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RSP LB NERES, BIEHR
BE.BNGYHET SEERFIEREMIESR
R-BERANERRED DESBRD—TF
ROBEREEERR _HERERAR, LR
e 5 — A B A — N JE P AC K AC B2 TR 1 Y Bt %
REFERHRSD'™Y ZIRESGDANEE
PEEF T AL RS EE R BRI B A ISR, R AT
BREADREHNET —ESWERIEMN . FERER
ety IV -3 R EE CEIRE - FTA T o St
RN ERAYHRERD, WG T
(O'Pr)Me, 1 Cp” Ti{ 0Ar) X, BRITEHF B A
REREIERR _HER FREE, BARRFL
— B TFHRERXSERPLERL, 585 -1
RE_BHBTERARERAY. IHARE
AU BT HE BT, i B WFER B AL &
B
1 ERS5H5HERE

7] Schlenk (U B AR BB SR THTH
fE Fr AL RS T TR M . ZRFTAFR
TR = AL & (CpTich, ). Rt M (C,H,N) . 1] B
(CH,N) Bk M (C,H,N, ) \T- B A BB (CHN,)
Ik (C HN,) (EI KM (CHN,) B A&,
MM ACROS A A 4EF  XEMERFER. &4

. BT

A (NaH) Jg 5347 6l , S K F 99.5% , fidb i H Bk
WA =2 (N(CH,),) Aatras, it
BRI & A TRTRAKEER. FEH
e (MAO) P T K BF (& MAO 7.5 x 107’ mol)
% E Albemare 2 W47 , HE N 10 wi% .
AMERE - RAGYH C.HEFEA EA-1108
BEEMFNME, T ERAREEEELEME.
BZEBSTREM BEATESH MM, RER
BEAEDE(CPOME , IR R (XER Polymer
laboratories 4 £) i PL-GPC200 {X , 3 LA4F — %
HEM,EOCTHE.
2 ¥EBPAKESW NpCpTiCl, HERL
21 HEMERER)(FAR_SHE) —EAR
(PrCpTiCL) (1) BE4LH 2 mmol, E B IFEYT
AVETROGHBE—XK EFETHRE. WA
10 mL P& e M, 8, A ZE 0C . B A 2 mmol ML
W5 S ml Ak AEE . ZR TE#4h,
R Bk 2 1 3R], 15 B itk g 495 5k (C,HGN) Na.
ELFARBBN(CHN)Na FMA 10 ml =X
B BEHHA,BA CTiCL, 5 10 mL —H P 5
ERHEAER RAYEIRRE 0CTEHE
A8 h. TR EERBEY S oL, B3, B EHEH
TR TR, 118 PrCpTiCl, 0.36g, =% N 72%.
TRV ME (M) :44.00043.24); H4.11
(3.64); N 6.15(5.60); Ti 18.75(19.15).
22 HEMGBE)(FAR_HE) _ELEK
(ICpTiCL,)(2) AWK EFE L, FRIKREFA
ZEER A, FRAM 6h; E_ A KT
EEH KM 24 h, B 28 CpTIC, 0.36g, =% R
60% . JLE T EWE(HIE(E) : C 53.04(52.04);
H4.12(3.70); N 4.98(4.67); Ti 15.28(15.96).
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23 H&T-BAEBBREB)(FRR_HR)-H®E
B (AICPTICL)(3) WM IOmLFE_FEWKT
100 mL= DO XEH, H1A 1 mmol B9 7-58 2= 0310 H0 1
mmol M = Z JB, WEHHH, B oC. Him1
mmol CpTiCL, 5 10 mL — S WL HAER . =R
THRMASh. i3, REWMBEELN S mL, BT 28,0
B SRR K, W18 AICpTiCl, 0.23g, =3 %
77% . JCR W EMMAE (L H) : C 47.26(47.88) ;
H3.23(3.36); N 9.37(9.31); Ti 15.21(15.91).
2.4 HE(BME)(FR_HSE) _HIE
(IzCpTiCl,)(4) B 20 mL #H & &P K T 100 mL
=0HP, MA 1 mmol K S| FT 1 mmol CpTiCl,,
BWHED®R, BB 0C.H 1 mmo A =Z 8,
FRTRM 8h. T, EFEBREN S oL, Bt
& K E K C R EBE K, 7T 48 1zCpTiCl, 0.24¢, 7=
FH 0% . TERASWEME (L) C 48.88
(47.88); H4.25(3.36); N 9.78(9.31); Ti 15.72
(15.91).
2.5 WECGEIEME)(FR -SBE) ZFIL&K
(BiCpTiCL ) (5) IR 2.4, B & a8 BiCpTiCl,
0.22g, /™ FR 72% .TTRMW L ME(HEIEME):C
46.85(47.88); H 4.19 (3.36); N 8.73( (9.31);
Ti 16.03 (15.91).
3 BUZHKEARE

