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Abstract

In this study, isothenal crystallization in blends of isotactic gptopylene (i-PP) with
polyethyleneb-poly(ethyleneco-butylene)b-polyethylene block copolymer (CEBC) was
investigated using a polarizggthotaneter, polarized microscope and differential scanning
calorimeter. Half time of crystallizaitort (,) is increasing with increasing CEBC content in
i-PP/CEBC blends. Avrami index and rate constant of crgstaith decrease with increasing
CEBC content in i-PP/CEBC blends. On the contragathof fusion of i-PP crystal in the
blends is almost constant against the variation of CEBC content in i-PP/CEBC blends. Hence,
it is pointed out that blending i-PP with CEBC caused only retardation of rate of crystalline
growth and change imechanism of crystallinggrowth from three iknensional to two
dimensionabrowth.

Introduction

In general, isotactic pgpropyrene (i-PP) shows itite fracture on impact stress due to
relatively high glass transition temperat({t¢. Hence, modi€ation of impact resistander i-

PP has been examined extensivdly?2). Esgcially, blending i-PP with elastomer is one of
the effective mdtods for im@act modification.

Block copolymers camaining rubbery segments have been mixed extensively with
plastics to dughen the pldis (3-5). In general, phase morphology of polymer blends plays
important role on mechanicptopeties in the systen(8). Hence, it is thought that conlirng
the phase morphology has sigo@nt value to prepare the polymer blends having synergistic
propeties between each cqmonent. Esecially, in polymer blends including crystalline
component, it is considered that coffitng the crystalline rorphology, such as sphéite
structure, of the blend is of greatportance. Hence, studies on crystalline structure in blends
of i-PP with rubbery polymers have been focused (1, 2, 6-8). Then, in this study, we
investigate growth and morpholagal observation of spherulite in blends of i-PP and
polyethyleneb-poly(ethyleneco-butene)b-polyethylene block copolymer. (CEBC)

Experimental

Polymers used in this study were iso-polypropylene (i-PP, Toso Co., Ltd.) and
polyethylene-b-poly(ethylene-co-butene)-b-polyethylene block copolymer (CEBC, ethylene
content=40 wt%). Here, CEBC igdl products of JSR Co., LtdVeight averaged molecular
weights of i-PP and CEBC were 2.5 X°Hhd 3.0 X 1 respectively. Blends of i-PP and
CEBC were prepared using a twin-screw type extruder. Blend samples wéien b
220°C and then quenched to constant tatjization temperature (¥ 140°C). Isothermal
crystallization processes of i-PP spherulite in i-PP/CEBC blends were measured using a
polarized photaneter (Kotaki Co., Ltd.). Figure 1 shows a result ofeasurement of
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isothermal crystallizatiorfior i-PP using a pol@ed photaneter. In Fgure 1, 10, d0, and It
represent initial light intensity, saturated light intensity, and light intensity at time t in
polarizedphotaneter, respectively9). For isothemally crystallized samples, anphologcal
observations and thermal analysis were carried using a polarized optical microscope of a
Nikon S-Ke opical microscope and differential scanning calorimeter (DSC) of a Du Pont 910
DSC, respectively.

Results and Discussion

Figure 2 shows Awami plots for isothemally crystallizationprocess of i-PP in i-
PP/CEBC blends isothermally crystallized140°C. Since linear line is shifted to right hand
side in the Figure 2 with increasing CEBC contents in i-PP/CEBC blestgspf crystalline
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growth in i-PP/CEBC blends is decreasing with increasing CEBC contents in the blends.
Further, slopes of linear line of the plots seem to be decreasing with increasing CEBC
contents in i-PP/CEBC blends. Therefore, it is considered rttethanism of crystalline
growth of i-PP is aficted by existence of CEBC as a miscibl@umity.

