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Abstract

The thermal properties and morphology development of isotactic polypropylene (iPP) homopolymer and blended with low molecules

weigh atactic polypropylene (aPP) at different isothermal crystallization temperature were studied with differential scanning calorimeter and

wide-angle X-ray scattering. The results of DSC show that aPP is local miscible with iPP in the amorphous region and presented a phase

transition temperature at TcZ120 8C. However, below this transition temperature, imperfect a-form crystal were obtained and leading to two

endotherms. While, above this transition temperature, more perfect a- and g-form crystals were formed which only a single endotherm was

observed. In addition, the results of WAXD indicate that the contents of the g-form of iPP remarkably depend both on the aPP content and

isothermal crystallization temperature. Pure iPP crystallized was characterized by the appearance of a- and g-forms coexisting. Moreover,

the highest intensity of second peak, i.e. the (0 0 8) of g-form coexisting with (0 4 0) of a-form, and crystallinity were obtained for blended

with 20% of aPP, the g-form content almost disappeared for iPP/aPP blended with 50% aPP content. Therefore, detailed analysis of the

WAXD patterns indicates that at small amount aPP lead to increasing the crystallinity of iPP blend, at larger amount aPP, while decreases

crystallinity of iPP blends with increasing aPP content. On the other hand, the normalized crystallinity of iPP molecules increases with

increasing aPP content. These results describe that the diluent aPP molecular promotes growth rate of iPP because the diluent aPP molecular

increases the mobility of iPP and reduces the entanglement between iPP molecules during crystallization.

q 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

It is well known that isotactic polypropylene (iPP)

exhibits several crystalline forms [1–15]. The a- or

monoclinic-form is the most common and it occurs under

conventional crystallization conditions [1]. The b- or

hexagonal-form is substantially with a hexagonal lattice

was recognized [2–5], and level of the b modification can be

increased under specific conditions, such as temperature

gradients, the presence of shearing forces, or occurs under

b-nucleating agents are present [6–10]. The g- or triclinic-
0032-3861/$ - see front matter q 2005 Elsevier Ltd. All rights reserved.
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form is least common, and is only observed in low

molecular weight that have been promoted by hydrostatic

pressures [4,11–15]. In all these structures of the confor-

mation is identical and corresponds to the familiar threefold

(31) helix, the various crystal morphologies being distinct

through different stacking geometries of these helices. The

thermal behaviors of iPP crystallized from the melt have

been extensively studied. This is because the thermal

behaviors are affected not only by molecular mass and

molecular mass distribution, but also by different configur-

ation and crystal morphologies, i.e. a-, b- and g-crystal

forms of iPP [16–26]. Interesting, a double endotherms

occur at wide range temperatures, while only a single

endotherm exists in the moderate crystallization tempera-

ture region. The origins for the double endotherms

characteristics of iPP have been reported by Kawai [23].

They were indicated that it is a type of fractionation during
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isothermal crystallization. Kim et al. [24] proposed the

higher melting temperature due to a crystal fraction with

molecular size higher than a critical value, while the lower

melting temperature was generated when the molecular with

high mobility crystallized on quenching after isothermal

crystallization temperature. Hoffman et al. [25] attributed

the double endotherms of iPP result from the lamellar

thickening on annealing. On the other hand, Cox and

Duswalt [26] concluded that the double endotherms at lower

crystallization temperature originate from the transition of

the metastable b-form into a stable a-form. While, Monasse

and Haudin [27] observed that the double endotherms even

for isothermal crystallized iPP showed only the a-form.

Recently, Corradini et al. [28–30] concluded that the

crystalline structure of the a-form may imply various

degrees of disorder in the up and down positioning of the

molecular, therefore, the double endotherms were the result

of the ordered limiting structure, a2, and a disordered

limiting structure, a1.

