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BRE, R m-MAO % TMA 98 B LR /MUK 4R (AR MR MR BRG0P
WA AL R PR SRR A AL E 2 R BLE O S AR
T HERFHTEZBEARE S, FFTRSTRRE; mALBL Ti(V) £
WA FEEEHES AN XN T ERES R RBZRAR G MR LE R
B -mHERE X, m T — A MR R LA/ R B R R R
Al/Ti BE/R ELROEHE, IR R & M7 IR R AR R 4.

1 ZBRHFH

1.1 WA R4E

B3 ERE Oy, e maE R sh, ASEFTAL TH. LMK
B TECRAHTERN, MBS BAERKE, BERE; H/ AT AR TR R LA R AL
2R A], 10% NaOH W% IR BF, £K CaCl, T4 24h JEH Cal, BRAK, S
B TRIELNE, FERAHAESEEREER I TRERT: S NR &R E, AW
RS AL S B, — % Rk (Cp, TiCk ) MR E =R AL E(CpTiCL) A#l.

1.2 {#EREE

m-MAO, 22 T# 9], FI AL (SO, ).+ 18H,0 1EA B, FEEERN, BHAkBm_FE
#(TMA) §/78 MAO. 'H-NMR M MAO # TMA 5 &.

S R B k[ CpTi(OR), 111, 3 ¥R 5 3], CpTiCl, AW i 52 B P= 4 & T C 5 B I
#18.

1.3 ReF#&*

¥ BB LB H I LA S S AE R E A 250mL “OBmAETTREE,
SR EETHA B E AR (EEMNE) .m-MAO f Ti ERALMNE FEER, *HCcik
HTAL/[Ti /R He % 800,25C F A AR 10min BHEAKZH. RE—EHMAR, A
10% S LS Z BRI R Y, 2%k AT TRERE T E SR FMELRE
.

Bk E A0l IR AL S S AT IR A B T8 250mL M MA R E
RS, BARK, HEEREER R, RIEMA m-MAO, FEM Ti E4EMFM,
R TR ALl/[Ti]BE/RE ¥ 200, £ 30C F R 15min, FHEHFERE, MEAS,
A TR 2 ST R TR P R B B L, FF A R SRR R M R AT
BogRGEE--ENENE IRASHEAR. BE—ERE)E, AE 10% giEH
ZEEW AL KR . 2k BT TRISHEITE ML G,

1.4 TGS/ MAO Bpaf{t s RE BB 2

SRR 12800k, FERREARENEXE AR SN HNETRRS
L &8/ MAO B A Ak SEREABI T JTiCD) VTi( V) 189 & B Z X BIRA
EHRR, A B EEFRH AR THIT.

1.5 BAREFHNSESRIET

7RIS R o T RRRE 8h, R EE4H 2P C-NMR 47 P8, AEF

WHESHERME. AR RN BB R 8h, A AP C-NMR 28 A
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aPP, HEBHBASHFHRES I ELHE. I WATER-CALC/GPC 1%, 135C T il
E sPS# aPP 5+ TE K H 41, O- X /%7 . PERKIN-ELMERDSC-7C R E£HE &
P FERSRP T D sPS 4 DSC i, FHR R REE Y % 10C /min.

2 ER5ife

2.1 2t MAO BhERIBISIE

MAO 7% & B A LAk R4 s B ], B 5 280 1) FK R TMA 31 & MAO B,
T e B fe] Fl K S iz 50 L B 7 35, TMA 8RR BE 2 2K 6, 15 30 47 B & MAO =8
B EBM TMA, LR EEWH A MAO(m-MAO). Il m-MAO & TMA & 8 i1
FRGEMHE K. A CH AL(S0,);-18H,0 F 60C FARBE T HE T TMA, it n8 5,
HZRREN, BEIEE m-MAO; # L H# H,O 5 TMA BB/, B8] S # TMA S8
4151 4 30.6mol%, 25.1mol%, 23.8mol%, 21.5mol%, 18.8mol% B m-MAO, Bl me-
MAOL. m-MAO2. m-MAO3 . m-MAO4., m-MAOS. ¥ EH1 m-MAO2 BT H % 1:
TR HEMCHRMBMBR PR, REE OC TEASHT BN, FEFAEEY m-MAOS,
TMA F&#EKH 15.6mol% .
2.2 AERGTEAFNEZHEARSHARTEAES