Avrami parameters are summarized in Table 1. Avrami index and rate constant of crystal
growth tend to decrease with increasing CEBC content in i-PP/CEBC blends. Hence, it is
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considered that mechanism growth of spheriite of i-PP is affected by adding CEBC to i-

PP. When Avrami index, n, =4, the system shoperadic neleation and three dimensional
(spherical)growth (10). Further, when n=3 in the case of sporadicdeation, crysalline
structure grow two ichensional (circle)10). Hence, in i-PP/CEBC blends, it is considered
that mechanism of crystallingrowth of i-PP is changed from thre@émeénsional to two
dimensional by increment of CEBC contents in the blends. In addithalf time of
crystallization € ,,) is increasing with increasing CEBC content in i-PP/CEBC blends. It is
considered that these results show blending i-PP with CEBC caused reduction of frequency of
nucleation of i-PP crystalline.

Table 1 Avrami parameters of i-PP/CEBC blends crystallized at 140°C.
n, k, and 7 ,,represent Avrami index, rate constant and half
time of crystallization.

PP/CEBC(Wt/wt) n kisec™ T alsec
100/0 4.6 1.5x10° 430
90/10 4.6 3.1X10° 624
80/20 3.9 8.1x10° 856
50/50 29 3.3%10° 2160

Figure 3 shows plots of halime of crystallization 1 ,,) of i-PP/CEBC blends against
blend compositiont ,, of i-PP/CEBC blends is monotonously increasing with increasing
CEBC contents in the i-PP/CEBC blends. In general, it has beenkwelln that the
existence of miscible impurity causes retardation in rate of crystajhmeth in a polymer
blend. Therefore, it is considered that poly(ethyleadutene) block in CEBC is miscible or
partial miscible with i-PP in molten state. Miscibility of blends of i-PP and poly(ethydene-
butene) was investigated by Bates et.(hL). According their results, misdiity between i-

PP and poly(ethylenee-butene) is enhanced with increasing butene contents in
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poly(ethylene-co-butene) and the blends are miscible in 80mol% of butene contents in
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poly(ethyleneeo-butene). Hence, it is reasonable that i-PP and poly(ethglebetene)
blocks of CEBC are partially miscible each other. Tfaeee it is considered that a part of
poly(ethyleneeo-butene) blocks of CEBC play miscible impurity and cause retardation of
spherulitegrowth of i-PP in i-PP/CEBC blends.

Figure 4 shows plots ofelat of fusion AH) of i-PP crystal in i-PP/CEBC blends
crystallized at140°C. TheAHs were estimatedrom DSC thermogramsEach AH, was
calculatedfor unit weight of i-PP. The\H, of i-PP crystal of i-PP/CEBC blends is almost
constant against the variation of CEBC contents in the blétdjs.were the values per unit
i-PP weight. Hence, it is considered that degree of crystallization of i-PP in i-PP/CEBC blends
is almost constant against variation of blend compmsitiThus existence of CEBC in i-
PP/CEBC blends has no effects on degree of crystallization of i-PP fdileernéis considered
that existence of CEBC in i-PP have significant effects on mechanignowth of spherlite
and have little effect on degree of crystallinity.

Figure 5 shows polaed optical micographs for i-PP/CEBC blends isotimelly
crystallized at140°C. The ge of spherulite of the i-PP/CEBC blend is increasing with
increasing CEBC contents in the blends. As shown in Table 1, it is considered that mechanism
of nucleation of i-PP in the blends are invariant by blending witlBB@ETherefore, the
number of nuclear of the i-PP crystals are decreasing with increasing CEBC contents since
frequency of nucleation in i-PP is constant in botine i-PP and i-PP/CEBC blends. Then, it
is considered that growth of sphhtes of i-PP is prevented by another crygedwth of i-PP
since there are a lot of nuclearpare i-PP. On the contrary, in i-PP/CEBC blends, growth of
spherulites of i-PP is not prevented since the distance between nucleages {o growth
large spherulite in i-PP/.CEBC blends thame i-PP.
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Conclusion

Crydallization of i-PP in i-PP/CEBC blends is investigated. Degree of crystallinity is
almost constant with variation of blend compasiti However, ate ofgrowth of spherites
of i-PP is retarded and manner of crystallization are chafrged three dmensional to two
dimensional due to existence of BE. Therefore, it is considered that existence of miscible
impurity causes retardation of crystalligeowth and linear growth of sphédite.
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Figure 5  Polarized optical micrographs for i-PP/CEBC blends isothermally
crystallized at 140°C.
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