LA 1~-SHWESRMAEN AT
250 mLf R R B # 47, InH ML FE O 2 - K-
MAO-fEAL T, Z MK 514 9.8 x 10° Pa, fit L7 F
BXR1.0x107° mol Z£4, AUTI 3% 500, fH& 30C,
BRELOSh. FIERME, HEEEBRNZE
(10%) X IERN RN EKBZE. K. 28
BRE,OCTEZETHRIWLEBEAY BLBIT
BRESTRSH MM, REABEKE &G KE
(GPC)ME .
4 HR

KB KRGS Y NpCpTiCl, AT P
L% 1 FIH T NpCpTiCl,/MAC E E Lz BB S
BRHEAFENES Y2 FRRS TR IOHH
B oI 0L, B3 SRR A Np R, REFL TS A BT
A AR — A S B2 5 B 2k i e 0 03] e TR
BEEEREEY QA 2)F B KA LS O00
gPE/molTi-h) ,ri@ BB FRIE 35 x 10" £ 4,
AR FRAAE(M M, =2.1982.39) . SHAD
RETHEREBERNEEESHA@NSAS

PERESTER 0 gPE/mdTi-h), FERZH4
TRHMES 10 £, TRIHIFBE(M, /M,
=2.56 3% 2.31) , LA X R G YWAE MAOER T
BHEEBREPORE K. BRWMENRET 25
i FHITHFAAITCH EHERESY)HNEEE
¥, X ATRE R H AR L N B F 3t e 734k
g Y OE g

Table 1 Polymerization of ethylene using the NpCpTiCl,/MAQ system®

Catalyst  Formula® Activity® M (x10") MM,
1 PrCpTiCly 1.4 x 10° .0 2.19
2 IdCpTiCl, 1.8%10° 36.3 2.39
3 AICpTiCl, - - -
4 IzCpTiCl, 4,1x10¢ 30.0 2.56
5 BiCpTiCl, 6.0x 10° 35.8 2.3

*Polymerization condition : concention of litanium complexes: 1.0 x 10~%
mol, AUTimolar ratio: 500, polymerization temperature: 30T, pre-
reaction time: 15 min, polymetization time:0.5 h, ioluene : 50 ml.;

b Activity; gPEfmol Ti*h;

“Pr = Pyrolyl { CH,N); Id = Indolyl (CgHN)}, Ai = 7-Azaindolyl
(C;HsN;), Iz = Indazolyl( C;HsN, }, Bi = Benzimidazolyl{ C; Hs N, ),
Cp = Cyclopentadienyl (C, H, )

