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Bridged Metallocene Complexes for Ethylene/1-Octene Copolymerization
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Abstract: In the current study, five bridged metallocene catalysts were designed and synthesized, and their structures were
characterized by H nuclear magnetic resonance spectra('H NMR) analysis. The effects of reaction temperature, reaction
time, ethylene pressure, 1-octene concentration, boron cocatalyst concentration, and TIBA concentration on the copolymer-
ization of ethylene and 1-octene were investigated. The polymerization products were comprehensively analyzed and charac-
terized using high-temperature gel permeation chromatography (GPC) , differential scanning calorimetry (DSC) , and nuclear
magnetic resonance spectroscopy (NMR) . The results indicated that the catalysts exhibited excellent thermal stability at ele-
vated temperatures and superior copolymerization performance. Specifically, the catalytic activity reached 2.36 x 107
g/ (mol-h) at 100 °C , while the copolymer density was 0.875 2 g/cm’. With the increase in reaction temperature or the concen-
tration of 1-octene, the catalytic activity first increased and then decreased. Meanwhile, the density of the polymerization
products decreased.
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Fig. 1 Structures of five synthesized catalysts
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IRy 1 %8 8 SR P HL %8 B A 0 A CH
B8 TR R R P O 5 o dt 5 4% “SAMPLE”
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Wi ' H NMR FAERIA THEALRIAZEH , FAE
ZERE

%4 M1:'H NMR (400 MHz, CDCly, 298
K)7.67(d, 2H) , 7.56 (s, 2H) , 7.39 (m, 2H) , 7.04(d,
4H) , 6.80(d , 4H) , 6.62(d, 2H) , 6.26(d , 2H) ,
3.82(d, 6H), 1.38(s, 18H) ,

4% M2:'H NMR (400 MHz, CDCly, 298
K)7.80(d, 2H) , 7.55(d, 2H) , 7.48(d, 2H) , 7.41 ~
7.28(m, 6H) , 6.96 ~ 6.85(m, 4H) , 6.63 ~ 6.56 (m,
2H) , 6.34 ~ 6.24 (m, 2H) , 3.74 (s, 6H) .

4% M3:'H NMR (400 MHz, CDCls, 298
K)7.80(d, 2H) , 7.55(d, 2H) , 7.37(d, 2H) , 7.17 (m,
6H) , 6.95 ~ 6.82(m, 4H) , 6.67 ~ 6.50(m , 2H) ,
6.18 (s, 2H) , 3.89(d, 6H) .

4% M4:'H NMR (400 MHz, CDCls, 298
K)7.66(d, 2H) , 7.55(d, 2H) , 7.39(d, 2H) , 7.03(d,
4H) , 6.80(d, 4H) , 6.25(d, 2H) , 5.30(s, 2H) , 2.31 (s,
6H) ,1.37(s, 18H) .

4% M5: 'H NMR (400 MHz, CDCls, 298
K)7.80(d, 2H) , 7.57(d, 2H) , 7.41(d, 2H) , 7.31(d,
2H) , 7.20(m, 8H) , 6.69(d , 2H) , 6.36(d , 2H) ,
2.41(s, 6H) .

2.2 EUERMIERE

16 1—FHIE 1.5mol/L . ZMJE ) 2.0MPa, [
NELEE 100 °C  E WA SomL . LA =
n(M) =2 umol.n (Al : n(B) : n(M) =150 :1 : 1
(M 278 Zr 8% HE) | SOWIFE] 10 min Y24 F k4
LN EIEILR N, X 5 AR e f T RE PR,
SR ULFR 1. MR 1 ATHN: AT AR DA ) M1,
M2 HAE AT F R AGAEAL ) M4 . M5 HLAT B8 s AL T
P, X FEE R A &R b a4
R S U LB S i W9 R NESTE S |

FAMRREEE Hak How

(S BSTHE T , 42 THE R R M1 Ak TE
PE>M2 IHEILTE T, M4 FOHEALTR T >MS BT
PE, X FEGE Y 2, 7- T A R A s 1] iz B
BR, Jm bz BRI T PR X RO . %)
e M2 R M3 AL DA Ze S A ik Al
R T L HE O AR, X SRR PO ss
SERAEAE B AR B PP PR R AT A
Y1 (M-Cp) # , FERCE /MY A £, FEESRIAEHIE R,
REMEERG R A B s[RI, TIBA 1546 4xJ& Ot HE
T Ze BHELIEY, 25575 SRR P | 2R
BIPEE, HRE M1 R TR SRS

