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L 2F: Mononuclear half-titanoceneq] CpTiCls, IndTiCl; 2 Cp*TiCl; 28] 1L siloxane-bridged
dinuclear half-titanocene?l Cl3Ti-CpSi(CHj3),-0-Si(CH;3),-0-Si-(CH3),Cp-TiCl; %3 modi-
fied methylaluminoxane FZol] & o] &3 2 oL, p-olEdAEd € vdyzesl 3
o] FFHAA 74 el & FEATH A TR L& ZAlEA T 2E-AA oo
FFYPNM e 2 @558 ] g8 AAHL F3] 4] FEFAE &+ ATk wt
A olE Zule ey oEdle] FFH nlaTH Yok 2E AN p-vH2E-M] FF
e p-ldEldle] o] Frhgd wet FujEde] EAR, FEEAHY 528 (T 2
1T (T = B4 2elxn p-d2ede] ol met FF T3 Tyl 3ol
£ 2AE & At 2EAH vdyzgde] FEFPA s Afke] vidutagd Wt Zoig
4 2 FFRA T,0l 2A Fasch

ABSTRACT : With mononuclear half-titanocenes such as CpTiCls, IndTiCl;, Cp*TiCl; and a
siloxane-bridged dinuclear half-titanocene, Cl;Ti-CpSi(CH 3),-O-Si(CH 3),-O-Si-(CH3) ,Cp-
TiCl; cocatalyzed by modified methylaluminoxane, the copolymerization of styrene (St) with
ethylene (E), p-methylstyrene (PMS) and vinyl naphthalene (VN) was carried out, and
copolymerization behavior as well as properties of the obtained polymer were examined for
each catalyst. In copolymerization of St and E, the mixture of homopolymers, syndiotactic
polystyrene and polyethylene, was obtained mainly with a less amount of copolymer, which
intimated that these titanocenes are unsuitable for St/E copolymer preparation. By
copolymerization of St with PMS, the copolymer was prepared with a enhanced catalyst
activity. The melting temperature (7,,) and initial decomposition temperature (T'g;) of copoly-
mer decreased and the difference of T, and Ty4; could be controlled with the amount of
added PMS. For copolymerization of St and VN, the catalyst activity and 7', of copolymer de-
creased drastically even with a small amount of VN.

Keywords: styrene copolymerization, mononuclear and dinuclear titanocenes, catalyst activity,
transition temperature.
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Al 2f. Mononuclear half-titanocene 37
modified methylaluminoxane (MMAOQO) &
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titanocene Zuj9l TSDTE AUt}

St ¥ Zoif. F4 971 oM fE] we
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Mg Stat Eo] 3FEA, 2 wE Fof
A% 2 A T2 A Tof Wbl 3 zAL
st St Eof FFEAE A4ste Aoz ¢4
A constrained geometry catalyst(CGC, dimeth-
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titanium dichloride) Zvuje]%’ Z2%Ans AHH}
t}.
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Table 1. Effect of MMAQO Amount on Catalyst
Activity for Copolymerization of Styrene (St) and
Ethylene (E) with TSDT and Produced Polymer
Properties

[AIl/[Ti] activity Tw(T) T.(C)

4 H{J/g)

500 64 131 257 115 220 106 8
1000 72 130 255 115 218 103 11
2000 88 131 254 115 218 105 8

Polymerization conditions : [Til=3.4x 10" mol/L, [E]/[St]
=0.61/0.35 (mol/L/mol/L), 40 C, 3h.
Activity : Kg-Polymer/mol Ti-hr-atm.

Table 2. Effect of Temperature on Catalyst
Activity for Copolymerization of Styrene (St) and
Ethylene (E) with TSDT and Produced Polymer
Properties

temp. (C) activity Zm(C) T{C) 4H(]/g)
25 49 128 nd 113 nd 128 nd
40 72 130 255 115 218 113 11
55 169 130 251 114 217 71 11
70 189 126 242 112 205 16 19

Polymerization conditions : [ Ti]= 3.4 x 10~% mol/L,
[Al/1/{Ti]=1000, [E1/[St]1=0.61/0.35 (mol/L/mol/L), 3h.
Activity : Kg-Polymer/mol Ti-hr-atm, n.d : not detected.
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S NE3hon, ojd FukFA o FFu|d e
Ao #& 2 24, FFEAY 43 Fo €3
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Table 3. Copolymerization of Styren (St) and »-
Methylstyrene (PMS) with CpTiCl;-MMAO Cata-
lyst System

St PMS Acte To T. T4 PMS SI

{(mol/L) (mol/L) () (€) (C) (mol%)® (wte)
052 000 394 258 222 390 0.0 91.7
0.87 008 758 219 166 367 132 55.1
0.70 015 781 191 nd 358 25.6 ca. 0
0.00 046 1304 174° nd 342 1000 418

Polymerization conditions : [ Ti]=23.08 x 10" mol/L,
{AlY/[Ti]=1000, 40 °C, 3h, nd : not detected.