2RI HFIH W T ERRREY PrCpTiCl,
0 BiCpTiCl, £ MAO BIE{LfEHI TREILZHERE
TSR R AUTI BEJR L A 1L i) 5 fL B 18 0
AUES, EMNRAMEMEARE BHE AUT
ER LRI MEE R L AREE TR, AUTI A
500 A4 A IR B R R, IF HE MR AVTI B (dn
200) B MRS PEHE B ALTI BE (30 1000 BA |) B I5
HEER(RE 1. S HALXRZRHAESY
NpCpTiCL/MAO L AR A B ER AL B Bk
FAIMAO Rl LI BIBE ML, E £ 0
MAO ¥ 20 Ti* BT M T BT
BE X i B KU R A Y NpCpTiCl, A B 1K
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Table 2 Ethylene polymerization desta for ihe complex PrCpTiCl; with
MAO activation®

AVTi Activity
Entry
(molar ratio) (gPE/molTi+h)

1 200 82 x 10*

2 500 1.4x1¢°

3 1000 7.7%10*

4 2000 4.6x10*

5 5000 1.6x10*

* Polymerization condition: concentration of titanium complexes: 1.0 x
10~* mol, polymerization temperature:30°C , pre-reaction time: 15 min,
polymerization time:0.5 h toluene 50 mL

Table 3 Ethylene polymerization data for the complex BiCpTiCl,

with MAQ activation"

AUTi Activity
Entry
{ molar ratio) (gPE/molTi-h)

1 200 3.4x10t

2 500 6.0x 10°

3 1000 3.5x 10t

4 2000 3.2x 104

5 5000 9.5 x 10°

* Polymerization condition: concentration of titanium complexes: 1.0 x
10~* mol, polymerization temperature 30°C, pre-reaction time: 15 min;
polymenization time:0.5 h, Toluene:50 ml
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Fig. 1  Effect of AUTi molar ratio on activity for

NpCpTiCl/MAO system

LR HETEEMREE Np BREK
RIGKAC & ¥ NpCpTiCl, , H b Np = #t g & Pr(1),
IR A 1d(2),7- B AW E Ai(3), 5K E 12(4),
FHKER BI(S) SRSV EBRAATE
BES MAOER T . 4£ 30C.9.8 x 10' Pa Z# &
HTHATEAZEESG. B 1 M2 ME#EQC
gPE/molTi-h) & F 4 1 5(10" gPE/melTi-h) , T 3 JL
P IS ¥ NpCpTiCL/MAOC & % A 4L 1% tE Bl 48/
BEMEME EF WS EEE, HH/4 KN 500
EEMEHRE, FEAEZENESSTE M,
R0 ER. A TFREANEE(MIM, <3).
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CATALYSIS OF THE METALLOCENE ANALOGIC COMPLEX (NpCpTiCl,)
CONTAINING THE AZOLE LIGAND (Np) FOR ETHYLENE POLYMERIZATION

XU Xuexiang, YI Jianjun, JING Zhenhua
( Research Institute of Petroleum Processing, Beijing  100083)

Abstract Synthesis and elemental analysis of metallocene analogic complexes (NpCpTiCl,) containing the azole
ligand (Np) are described , in which Np is Pr= Pyrolyl (C,H,N)(1); Id = Indolyl (C;H;N)(2); Ai = 7-Azaindolyl
(C,H;N,)(3); Iz = Indazolyl (C,H,N,)(4); Bi= Benzimidazolyl (C,H;N, ) (5), respectively.It is proved by the
experiments that NpCpTiCl, is active for ethylene polymerization at 30°C and 0.1 mPa with MAQ activation,and the
results show that the activity of 1 and 2 which contain one nitrogen in the azole ring is higher than 4 and 5 which
contain two nitrogens, while 3 is inactive . For the NpCpTiCl,/MAO system, the activity is “up and down” type with
increase in the Al/Ti molar ratio, and up to the highest when the AL/Ti molar ratio is about 500.The polyethylene
obtained is characteristic of narrow distribution with molecular weight M, around 35 x 10* and molecular weight ratio
M_/M less than 3.

Key words Azole, Metallocene analogues, Titanium complexes, Olefin polymerization, Catalysis



