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2 %: At]e EejA & 71X isopropylidene {1-7°-cyclopentadienyl) (1-7°-fluorenyl)dichloro-
zirconium (7Pr-(Cp)(Flu)ZrCl,) & MgMe, 2 vl€3}3le {Pr-(Cp)(Flu)ZrMe, &0} & A 311

Bl 91 So]28 31389 [HNMe,Ph][B(CF:), ] Z&u) 2 3} racemic pentad (rrr») 7}
976% < Adeey Ez29d (sPP)& AZ3H}. €& sPP= 3C NMR, IR, x-ray 873,
DSC 2! TGA 5& AME3ld BX314rt. =3 sPPE olete] Zeglzzdd (aPP)3} o8] 717
v]-4& (sPP/aPP =90/10, 80/20, 60/40) 2 Bal=sle 7o ubfoz BM3tozH PP H7}
o & sPPe] B4 W3lE FAlslYd. sPP/gaPP £d= HE S o|43t IR 84 437} IR #4
= aBAe 4H, 7 48 BAE 2ET, x-ray 3]W BEAogRE 1Rzle] ARsE= oFPe)
Aot wet ke A& 4 F AUk sPP9} sPP/aPP Ed== A3 Q! thEdAde] 84
ﬁlo]ﬂ%‘ YeRiGlth 8§ wlojas] mr|e) = £§ vo]z9] Fold ( %%4-&9} V&R F)

of we} A Eebach Avrami BH A o) % Bzl A3 wizkrls sPPrE Hrgd
gz} F718I9 3, Aveami X5 ()& 2.10~3.152 Jeldo) 38 g3 PP} 1526 c9x
sPP/aPP=90/10, 80/20, 60/40Y = z}g|= 151.5, 150.8, 147.5 C& 743} o}

ABSTRACT: Syndiotactic polypropylene (sPP) showing high racemic pentad (#»7#) value of
97.6% has been synthesized by iPr-(Cp)(Flu)ZrMe, (:Pr-(Cp)(Flu)=isopropylidene(l-5°-
cyclopentadienyl)(1-»°-fluorenyl)) compound which is prepared by the methylation of
syndiospecific metallocene catalyst, /Pr-(Cp)(Flu)ZrCl, by using MgMe,, cocatalyzed with
noncoordinating anionic compound, [HNMe,Ph][B(C¢F5),]. Neat sPP has been characterized
by "*C NMR, IR, x-ray diffraction, DSC, and TGA analysis. Various sPP/atactic polypropyl-
ene (aPP) blends (sPP/aPP=90/10, 80/20, and 60/40) prepared by solution blending were
also analyzed by the same methods. According to the IR analysis carried out by polymer films
there exists a good correlation between IR index and the enthalpy of melting (4 H,,) of poly-
mer. The x-ray crystallinity of the blend is decreased with the amount of aPP. sPP and its
blends show double melting peaks representing polymorphism. The number and the area
ratio of each peak are dependent on thermal history of the sample. The results of analysis by
Avrami equation shows that the half-time of crystallization is decreased according to the in-
crease of aPP content and that Avrami index is in the range of 2.10 and 3.15. The equilibri-
um melting temperature of neat sPP is 152.6 C, and those of sPP/aPP blends are 151.5, 150.
8, and 147.5 C for sPP/aPP=90/10, 80/20, and 60/40, respectively.

