Polymer(Korea) Vol. 20, No. 3, pp 470-475(1996)

234 E2HA Ax H A 1. $F 219 9%

o] ¥ E'-x H F*-& = - 9 ¥ -'u'-%%'
ARTstm 2RUs DRAEe, *Ygusta aiet sers 9 s
(199613 49 99 HS$)

Preparation and Properties of Crystalline Polystyrene:
II. Effects of Polymerization Conditions

Dong-ho Lee ', Seok-kyun Noh*, Keun-byoung Yoon, Eok-hyung Lee, and Seung-young Koo
Department of Polymer Science, Kyungpook National University, Taegu, Korea
*School of Chemical Engineering and Technology, Yeungnam University, Kyongsan, Korea
( Received April 9, 1996)

K ¢ Half-sandwich® titanocene ZvlQl cyclopentadienyltitanium trichloride (CpTiCls),
indenyltitanium trichloride (IndTiCl;) % pentamethylcyclopentadienyltitanium trichloride
(Cp*TiCly) &3 FZvfel modified methylaluminoxane (MMAQO) & A}23+ AEj&l F3to) A
2 g wE FEAFH YA Ze2EAY JAFAA, EAF L €4 42L vm
A AU MMAO o) 7105 SuESE Bism, YATAIE B Foh
ouf, BatFe ZAsIY. 3 227t FU1eel wel Cp*TiCly; Fuje] 9ol 80 T7A &
uj@Ajo] Z718t= wiRo| CpTiCly9}t IndTiCly Eols 30~40 ColA AWBAL el 2
21 FELE7t VLS EAFE A BN, JAFAYE thd RolRY. F@2A
o meh HRFe Thh Wall, DRAYASE A AR 2HAY $EI eSS &
ohey % 2Akgol Z7HSIQIR. IndTiCl, Zhe) %S0l ZulEe SN0l te} Suje4)
2Fo] S7HIgTh o 4e] oWE FEERANNE Cp*TiCly Foi7} 71 & Zoig4< vhek
gonl, g olu AL FAEAY YA FAY, BAF L H2W 5ol 1 5

ABSTRACT: For styrene polymerization initiated by using a half-sandwich titanocene cata-
lyst such as cyclopentadienyltitanium trichloride (CpTiCl;), indenyltitanium trichloride
(IndTiCl;) or pentamethylcyclopentadienyltitanium trichloride (Cp*TiCl;) with modified
methylaluminoxane (MMAQ) cocatalyst, the effects of polymerization conditions on
polymerization behavior and properties of polystyrene were examined. With increasing
MMAO concentrations, the catalyst activity increased and the molecular weight (MW) of

polystyrene (PS) decreased. The catalyst activity of Cp*TiCl; increased up to 80 C, while
CpTiCl; and IndTiC'; gave maximum catalyst activity at 30 and 40 C. MW and syndiotactic
index (SI) of PS decreased with increasing polymerization temperature. The polydispersity of
PS was less dependent on polymerization conditions. By increasing styrene concentration, the
catalyst activity and MW of PS increased. For IndTiCl;, the catalyst activity and MW of PS
were promoted with a short aging time. Irrespective to polymerization conditions, Cp*TiCl,

gave high catalyst activity and the obtained PS had high SI, MW, and melting temperature.
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Figure 1. Effect of MMAO concentration on the cata-
lyst activity for titanocene catalysts. Polymerization
conditions are corresponding to Table 1.
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Table 1. Effect of MMAO Concentration on SI, M,/M, and 7;, of sPS Obtained with Various Titanocene

Catalysts
[AIT/[Ti] CpTiCl,? IndTiCl,? Cp*TiCl,°
Y OSIwi%)  M,/M, T.(C) SIwt%) M,/M, T.(C) Slwi%) M,/M, T.(C)
200 78.1 2.0 251.8 — — — 90.5 2.2 269.4
500 93.2 2.0 253.9 92.3 1.8 266.7 92.4 2.0 270.4
1000 89.0 2.0 254.1 93.3 1.9 267.1 96.7 1.9 269.6
1500 91.8 1.9 252.0 93.1 1.9 266.4 95.8 1.9 269.0
2000 91.3 1.9 250.5 92.1 1.9 264.0 95.6 1.9 270.9
4 Polymerization conditions : [Ti]=3.1x 1076, [St]=0.348 mol/L, 40 °C, 3 h.
b Polymerization conditions : [Ti]=5.5% 108, [St]=0.348 mol/L, 40 °C, 1 h.
¢ Polymerization conditions : [Ti]=3.2x 1076, [St]=1.044 mol/L, 70 °C, 2 h.
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Figure 2. Effect of MMAO concentration on the molec-
ular  weight of sPS for titanocene catalysts.
Polymerization conditions are corresponding to Table 1.
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Figure 3. Effect of polymerization temperature on
catalyst activity for titanocene catalysts. Poly-
merization conditions are corresponding to Table 2.
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Table 2. Effect of Polymerization Temperature on SI, M,/M, and T, of sPS for Titanocene Catalysts