®1 FREUERELZEN-FHEHEBEAHELENYE

Xtk

Tab.1 Comparison of catalytic activities for ethylene/1-
octene copolymerization using different catalytic

systems
kiR ZR PR MY/ (molh) ] B/ (glem®)
MI1/B/TIBA 7.89 236 % 10 0.8752
M2/B/TIBA 5.52 1.65 x 10’ 0.897 7
M3/B/TIBA 1.37 0.41 x 10 0.8952
M4/B/TIBA 6.97 2.09 x 10’ 0.8718
MS5/B/TIBA 431 1.29 x 107 0.889 2

2.3 RAzRTEIRYF A

TELL M1 AR 12 1.5mol/L ., &
5 & J1 2.0 MPa . 20 i B 100 °C L B (R R
50 mL ., FAEAFIH n(Zr) =2 pmol ., n (Al : n(B) :
n(Zr) =150 = 1 : 1 WM T T MR HER
N, RV OV BRI 2051 = SR YR RE R 52, 45
WU 2, M5 2 AIHN: Bl SN i) (A SE K, ik
FE P 2 A RE WA XS 4 R AE 10 ~
15 min ZZFBAR /N, D0 BH 330 i N 32 B % A A SO N B RIS
10 min, M2 FEEMHKZE R T LIE H, BREWEE R 5%
P2 1 R B, 3 R R Bl S B ) A9 S, R
RANILR AR 120 BB REAIG, S EULR
Wy rb SR A T R ARG, A T RNy % i iz 1z s ]
FRE R S 10 R A R 342 TR, e 10 min g%
AR 2 ) B A S s ]

®2 REMENZENFHLEREHZM

Tab. 2 Effects of reaction time on ethylene/1-octene copolymerization

i ] /min PR g M/ [g/ (molh) ] I/ (g/em?) T/C M, M, PDI
5 7.46 4.47x 10’ 0.865 2 73.3 1.318 x 10° 5.93 x 10* 2.23
10 7.89 2.36x 10 0.8752 70.4 1.424 x 10° 6.42 x 10 222
15 8.80 1.76 x 107 0.876 0 73.1 1.552x 10° 6.62 x 10* 2.34
20 8.84 1.32x 10’ 0.876 1 75.4 1.517x10° 6.54 x 10* 232
25 8.81 1.05 x 10’ 0.876 9 72.4 1.497 x 10° 6.29 x 10* 238
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ELL M1 BRI 1= E 1.5 mol/L L
NEFE 100 °C | W AFTE] 10 min , RCEAAFL S0 mL
FHEAFIF n(Zr) =2 pmol . n (Al : n(B) : n(Zr) =
150 : 1= 1 STl T LN Em IR BN, 2R
LG TR s NI L IR PR RE RS2, 25 R DL 3R
3. M3 3 AIA: B MR TSI =, AR S

PR TR, R ORI NG, LRI
HE AR RERG N, AR (3 2 1 M B S 5 B
BRI AR, TS BER G AR S T
B R T, REWH 28k B e 1
2.1 ~ 2.3, FEHEAL T A3 2 o0k B — B R R
R,

R3I ZHEEAXRZHEN-FHEEREHZN

Tab. 3 Effects of ethylene pressures on ethylene/1-octene copolymerization

J%/1/MPa 7Y B/ g G4/ [g/ (mol+h) ] I/ (g/em?) T,/ C M, M, PDI
0.5 1.61 0.48 x 10’ — 67.0 1.259 x 10° 5.89 x 10* 2.13
1.0 2.61 0.78 x 10’ 0.869 1 68.7 1.330 x 10° 6.18 x 10* 2.15
1.5 7.12 2.13 x 10’ 0.873 1 69.4 1.381 x 10° 6.32x 10* 2.18
2.0 7.89 236 x 10’ 0.8752 70.4 1.424 x 10° 6.42 x 10* 222
2.5 8.02 2.41x 10’ 0.883 2 84.9 1.483 x 10° 6.61 x 10 2.23

MOHETI N 0.5MPa B, FE L Z RS,
BT BN XK BRI, IR EE
B, FEOCA LR Y HRe A i 1R 55 R
P SR, M R Tk w7 S A SR A
TR, Wy BRIE A I L0 o 45 A 5 AL R I T
SSHERPE R, YRk 2.0 MPa NiZLIA R R
770
25 RREBEREIE

FELL M1 AR 1—=FIaH B 1.5 mol/L. &
5 F 71 2.0 MPa , J2 v B (8] 10 min | 3% W6 7R 1
50mL ., FAHEEFIH #n(Zr) =2 pmol.n(AD : n(B) :
n(Zr) =150 : 1 1 MFRMAT T IR IHER R
N, TR N R XS 2 R LR RE R, 45
UL 40 R 4 TR0 B SOV IR E T, AL

FIRGIE T TR FREAL, £ 100 CHY IR 2 - iX
JE TR A R T i ARt 1 K R A3 7, AT S S0
TGRSR o 2R B RS T R i, R R R AT
SRIGR , (AL LR BB RS, R FHOL AR
BT TR

