%11 & 4 F o # No. 1

19985 2 A ACTA POLYMERICA SINICA Feb., 1098

BRUKEANNABTAREREREZ DR
FAW K%

(FlkEHFFHERF TH 510075)

B E OLETREASESY/FIEEERMAOBLERINSERES. RILE/HKAE
3% CpTi(OR), > CpTi{ OPh); >CpTiCly > Cp, TiCl, > Ti( OBu), > TiCk > Ti{0Bu),Cly, FF % ¥
T W BB MR Bh, FEAR 95% Ll b, W B B £ C-NMR.WADX. FTIR $ W iE#H N X
REH#H(PP), RRAFREHHAL. GPC ML HS TE M, =8.0-10.0x10*, M./ M,
22, 0. R T MR CpTi{O-n-Pr),/MAO RECHIHE B [AL)/[TIHE R, AR B EES,
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TEECFAK(CoTiChL)  RE=ZF K (CpTICL ) MR E = A E R [CpTi-
(OR); 1 MMM HATREGH. L+ /KBRS [AL (SO, ), 1BHO1EKTE, 7EH
EBER P KE=HEE(TMA), #H&HEEER(MAO) . HERIL S E NE=L
2N HE N CFEARA, FERAERASRP TER Sh EHLE . NH ARG RSR
%k, EAMES &AL ERLE.

1.2 REe&FE

BEEMSL. SESFATHEIBERETH 250mL —FRMENMBAZSTRESR
B,EAES R RER —EESD, RBMA MAO. WEM = AL, #£ 30C FRM
15min, A ZHERE, BEATENAASEE, EXEFRBT RS EANERE, 84S
REEHRENEATHT. REABPERE— W EiCRA SR EMR T ERELM
EFEBHESR B4 —SHE/E, A8 0% ZBERALRN. Y2k A
DT REFREIF RS
1.3 RE&H=ET

FRBREFBRAFHBEABR L HA ARSI SHAREREMN TR XL
HLRE (wt% )} (Atacticity ) .

F BRUKER-400Q B ILR{LICER & RN =Yk B B4 PC NMR #%, #
M E 20wt%, BRI O- &%, BB E 125C, 0“8 EW 6=130.5 i & %,
WATER 150-CALC/GPC {{#E aPP #94 T &, EO5VERM, M F 40C B W E
aPP WA S F B, M ERIEREM, RASREET, £ 135C FME [ ME, Rk
SF& M, NICOLET 5MX FTIR i {Y & aPP B4 4 E . H & H 4 D/MAX-
3AX-STER AT (X SE aPP ) WAXD 5.
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2.1 FEGHELHRMARTARSHFE

L MAO {ERh R, b S E EAEH, T REFEHELENTEE S EER
X, RE L. AAKE S/ MAO LR EZNFRH LA RS, BB EKFE Y CpTi(OR);
>CpTi{OPh); > CpTiCly > Cp, TiCl, > Ti(OBu), > TiCl, > Ti(OBu),CL (R F%EH), B &
P LTS T 8RB AE . 3 T CpTi{OR);3, $e4E R A8 F 7 %0 I, B 7257 = (6] fif
B ER R v B AL YR RE, 2SR A CpTi(O-7-Pr),/MAO #1{bik £ 7 e i th g4k,
HEEBRFEr FEN ARSI,
2.2 W CpTi(O-n-Pr},/MAO AR EAEBSHEMNEE
2.2.1 BERE CpTi(O-n-Pr)s/MAO BAHNERSHHRMEEEHLILE 2,40C
AT B REAE. BEXE, K EER, BILEERE BREXSH, BEKE
TR, T H SR EENME, SBREEENARS TRETR.
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Table 1  Atactic-specific propene polymerization with various titanium catalysts and MAO cocatalyst

Titanium catalysts PP vield Catalytic activity Atacticity”
(g) (KgPP/molTi-h) (wt%)

TiCl 0.22 10.6 —
Ti{OBu), 0.39 18.7 92.9
Ti(OBu),ClL 0.18 8.6 —
Cp, TiClL 0.56 26.9 91.6
CpTiCl; 0.78 37.4 95.3
CpTi(OPh}; 1.00 48.0 94.8
CpTi(OCH; )5 2.73 131.0 95.9
CpTi(OEt); 3.87 185.8 96.2
CpTi{O-n-Pr), 4.63 222.2 96.6
CpTi(O-i-Pr); 3.23 155.0 95.8
CpTi{O-n-Bu), 3.95 189.6 95.9
CpTi(O-1-Bu);, 3.4 145.9 96.1
CpTi(O-1-Bu); 2.53 121.4 96.5

* wt% sluble in boiling heptane;
Polymerization condition: [Ti]=1.0 X 10" *mol/L, [MAO] = 0. Zmol/L, [ Al1/[ Ti] = 200, Toluene = 20ml, Propene
pressure= 0}, 11MPa, T=40C, ¢ = 60min

