(2)

Xi �
�Hi

�Hi
	 � 100% (2)

where �Hi is the calibrated specific fusion heat of
either the �-phase or �-phase and �Hi

	 is the standard
fusion heat of either �-phase or �-phase iPP crystals,
178 J/g for �-phase and 170 J/g for �-phase.20

The DSC curves of the samples exhibited both an
�-fusion peak and a �-fusion peak. The specific fusion
heats for �-phase and �-phase were approximate ac-
cording to the following calibration method. The total
fusion heat, �H, was integrated from 90 to 180°C on
the DSC thermogram. A vertical line was drawn
through the minimum between the �- and �-fusion
peaks and the total fusion heat was divided into the
�-component, �H�

*, and �-component, �H�
*. The less-

perfect �-crystals melted before the maximum point
during heating, so it contributed to �H�

*, and conse-
quently, the true value of �-fusion heat, �H�, could be
approximated by a production of multiplying �H�

*

with a calibration factor A21:

�H� � A � �H*� (3)

A � �1 

h2

h1
� 0.6

(4)

�H� � �H 
 �H� (5)

In eq. (4), h1 and h2 are the heights from the base line
to the �-fusion peak and minimum point, respectively.
According to the specific fusion heats obtain from eqs.
(1), (2), and (5), the percentage of �-phase could be
expressed as

Figure 1 Schematic illustration of the mechanical vibration
with controlled temperature.
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�� �
�H� � �H�

	

�H � �H�
	 � �H� � ��H�

	 
 �H�
	�

(6)

Wide-angle X-ray diffraction

Wide-angle X-ray diffraction (WAXD) patterns were
obtained using a Rigaku D/max-IIIB diffractometer
with the Cu K� radiation at room temperature. The
operating condition of the X-ray source was set at a
voltage of 40 kV and a current of 300 mA in a range of
2	 � 5° � 35°.

The degree of crystallinity, Xc
WAXD, was expressed

by the mass fraction of crystalline aggregates, and
could be determined from the WAXD patterns based
on the ratio of the integrated intensities under the
crystalline peaks Ac to the integrated total intensities,
A � Ac � Aa, in which Aa was the integrated intensities
under the amorphous halo22:

Xc
WAXD �

Ac

Ac � Aa
� 100% (7)

The relative content of �-phase, K�, is calculated ac-
cording to eq. (8) proposed by Turner-Jones9:

K� �
I�1

I�1 � �I�1 � I�2 � I�3�
(8)

where I�1 is the diffraction intensity of �{3 0 0} planes
at diffraction angle 2	 � 16° and I�1, I�2, and I�3 are the
diffraction intensities of the �{1 1 0}, �{0 4 0}, and �{1
3 0} planes at diffraction angles 2	 � 14.1°, 16.8°, 18.6°,
respectively.

Polarized optical microscopy

An XP-201 polarized optical microscopy, POM, prod-
uct of Jiangnan Optics and Electronics Co. Ltd., Nan-
jing, China, was used to study the morphologies and
microstructures of the samples. The samples were
sandwiched between two microscope cover slips for
observation. All optical micrographs presented in this
paper were taken by using a digital camera under
cross-polarized light.

RESULTS AND DISCUSSION

Effect of vibration treatment on the degree of
crystallinity

Figure 2 presents the melting behaviors of iPP samples
that underwent vibration for various time. The values
of crystallinity obtained from DSC and WAXD meth-
ods, respectively, are listed in Table I. Based on
WAXD patterns, the total area under these peaks is a
measure for the samples’ crystallinity in principle.
Owing to the lack of calibration, the absolute values
for crystallinity are impossible to be obtained and only
approximate values can be obtained. However, in gen-
eral, these approximate crystallinity values can still be
helpful for understanding the variety of crystallinity.23

It is clear that the crystallinity of samples under vibra-
tion manifests a significantly lower value than those
without vibration when the samples cooled down
from melt to room temperature at 10°C/min. As
shown in Table I, with the increase of vibration time,
crystallinity of samples remains invariant. Moreover,
the crystallinity of samples cooled at lower cooling
rates, that is, 6°C/min and 2°C/min, had little vibra-
tion dependence (see Table II). It seems to be a rea-
sonable explanation for this phenomenon that any
structure change as a result of the vibration could be
lessened due to PP chain relaxation at lower cooling
rates.