2 RN ZE S B, P R B R T v
%, SIREE =T 100 CHE, SR T2, %W
FERIRAAE T, IR AR AT 25 FE R /N o KXo
J e B T T R T PR A, HLRAYIN 20T
PEFS RS , X AT RESE IR EE T ek TR &
WIEERY p-H BRIV, B3 e & 2 Bh Ak
SRR RN PRI, YRR 100 °CoMIZ AL A Z Y
(ESFAAIT i

x4 REBENZHN-FHEERSHHM

Tab. 4 Effects of polymerization temperature on ethylene/1-octene copolymerization

WEE/C 7Y i/ 154/ [g/ (mol+h) ] I/ (g/em’) T,/ C M, M, PDI
60 3.07 0.92 x 10’ 0.892 8 72.3 1.732x 10° 6.66 x 10 2.60
80 6.42 1.92 % 107 0.887 7 72.2 1.625 x 10° 6.53 x 10 2.49
100 7.89 236 x 10’ 0.8752 70.4 1.424 x 10° 6.42 x 10* 222
120 5.79 1.74 x 107 0.874 8 73.3 1.180 x 10° 4.85x 10* 243
140 4.12 1.24 % 107 0.874 2 72.1 1.203 x 10° 4.70 x 10* 2.56

2.6 TRENENFI AT

TELL M1 FHAEF] 1R 1. Smol/L. 2
Y41 2. 0 MPa, JZ W 100 °C | W E] 10 min
BB AARFL S0mL | FHEAFF n(Zr) = 2 umol .
n(AD) : n(Zr) =150 + 1 WM N AT IR —=Fidt
BRI, BT n(B) ¢ n(Zr) X 2N L IRV fE
s, 25 ULER 5. R 5 AT BEAE n(B) : n(Zr)

(RGN, HEAE TG PR TS SO il B i
FIREAHOE AT, S S A E v, TR 4  H 2
HUKRER AR 7E n(B) : n(Zr) <2.0 W, fEALF]E
PE & E T B2 A ISR DN, TR . X
H$ER n(B) @ n(Zr) FARE B m AR TG o it
A, PEMIRIAR T B A L B Rk A
JET AL A AR R 2, 3688 n(B) = n(Zr) BYERAE
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Tab. 5 Effects of boron-zirconium molar ratio on ethylene/1-octene copolymerization
n(B) : n(Zr) PR g 151/ g/ (mol-h) ] FE/ (g/em?) T,/°C M, M, PDI
1.0 7.89 236 x 10’ 0.8752 70.4 1.424 x 10° 6.42 x 10* 222
2.0 8.35 2.49 x 10’ 0.867 5 69.9 1.452x 10° 5.89 x 10* 2.46
3.0 8.33 2.51 %10’ 0.876 2 69.8 1.364 x 10° 5.82x 10 2.34
4.0 8.61 2.57x 10’ 0.870 0 68.3 1.332x 10° 5.75x 10" 2.32
5.0 8.67 2.60 x 10’ 0.866 1 70.2 1.305 x 10° 539 x 10 2.42

2.7 TIBA BEHIE N

TELL M1 AT 1—=FIEEE 1.5 mol/L. Z
W S1 2.0 MPa, W HREE 100 °C | SO AT E] 10 min
WS ARF S0mL |, E4ELFIH n(Zr) =2 pmol .
n(B) : n(Zr) =1 : 1 WFMHTFHATOIRN=FIEIEER
S, BT n(AD = n(Zr) ¥ O —E 3 R P RE )
oM, G5 LR 6, & 6 nJHN: bEE n(AD : n(Zr)
(R 18 K, A AR R0 1 S T R PR AR B
n(Al) : n(Zr) = 150 B}, fEAEFRITE MR . X FE 2
KA, 2 n(AD = n(Ze) BN, ARNREFITHe A A AL

A, FEBHE FIEER O AR, HARR P24
KIEBRZ, W THAIEE; 24 2 (AD : n(Zn)idk
i, TIBA 2RI EEFEREFIMER , 5 R
HL B FE IR AL, B RS RIS, I Haad
TIBA 278 FEAK 2 o iy 0 Bh 1k 370 U7 )i, 24
n(AD : n(Zr) D REGE/NE, #2AmARR ),
M7E n(Al) : n(Zr) =150 W}, P29k 3 0 i kA4
HEWMAFA POE MyPEREZIR ., 45 LTk,
n(AD = n(Zr) BEAEE R 150,