¢ Activity : Ke-Polymer/mol Ti-hr.

® Composition of PMS determine by 'C NMR.

¢ First heation scan for MEK-insouble fraction.

A 25.6mol% PMSE & FZdAe T,
191 Colles, PMS 25.6 mol% o|Are] 233
& Tog VERA 23ttt

Poly( p-methylstyrene) (PPMS)¢] T,& sPSH
oo 90 C Ax Wgtor, Y= AAHS A
&}x] 2-&}a] second heating scand| A= T,0] 33
2] gkorrl. wetd PPMSE QIS o T f39)
B & HAdskA] RapH, first heatingoll 47 B
= Fguolms yo} 089 AH 7 Aozt
A zt= Aot

Ad9 PPSMe] mlAF+2E ZA] 93t &
& I3C NMR spectrum-& Fig. 14 vbepigic}.

21.0 ppmollA  #id7]o] X¥E wE7] (-CHy),
40.8 ppmoll 4] Fafel] €] (-CH-), 44.8 ppmollA
F49] vdalr] (-CHy), 142.7 ppm HZoA #d
719) Ciebart zhzh gEEdu #drle] Cieta
o]z @® 73 racemic triads [rr]& 0.94% sPS
o] 0.89KT} ¥, ol WA AxE Yo
Fo g X84 oA ARIEE dEA e w9
2 QRN gRez B AhEg.

Cp*TiCl;-MMAO FuljAl & AMESE FEEoM &
g FEv)e] Wi mE EaEy, FEEAHe
47 44, 24 9 4AFHEE 28k Table 4
o} YeRiSTh

Ste] B5537 ojA7ix 2 St} PMSe] 353
M Cp*TiCls= CpTiCl Rt E48 & 84 &
Yelliglen, PMSe =7t F7MdsE a8y

7kl FE@AY T8 s =8 3353
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Figure 1. '>C-NMR spectra of PPMS obtained with
CpTiCl;.

Table 4. Copolymerization of Styrene(St) and

p-Methylstyrene (PMS) with Cp*TiCl;MMAO
Catalyst System

St PMS Act? Tn. T. T4 PMS SIL
(mol/L) (mel/L) () (€} (C) (mol%)® (wt%)
0.70 000 1675 270 236 402 0.0 95.6
061 008 2398 234 190 390 - 946

0.52 015 2841 216 209 380 17.0 310
0.47 019 3033 nd nd 369 422 -
0.00 061 5071 184° nd 361 1000 96.4

Polymerization conditions : [Ti]=5.5x 1075 mol/L,
[A1/{Til=1000, 70 °C, 3h, n.d : not detected.

¢ Activity : Kg-Polymer/mol Ti-hr.

® Composition of PMS determine by '3C NMR.

¢ First heation scan for MEK-insouble fraction.

A el PMSe 3afo] 17.0 mol%olAele T,
o] Fhax]=] ekt

FEEAH AL E dolRy] gt x| Ea)
S5 (Ty)E TGA Aoz Fagen, 24 ¢
E 2EEA 9 TGA F4¢ Fig. 29 Uehidoh

Fig. 2014 & & Qd%e], ¥l PMS 3ol
FNETFE T3 "BIVHRE Tk 223 34
B Tl 24 Zo vl Tyo] Aa Zo] HolM T,
7 Ty Alele] &t (AT)7F sPS @559
A (AT=132)8t} 58] A% (AT=150
~164)d o Atk A& gt 2l TGA9
MESHe Bu, FEAA PMS7 E495E o)
BE3Me] Yelged, ol PMS7 233 W4
FH-E et A9 d2svt A=) fEog
A zhE Aot

w2 FEFHE PMSY g zdgoessn T,
& 2T F AL T 2xzjolx 24E 5 9
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Figure 2. TGA thermograms of (a) sPS, (b) copoly-
mer with 17.0 mol% of PMS, and (c) coplymer with
42.2 mol% of PMS.