Effect of vibration treatment on crystal morphology
of iPP

Figure 3 gives the micrographs of iPP subjected to
vibration with certain frequency and amplitude as

Figure 2 DSC melting curves of PP samples subjected to
vibration with a constant frequency (f � 30 Hz) and ampli-
tude (� � 0.1 mm) at 200°C for various time, with cooling
rate 10°C/min (scanning rate: 10°C/min).

TABLE I
The Nonisothermal Crystallization Data of iPP with

Vibration for Different Time

Vibration
time (min)

Tm
(°C)

Enthalph
(J/g)

Xc
DSC

(%)
Xc

WAXD

(%)

0 160.8 90.53 50.86 52.29
10 159.9 78.71 44.22 47.08
30 159.5 76.52 42.99 44.76
60 158.9 75.65 42.50 44.35

* Sample treatment condition: vibration (frequency
� 30Hz, amplitude � 0.1mm) at 200°C (cooling rate: 10°C/
min).
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compared with those without vibration when they are
cooled down from melt to room temperature at vari-
ous rates, respectively. It can be seen that at a cooling
rate of 10°C/min, the original iPP samples show com-
paratively perfect spherulite shape and the Maltese
cross is clear. On the contrary, there is no grown

spherulite and only a mass of imperfect spherulites
exist in the micrograph of the vibrated one. With the
decrease of cooling rate, the difference of micrographs
between the original sample and the vibrated one
becomes not discriminable, and just the size of spheru-
lite of the vibrated one appears smaller by measure.
When the samples are prepared at a cooling rate of
2°C/min, the spherulites of original iPP grow freely
enough and the sizes are approximately 400 �m, being
much larger than those of the sample subjected to
vibration. From these micrographs, it can be under-
stood that the effects of the vibration on iPP spheru-
lites mainly are in crystal perfection and crystal di-
mension at cooling rates of 6°C/min and 2°C/min. It
needs to be pointed out that the number of spherulites
of the vibrated sample increases under the same ob-
servation condition, while the size of the spherulite is
smaller than those without vibration, indicating that
vibration treatment can enhance nucleation density
and result in the decrease of crystal perfection and

TABLE II
Crystallinity Data of Treated iPP Cooled at Different

Cooling Rates

Cooling rate
(°C/min) Condition

Tm
(°C)

Xc
DSC

(%)
Xc

WAXD

(%)

10 No vibration 160.8 50.86 52.29
Vibration 159.9 44.22 47.08

6 No vibration 161.6 52.79 53.03
Vibration 160.9 52.25 52.32

2 No vibration 162.2 53.13 53.51
Vibration 162.0 52.64 52.89

* Sample treatment condition: vibration (frequency
� 30Hz, amplitude � 0.1mm) at 200°C for 10 minutes.

Figure 3 Spherulitic morphologies of iPP cooled at various rates, observed by polarizing optical microscopy. (a) 10°C/min,
(b) 6°C/min, (c) 2°C/min without (1) and with (2) vibration (frequency � 30Hz and amplitude � 0.1 mm).
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crystal size. It may be the reason that the crystallinity
of iPP samples remains changeless under lower cool-
ing rates. For cooling conditions of 10°C/min, it is
considered that vibration and high cooling rate affect
corporately the crystallization behavior, resulting in
the formation of the imperfect spherulites and the
obvious decrease of crystallinity.

Figure 4 shows optical micrographs of iPP sam-
ples subjected to vibration with different ampli-
tudes, cooled down from melt to room temperature
at 2°C/min. In comparing Figure 3(c-1) with Figure
3(c-2), the crystal sizes of the iPP samples decrease
sequentially. It is easy to find that the �-form iPP is
brighter than the parts of the �-form in the same
micrograph. On the other hand, these �-iPP parts
are colorful even without using the � plate and
exhibit very strong negative birefringence. More-
over, they can be molten at about 150°C. All of these
are responsible for the characteristic natures of the
�-form iPP and indicate the formation of some crys-
talline �-form, in accordance with previous re-
ports.6,7 At the same time, it is interesting that the
content of �-iPP is low as vibration amplitudes are
smaller (Fig. 4a, 4b), and the content of �-iPP in-
creases in evidence with the increase of vibration
amplitude (Fig. 4c, 4d). These indicate that the vi-
bration not only affects the morphology of the iPP
crystal but also the crystalline structure in case vi-
bration amplitude is large enough.

