Polymer(Korea) Vol. 19, No. 5, pp 700-706(1995)

243 F22€99 Az LAY L Sl 43

0 F E'-EF W -0 q¥-x Y FT
AEista Fochst neAFe, *Gdista 3 F 5
(1995 79 159 HF)

Preparation and Properties of Crystalline Polystyrene;
1. Effects of Catalyst

Dong-ho Lee', Keun-byoung Yoon, Eok-hyung Lee, and Seok-kyun Noh*
Department of Polymer Science, Kyungpook National University, Taegu, Korea
*Department of Industrial Chemistry, Yeungnam University, Kyoungsan, Korea

(Received July 15, 1995)

2 ¢ : Half-sandwich® titanocene Zulj¢] cyclopentadienyltitanium trichloride (CpTiCls),
indenyltitanium trichloride (IndTiClz), fluorenyltitanium trichloride (FluTiClz), trimethylsily-
lindenyltitanium trichloride ((Me3Si)IndTiCl;) 2 pentamethylcyclopentadienyltitanium tri-
chloride (Cp*TiCl;) 53 2%v}2 modified methylaluminoxane (MMAOQO)§& Alg3lo] AE]R
282 g8l 159 2TAS L ZABIYTE IndTiCl7b CpTiCly Boh & &nj848 By,
Z2Ed B ¢ AL 8E e Cp*TiCl FulE AMSSH 4o 7HE &2 vebstct.
£33 IndTiCls 2 Cp*TiClh& A2j7t T AIZRYAEY BAAA Az Sl e &
MMAOE AM23l1E & Zufg4S Yehigth. 849 u4+x25 BC-NMR2 ZARH 2
7}, CpTiCLZ A& sPSell B8 IndTiCl; 2 Cp*TiCL2 A& 7o YxF2Ae] o Hth. X-
ray Diffractometer2 243t sPS9] A 72 P dgodch.

Abstract : Half-sandwich titanocene catalysts such as cyclopentadienyltitanium trichlor-
ide (CpTiCly), indenyltitanium triéhioride (IndTiCls), fluorenyltitanium trichloride (FIuTiCls),
trimethylsilylindenyltitanium trichloride ((Me;Si)IndTiClz) and pentamethylcyclopentadi-
enyltitanium trichloride (Cp*TiCl3) have been examined with modified methylaluminoxane
(MMAO) for styrene polymerization. IndTiCl; showed higher activity than CpTiCls. Poly-
styrene (PS) of the highest syndiotactic index and molecular weight was obtained by
using Cp*TiCls. By supporting IndTiCly or Cp*TiCls on silica or cyclodextrin, the catalyst
had a reasonable activity even with a smaller amount of MMAO compared to the un-
supported catalysts. For microtacticity observed with *C-NMR, PS of higher syndio tri-
ads [rr] was obtained by using IndTiCly or Cp*TiCl; instead of CpTiCl;. Crystalline
structure of sPS was found to be mainly & form with X-ray Diffractometer.

Keywords © syndiotactic polystyrene, half-sandwich titanocene, activity, syndiotactic index.
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AE o] Fe dHo] Utk iPSef| vls =3
(T)°] 30C A= w2 Avegd ZjAgd
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2] Dow Alell A FQA g F318t1 glr}.2

el o] AIt) QEE ZF¥o A half-sandwich®
9] cyclopentadienyltitanium trichloride (CpTiCls)
2 I FEAE o] &3 ATV Bol MdFH] o
o 34 0] 9]¢ tetrabenzyltitanium (TiBzs) @ MAO
ZnjAlol O3 ARE BuEo] kS o] F half-
sandwich® Elgt 313E9] Zuj@d4gdL CpTiClz~
Cp * TiCls (Cp * = » ®-pentamethylcyclopentadienyl)
>CpTiCIH~Ti(0Et),>Ti(OMe) 4~ TiCly ] 720]
t}.3 H2o) indenyltitanium trichloride (IndTiCls)
£ A3t CpTiCl; 2ok & @4 oz A
288 4= (syndiotactic index ; SI)7F & sPS
g Az + Yoty 2FIFoS SR ¢
sPSo] X0 thside AAS AFel itk

Ig]3 titanium tetrabutoxide (Ti(OBu)4) &
A7l GAAZ Fujg AHEsHE MAO7}E obd
triisobutylaluminium (TIBA) F&ujjol] QsiAx
sPS7} oAt &3 A=Y 2Ed (-CD)d
zirconocene FAAZ Fujz JEd S FUE
%ol Ee)oldd (PE)S) 2xgn He3o] 0]
22 Zuj2 4 PEd| Hlg) ¥3to}.?

sPSt 7% WUy 9 xdd uet A7k Y
A4 Yl S JEbE polymorphismE 7HA™, 4
o) 79 Mol 7Py S101

B Algo)x= half-sandwich® titanoceneg)
CpTiCls, IndTiCl; ¢}l fluorenyltitanium tri-
chloride (FluTiCl3), trimethylsilylindenyltitanium

Falo| A199 A5% 19953 94

trichloride ((Mes51)IndTiClz) 2 pentamethyl-
cyclopentadienyltitanium trichloride (Cp*TiCl3)
TE AR 2EA SRS Pdtq FuiFFA ot
& S0l sPSY A, SI Hed L 2%
32z, 2AYH & AN 283 olg
Zojg A} £ o-CDel XA AT vl
AESA.