Polymer blends have received much attention for many

decades because the morphology, crystallinity, microstruc-

ture, melting and crystallization behaviors of polymer

blends are strongly dependence of the blend components

[31–42]. Recently, the effect of aPP addition on the iPP has

been investigated by Keith et al. [36,37]. They reported that

with increasing aPP contain iPP/aPP blends, a more open

spherulitic texture due to the incorporation of aPP diluent in

the interfibrillar regions. Time resolved X-ray scattering

techniques showed the relatively modest incorporation of

aPP in the interlamellar regions depending on crystallization

temperature and blend composition was reported by Wang

et al. [33]. They indicated that the lamellar disorder and the

size scale of lamellar were larger than the lamellar distance.

The thermodynamic miscibility of iPP and aPP has also

received attention [38–40]. The aPP component is reported

to be miscible with iPP in the molten state from the

evaluation of an equation of state theory using low

molecular weight aPP [39]. However, aPP has also been

reported to be immiscible with iPP in the solid state, as

observed by transmission electron microscopy (TEM) when

the aPP sample has a high Mw and a narrow molecular

weight distribution [40]. Thus, a fundamental understanding

of the miscibility of the components is in one phase or in

multiple phases with specific interaction with each other in

the amorphous region of blends. Therefore, the morphology

of polymer blends is even more complicated since the

liquid–solid demixing and liquid–liquid phase separation of

the components in blends during crystallization.

In this study, we attempt to correlate the crystallization

and melting behaviors of isotactic polypropylene blended with

low molecular mass but similar molecular mass distribution

of atactic polypropylene. The crystallization and melting

behaviors of iPP and blends have been investigated by DSC

and WAXS. The dependence of thermal properties and

crystallized morphology of iPP blends on the both aPP content

and isothermal crystallization temperature will be discussed.
2. Experimental
2.1. Materials

The isotactic polypropylene (Aldrich 42785-3) with a

weight-average molecular weight of MwZ5.8!105 g molK1

and atactic polypropylene (Aldrich 42818-3) with MwZ
1.96!104 g molK1, respectively, were supplied by Aldrich

Chemical Co. Ltd, used in this work was a laboratory grade

samples. Melt-blended specimens of these homopolymers

with various compositions were prepared by a twinscrew

apparatus (MP2015 APV Chemical Machinery Co. Ltd,

USA) at 210 8C. The mixing ratios of iPP/aPP (wt/wt):

100/0, 90/10, 80/20, 70/30, 50/50 and 30/70 were prepared

and defined as iPP-100, iPP-90, iPP-80, iPP-70, iPP-50, and

iPP-30. The composition and the properties of blends that

have been used in this study are compiled in Table 1.
2.2. Preparation of compression-molded samples

The compression-molded films was prepared by melt-

pressing of different iPP/aPP blends for a molding of 120!
120!1 mm3, placed between a pair of steel platens, at

temperature was 210 8C and 10 min holding time, the

iPP/aPP blended film was taken out and immediately

submerged in a temperature controlled compression mold-

ing machine at Tc,the temperatures of 5 8C intervals starting

from 90 to 130 8C, under a pressure of 50 kg cmK2, where it

was still between the two steel platens holding 120 min.

This treatment assumes that previous thermal and mechan-

ical histories were essentially erased and provides a

controlled condition for the film.
2.3. Thermal behavior of iPP/aPP blended samples

All the iPP/aPP blended samples in Table 1 were

measured the crystallization and melting behaviors with a

differential scanning calorimeter (PYRIS Diamond DSC

with an intra-cooler for lowermost temperature about

K65 8C). Sample weight about 5 mg was cut from the

blended specimen and put into sample pan and then melted

in the furnace in a nitrogen atmosphere at 210 8C for 10 min,

followed by cooling at a rate of 10 8C minK1 and the

crystallization thermogram was measured. The temperature

of peak and area of the exothermic curve were taken as the

crystallization temperature, Tc, and the latent heat of

crystallization, DHc, respectively. As soon as the tempera-

ture reached K50 8C, it was reheated again at a rate of

10 8C minK1 and the melting thermogram was measured.

The glass transition temperature, Tg, and temperature of

peak and area of the endothermic curve were taken as the

melting temperature, Tm, and the heat of fusion, DHf,

respectively. These measurement results are shown in Table 1.