Effect of vibration treatment on crystal
structure of iPP

The imperfect form of the �-phase under isothermal
and nonisothermal crystallization has been described
by many researchers previously.24–26 Usually shoul-
der peaks that appeared in the DSC melting curve
demonstrate different crystal perfection or crystal mo-
dality. Figure 2 reveals the DSC curves of melting
samples cooled down at different rates with and with-
out vibration. Double peaks are observed for the sam-
ples subjected to vibration longer. The high-tempera-
ture melting peak gradually diminishes as vibration
time decreases. However, a single melting peak is
observed for the samples without vibration. At the
same time, the temperature of low-temperature melt-
ing peak increases as the vibration time decreases
from 60 to zero min and the melting peak becomes
sharper. The shoulder peak in the melting curve under
vibration for 60 min indicates obviously the occur-
rence of more-ordered ��-form, which should possess
better crystal perfection during heating. Furthermore,
it may be considered that vibration treatment results
in the decentralization of PP crystal perfection if the
single melting peak of the sample without vibration
denotes narrower distributing of crystal size and la-
mellar thickness.

The DSC curves of melting samples cooled down at
different rates with and without vibration are shown
in Figure 5, and the analytical results are listed in

Figure 4 Optical micrographs of iPP samples subjected to vibration with frequency � 30Hz and various amplitudes (a) 0.2
mm, (b) 0.3 mm, (c) 0.4 mm, and (d) 0.5 mm at 200°C for 10 min, cooled down at 2°C/min. The white arrows in the picture
indicate the resultant �-iPP.
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Table II. Similar to samples cooled down at 10°C/min,
the melting peak of samples cooled down at 6°C/min
under vibration obviously shifts towards low-temper-
ature. But for the samples subjected to vibration and
cooled at 2°C/min, no shift of the melting peak exists
and the melting peak becomes sharper, as compared
with those without vibration. The DSC thermograms
of iPP samples subjected to vibration with various
amplitudes are shown in Figure 6. It can be seen that
there exists not only a small peak of ��-form but also
a small peak of ��-form when the samples are vibrated
under larger amplitude before cooling down from the
melt to room temperature at 2°C/min. Moreover,
these peaks become stronger gradually as the vibra-
tion amplitude increases. By means of WAXD, it is
confirmed that both types of melting peaks pertain to
�-phase. In contrast with that of 10°C/min, the peak of
��-form at 2°C/min is smaller and shifts to high-
temperature at nearly 170°C. Furthermore, the influ-
ence of vibration time on �-phase is investigated in
large amplitude condition (see Fig. 7). Similar to the

results as shown in Figure 6, the peaks of ��- and
��-form can also be observed obviously when vibra-
tion time is long enough. The results suggest that
under nonisothermal crystallization, the influence of
vibration treatment on �-form crystal is related to not
only vibration amplitude and time but also cooling
rate.

��-form presents more-ordered crystal structure,
and ��-form is considered to be the less-ordered form
of �-phase or recrystallization of the �-phase during
melting. Unlike ��-form, ��-form seems to have no
relation of cooling rate and depends on the vibration
parameters such as amplitude and vibration time.

Figure 5 DSC melting curves of samples subjected to vi-
bration or not, crystallized from 200 to 80°C at different
cooling rates with constant frequency (f � 30 Hz) and am-
plitude (� � 0.1 mm) (scanning rate: 10°C/min).

Figure 6 DSC melting curves of samples cooled down at
2°C/min, which were vibrated for 10 min at 200°C with a
constant frequency (f � 30 Hz) and various amplitudes
(scanning rate: 10°C/min).