Keywords: syndiotactic polypropylene, syndiotactic/atactic polypropylene blends, polymorpiism
thermal behavior.
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Figure 1. Correlations of IR index (7y) vs. enthalpy of
melting (4 H,)) and »y vs. amount of sPP in sPP/aPP
blend.
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Figure 2. WAXS curves of (a) sPP, and blend of
sPP/aPP=(b) 90/10, (c) 80/20, and (d) 60/40.
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Figure 3. DSC thermograms of sPP isothermally
crystallized at 80 C for 5 min. The cooling rate from
the melt to 80 C is (a) 100 C/min, (b) 50 °C/min, (c)
20 C/min, and (d) 10 °C/min.
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Figure 4. DSC thermograms of sPP isothermally
crystallized at a different crystallization temperature of
(a) 70 C, (b} 80 T, (c) 90 C, (d) 100 C, and (e) 110 C.
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Figure 5. DSC thermograms of sPP isothermally
crystallized at 80 'C. The heating rate is (a) 5 C/min,
(b) 10 'C/min, (¢) 15 C/min, and (d) 20 ‘C/min.
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Figure 6. DSC thermograms of sPP/aPP blends iso-
thermally crystallized at 80 C obtained with a heating
rate of 10 C/min: (a) sPP/aPP=100/0, (b) 90/10, (c)
80/20, and (d) 60/40.
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Figure 7. DSC thermograms of sPP/4PP blends iso-
thermally crystallized at 80 C obtained with a heating
rate of 20 'C/min : (a) sPP/aPP=100/0, (b) 90/10, (¢
80/20, and (d) 60/40.
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Figure 8. DSC thermograms of sPP/aPP blends iso-
thermally crystallized at 80 °C. The cooling rate to 80
‘C was 10 C/min and the heating rate was 20 C/
min : (a) sPP/aPP=100/0, (b) 90/10, (c) 80/20, and
(d) 60/40.
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Figure 9. Plot of log(-log(1-X,)) versus log ¢ of sPP
and aPP/sPP blends crystallized at (a) 90 C and (b)
110 C.
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Table 1. Observed Melting Temperature (7)), Half-Time (¢y5), Avrami Index (n), and Overall Rate Con-

stant (%) of sPP/aPP Blends by DSC Analysis

sPP/aPP=100/0 sPP/aPP=90/10

sPP/aPP=80/20 sPP/aPP=60/40

To ts To tos Tn o5 Tn tos
) (se0) k) (seo) Foe) e 7k (0) (se0) k
60 - - - - - - - - 142 12 21 18e3 - - - -
70 - - - - 143 15 22 87e-4 143 14 21 12e-3 140 19 22 50e-4
80 - - - - 143 17 25 27e-4 143 23 23 224 140 28 23 26e-4
90 144 9 23 2le3 144 19 25 16e-4 143 28 22 18e-4 140 36 23 17e-4
100 148 18 22 56e-4 - - - - - - - - 142 44 23 60e5
110 150 20 22 4le4 150 47 22 55e-5 146 48 23 83e-5 144 65 24 14e5
120 153 30 31 89e-6 - - - - - - - - - - -
140 155 38 32 326 - - - - - - - - - - - -
Table 2. Equilibrium Melting Temperature (T,) 160 y : .
and Thickening Factor of Lamellae(y) of sPP/ 158 i
aPP Blends by Hoffmann-Weeks Plots sPPlaPpP
156 1- v 100/0
sPP/aPP T,(C) 4 L 4 9010
100/0 153 7.03 541 - gor0 o
90/10 151 6.43 152 © 6040 T
80/20 150 6.31 gt =
60/40 146 6.07 T s L
148 | '4§//’/ —
—a
UERRSITE. sPP/aPP B3l= %o ¥719 oPPe 145 =8 -
Fol FNEFE 4= PR o7 Zlelgh kg 144 ,/,/-/'
& sPPY| A% ZYB L7} Z/R4E, B 12|
qre B3I 433 25 (90 C, 110 THYolA A S Y T
7]-Q aPPOC}:o] —-7}‘%}_’}: 1,1_,_3] 7_}_/}_3].9&1:}. o]}f 80 100 120 140 160 180
BA=&d A sPPel 2R3 Ao wdRg 18 T_(°C)
ARl aPPo] el 28z} FAlo 3y 2g o Figure 10. Hoffmann-Weeks plots of sPP and sPP/
Adztn £ 4 ich aPP blends.
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