Table 1

Molecular characteristic of the PP samples

Sample Type Isotacticity Mw Mw/Mn Tm (8C) Tg (8C)

IPP Isotactic 95.3a 580,000 3.5 163.2b K10.1c

APP Atactic – 19,600 3.5 – K14.6c

a From 13C NMR (mm%).
b From melting endotherm of DSC trace.
c From DSC trace.
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2.4. Thermal behavior of isothermal crystallized iPP/aPP

blended samples

About 5 mg iPP blended samples after isothermal

crystallization were heating at a rate of 10 8C minK1 in

the furnace in a nitrogen atmosphere and the melting

thermogram was also measured.

2.5. Wide-angle X-ray diffraction

Wide-angle X-ray diffraction (WAXD) intensity curves

of iPP blends were measured with a graphite-monochroma-

tized Cu Ka radiation generated at 40 kV and 180 mA in a

Rigaku D/max diffractometer. WAXD intensities were

recorded from 2qZ5–358 with a continuous scanning

speed of 2qZ18 minK1 with data collection at each 0.058

of 2q was performed.
3. Results and discussion

3.1. Thermal behavior of iPP/aPP blended samples

The crystallization and melting behaviors of iPP

homopolymer and iPP blended with low molecular weight
Fig. 1. Influence of aPP contents on the crystallization exotherm of iPP

blends after molten.
aPP were investigated by DSC is shown in Figs. 1 and 2.

The crystallization and remelting curves of iPP/aPP blends

were melted at 210 8C for 10 min, followed by cooling at a

rate of 10 8C minK1 to K50 8C, when the temperature

reached K50 8C, it was remelting again at a rate of

10 8C minK1. These thermograms are characterized by both

a single peak at crystallization and remelting traces. The

single melting endothermic and crystallization exothermic

characteristics may be due to presence of a a-form crystal of

iPP in iPP blends. The melting temperature, Tm, heat fusion

of melting, DHf, crystallization temperature, Tc, and latent

heat of crystallization, DHc, respectively, of iPP blends all

decrease evidently with increasing aPP content (shown in

Table 2). Recently, the phase morphology of iPP/LLDPE

polymer blended has been performed by Li et al. [42–44].

They reported that decreases the crystallization rate of iPP/

LLDPE blended might be due to two reasons. The first is

that iPP in PE can be viewed as iPP in solution, and the iPP

nucleation is reduced [43,44]. The second is that the viscous

LLDPE slows the diffusion of iPP chains during crystal-

lization [44]. This results of Figs. 1 and 2 indicate that the

crystallization ability and crystal morphology of iPP is

strong function of aPP content because the nucleation and

growth rates of crystallization behavior for iPP is be

interrupted with aPP molecules. The thermal properties and

morphology of iPP strongly depend on the miscibility
Fig. 2. Influence of aPP contents on the melting endotherms of iPP blends

after crystallization.



Table 2

Thermal properties of the iPP/aPP blend samples

Materials Tg (8C) Tc (8C) DHc (J/g) Tm(8C) DHf (J/g)

iPP-100 K10.1 129.0 83.7 163.2 85.1

iPP-90 K10.1 126.1 78.8 162.5 78.9

iPP-80 K10.3 127.6 72.6 161.5 74.0

iPP-70 K10.6 125.1 61.7 160.6 63.1

iPP-50 K10.4 123.1 62.7 158.7 64.6

iPP-30 K11.1 120.6 33.4 156.9 36.0

iPP-0 K14.6 – – – –
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between the iPP and aPP in the blend. Thus, a fundamental

understanding of the miscibility of the components is in one

phase for the amorphous region of blends. Therefore, the

miscibility between the iPP and aPP molecules in the

amorphous region of iPP blended will be discussed below.

Recently, the thermal behavior of sPP mixture with aPP

using DSC and WAXD has reported by Phillips and Jones

[41]. They indicated that the addition of aPP leads to a

suppression of crystallization temperature, and promotion

endotherm II on heating. Both behaviors suggested a degree

of ‘local’ mixing of diluent within the morphology. Fig. 3

shows the glass transition temperature, Tg, of iPP blends as a

function of aPP content at heating rate of 10 8C minK1.