Figure 7 DSC melting curves of samples cooled at 2°C/
min, scanned at 10°C/min. Samples were prepared under
vibration with a constant frequency (f � 30Hz) and ampli-
tude (� � 0.4) for various time at 200°C.
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Why do the peaks of ��- and ��-form of samples
subjected to vibration appear in the DSC curves simul-
taneously? The mechanism is still not clear at present.
It can be speculated that vibration may enhance the
perfection of part of the crystals, but, on the other
hand, it can also induce imperfection to other parts of
the crystals. At high cooling rate small vibration am-
plitude may cause change of the �-phase and the
influence can be observed easily. On the other hand, at
low cooling rate no other than large amplitude can
affect the modality of the �-phase and the effects of
vibration on both enhancing and reducing crystal per-
fection are tiny because relaxation of the polymer
chain may partly counteract the effects.

Figure 6 gives the DSC melting curves of samples
that are exposed to vibration for 10 min at 200°C
under certain frequency and various amplitudes. It
can be found that a stronger peak exists except for
those of ��- and ��-form. With the increasing of am-
plitude, it is obvious that the peaks at 148°C gradually
become sharper, which is in agreement with DSC
fusion endotherms of �-iPP reported before. The re-
sults are also confirmed by the WAXD patterns as
shown in Figure 8, in which there only appears the
peak of �-iPP besides the characteristic peaks of
�-form crystal. The peak at 148°C is ambiguous in the
DSC fusion endotherm for the sample without vibra-
tion. As reported by Varga,17 so far as its higher melt-
ing temperature is concerned, the �-form crystal
grows faster than the �-form at high temperatures
above a critical temperature T* (141°C). Also, there is
a faster growth rate of the �-phase relative to the
�-phase below a second critical temperature T* *(100–
105°C). But between the two critical temperatures, the
growth rate of the �-phase is appreciably higher than
that of the �-phase.27 The above conclusions are

drawn in the isothermal crystallization situation.
Yamada observed the �-form spherulite by means of
isothermal crystallization at 125°C without using a
nucleating agent.19 On the basis of these facts, we may
explain the formation of the �-phase in the samples
crystallized under nonisothermal conditions without
vibration. It is believed that a small quantity of �-iPP
produces when samples cool down from T* to T**, and
finally only a thimbleful of the �-phase exists because
of �-� transformation below T**. Additionally, shown
in Figure 3, the DSC melting curves of samples cooled
down at 10°C/min and 6°C/min, being similar to that
of 2°C/min, illustrate that the content of the �-phase
remains constant under different cooling rates and the
difference of cooling rates is not enough to result in
the appearance of a mass of �-phase, but quick cooling
to room temperature is excepted. Furthermore, at
those cooling rates, the vibration seems to have no
effect on the content of the �-phase. With the decrease
of cooling rate, the shifting forwards to higher tem-
perature of melting peaks of both the �- and �-form
indicates better crystalline perfection of the samples.

Figure 8 shows the WAXD scans for iPP samples
subjected to vibration with various amplitudes. It is
well known that the important characteristic of
WAXD for the monoclinic �-phase can be found at
diffraction angles 2	 of 14°{1 1 0}, 16.8°{0 4 0}, 18.6°{1
3 0}, 21.2°{1 1 1}, and 21.9°{1 3 1}, and the hexagonal
�-phase can be detected by peaks at 16°{3 0 0} and
21.2°{3 0 1}. Hence, the peak of �{3 0 1} planes and that
of �{1 3 1} planes overlap at diffraction angle 21.2°.9

The intensity of the peaks at 16° and 21.2°, which
represents �-phase, gradually strengthens with the
increase of amplitude. In the typical iPP pattern under
nonisothermal crystallization, the intensity of the peak
of 21.2° is weaker than that of 21.9°. The small peak at
16° implies the existence of a thimbleful of �-phase.
Furthermore, the existence of the �-phase also makes
the intensity of the peak at 21.2° exceed the one at
21.9° for samples subjected to vibration treatment. The

TABLE III
Crystallinity Data of iPP Treated Under Various

Vibration Amplitudes

Vibration
amplitude

(�) Xc
DSC (%) ��(%) K�

0 53.13 0.42 0.0422
0.1 52.64 0.67 0.0506
0.2 52.27 1.25 0.0762
0.3 51.29 2.73 0.0929
0.4 52.24 3.58 0.1210
0.5 51.48 3.69 0.1416
0.6 51.37 4.56 0.1631

* Sample treatment condition: vibration with various am-
plitudes and a constant frequency (f � 30Hz) at 200°C for 10
minutes (cooling rate: 2°C/min).

