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(2-Me-3-CIPh ), PBIMe, FeCl,/rac-C,H, (Ind ), ZrCl,/MAO
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W E SR TELESAY (2-Me-3-ClPh), PBIMe, FeCl, EEMAR , H 5T Z EHF B 2B LB HAEH rac-
C, H, {Ind), ZrCl, 3t F, F§ MAO(1.4 mol/L B EEFF WO/ B b 0], R0 3 38 & B0 4R 4 i 5 JE 3 2. %% (LLDPE) .
HEREN IO EREAR A EBAEREEAEME1.0 x 107 g oligomer/{mol Fe-h) ], WIBE LK F
B AL BE tEAR R TE 10° g PE/(mol Ferh) A b5 "C-NMR S+ B8, 83 T MBS ERZIE, 2 Fe/Zr LR 12
B URFUHN - BREREAS , BTN R TR B Fr EMIERBENEL, BEH

Feb., 2005

BIRS B R S S R B AR A A

@A FURLER, KEKEFREZS(LDPE), FiadES EH#4AR

MNaTEHAEXRE AUKEERZHE
(LLDPE) AT LA BERUR Z M AFE, ELHR
BEET A BEXRBFATNEKORGHE L
M ARR AT NENRERLR. b TiX
P PRE S, LLDPE M HHEIARE XX L H
(LDPE) , X B4 & % E T Z 4 (HDPE) ) 22 ¥ ¢
FLEREGRTHREERZANGEERZH
B & LA FlIRIB ot AR B W &l A0
FEAF 9% S ERE. LLDPE ¥ 12 o il 1 F
BEMESNSR, R REZRFEHM, HTE
VF &40 h ZE LT LDPE" . '

HE,ILDPE R A B & A#EANKZHES
a- MBI A R AFHH Z-N LR N HF 2%
5 o-MBEILEN, B T IE AR AF R,
E RS B B8  LLDPE . 1 % & /& # 1k
90 0 BT LAFR S M R D X — MERE, o - R R BB A3t
BARSYW TS I, BRI EHA%E LLDPE. B
REMEHETFEFTENBRRTN AL « BE,
MR & =RAEREERE .

20 it 42 80 F AL P HE, Beach 1 Kissin B 7 IR
i J& 7 3 B’ ¥ (in situ copolymerization ) ] 7%
LLDPE, REREHMERAZ B M — Sk W

PR RER T, —FaELT 8 2 58
Bl o- B, BES - FARELAAMERTH
AP B R N, M I B 348 2 LLDPE™Y | i,
& AR B A ALk 7R 8 ok 2 iRk %l & LLDPEM Y,
Bk R 2 3R BT L A B A 46 7, T B A 4K 0 22 ()
RIAHE T3S BEAR M FRREE. Bazan, TM
ST RS RGBS T RER
i (Tandem) | % LLDPE, 3k A} H 2 48 & %% (MAO)
aME— B AR ), B IO A7 E PR R BY A 4L L 2 1]
B0 5 T4 . X #h 7 35 41 & 9 LLDPE #] LUiE S
WHEATI M A RS & RATREYNE
HEMRECHRE, HES BEBYIHERE . L4
ik c-BREAESESRBERNMBREELEY
7,5 W T 4 MK LLDPE MtEeE. Wik, #1134
B—RF B RN, EX R R HR o5
BRERS RTHB LELAHEHBERZ—.
AXERT —MiEEERE K EAM# LN
(2-Me-3-ClPh ), PBIMe, FeCl, , B & 1B & 9 # 1k 1%
#HoEES5XBEAFT rac-C,H, (Ind),ZrCl, K
AT LRI B4k ik 2R , i ] MAO A ME— BB
AL, B B0 LLDPE PR AE LA BWRE Y o F
B ENHRTY FoZr LW MR MR FEXREENT
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1.1 #7

2,6- O BEAE M RE(H WD) 2- B3 EER .
rac-C, H, (Tnd ), ZrCL 1 MAO(1.4 mol/L B W)
43 % M Aldrich 2 &) | Strem 4% 7] #1 Albemarle % 7]
3T K & AL T 2, AR, b 5 AL 2 3 H)
J B ARER . WEBLALLE, LR LA
BRYRELBAEER; PX AR, LRET
L ERMmE, BREER; & P&, AR, LR
W), HE BB, 2 e A PO e,
AR, LT . £RAMK.ZLEEM;HE
HA B AT HRAN, e R e B 5T e R
fi 4L 7 (2-Me-3-CIPh ), PBIMe,FeCl, , & L e % &