Table 5. Copolymerization of Styrene(St) and
p-Methylstyrene (PMS) with TSDT-MMAO Cata-
lyst System

St PMS 40 To T Ty PMS  SI
{mol/L) (mol/L) (t) (v (C) (mol%)® (wt%)
070 000 172 265 233 402 00 932
065 004 105 226 18 381 89 8717

061 008 111 207 nd 366 235 198

052 015 117 nd nd - - cal
044 023 155 nd =nd 368 539 cal
035 030 173 nd nd - - cal

000 061 414 180° =nd 360 1000 940
Polymerization condition : [Ti]=3.37x 10"% mol/L.,
Al/Ti=1000, 40 C, 3h, nd : not detected.
@ Activity : Kg-Polymer/mol Ti-hr.
¢ Composition of PMS determine by '*C NMR.
¢ Polymerization time, 4h.
9 First heating scan for MEK-insouble fraction.

o, A ALFAH WABE WA F
+& grh
TSDT-MMAOQO ZuA4| & o] &3 Stz PMSe] &
3% A3E Table 59 JeRi T

TSDT-MMAO ZdjiAlel] ¢]3 Stz PMSe] 3%
ol Eoi@4Ade] mononuclear ZFwjAlel] H]&)
goy, AA A FEF AL ARG 35"
AW PMSe] ko] 23.5mol% d o T,& 207 C
7R AR 2 ool A= Tyol B @sk

2 lo

Zolof A2lA A2% 1997 3¢
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Figure 3. DSC thermograms of (a) sPS, (b) copoly-
mer with 8.9 mol% of PMS, and (¢) copolymer with
23.5 mol% of PMS.

«+—— endotherm

o T.& T48 2% sPS 9= (4T=
137)e] v]&] o4 BojAe= A (4 T=160)& & &+
A3

PMSe] o] tlg A9 1als
A& Fig. 3¢ Yeii.

sPS &5Z3H] (24 a)2} PMS 8.9 mol% 9] &
Z¢A (34 b)ye A¥EHQY s-Folen 90-130
ColAM ta B3 A%S 2YY. & 100 C #&
A Uehd feidolexd Holo] §-eo| y-Bo
2 AZARFgs= dg Folz(sPSE 119 C:
PMS 89mol% FZHAE 113TIE £ 7 U
o} E 189 C (FA a)9t 208 T(FA b)elld y—
a Aol9] W volax" #AF 4 Ak A,
PMS 23.5mol% 2] FF8A (F4 c)o] FsolMe
155 CH2AA y—a Aole] 2 so|agte]l #
FEQR, 6-Fo) r-Foz AHAsEE ¢D 5o
g {EAIY) ot el FdEA el PMSe

E9e sPSe s8e 9] 28& S FAAA 235
mol% PMSe| =iAldle 639 ZAo] A=A
2%kt

2239 MNTRE ZARE] $3ld, CpTiCl,,
Cp*TiCl; ¥ TSDTZ A=3 FFAA < *C NMR
23 EFE 4o, Fig. 49 Yehfich

Fig. 494 St @919 #d w4 (Cy) 9] Floizg
PMS 29¢] #Hid B4 (Cool sl sol=zvl
Z}z} 145~146 ppm3 142~ 143 ppmel] doublet 2
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Figure 4. '*C-NMR spectra of poly(St-co-PMS) ob-
tained with (a) CpTiCls, (b) Cp*TiCls, and (c) TSDT.
PMS contents : (a) 25.6, (b) 42.2, and (c) 53.9 mol%.

e d=2gH e A (Fig. 1) 2 broad3dlyd
th. St @99 Gy Holar} sPS dEFFA L B+
ol 145.7 ppmol| 4 sharpatd vehd=igh' 3%
A M= St gl Z23E PMS @99 oz
1458 ppmo & o|%stHch. uwetd FFEAY C
gojz7} doublet® uUERA =W, ZE3A <]
PMS &&te] ZF7igtel wel 145.8 ppme o] =7}
JF oz AXA HUh

pR7ix 2 PMS ©9)e] Cg deo|=7} PPMS o
=z 9] ZASdlE 142.7 ppmoll A sharpdtAl v
e} (Fig. 1), 3Z#AdA= PMS ©@9d 2%
A St @99 dFo = 1425 ppmo. 2 o] §
o] 22 Cs Holz7} doubletz Veh}A =
I FFEA ] PMS §Ekd] olel 142.7 ppme] Ho)
Az Aoz Ao

FH e W] (-CH,-) &4 do]as sPS 2
PPMS ©EZghae] ZA9-o zhzt 44.7%° o 44.8
ppmol A UeldA F58 2] Al Ao FAHA
broad$t Hola & & 4 A%

ghrel F3jeo] wgly] (-CH-) &4 dFojas sPS
2 PPMS =339l 799 41.2%"° 2 40.8 ppm
A zhzt detuesdl, 35 A dAAME 2 9
Aol JHRHAYD FE5HA ] PMSe] 3hefo] F7t
& 40.8 ppme] FolA7t FrFEtATE.