4 #

A) ¢, 2oz A3} cyclopentadienyltitanium
trichloride (CpTiCls, Strem Chemical, U.S. A.),
pentamethylcyclopentadienyltitanium trichloride
(Cp*TiClz, Strem Chemical, U.S. A.) @ 3&
il modified MAO (MMAO-4, 12.2wt% Al
Akzo, U.S. A)e Y8t A&t 28l
(Junsel Chem. Co., Japan)& calcium hydride
g 9ol 2T ¥ Ao Boisleld WirBe
o ¥l o]&stirt. EF (Duksan Chem.
Co., Korea)£ sodium-benzophenone complex
& AHE-ste] AAISkt

Zul A=, Indenyltitanium trichloride (IndTiCls)
= 1-(trimethylsilyl)indeneo] TiCly €4S 7}3}
2 -20°ColA 24417 WHEAIA AxEATHS a7
a1 trimethylsilylindenyltitanium  trichloride
((Me3Si)IndTiCly) =
lithium saltell trimethylsilyl chlorideE ¥}-8-A]7)
1 o7]9 TiCly 888 743t IndTiClz¢} 5L 3
W o 2 A 23U (MesSi)IndTiCls Fuje] +
2% !'H-NMR(in CDCly)& %A}, {(H-
NMR, §7.24(d, 1H(H;)), 7.38(dd, 1H(CHa)),
7.42-7.60(m, 2H(Hs, He), 7.80-7.90(m, 2H(H,,
H7))} fluorenyllithium salt®} TiCly(THF), &
HE -78ClA WESAIZ] F AbRel A 15413 vE
€ A)# fluorenyltitanium trichloride (FIuTiCl3)
g AzdQAt. ©o) Fujg) FRE 'H-NMR(in
CDCl) 2 zARIETh. {{H-NMR, §4.83(s, 1H,
Hi), 6.96(d, J=7.5Hz, 2H(H,, Hz')), 7.08(t,

1-(trimethylsilyl)indene
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TE-&
J=7.5Hz, 2H(Hs, Hj'), 7.29(t, J=7.5Hz, 2H
(Hy, Hy), 7.65(d, J=7.5Hz, 2H(Hs, Hs')}
DR Ee] AZE, 600°7CANA 10417 FoF g4
7l 4287} (Davison #952, 1 mmol of OH/g-
Si0;) & EF<le]l Z4)7]11 of7]o) E2qllol] &
& CpTiCls, IndTiClz Cp*TiCl; 5& z+
Hate 50°ColA] 15417 jEGAIZI & ERdlo
ARse] BAE0E AzSAHE e-Al2REA
EY (a-CD, Tokyo Kasei, Japan)& 120°CoA]
10417 2481 A3 o-CD BAZo)E A
27t gASulol 5UB W o Axsnts @
A Zoe] E]gt &  UV-spectrophotometer
(Shimadzu UV-2000, Japan) £ o] &38te] 7314

Al

N o

o)
=

> hu

ERd
UHE FYdtod S 7H*lo}
2ol MeE&S Hristd F3E AAAHL, 4
(5 wt% HCDel #Hr7id dgrgz Zej2E
(PS)& AAAZAcE PSe Sl methylethyl-
ketone (MEK) 2.2 10417t B¢t &3 3 Jo
FEAe FA%=ZE Tt 23 GPC
(Waters 150C) 2 135 C oA 1,2,4-trichloro-
benzene &2 st ZPagch. FRAY =
A3 ZEAHIR=(T)e  DSC (DuPont
TA2000)& ~H&sled 20C/min9 71 2 Yz}
£ g PIET). PSe) mlA|#3% (microtacticity )
& 2A}8}7) 918k 1BC-NMR (Bruker ARX300,
74.5MHz) 2 135°ColA] 1,2,4-trichlorobenzene/
benzene-dsS &I 3l AHERZ AU 2
APx= X-ray diffractometer (Philips X-
Pert)2 ARG o™, oJuf CuKe-Ni filtered
ApgEte]  20=5°~30° 7HX)
angle® 0.02° 2 3l A3}

