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H 1. Polymerization of Styrene Using Various Metal Compounds
with Methylaluminoxane(MAO)

Catalyst mmol [Al] Conversion Stereospeci-

mmol wt% ficity
TiCly 0.05 40 4.1  Syndiotactic
TiBry 0.05 40 2.1 Syndiotactic
Ti{OCHj)4 0.05 40 38  Syndiotactic
Ti(OCzHs) 4 0.05 40 95  Syndiotactic
CpTiCl3 0.05 30 99.2  Syndiotactic
(CH3)sCpTiCly 0.05 45 100.0  Syndiotactic
CpeTiCly 0.05 30 1.0  Syndiotactic
( (CHg) 5Cp) 2TiCly 0.05 30 2.0 Syndiotactic
Ti(n-C¢He) 0.05 25 54  Syndiotactic
Ti(n-(CH3)2CeHy) o 0.05 25 5.7  Syndiotactic
Ti(n-(CH3)3CsHz) 2 0.05 25 6.0  Syndiotactic
Ti(acac);Cly 0.01 40 04  Syndiotactic
ZrCly 0.05 40 04  Atactic
Zr(O-n-Bu)y 0.01 8 0.1  Atactic
CpoZrCly 0.05 40 1.3  Atactic
Zr(n-C7Hg) 0.05 28 32  Syndiotactic
Zr(CHyC5Hs) 4 0.2 16 20  Syndiotactic
CpHICl» 0.02 40 14 Atactic
CpeVCly 0.05 40 0.7  Atactic
Co(acac); 0.02 10 1.8 Atactic
Ni(acac)s 0.25 20 80.8  Atactic

H 2. Polymerization Activities of Substituted Cyclopentadienyltita-
nium trimethoxide

Complex Activity (Kg sPS/mg Ti)
CpTi(OMe); 10
(Me3Si)2CpTi(OMe)3 25
Me,CpTi(OMe); 130
Me3SiMe4CpTi(OMe)3 135
Cp*Ti(OMe)3 200
EtMe4CpTi(OMe)3 210

9] FHol tebME gAo] Bt & (MesCp)TiX
3MAO ZviAE o] &3t ~E]A9 Z3o)A ancillary =]
= X9l FRE BEjdld S8 2HAE E 30 ey
Fel=s

Electron withdrawing 7121 Cl#} iso-CgFg7) 2 bulky
tert-butoxide 7|2 717 A9+ &4o] WO} methoxy,
isopropoxide, phenoxide % p-methylphenoxide 77} &
Ashks Zule] AL FX e, ol ancillary g7h=
7b 479 SR 9L F7) et a8y
sPSe} EApgt HE41-e X FHol dAgle) A9 vis:
=2

Az3F HES o]4sldx sPSHF dojAAt elgt
B3l Hls) 1 FulgA T AT H o] wre), 10 o=
E]ghol] H)8} X 25%9] electrophilicity”} 2}l o1& BF7A
o] Z7] WEo|th

Bl 313HE ] E/e9) ZHLET) sPS2] Ak mx|

208

H 3. Conversion and sPS Melting for Various Metallocenes

Metallocene Percel?t Meltl?g
conversion point(C)
Cp*Ti(OMe)3 55 270
Cp*TiCl; 25 269
Cp*Ti(O-t-Bu); 6 270
Cp*Ti(0-i-Pr)3 55 271
Cp*Ti(0-i-CsHFg)3 2 270
Cp*Ti(OPh)4 54 270
Cp*Ti(0-C6H4CH3) 49 270
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23 1. Effect of polymerization temperature on molecular weight.
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E 4. Relationships between the Catalysts and the Stereoregulari-
ties of the Polypropylene and Polystyrene Products

Stereoregularity
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2] 4. Relation between the Hammett ¢ value for each substituent
and reactivities in polymerization.
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H 5. The Properties of Three Types of Polystyrenes

U © L © ©

Atactic PS Isotactic PS  Syndiotactic PS
1955 1985
G. Natta N. Ishihara
Amorphous Crystalline Crystalline
Crystallization
rate - Slow Fast
Tg() 100 99 100
Tm(T) - 240 270
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38| 5. C-NMR spectra of the phenyl C; region of three forms of
polystyrene ; (1) isotactic; (2) atactic and (3) syndiotactic.
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2% 6. H-NMR spectra of main chain protons of three forms of po-
tystyrene ; (1) isotactic, (2) atactic and (3) syndiotactic.
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2@} 7. X-ray diffraction patterns of the four crystalline forms of sy-
ndiotactic polystyrene : (A) o form, (B) B” form, (C) y form and
(D) & form.
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olg AARF X-4 3d ~HEeetE 33 79 FUTh
3 7¢] (A)YA hexagonal HEjE o]F= o form
ARL 20=6.7°, 11.7°94 57 Hol=r} Yehta,
(B) 9] orthorhombic &efe] B” form AA 26=6.1°,
12,3°9A Flo]ag & & glch (C) 9 (D) 9] v, 8 form
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2| 8. Expended IR spectra of syndiotactic polystyrene samples in
three different regions (A) 1100~1400 cm™, (B) 860~940 cm’,
(C) 400~650 cm ; (a) amorphous, (b) 8 form, (¢) a form and
(d) B form.
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32 9. Crystallization rate with temperature for syndiotactic polys-
tyrene

X 6. Summary of Physical Properties for sPS Products

sPS PET
Property i(:; 10% glass 30'?;)“5(11385 30% glass
filled filled
Specific gravity 101 1.09 1.26 1.55
Tensile Strength(MPa) 35.3 71.6 118 152
Tensile Elongation(%) 20.0 31 25 25
Flexural Strength(MPa) 63.7 115 185 196
Flexural Modulus(MPa) 2550 4000 9020 9810
Izod Impact(KJ/m?) 10.0 8.8 10.8 8
DTUL 1.82 MPa(C) 95 130 251 245
0.45 MPa(c) 110 262 269 250
Dielectric const(1 MHz) 2.6 2.8 29 35
Dielectric loss tangent
(1 MHz) <0.001 <0.001 <0.001 0.007
wel guyEel FHEdN 4P A ek
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