PRI R b, ARF AL & WP AL, L m-MAO2 HBMEN, E R EE
(MAO 1 TMA #4558 /8KBE /R H o8 800 T Z B EME S, L m-MAOS K Bl i
i, EERIER(MAO #l TMA BB EB) /8B /R K 200° T RH A HE S, £
il K ) AL PR R 5 G 1S PRS2 4R K, CpTiCl > Cp, TiCh,, CpTi(OR), > CpTiCL(R i H &
FFE) T AER B AL G ¥ (30 Ti(OBu), . TiCly« Ti( OBu), Cl, ) & i fk 75 HE 7T 75 /) T84 s ek 1k
Y, BE, HEROWS FRIEE. T CpTi(OR),, R M50, B 758 h0, OR
B FRE R, ISR, (BR, i T A i 804, CpTi(OPr" ), By 4L 7%
>CpTi(OBu" )3, CpTi(OPr"); > CpTi(OPr' )3, CpTi(OBu"); > CpTi (OBu' ), > CpTi
(OBu');.CpTi(OPh)s/ m-MAO L. 2 Z 5 M 3B & 1FvEB K, ML P48 TR B & 030%
HE/N AFLFTUESE, RAEEKLEY/ »-MAO MBI EENE ZEHNFRY
RARGH AN E(REZE)NIAE(BEAR RSN S FEYE Y
ARK.
2.3 REWEI CpTi(OPr"),/ m-MAO/ALR, L EZ HANE S NEER S HRT
2.3.1 m-MAO+ TMA §BXEZBEHNEENEN H TMA EBRFY m-MAO
MW CpTi(OPr")y/ m-MAO BB E R R TEZ B RS, F B EERay
B AR 2 AL EEE AINMAO+ TMA)/Ti BE/RHM & F, B L EMERAW
TMA ZBEMEEEZRPREEBMEIT(D + T W ES S EEE, &R
EHENEER T SBRERMIER. m - MAQ2 FiBELEEF THIDHEH S B E
BB RENE BRI B S EHE RS TEEN T ) SR OR T(V) £
—AZEUHE, IR EFH T E GBS E RO 2 % B S PO RL i,
HEF LK « @ER-BURER > FIRCIHASREGRT OB FEZEERL, 7
FETF—HHBA IFAMBER KT, m-MAOS 1 TMA 58/ &R Ti(l & &b
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A, BB AT 2 AR T LR S E R AR . WS PR A0 1] S (S 1) FI4 R iR B OB A #k
& MAO 1 TMA & & B BUE T BOE, HRR G Y 5 T R TMA & 2805
T, BRI, TMA M7 @ Mo TiCD G OB E, FERELERER
A3 hik R, (B TMA AR REPISEHREOER.

Table 1 Syndio-specific styrene and atactic-specific propene pelymernization with various

titanium catalysts and m-MAQO cocatalyst

Styrene pelymerization Propence Polymerization
Titanium - .
atlyers | Astivity 10005 LS T ML <107 Activity ¥ 1077 AL M.x107
! (gPS/eTish}  (wi%) () (gPS/gTi*h) (wi% }