A

radiationS step

s d 33

Zm9 9% o3 79 half-sandwich¥d
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titanocene® MMAOE Al23le] A& &3
F Aol FojFRol we SojgA sPS SI
4 FHHFEAGF (M), THEAH A5 (M,/ My),
T2 T 58 J_A}a}oq Table 1o} UERIQTH

FTELE7 40T Afole IndTiClze) &ojg
“del CpTiCls Cp*TiClzoll ®la} Fgtonl,
70CAMe Cp*TiClhe] Foigge] R =4 Yy
bt 28] IndTiCl; &= Cp*TiCke g&
sPSe] Bxjegkal Sizh CpT1c13,1 Aol dsf =
it EZMEAIEZIE EY3 (MesSi)IndTiCls
= IndTiClzel H]af %“H%‘JS 2okAgt Sle &
Al vebgtth 28y FluTiClh g AH3
g4 o @kort CpTiClollA 82 s
o 52 7,2 7 o IndTiCl; =
TiIClbZ 94L& sPSe| Sl¢t Mol 2% = DowAl Al
AEFo] A vBtRA T, 2R wurh 7@
Zug AL sPSe M,/ M,= 2 2X9 o=
VARFEEL Fon, ol HAne #dA F
ojoll A YutEog B 4= Qio}.l3

CpTiCl3 & A9l oz Zvf=
B Te 42 260C 2 220T olAelden,
CpTiCls2 #e sPSe) T, T} 2e 148 SI
rellAl & = QURo] YATFARAC] B WELS

A
r=

42 sPSe] T,

D_T

Table 1. Styrene Polymerizations with Various
Half-Sandwich Titanocene Catalysts and Polymer

Properties ®

s M, M. T, T,

Caralyst A" oy 109y By (©) ()
CpTiCly 36.8 82.2 6 1.8 242 211
IndTiCly 87.0 93.3 22 1.9 267 234
FluTiCl, 0.4 - - - 262 223
Cp*TiCls 32.7 91.1 148 23 271 236
Cp*TiCly 185.0 93.2 170 2.3 270 237
(Me;S)IndTiCls| 509 94.8 14 18 264 231
Dow! 94.6 390 2.2 270 231

# Polymerization condluons [Al)/[Ti]=1000,
[St]=0.35 mol/L, 40, 1h."

b Activity, kg-PS/mol-Ti-h.

© Polymerization  condition : [Al]/[Ti]=1000,
[St]1=1.04 mol/L, 70°C, 1h.

¢ Dow XU 72104.04L, sample.

[Ti]=55% 10~ mol/L,

[Ti]=55x10"5 mol/L,
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Fig. 1. 3C-NMR spectra of sPS obtained with (A) CpTiCly/MMAQ, (B) IndTiCls/MMAQ, and (C) Cp*TiCls/
MMAQ. Racemic triads{rr] : (A) 0.883, (B) 0.979, and (C) 0.985.

AR, 23y SIS F317] 98t MEKZE
FRANE F2 vl vEAA aPSet 4 A
TAES] sPSE &€ 4 o.M webd CpTiCls,
IndTiCl; 2 Cp*TiCls2 4L sPS9 u|y|7zE
ZAEH7] $13ted 13C-NMR A#E® 2 do Fig.
Lol JeRRSITE.

Z 28 E oA BE A7Re o] =7} WY
+Hl, 42.0 ppm F2ol] YeEh}E= o2 F49)
-CH-¢] 12, 45.0 ppmol YEhd do)la = F29
-CHz-o]™ 145.5 ppm2] Holay #Hd7|e] 1¥
gb4o]th 15 42.0 ppm ¥2¢] -CH- Ho|mz 4
Ho&E triads [rr]& 3R, o ge 7
2} 0.883, 0.979 ¥ 0.985% CpTiClz2 9& sPS
o] d]8ll IndTiCl; ¥ Cp*TiCh=Z 92 sPSe] ¢
A ARl B =3t

Az]7tel zirconocened HAA|Zl EulZ €

oy =2ddE ST Bl FFHE MAO

&2l A 198 A55 19953 9¢

el LdFeFoE FFEEQ  trimethylalumi-
nium (TMA), triethylaluminium (TEA) T%
triisobutylaluminium (TIBA) & Al&3lei® Zu)
4E& Ueh1,l” ansa-zirconocene2] A Loj=
A FEA L Tma} 2xigo] F7Hsiint.18 w3
Ti (OBu)4& Az7tell GAAA Az Zojz ~
Hill & $38u TIBAE #3502 AHEsld e 2
o] "ttt

ol gt Ewje] ©x] FIE AuE7) 95},
CpTiCl;, IndTiClzz Cp*TiCly Zuj& Az 7)o
GRAIK FME ~EH-S FR8IK e 2 AAE
Table 20 YRS}