However, a general feature of these curves are appeared of a

single transition or one phase behavior in iPP blends and

decrease slightly with increasing aPP content (as shown in

Table 2) [39]. Therefore, the result indicates that the aPP

molecular is miscible with iPP molecular in the amorphous

region, this may be implying the configuration of uncrys-

tallize sequence of iPP is same as of sequence of aPP in the

amorphous region.
Fig. 3. Influence of aPP contents on the Tg of iPP blends after

crystallization.
3.2. Thermal behavior of isothermal crystallized of iPP/aPP

blended samples

Fig. 4(a)–(f) shows the DSC melting scans at a heat rate

of 10 8C minK1 for isothermal crystallized iPP blends at

different isothermal crystallization temperature. However, a

general feature of these curves is the appearance of two

melting endotherms at temperature below 120 8C, while

shows a single melting endotherm at temperature above

120 8C [23,24]. It is observed that by increasing the aPP

content, the heat fusion of the lower-temperature

endotherm, DHL
f , decreased, while the heat fusion of the

higher-temperature endotherm, DHH
f , increased. The heat

fusion and morphology of the two endotherms were found to

be dependent on the aPP content and isothermal tempera-

ture, so the crystallinity and morphology of iPP blends after

isothermal crystallization is also affected by the aPP content

and by the isothermal crystallization temperature. Wang et

al. concluded that the predominantly interfibrillar incorpor-

ation of the aPP diluent within the microstructure with only

dependent on the crystallization temperature [33]. The

decrease in DHL
f with increasing aPP content is indicative of

reducing recrystallization or reorganization of the crystals

originally formed during crystallization. Therefore, the DHL
f

usually represents the melting of the crystals formed during

crystallization, while the DHH
f is probably due to the

melting of crystals of higher stability formed by the

recrystallization of crystals initially obtained. Moreover,

the area of the DHL
f increases with increasing isothermal

temperature, because a higher degree of perfection was

achieved in the crystals initially obtained. While the area of

the DHH
f decreases with increasing isothermal temperature.

This is due to the melting of crystals formed during

recrystallization, and the results obtained can be assumed

because the same degree of perfection is achieved in

recrystallized crystals. This result as discussed by Corradini

et al., however, the double endotherms may be attributed to

the recrystallization of less ordered, a1, form with a random

distribution of up and down chain packing with methyl

groups to a more ordered, a2, form with a well-defined

deposition of up and down helices in the unit cell [28–30].

The DHL
f and melting temperature of lower-endothermic,

TL
m, remains almost constant at temperature below 105 8C,

and then increase DHL
f and TL

m at higher isothermal

temperature. By increasing the isothermal temperature or



Fig. 4. Melting endotherms of iPP blends after isothermal crystallization for 120 min at different isothermal temperatures: (a) iPP-100, (b) iPP-90, (c) iPP-80,

(d) iPP-70, (e) iPP-50, and (f) iPP-30.
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decreasing the supercooling temperature, higher T L
m was

observed. This is indicating that a higher degree of

perfection is achieved in the crystals due to the higher

thermodynamic mobility of iPP molecular for the recrys-

tallization to take place. The DHL
f and TL

m do not change at

temperature below 105 8C implying the previous thermal

history or degree of perfection achieved may be the same.

The melting temperature of higher-endothermic, TH
m,

remains unchanged while the DHH
f decreases with increas-

ing isothermal crystallization temperature. Increasing the

crystallization temperature led to promotion a higher degree

of perfection of crystals and less of iPP chain for the

recrystallization to take place at higher temperatures, so

the obtained crystals are more perfect than those formed

at lower isothermal temperature. Isothermal temperature
causes the distributions of two melting endotherms of iPP

have been previously reported [18,24–29].