Tk 0.6 98.0  267.3 26.9 0.2 93.0 18.6
Ti(OBu), 0.8 97.8 265.4 25.7 0.4 92.9 18.3
Ti(CBu):Cl 0.5 96.9 264.2 28.0 0.2 u4.1 20.2
Cp TiCl 0.1 96.6 268.6 31.2 0.7 91.6 28.6
CpTiCl 1.2 97.0 266.1 12.5 0.8 95.3 10.7
CpTi( OPh); 7.0 96.2 257.6 9.8 1.2 948 9.8
CpTi(()CH, )5 5.8 Y5.4 260.1 8.4 2.7 95.9 8.9
CpTi(OEL), 7.8 95.8 256.9 9.1 4.1 96.2 B.6
CpTi( OPr™ )5 8.5 95.5 2581 9.4 4.6 97.2 8.5
CpTi(OPr' ), 5.7 96,1 259.4 8.9 3.6 95.6 9.8
CpTi( OBu™ }5 7.6 95.8 257.8 .9 4.0 97.1 9.3
CpTi(OBu' ), 4.8 97.2 261.2 9.9 3.2 96.1 10.5
CpTit OB}, 1.6 98.0 258.9 10.3 2.6 96.5 10.6

Styrene polymerization condition: [Ti] = 1,04 % 10 *mel/L, [Al{ m-MAO2)] = 8.32 X 107 " mol/L, [Al{ m-MAO2) }/
[ Ti 1= 00( moi/mol), [ Styrene] = 4.32mol/L, Toluene 20mL., Temperature 60T , 2 =1h

Prapene polymerization conditions: [ Ti] = 1.04 x 10 mol/L. [ Al( m-MAO5 3] =2.08 * 10 ' mol/L, [ Al m-MAQ5}1/
[Ti] = 200¢ mol/mol}, P{CyHy ) = 0. 12MPa, Taluene 20ml., Temperature 50T, ¢ = 1h

*Syndiotactic index: Weight% boiling acetone insoluble fraction; "Melting temperature by DSC determination; Obtained by

GPC; “Atactic index; Weight% boiling heptane soluble fraction

Table 2 Styrene polymerization with CpTi(OPr™); and different m-MAO catalyst system

Run m-MAD Ti oxidation state (mol% ) Activity ¥ 10 5. 7. T. M, <10 °
NO». Sample T ) Ti(W) TR ) (gPS/gTi-h) (wt%) {(T)

1 m-MAQOL 9.6 78.5 11.9 6.8 95.1 256.8 6.8

2 - MAO2 3.1 83.8 13.1 8.5 95.5 258.1 9.4

3 m-MAQO3 1.6 70.4 28.0 5.5 95.3 254.3 9.9

4 m-MAO4 0.8 56.9 42.4 3.2 95.6 258.7 0.3

5 m-MAQOS 0.3 38.1 61.6 0.3 95.2 259.8 —

3 m-MAOG 0.0 11.4 88.6 0.0 - e —

Polymerization conditions: { Ti]=1.04 x 10 *mol/L, [Al{m-MAO)] = 8.32 x 10 *mol/ L, [ Al m-MAO) /[ Ti] = 800
{ mol/mal}, [Styrence] = 4.32mol/L, Toluene 20mL, Temperature 60T , £ =1h

3.2.2 m-MAO & TMA SBRMEBER SN A TMA EERIEL m-MAO HEH
CpTi(OPr™)y/ m -MAO (LA R H T ABENE S, REI IR GRER 2UTHLE
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BIHEEHE. TMA SEEN m-MAOL ERMELEE THIDWEL S BE, HEX
HESHBLEER. T m-MAOS BIAE T TMA &, TI(V)BE RS, ARE
BEYEE. TTREE ML PO St L B R T EX, TS s FaEH
(SELGREMEB) BRSNS IES 2 A, B KN, el ERs [
FERTLAE W, TMA 3 B 55 00 £ 4 1% vk L8 VO 48 0 407 T 2 B4, (BB B B e B4
M, EEReYr T/,

Table 3 Propene polymerization with CpTi( OFr* )3 and different s-MAQ catalyst system