F=se] PMS 24& St ©9le] C; 2 PMS
o) Cg ¥hae] sjojm wWajuz Falgen,? F0)
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sPS 2 PPMS ©&5&gA9] AA74A, racemic
triads [rr]& #id &4 (Cs ¥ Cy) =& -CHy &
& Holaz 7 ¢ AUk 2 Fig. 49 Fon
A 2"EYA F Fo|A7t broaddtd
[rr]& 73871 o= Qoh. 229y 43.3 ppmell A Ue}
U= meso sequence='® Ao] #AE|r] 9o}
cosyndiotacticg 7}H i A zHe 4 giic}. 12l

TSDTe 2 942 St} PMSe] %3 &4 (Table
5)ellAdl  St(Mp)d#  PMS(M,)el wkeAuHIE
Fineman-Ross® 0.2 78 2%} 5=k, /k,=0.57,
ra=ky/ky=2.81012ATt 1 X nrno e 1600z
& o] 7271 A9 randomd AL Ugton,
ol]Rog PMSO ##& FrAZd wat FF A
9 Tpol Zaste A& o8 + AU E3 9
o) ABE TiBzy(r =055 rn=24, nr=13)%,
CpTiCl; (1,=0.49, 1,=1.5, r,r,=0.74)® S| 7#S
o} vlmated, TSDT Fule 5 dEFale] dis] TiBz,
Zof 9} B]s2dt weAE Bo|u} CpTiCly Fofd v
M StRtl= PMSe] did] wheAde] o mte
AR 4= )

ool AR E F3e B o, St PMSe] F53
ol PMSe] & F7HA A utet Z§Edol F7]
H3 FEeAe T, 9% 5 A1 27)Esee
(Ty)ehel &ols 24T ¢ AU =F 89
mol% Az PMSE #fdk= 5 A= sPSe}
H23 AR AES 2ok wEid sPSet fARRE &
g 7H Ao g o=t PMS #gFe] 23.5 mol
%< FEHH e dx AT AHAETE BIe
o, 71 ol e RS s gt

AE[RD d|dui=ERRie| BFEgh Cp*TiCl; ¥
TSDT Zu|& AMg-g Sta} d)dvpzgal (VN) e
FZ5eA VNe Fguld] o2 843 353
Ao 4d & AL

Cp*TiCl;-MMAO ZujAlf A Fad=fAie] Fa1|
J wa =3 AE Table 6o Vet

VNe] #7}gFo] 2.1 x103 mol/Lefl A= Zuj gy
o FEIY T,o] 2t Zadtd o, 1 ol
e F243) Z22s9 . VN& Ste] sl dr]q) vis)
bulky st Y=gz & 7 B2 ghgAdo] ¥ Ze
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Table 6. Copolymerization of Styrene(St) and
Vinyl Naphthalene (VN) with Cp*TiCl;-MMAO
Catalyst System

St VN time . T T4
(mol/L) (mol/Lx10%) (hr) ™Y (¢) (%)
0.70 0.0 15 1962 270 402
0.65 21 15 1893 267 38
0.60 42 25 1317 264 388
052 84 40 721 254 378
0.43 12,6 60 350 244 371

Polymerization conditions : [ A1}/ Ti]= 1000, 70 C,
[Til=5.5% 10" mol/L..
Activity : Kg-Polymer/mol Ti-hr.

Table 7. Copolymerization of Styrene(St) and
Vinyl Naphthalene (VN) with TSDT-MMAO Cata-
lyst System

t(mol/L) VN(mol/Lx10%) activity Twm(T)
0.70 0.0 14.73 266
0.70 42 0.18 256
0.70 84 0.16 251
0.70 12.6 0.17 235
0.70 16.8 0.17 230
0.00 210.0 0.03 nd

Polymerization Conditions : [Al]l/[ Tij= 1000, 40 C
[Til=3.4x10"%mol/L, 23h.
Activity : Kg-PS/mol Ti-hr, n.d : not detected.

2 gzpEin, 353 AWl T ol VNo] &43)
Hetx St 7o) o] AFFHe] A Fxrt A7
g & 7,0 otk T.o T,oe] £xzjol=

= 2ol 4T=120~130c2 & #H3r} ¢l
2t

TSDT-MMAO ZujAlz St &g 2AA7]2 VN
o] ¥ WU FEEY A4 FE, TF
o] 97 42& Al Table 7o Yepiigith

TSDT-MMAO FujAls| s 23e] VNe] H7t
Hell wet ZFoj@gda} T,0] 3A Retdod, VN
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