For all isothermal crystallization temperatures investi-

gated, the iPP blends showed two melting endothermic are

observed at isothermal crystallization temperature below

120 8C, while a single endothermic peak is observed at

isothermal crystallization temperature above 120 8C. This

result could be attributed to two different iPP crystal-forms

as discussed below. In fact, the iPP crystallizes at different

isothermal crystallization temperatures from molten

suggested that simultaneously crystallizes in both the a-

and the g-form of iPP. The observed melting temperature of

the lower-endothermic, TL
m, linearly increases with the

crystallization temperature for iPP blended. To determine

the equilibrium melting temperature, T+
m, recorded using the



Fig. 6. The equilibrium melting temperature (T0
m) as a function of the aPP

content.
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Hoffmann–Weeks equation [45], a plot of Tc versus Tm with

a line is drawn, where TcZTm. The experimental data can be

extrapolated to the intersection with the line, the intersection

is the T0
m as following relation:

T0
m KTm Zf0ðT0

m KTcÞ (1)

where f 0 represents a stability parameter that depends on

crystal size and perfection, T0
m is the equilibrium melting

temperature. Fig. 5 shows the melting temperatures

registered at the maximum of the peak relative to the TL
m

for the isothermally crystallized iPP blends. A straight line

was extrapolated from the experimental TL
m values of iPP

blends, and the calculated equilibrium melting temperature,

T0
m, for all iPP blends was observed. Fig. 6 shows the effect

aPP content on the T0
m of iPP blends. The result illustrates

that the T0
m decrease slightly at aPP content below 30% (iPP-

70), while decrease remarkably at aPP content above 50%

(iPP-50). The T0
m of pure iPP (iPP-100) and iPP-30 blend is

equal to 187.2 and 181.6 8C, respectively, is observed.

These values are agree with the thermal properties of iPP is

strongly function of aPP content as discussed above.
3.3. Morphology development of isothermal crystallized of

iPP/aPP blended samples

WAXD intensity curves of iPP blends after isothermal

crystallization at temperature is 110 and 130 8C, respect-

ively, as shown in Figs. 7 and 8. The X-ray diffractograms of

samples of iPP blends show nearly the a-form diffracto-

grams after isothermally crystallized at 110 8C. For iPP

isothermally crystallized at 110 8C, the characteristic peaks

of the a-form can be found at 2q angles of 14.088 (1 1 0),

16.958 (0 4 0), 18.58 (1 3 0), 21.28 (1 1 1), and 21.858 (K1 3 1

and 0 4 1) as diffraction are marked of iPP-30 in Figs. 7 and 8
Fig. 5. A plot of the observed melting temperature of the lower endothermic

versus the crystallization temperature recorded using the linear Hoffman–

Weeks extrapolation.
[46]. However, the typical WAXD intensity pattern of the

a-form, the intensity of second peak (0 4 0) must be smaller

than the first one peak (1 1 0). The WAXD intensity curves

show an unusually pattern, i.e. the intensity of second peak is

stronger than the first one peak. Although, this effect aPP

content on iPP blends at 110 8C is not observed in samples

containing the g-form of identification peak at 2qZ20.078.

The characteristic peaks of the presence of g-form of iPP

usually can be found at 2q angles of 13.848 (1 1 1), 15.058

(1 1 3), 16.728 (0 0 8), 20.078 (1 1 7), 21.28 (2 0 2), and 21.888

(0 2 6) [47]. On the other hand, the g-form of iPP observed

evidently in the iPP-100 sample at isothermal crystallization

temperature above 120 8C as shown in Figs. 8 and 11. These
Fig. 7. WAXD intensity patterns of iPP blends after isothermal crystal-

lization for 120 min at 110 8C.



Fig. 8. WAXD intensity patterns of iPP blends after isothermal crystal-

lization for 120 min at 130 8C.

Fig. 9. Calculation methods for crystallinity of iPP blended by WAXD

diffractograms.