>

Run m-MAO Tt oxidation state (mol% )} Activity < 10°? s.I. M,x 104
NO. Sample ) TN  TiCH) (ePS/gTi-h) " (wi%)
7 m-MAOI 8.3 71.8 19.9 0.0 — —
8 m-MAOZ 5.1 64.6 30.3 0.6 96.3 6.2
9 m-MAQ3 1.8 60.5 37.7 1.8 96.4 7.7
10 m-MACOH 0.3 45.7 54.0 3.1 96.6 8.3
11 m-MAQOS 0.0 25.8 74.2 4.6 97.2 9.5

Polymerization conditions: [Ti] =1.04 < 10 *mol/L, [All m-MAO)] =2.08 % 10™  mol/L, [ Al( m-MAO) /[ Ti]l = 200
{mol/mol), P(C,H, ) = 0.12MPa, Toluene=20mL, r = 1h, A. [. = Aractic index

2.2.3 SMIMRHFE (AIR) XM E 2B MBS HEM AT 2 TR, CpTi(OPr ),/ m-
MAO L EZHBEHES, R m-MAO PEERE RN TMA. m-MAOS S ERIE &
8 TMA, E R EBEH, B F MAO il TMA SRBUMS S 1ER, g de sy TMANY, B
I, CpTi(OPr" )3/ m-MAOG Lk R AR T R Z B ME S . B4FR, Skt ee

Table 4  Influence of external additional of AIR, on styrene polymerization with
CpTi(OPr* )3/ m-MAQ6 catalyst system

Run AlR,;{add) Ti oxidation state {mol% } Activity X 104 S.1. T, M. %10 *
NO. (mmol) Tl T Ti(K) (gPS/gTi-h)  (wt%) (T)

12 0 0.0 11.4 88.6 0.9 — —_— —
13 TMA(0.42) 1.2 65.7 33.1 4.2 95.3  258.7 9.2
14 TMA(0.83) 3.4 78.5 18.1 6.8 95.4  258.3 8.5
15 TMA(1.24) 8.1 76.4 15.5 6.1 94.6  258.5 7.6
16 TMA(1.66) 18.6 72.3 9.1 5.5 $5.0 258.1 6.6
17 TEA(D.42) 4.8 68.9 26.3 5.1 95.8 258.5 8.9
18 TEA(D.83) 11.6 75.2 13.2 5.8 95.3  258.6 7.4
19 TEA(1.24) 22.8 74.9 2.3 4.2 95.1 258.3 6.8
20 TEA(1.66) 41.2 56.8 2.0 3.7 93.8 258.5 6.2
21 TIBA(0.83) 2.2 71.9 25.9 7.3 9.3 259.4 1.1
22 TIBA(1.24) 3.8 75.8 20.4 7.8 95.4 258.9 10.3
23 TIBA(1.66) 9.8 88.3 1.9 8.2 95.2  238.5 8.8
24 TIBA(2.08) 15.5 77.3 7.2 6.8 95.6  258.1 6.3

Polymerization conditions: [ Ti] = 1.04 < 10" *mul/L, [ Al{ m-MAO6)] = 8.32 x 10"~ *mol/L, [ Al{ m-MAO6) /[ Ti] =
800 (mol/mol), [Styrene] = 4.32mol/L, Toluene=20mL, ¢ = 1h
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Table 5 Influence of external addition of AlR, on styrene polymerization with

CpTi(OPr* )3/ m-MAQO2 cartalyst system

Run  m-MAQ2 + TIBA(add) _Ti oxidation state (mol% ) Activiyx107* S 1. Te M_x107*
NO- (mmeol +mmol) T(0)  THm)  TN)  (ePS/gTirh) (wtk) (T)

25 1.66+0.42 1.9 51.4 46.7 3.7 95.9 258.6 9.2

26 1.66+0.83 2.5 76.3 z1.2 8.1 95.5 258.9 8.8
77 1.66+1.24 3.1 68.8 28.1 6.9 95.7 258.6 7.5
28 1.66+1.66 3.9 81.6 14.5 8.0 95.4 258.7 7.1
29 2.48+0.83 3.8 70.6 25.6 7.3 95.6  259.9 8.2