F6 n(AD : n(Zr) W ZHN-FHHREH M
Tab. 6 Effects of aluminum-zirconium ratio on ethylene/1-octene copolymerization

n(Al : n(Zr) YRy 15/ [g/ (molh) ] FE/ (g/lem’) T,/°C M, M, PDI
100 6.40 1.92 x 10’ 0.863 0 73.6 1.233x 10° 491x10* 251
150 7.89 2.36 x 10’ 0.8752 70.4 1.424 x 10° 6.42 x 10* 222
200 5.96 1.78 x 10’ 0.8723 70.6 1.425 x 10° 6.49 x 10* 2.20
250 5.73 1.72 x 10’ 0.873 1 72.5 1.423 x 10° 6.52 x 10* 2.18
300 5.49 1.64 x 10’ 0.8770 78.9 1.422 x 10° 6.62 x 10* 2.15

2.8 1-E/HRENEIE

FELL M1 S FEAER] L SOV 100 °C | M
41 2.0 MPa. [ IF1A] 10 min AR EAF 50 mL,
HEAEFIH n(Zr) =2 pmol . . n(Al) : n(B) : n(Zr) =
150 : 1= 1 ST T LN Em IR BN, FRiT
1—FIR R BEXT M1 —E i TE R YRR A2, 25 R I
7. MFE T AT L 1R, MRS
PESETH R PR A o SRR o 1 v B AR, i
EANEE DRI OGRS, L RRIck:
T AL TG R oty s 1R B T ik, 1= Js il
P oY VARSI g R AN = B (10 S K72 2= R i I A

G JBIERLGT R, R LM A o B HRRETE , B
PR THEENE I R, I RS W5 SRR, p-H i
FERp AT [, S T RN ], R T T AL
WEPE 16 1R BT = B, Mt AR5 , 2R
BWEESCREN 22 H SRS L RIS R, B o) kA p-H
BERLRS , B RE PERAR!™ s RIS, MIXS o3 B it B
1M e L 1) T i S SE R D/ N R B, 3 T
RUNBEE 1= B R T, HERARN RN T 5
FERB00L, AR AR 20 F I R 7R 1M i
IS SE PR BT Y IR W BERRAI, et T 5 7%
SR, AT O 731 B i/

RT 1EHFRENCHN-EHEREHHM

Tab.7 Effects of 1-octene concentration on ethylene/1-octene copolymerization

1—=F Mk FZ/ (mol/L) Y g i1/ [g/ (mol+h) ] F B/ (g/em’) T/ C M, M, PDI
1.0 6.17 1.85x 10’ 0.876 9 85.0 1.384 x 10° 5.95x 10* 225
1.5 7.89 2.36 x 10’ 0.8752 70.4 1.424 x 10° 6.42 x 10 222
2.0 8.61 2.58 x 10’ 0.870 0 57.6 1.438 x 10° 6.74 x 10 2.13
2.5 9.65 2.89 x 10’ 0.869 7 483 1.148 x 10° 6.15x 10* 2.04
3.0 9.27 2.78 x 10’ 0.868 8 35.5 1.115 % 10° 5.88 x 10° 2.06
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Bt 1—FIW TR, R % B R AR
FaB, X FEURR 1 AR A SRR I R Y
(4 fREE M, IR R A AR RS T g5 BB
W, BEFE 1.5 mol/L b 1—=FId iR E .

Wi BRI Z S, i RS M
JEMEARFIH 7 (Zr) =2 umol, TIBA 5 By ihfifk
F,n(AD :n(Zr) :n(B) =150 : 1 : 1, 1-FHHE
o 1.5mol/L, J il BE 2 100 °C , Sz g i [a]
10 min, ZKESN 2.0 MPa, TEMAETT | AL PE
A[LLAE] 2.36 x 107 g/ (mol+h) , TLERMIAY 5 Al LUk
% 0.8752 g/em’,

29 BEMEHMRIE

P M1 AR Fab s R N 251 Ak 20/
1= I 26 5 00 7= W A7 IR W R B (PC
NMR) FAE, G550 2 FrR . HE SCEk[20]3 575
BN 1 —EREE R ECN 14.43%, L= HA 3
) 1—=FtE AR, LB M1 AR A R Ar i
LIRN—=FIRILE N POE WITERE.

W*WMLL'JLJW!\ J

P R T L L
39 37 35 33 31 29 27 25 23 21 19 17 15 13 11
o

RS "C NMR
“C NMR of polymer

2
Fig. 2
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FE -E R EE L ROV 2 T | iR
T8 TIBA ) % M/ 14 138 5 i i 520, [
Bf454 GPC.DSC ML F# M ERIET-BL, 15 ik
R 2544 R ML SRy FE 4 AR R B 3= 41 Ak )
n(Zr) =2pmol . TIBA 5 B MHIiEfLF . n(AD :
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NREE 100 °C | S EE] 10 min, 24 %7 2.0 MPa,
M1 AR RTERAE T, RIS PERT LLIAE] 2.36 x

10" g/ (mol-h) , LI AY2E E AT LUK 0.875 2 g/em’,
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