Table 2 Effect of temperature on propene polymerization with CpTi{O-n-Pr)1/MAQ catalyst system

Temperature PP yield Catalytic activity Atacticity aPP M,
() (g} (KgPP/molTi*h) {(wt%) % 10"
30 3.60 172.8 92.6 8.05
40 4.63 222.2 96.6 7.32
50 4.31 206.9 97.5 5.68
60 4.04 193.9 98.0 3.81
70 2.58 123.8 98.4 3.45

Polymerization condition: [ Til = 1.0% 10 *mol/L, [MAO] = 0. 20mel/L, [Al]/[Ti] = 200, Toluene = 20mL, Propene
pressure= 0. 11MPa, ¢ = 60min

2.2.0 {BIFEE FARARAFES CpTi(O-n-Pr); PEHAEKKE[TIIRERLE L,
RLBME( TN AR, RO URAEES (TIIE—RENXE.

2.2.3 AI(MAO)/TiEE/RHE  CpTi(O-n-Pr);/MAO b ik 2 Ay L IE¥EE[ A1)/ [ Ti)
—200 IR I W& 3. /M FUAE, CpTi(O-n-Pr); FEEFI MAO E R & # ZRyTEH T
LR F I, B MAO i B, 2488kt R R sk AR i HE O IR, A oL SR 2o 0 i
bR IR . B T MAO RS 1 A, AL/ [ Ti)BE/RHM K th i BB K 2 FRERK.

2.2.4 ABEHORE) 4YBESRFE—E0, ENEEABRRTHEBRESHREE LE
HEA FRIE LR (CEREE), B &R EH(RBKE), CpTi(0-n-Pr);/MAO £k
FREL, FREEAMLEALE 2, RETRME M RREM M. A RURSER
MEAHBEE)E—RENXR.
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Fig.1 Varation of PP vield with [ Ti] Fig.2 Variation of PP yield with propene pressure
Polymerization condition: [ MAQ] =0.20mol/ L, Toluene = Polymerization condition: [Ti]=1.0 X 10 > mol/L,
20ml., Propene pressure = (0. 11MPa, T=40T, 7= 60min [MAO] = 0. 20mol/L, Toluene = 20mL, T = 40T,
¢ = 60min

Table 3 Effect of AI{MAQ)/Ti moler ratio on propene polymerization with CpTi(C-n-Pr);/MAD

[All/1Ti) PP yield Caralytic activity Atacticity aPP M,

( mol/ mol) (0 (KgPP/molTi*h) (wt%) x107*
125 0.90 43.2 94.8 8.15
150 1.77 85.0 96.2 7.87
175 2.90 139.2 96.9 7.81
200 4.63 222.2 96.6 7.32
225 4.60 220.8 97.2 7.05
250 4.00 192.0 97.4 4.14

Polymerization condition: [Ti] = 1. 0 % 10”> mol/L. Toluene = 20ml., Propene pressure = 0. 11MPa, T = 40T,

t = 60min

2.3 REHESRERERHS
2.3.1 FRERGHRENHNZHE CTi(0 »-Pr);/MAO BILEAR S RS 24
WA 3, BRI, TR &R LI BB K, BSHEEER/D; £ —E B ER E 5 (BPRE S S
ERFAEE) T, REERTRE, —~FAROTHHRSRNAES, 9B AERSHE, R
B SRR ; 5 — D E AR E A SR L B B R
2.3.2 BERNMHEENH £, BWELSE AE NREEFA  CpTi(O-n-Pr)y/
MAOBUNERSERE R, SHAKEMEBLANKESE RN NLE KTE
=R
R, = &,1C" ]1[GH]

APk, RERERNEENE, [C"IRFBHTLER, (GH | Y HEKE. RERS

BNFHA LRAHECERNMAESER RS, TR R R [ TilfE BT
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Bt OmE(C ]°, TR RTIMR BE [CH, 1° W1 RAE 5 F Aok R WU R 3t
H.t1 &, =R/ [CPCGH I HAERFRENRIMR S REREY £, RFE 4.

Table 4 Kinetic data of propene polymerization CpTi{ O-n-Pr),/MAO

Temperature [Cc*1®x10* [CH I RS B, x107%
() - {mal/1.) (mol/L) (mol/L-h) {1mol/L-h)
40 5.7 0.18 30.0 2.92
50 5.4 0.16 23.0 2.66
60 5.2 0.14 17.8 2.41
70 4.9 0.12 12.9 2.21

Polymerization condition: [ Ti]=1.0> 10" *mol/L, [MAO] =0.20mol/L, [ Al]/[ Ti] = 200, Toluene = 20ml, Propene =
0.11MPa.