30 1.24+0.83 2.7 1.1 46.3 3.9 94.9 258.1 8.4

31 0.83+0.83 2.5 49.0 48.5 3.2 95.6 258.5 7.4

Polymerization conditions: [ Ti] = 1.04 % 10™ *mol/L, [ Styrenc] = 4.32mol/L, Toluene = 20mL, z = 1h

(AIR))F m-MAO6 iR B A Z PR LIHE S Ti(IV)EE Ti(l), ATI#EZ RATE
B HREEFRR FEN S RTAES(TIBA) > SHER(TMA) > ZZE£#H(TEA), IR
H, — /7 TMA i TEA EJEHESR, 6 ffbth & gkt 4038 L TiC I ) o A H 42 & 4
B, A5 TEA FEHE TMA #1 MAO B IF 4 & 1R, X BIKEMEIRE;
B_HFEEZBIKCER TMA Hl TEA RAESHBIE TBAES S, BRELKRS
RS TRAEM TIBA REBRE FRGEEHMNESHE —TREHE, HYT
m-MAO6 FI B 69 B8 Rt KB UL Al m-MAO6) : Al(TMA) =4:1, Al m-MAO6) : AI{ TEA)
=4:1, Al m-MAO6) : Al(TIBA) =2:1 H B AEH, W CpTi(OPr");/ m-MAOG/AIR,
ARt R ZBARSEHER, REYL TRHLES.

£ 5 Fi5, SN TIBA A BAT, B Rkt 40 R R s B R R g o, (AR AL 1K
EEAAE LY TR, (B4 TIBA X0, Ti(WV ) ERR Ti( I MWERD.
MAO AR ARG, TGS CpTi(OPr), R B # L8 EF 4 O B L
TIBA B[ LA ¥ 48 CpTi(OPr™)s/ m-MAO2 th R ZHEME G 8t m-MAO2 H R, X
L8 26 B Al(7m-MAO2) : Ti = 400(mol/mol), H m-MAO2 1 TIBA R BERE /RN
1:0.5(Run26) i, AL R IEHAE WS FRES. m-MAO2 HIRRZF.
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STUDIES ON STYRENE SYNDIOSPECIFIC POLYMERIZATION AND
PROPENE ATACTIC POLYMERIZATION WITH TITANOCENE/MAQ/
AIR; HOMOGENEQUS CATALYTIC SYSTEMS

ZHU Fangming, FANG Yutang, WANG Qunfang, LIN Shangan
(Institute of Polymer Science, Zhongshan University, Guangzhou 510275}

Abstract  Syndiotactic polystyrene and atactic polypropene were synthesized with different
utanium compounds, in particular of #’-cyclopentadienyltri-n-propoxy titanium [ CpTi
{OPr");] and meodified methylaluminoxane ( m-MAQ) homogeneous catalytic system. The
titantum ligands affect catalytic activity of styrene syndiospecific polymerization and propene
polymerization. The effects of the percentage contents of the trimethylaluminum ( TMA)
coexisted in m-MAQ, which can be controlled by changing H,O and TMA molar ratio during
the preparation of MAO by partial hydrolysis of TMA with Al, (SO, )3+ 18H,0, on
polymerization of styrene and propene have been studied in detail. The external addition of
alkylaluminium (AlR;, trimethylaluminum, triethylaluminum, tri-isobutylaluminum ) to
CpTi(OPr" )3/ m-MAOQ catalytic systems may also influence both catalytic activity and
molecular weights of syndiotactic polystyrene produced. The oxidation states of titanium in
different CpTi (OPr* )3/ m-MAQ catalytic systems were determined by redox titration
method. It results that Ti( [l ) is good for styrene syndiospecific polymerization in higher
catalytic activity, while Ti( IV ) is good for propene’ s polymerization. Oxidation state of
tinanium in catalyst system does not clearly affect the tacticity of these two kind of polymers
obtained.

Key words Metallocene catalyst, Titanocene catalyst systems, Methylaluminoxane, Styrene

syndiospecific polymerization, Propene polymerization