Fig. 10. Effect of aPP contents on (a) the crystallinity of iPP blends, (b) the

normalized crystallinity of iPP within iPP blends.
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patterns are characterized by the second peak is larger than the

first one and show a peak ofg-form (1 1 7) at 2qZ20.078. This

result indicates that the location of the strong second peak then

the first one may be due to the (0 0 8) ofg-form coexisting with

(0 4 0) of a-form, implying a lower degree of perfection of

g-form crystals coexisting with the a-form of iPP during

crystallization. This is interesting that aPP content even in

small amounts, lead to reducing the g-form crystallization;

that is disappear the (1 1 7) peak at 2qZ20.078. While,

increasing the a- to g-form crystal transition of iPP, i.e. at

small amounts of aPP, the second peak is higher than the first

one, and overall crystallinity higher than the iPP homopoly-

mer. The developing intensity of second peak explain that the

aPP molecular arises a diluent affection on the growth rate of

g-form crystallize because the diluent aPP molecular

promotion the mobility of iPP and suppression the entangle-

ment between iPP molecules. On the other hand, when aPP

content is above 50 wt%, the diffraction pattern shows only the

a-form diffractogram.

WADX can be used to measure the crystallinity, Xc, from

the ratio of the areas under the crystalline and amorphous

diffractions, Acr and Aam as shown in Fig. 9

Xc Z
KcrAcr

KcrAcr CKamAam

(2)

where Kcr and Kam are constants normally assumed to be

equal. Xc was calculated in each case with above equation

and assuming KcrZKam. The accuracy of these results is

limited by difficulties in estimating the contribution of the

amorphous background [50]. Fig. 10(a) and (b) show the

effect of aPP content on the crystallinity of iPP blended

and the normalized crystallinity of iPP within iPP blends,

respectively. With increasing aPP content, the crystallinity
of iPP blended increased and then decreasing. This result, as

expected above, indicates that the crystallization ability of

iPP is strong function of aPP content. At small amounts of

aPP, the crystallinity of iPP blends higher then that of pure

iPP. The developing the crystallinity of iPP blend explain

that the diluent aPP molecular suppression the entanglement

between iPP molecules and promotion the mobility of iPP

molecular during crystallization. While, at larger amounts

of aPP, decreasing the crystallinity of iPP blends may be due

to the larger amount diluent aPP action more suppress the

concentration of nucleus and inhibits the iPP molecular

diffusing to a surface of nucleus during crystallization. On

the other hand, aPP is a non-crystalline polymer, which

blended with iPP homopolymer can acting as a diluent or

plasticizer. Therefore, Fig. 10(b) shows the normalized

crystallinity or crystallizability of iPP chain within iPP

blended. The normalized crystallinity was calculated with
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the result of crystallinity of iPP blends divided by iPP

content within iPP blended. This result shows that the

normalized crystallinity of iPP molecules within iPP blend

increases with increasing aPP content. This result describes

that the aPP molecular promotes the growth rate of iPP

because the diluent aPP molecular increasing the mobility

of iPP and reducing the entanglement between iPP

molecules lead to increasing the normalized crystallinity

of iPP during crystallization.

The dependent the morphology development of iPP-100

on the different isothermal temperature will discuss on Fig.

11. Fig. 11 shows the WAXD intensity curves of iPP-100 at

various isothermal crystallization temperatures for 120 min.

As the isothermal crystallization temperature increases the

g-form crystals increased [14]. The results of WAXD

intensity curves indicate that at higher isothermal tempera-

ture, i.e. lower supercooling, were shown to be more

favorable for g-form growth of iPP. Recently, the ratio of

g-form was calculated simply from the relative intensities of

the unique g- and a-form peaks at 2qZ20.07 and 18.588,

respectively [48,49]. Therefore, in this study the overall

intensities in the 2q ranges between 17.5 and 20.2 of WAXD

intensity curves are determined. After subtraction of

background scattering, the intensity of the g-form is

obtained directly from WAXD intensity curves. The

fraction contents of all other peaks are then calculated on

the basis of the relative area of peak as below equation:

Fg�form Z
A20:07

A20:07 CA18:58 CAam

(3)