CpTiCls, IndTiCly 2 Cp*TiClsE A7l &
A S E ~EA S SRS W SoBALS
oEx S wlE] Aoy, He Qo
MMAO F&mj2x F3o] 7153 Qo] it
AAdE sPSe SI¢} T, v]Ex|Zule] 8)5) A9

703



s 3
i

ol T X &

37 g ov, B Frkstgiet ols @
AXZel wep Fof 459 Yo Ttk
ufj Fojc}.1°

asy gy 2894 8= g/’
A7) FEujel MMAOE AA HHAI7|n &
g FAAZ Eoiy Aelste] Ay Fuig 2
g o ZRA FEoj2 MMAOE ARE-3te{o}
W EZoj@4e Jehiglz, TMA, TEA E:
TIBA $3 & ¢d¥¢Fux stE dalxe
845 JeRlA a4ttt

Aej7} GAEZvo] o] YA sPS9 A Tx
% BC_NMRZ ZAkst] Fig. 20 LFERAITH.

of7)o)A 7ok [rr] grol Z+zb 0.980, 0.9872
g &ale] e A9 gow, upeA
IndTiCly = Cp*TiCls& Aeislel Blsitizte
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Table 2. Styrene Polymerizations with Various
Supported Catalysts and Polymer Properties®

. S M, M, T, T.

Catalyst — [Actty® oy 109 T, (0) ()
Si0y/CpTiCls* 320 80.4 7 19 248 214
SiOMMNIAO/CpTiCIg;d 36.1 78.1 7 20 238 206
Si0y/IndTiCly® 54.1 91.6 32 19 267 235
SiOg/I\IIMAO/IndTiClgf 65.3 91.2 33 21 266 235
Si0/Cp*TiCl# 93.2 945 223 20 272 236

® Polymerization condition : [Al]/[Ti]=100, 40, 2h.
b Activity ; ke-PS/mol-Ti h.
Titanium content{wt%) ;c) 0.7, d) 1.9, e) 1.8, {) 2.2, g) 2.3.

}
(A) : J
Uestminainter v/ obrdysestmis b Www
Wy v
p;m 1 415 1 4;0 1 .’;5 prpm 42 4IO 3'5

Fig. 2. ®*C-NMR spectra of sPS obtained with (A) SiO;/ IndTiCls/MMAO and (B) Si0,/Cp*TiCla/MMAO.
Racemic triads [rr] : (A) 0.980 and (B) 0.987.
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TiCl; &rle 2e)dol] Ui Eoi@8Y e YepiA)
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43ttt 281 oCD FAEE de7te] 3¢
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Table 3. Catalyst Activity of @CD Supported
Catalyst and Properties of sPS?

sPSe 23 +x.sPS9 AF Fx= ZAAS
Wiiol we} 6712 FHE EAds AR ¢
A A F, a ® fHL A& YA gl BF
Ef2E o]RojH, ¥ SUPAY ZAEAE
7Y, g8 APEAAY BAAAE 7M1 L
t}. o] &£ ] AT AAH LR ]R3 a7, B
3 Aglo] E2A8t= o, 7YY FAHE UF
o] X} 8101l Sl 51 sPSE &off A5l A AA
ZAI71H gauche Fef7t 23E JYAY F2E 7
A y % 3¥o) PRSI

@@ sPSel WHTEE Yolwyl el
CpTiCly ¥ Cp*TiClz & €& sPSE X-ray diff-
ractometer (XRD)Z2 EA43sl1 2 AAE Fig. 3
of Gehiith. o47]elA Cp*TiCli2 &2 sPSE

[AV Acvic S M, M, T,

Catalyst ] 4 (w%) (0% M, (0)  MEKZ 2&ste] 38 2 (MEK-s)3 315
Cp*TiCly 1000 327 935 148 23 21 Z)] 9o BB (MEK-i)o 3AZME o}LE
oCD/TMA/Cp*TiCl | 100 346 930 125 22 271 1 e PR el fg=dz b e
@CD/MMAQ/Cp*TICd| 100 304 927 95 2l 271 AT}

» Roiymerization, condiign ; (St]=0.35mol/L, 40T. Fig. 30 Yepd CpTiClet Cp*TiClhz A&
Titanium contents : © 0.8 wt%, ¢ 1.0 wt%. sPS9] XRD patternoi| A 1jo} =7} 26=7.9, 10.3,
s

w
(=4
wv
[
(=]
N
wi

30
{20]

Fig. 3. Wide angle X-ray diffraction patterns of polystyrene obtained with (A) CpTiCly/MMAGQ, (B) Cp*TiCly/
MMAQ, (C) MEK-}, and (D) MEK-s.
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