H 40T .50C.60C.70C B E & &, LW W, M Arrthenius X R K. &, =
Ae™2E/RT B.Ink,=InA - AE/RT, Ul Ink, 3 1/ T {EE, h—HE, NELRRRE X
MIEALEE AE = —7.88 X 10°]/mol, MER LM EHEF A =1.41 X 10*mol/L-h.

2.4 THRRAMNFRE

40C F, CpTi{O-n-Pr);/MAO A PHBE S, [Ti] =1.0x 10 *mol/L, [MAO] =
0.20mol/L, [Al]/[Ti] =200,k R EHH 0.11MPa, B4 Lh; =W H ¥ B iR 8h, X T
R RIER, BRI TR AR, REHITEWRIE.
2.4.1 GPC GPCHBIHAERNEHERLTE M, =8.4%X10, 3 FEHE M, /M, =
20, K42 PPHGPCHEZ . 4 FRA MR ENENE ZMILERE R —FEHLT O

Ry (M/min)

1 k ]
0 flr l(? 15 20 140 W7 “10_;16 29
t {min) ”
Fig. 3 Kinetics curves of propene polymerization Fig.4 GPC curve of aPP obtained from
catalyzed by CpTi(O-n-Pr}s/MAQO propene polymerization with CpTi(O-n-
Polymerization condition: { Ti] = 1. 0 X 107 mol/L, Pr),/MAQ, M, =8.4x10', M./M, =
[MAO] = 0. 20mol/L, Toluene = 20ml., Propene = 2.0

0.11MPa, at{1) 40T ;(2)50°C;(3)607T ;{4)70C

FRBAAREG; WE, T U LHEHTORTRBLHES, BRENMEHMKE
ER PSR TR L&,
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2.4.2 PCNMR&# BESERIHER
HHEHPCNMR #H, # §=19.5~
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44.5~47 3BT PE( CH, )WE

7 Fig.5 " CNMR spectrum of aPP obtained from propene
WK TOLE 6=28.2F 86=30. 9 FAE o AT Py MAO

AN
W E( /CH— ) B B B TR A, 3L

B CpTi(O-n-Pr)s/MAO LR BE S HEFRHNAREREF X, BIR MR K HE
BEFE 6=30.9 &b, 245 23.5%.

2.4.3 WAXDAIHT B 6 R aPPHERKT A X-HENMS(WAXD) B, B—&EER
BEH ML, BB EE20=16.6", KPR R IES R aPP.

24.4 FTIRDH E7TRPPEGHBEN BRI AE(FTIR) M, 1£995cm ™ 4+ &

Intensity
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Fig.6 WAXD spectrum of aPP obtained {rom propene Fig.7 FTIR spectrum of aPP obtained from propene
polymerization with CpTi(O-n-Pr);/MAO polymetization with CpTi(O-n-Pr),/MAO

RIS AR I LM SRR S A 5 R CHE D, 7E 8760m ™4 B B A & R (R 3L
B PR A R AE R (o), HE— SRR PP IS .
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STUDIES ON ATACTIC-SPECIFIC POLYMERIZATION OF
PROPENE WITH MONONUCLEAR TITANOCENE CATALYSTS

ZHU ‘Fangming, LIN Shangan
(Institute of Polymer Science, Zhomgshang University, Guangzhou 510275)

Abstract Atactic polypropene was synthsised with homogeneous catalytic systems of varios
titanium compounds activated by methylaluminoxane (MAQ). The titanium ligands affect
both catalytic activity and stereoregularity of polypropene obtained. For novel 7;.'5—
cyclopentadienyltri- n-propyloxy titanium [ CpTi{O-2-Pr); [/MAQ catalytic system, the
influencing factors of polymerization temperature, Al/Ti molar ratio and propene pressure on
propene polymerization have been studied. The catalytic activity at polymerization
temperature 40C and Al/Ti molar ratio 200 was 220kgPP/molTi-h.

The kinetics of early state propene polymerization with CpTi{O-#n-Pr)s/MAQ has been
investigated. The polymer yield increases almost linearly with increasing the titanium or
monomer concentration. The apparent rate of polymerization ( R,) versus titanium and
monomer concentration appears the first order reaction rule, and the apparent rate constant
(K,) is 2.92 X 10°mol L™ '+h™! at 40 . The calculated polymerization activation energy
(AE) is 7.88 X 10°F+mol ™!, while the impact fractor(A) is 1.41 X 10*mol-L"*+h 1.

After boiling heptane extraction of the polypropene for 8h. The soluble fraction with
more than 95% by weight was isolated and characterized as atactic polypropene by > C-
NMR, WAXD and FTIR. The molecular weight { M) and its distribution (M,/M,)
determined by GPC were 8.0~10.0 % 10* and 2.0 respectively.

Key words Titanocene catalyst systems, polypropene, Atactic polypropene, 7]5-

cyclopentadienyltri- n-propyloxy titanium