FaKform Z
A18:58

A20:07 CA18:58 CAam

(4)
Fig. 11. WAXD intensity patterns of iPP-100 at various isothermal

crystallization temperatures for 120 min.
where A20.07, A18.58, and Aam are area of peaks located at

20.07 and 18.588, respectively, and area of amorphous. The

Fg-form is area of the peak of g-form for (1 1 7) plane at

20.078 is divided by the sum of the areas of all peaks of

18.58, 20.07 and area of amorphous as Eq. (3). The Fam is

unity minus phase functions of Fg-form and Fa-form. These

rationales are adopted throughout this work to evaluate

quantitatively the amount of a- and g-form relationship with

isothermal temperature. The above method fails for some

amounts of g-form when the crystal peaks were not

distinguished accurately from the amorphous background.

Fig. 12 shows the dependence of phase fraction of various

crystals on the isothermal crystallization temperature. As

isothermal crystallization temperature increased, the frac-

tion content of g-form increasing remarkably from about 2

to 34.2%, while fraction content of a-form and amorphous

decreasing from 33.1 to 21.3% and 65.2 to 44.1%,

respectively. The a-form decreases explicitly at temperature

above 120 8C. Contrary, the g-form increases remarkably at

temperature above 120 8C. This result indicates that at

higher isothermal temperature, i.e. lower supercooling,

shows to be more favorable for g-form growth in iPP-100.

Increasing the crystallization temperature was promoted a

a- to g-form transition and inducing a higher degree of

perfection of g-form crystals are observed. The g-form

crystals for (1 1 7) are more perfect than those formed at

lower isothermal temperature, i.e. the stronger intensity of

second peak (0 0 8) as discussed above.
4. Conclusions

The thermal properties and morphology development

of isotactic polypropylene homopolymer and blended with

low molecular weight atactic polypropylene at different

isothermal crystallization temperature were observed. The

results can be summarized as follows: (a) the aPP is miscible

with iPP in the amorphous region, (b) aPP amounts lead to
Fig. 12. Amount of the (C) Fa-form, (:) Fg-form, and (-) Fam phase

fractions determined by analysis of the areas of peaks at 18.58, 20.07 and

amorphous of iPP-100 at various isothermal crystallization temperatures for

WAXD diffractograms.
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the formation of a-form of iPP in iPP and blends, (c)

increases the crystallinity of iPP blend at small amount aPP,

while decreases crystallinity with increasing larger amount

aPP, (d) increasing the normalized crystallinity of iPP

molecular within blend as aPP content increased, (e)

isothermal crystallization temperature lead to enhance the

amount of g-form formed in pure iPP and iPP blends. The

contents of the g-form of iPP remarkably depend both on

the aPP content and isothermal crystallization temperature.

Pure iPP crystallized was characterized by the appearance of

a- and g-forms coexisting. The higher intensity of second

peak and crystallinity were obtained for blended with 20%

of aPP, the g-form content decreased and almost dis-

appeared for iPP/aPP blends with 50% aPP content. This

behavior suggested that the lower g-nucleation rate and

higher density of a-nuclei occurs at the early stage of

crystallization for iPP blends. In iPP blends, both a- and g-

forms obtained after isothermal crystallization showed a

strong tendency to recrystallization or reorganization, and

double melting endotherms were observed during the

heating process. This trend is due to the imperfect crystal

formed during the crystallization.

The a- and g-forms obtained after isothermal crystal-

lization at different temperatures exhibited single or double

melting endotherms in the subsequent heating process,

depending on the crystallization temperature. The presented

a a- to g-forms transition temperature at TcZ120 8C. At

crystallization temperatures lower than this transition

temperature, imperfect a- and g-form crystals were

obtained and recrystallization or reorganization took

place, leading to two endotherms. Above this transition

temperature, more perfect a- and g-form crystals were

formed which were not susceptible to recrystallization or

reorganization, and only a single endotherm was observed.

Samples containing only the a-form heated after isothermal

crystallization temperature showed two lower melting

endotherms due to a-form recrystallization was smaller

because of the occurrence of certain a-form

recrystallization.
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