Figure 8 WAXD patterns of samples subjected to vibration
with various amplitudes, crystallized from 200 to 80°C at
2°C/min.
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crystallinity and the percentage content of �-phase of
samples treated by various vibration amplitudes, ��,
and the relative content of the �-phase, K�, calculated
by eqs. (6) and (8), respectively, are listed in Table III.
For understanding clearly the relation between the
content of �-iPP and vibration amplitude, the K� and
�� are plotted against � in Figure 9. It can be found
that the linear fitting of K� is better than that of ��. As
the vibration amplitude increases, the crystallinity of
the �-phase gradually increases and total crystallinity
almost remains invariant, so the content of the �-phase
increases correspondingly.

The DSC melting curves and WAXD patterns for
samples subjected to vibration at constant amplitude �
� 0.4mm and frequency f � 30Hz are shown in Fig-
ures 7 and 10, respectively, to examine the effect of
vibration time. Correspondingly, the analytic results

are listed in Table IV. It is considered that the obvious
difference between two values of K� and �� in Table
III and Table IV maybe result from two factors: DSC
scanning rate is not fast enough and the observation
by WAXD has no adjacent calibration. But for under-
standing the variety of the content of �-iPP induced by
vibration, they are valid and can be used to describe
the experimental phenomena. Fitting curves of �� and
K� against vibration time are displayed in Figure 11. It
can be seen that the content of the �-phase increases
with vibration time until 30 min, and then the value of
the �-phase content approaches equilibrium.

As compared with the �-phase, the �-phase of iPP is
metastable and less-ordered. In the case of the total
crystallinity fixed on the whole, the results show that
vibration may play a role of making chain orienta-
tional disorder in iPP melt, and consequently result in
the increase of the �-phase. Furthermore, considering
there was no vibration time-dependence for the con-
tent of the �-phase under cooling rate at 10°C/min, it
indicated that the effect is determined by the vibration
parameters such as amplitude and vibration time, and
is independent of cooling rate under nonisothermal

Figure 9 Effect of vibration amplitude on the content of
�-phase of PP. Solid line: fitted linear regression result.

Figure 10 WAXD pattern of samples cooled at 2°C/min,
scanned at 10°C/min. Samples were prepared under vibra-
tion with a constant frequency (f � 30Hz) and amplitude (�
� 0.4) for various time at 200°C.

TABLE IV
Crystallinity Data of iPP Subjected to Vibration for

Various Time

Vibration time Xc
DSC (%) �� (%) K�

0 53.13 0.42 0.0422
10 52.24 3.58 0.1210
20 50.38 4.23 0.1430
30 50.45 4.99 0.1687
40 50.34 5.22 0.1759
60 50.12 5.14 0.1741

* Sample treatment condition: vibration with a constant
amplitude and frequency (f � 30Hz, � � 0.4mm) at 200°C for
10 minutes (cooling rate: 2°C/min).

Figure 11 The fitted curves of the content of the �-phase of
PP, K� and ��, versus vibration time at 200°C.
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crystallization when the cooling rate is less than 10°C/
min.

CONCLUSION

Crystallinity of iPP samples nonisothermally crystal-
lized at high cooling rate obviously decreases when
they are subjected to vibration, while crystallinity of
the samples has no change when cooling rates are
slow. It is believed that this is the synergetic effect of
vibration and high cooling rate. At low cooling rate,
the influence of vibration can hardly be observed,
because of the relaxation of polymer chains during
cooling down.

Crystal perfection and spherulite size of iPP appear
obviously to change under vibration. The results show
that vibration treatment can enhance crystalline per-
fection of part of the �-iPP crystals, while other parts
of the �-crystals appear less perfect.

Under vibration the content of the �-phase of samples
is higher than those without vibration. The experimental
results obtained by DSC and WAXD reveal that the
value of the content of the �-phase is dependent on
vibration amplitudes and vibration time, but cooling rate
has little effect when it is less than 10°C/min.
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