CpTiCly® IndTiCl;? Cp*TiCl,¢
Temp. (C) SI(wi%) MM, T.(C) Swt%) M./M, Ta(CT) Slwt%) M,/M, To(C)
0 - 1.9 259.9 92.8 1.9 270.2 - 2.0 268.0
15 - - - 91.9 2.0 269.0 - — -
20 91.9 1.9 256.3 - - — - 2.0 269.7
25 91.6 2.1 256.0 - — —_ - — -
30 92.2 2.0 256.2 — —_ - — - —
35 92.3 2.0 257.0 - - - — - —
40 90.6 2.0 258.7 93.0 2.0 267.1 93.6 1.9 268.2
55 87.8 2.0 249.7 94.3 1.9 266.5 95.5 2.1 269.7
65 - - - — - - 95.6 2.3 270.6
70 73.7 1.9 244.7 93.2 2.0 264.4 96.7 1.9 269.6
80 - - — - - — 95.5 2.1 268.9

4 Polymerization conditions : [Ti]=3.1x 10~6, [A1]/[Ti]=1000, [St]=1.044 mol/L, 3 h.
& Polymerization conditions : [Ti]=5.5x10"%, [Al]/[Ti]=1000, [St]=0.348 mol/L, 1 h.
¢ Polymerization conditions : [Ti]=3.2% 10—, [Al1]/[Ti]=1000, [St]=1.044 mol/L, 2 h.
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Figure 4. Effect of polymerization temperature on mo-

lecular weight of sPS for titanocene catalysts.
Polymerization conditions are corresponding to Table 2.
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Figure 5. Effect of styrene concentration on catalyst
activity for titanocene catalysts. Polymerization condi-
tions are corresponding to Table 3.
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Figure 6. Effect of styrene concentration on molecular
weight of sPS for titanocene catalysts. Polymerization
conditions are corresponding to Table 3.

Table 3. Effect of Styrene Concentration on SI, M,/M, and T, of sPS for Titanocene Catalysts

(Styrene) CpTiCl,* IndTiCly Cp*TiCl,¢
mol/L.  SUwt%) MM, T.(C) Slwt%) M,/M, T,(C) Slwt%) M,/M, T,(C)
0.087 54.1 2.0 231.4 - — - 94.7 1.9 261.2
0.174 — - - - - — 98.0 2.0 268.3
0.348 89.0 2.0 254.1 93.3 1.9 267.1 97.4 2.0 270.0
0.522 94.5 2.0 257.6 — - — 97.3 2.0 269.9
0.696 93.2 2.0 258.1 94.1 2.5 268.0 94.6 1.9 269.8
1.044 90.6 2.0 258.7 93.2 2.0 268.2 96.7 1.8 269.6
1.392 85.4 2.1 256.0 92.1 24 268.4 94.6 2.1 269.4

2 Polymerization conditions

. [Ti]=38.1x 1075, [Al]/[Ti]=1000, 40 'C, 3h.

b Polymerization conditions : [Ti]=5.5x10"¢, [Al]/[Ti]=1000, 40 C, 1 h.
¢ Polymerization conditions : [Ti]=3.2x107%, [Al]/[Ti]=1000, 70 C, 2h.
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Table 4. Effects of Aging Time on Activity and Molecular Weight of sPS for Titanocene Catalysts

Aging CpTiCl# IndTiCl? Cp*TiCl¢
Time (min) Activity? M,(x107%) T,(C) Activity! M,(x1073) T,(C) Activity! M (x1073) T,(C)
0 36.8 12 254.1 87.0 22 267.1 185.0 187 269.6
5 39.5 14 254.3 131.3 31 267.0 198.7 193 269.1
15 - — - 112.2 32 267.6 - — —
30 40.3 13 254.0 - — — 193.2 198 267.0
60 39.8 14 254.2 130.8 33 268.3 198.2 192 269.5

2 Polymerization conditions : [Ti]=3.1x10"%, [Al1]/[Ti]=1,000, [St]=1.044 mol/L, 40 C, 3h.
® Polymerization conditions : [Ti]=5.5x10"6, [Al1]/[Ti]=1,000, [St]=0.348 mol/L, 40 °C, 1 h.
¢ Polymerization conditions : [Ti]=3.2%107¢, [Al]/[Ti]=1,000, [St]=1.044 mol/L, 70 'C, 2 h.

4 Activity : kg-PS/mol-Ti h.
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