.
1.2 REESEEEANER
1.2.1 E&BE R % 2,6-" 7 B B ok ng

(500 mg,3.07 mmol ) 1 20 mL & A L&A 100 mL
BIJE — OBeim T, BB N A 2 R
3-EERE(0.75 mL, 6.14 mmol) , & 1T 3 WG IKEE MR
(AR) . FHR ZE 50°C, {RIFEIF 24 h. RGHET KB
SN BB ECHRY AL H KK F B
20mL,EOCHE ARERROEKN L T2k,
MRHHT KPR ER R, FEINRS AR
EHAESES TR, B, 58 R HACE H-
NMR W B 1 B,

R |Y
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Fig. 1 The '"H-NMR of the (2-Me-3-CIPh),PBIMe, FeCl, ligand

M E A &, "H-.NMR ( CDCL S ): 2.26
(s,Aryl-p-CH, ,6H), 2.80(s, N—C—CH,,6H),
6.61 ~6.64(d, Aryl),6.84 ~ 6.86(d, Aryl},6.94 ~
6.99(t, Aryl),7.98 ~ 8.04 (t, Py-p-H, 1H),8.22 ~
8.25(d,Py-m-H,2H) .

Hii& MALDI-TOF, m/z = 410.2. JL& 4 4F
(%), il € 67.32, HS5.16, €1 17.28, N 10.24;

EME C 66.93, H5.12, Cl1 16.99, N 10.10.
1.2.2 (2-Me-3-CIPh), PBIMe, FeCl, AL A9 & B

# BC & (150 mg, 0.380 mmol ) Fl i1 B 1 UK &
FACTE 8 (85 mg, 0.428 mmol ) HI AT O Schlenk HE
PHESEZSHEI R EEEEFTMA
10mLIgE Rk . (R RFRIEE, HFRH @R
EHEATHEZAHEINEEC. KN 1 b/, S5
HHE Omn, AKEFEBRANETE.EES
R THE AEKCBMREREIR, BETH
SR, E AR . i MALDL-TOF, m/z =
499.9 [M—Cl]. TWEAHT (%), BigE C
51.43, H3.94, C126.40, N 7.82, Fe 10.40; 5C#}
£ €51.95, H4.37, C126.01, N 7.46, Fe 10.21.
1.3 BEREHR

WA MR THEA 250 mL = 1142
mEAMEs ESBEBRBKEREALE, WA
S0 mL 3 RIS He IUE IA MAO BE#E 2 min,
IIARR BT F AR AR L, B4 K 30 min
JEOMARE B0 10% KBk 2 B4 E 7.
1.4 HERAHEEHE LLDPE

BEERAOKHETATRM 250mL =04
HMERMAT ESXERBRERAZE, MA
100 ml. 26 RS EIAF A MAO £ 2 min, B
FEtmAREMEREANAFLEGRIN, BS
RN 30 min J5, MARE Y 10% 88k 282
KL, FEREYHIERERER . REHE
60CTF H= TH&.

1.5 WRF*

g (R T AE A H-NMR( Bruker DMX 300 MHz) #§
23, M ALK 7 % A ; JE % MALDI-TOF ( Bruker
BIFLEX I ), &5 2 8 /) ; 76 & 4 #7 (Thermo Quest
Flash EA 1112),Cl JTE & Hg A €15 5 8
Y18 3 4k BE A" C-NMR ( Bruker DMX 400MHz ) 7E
120°CH01 75 MHz T 78, AR K E R B F ;1
B BB W B A 4E & BE Al DSC 7A( Perkin-Elmer
Co.) , JHE M B H 10 K/min, HHEFEE M 50°C 3

I0C; B AN EE R TR E (25 +

0.1) CT #1545 5L ¥ IO 48 4k Bk 1 1F. BE ¢ 9 IR
RSl

2 HR5iTiE

2.1 BS KRR gk
2HEHTIRIEER Fe BILER(HR
a) PLEHFLESBEIAHEWLX DU RF
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BB & AT AL IE B (M4 o) 60C T, Z
HR AR s ME T LB, T 2R
7 4 RARAL R B0 B4 15 PEAR (IS HEE RS TS
WER Fe 1k 3 75 TR 91 39 A 16 70) 3% 1 1 38 35
B4 K14 10° g C,H,/(mol Fe-h), Bl 52 7 B 18] (4 4E
Ko, A 3RV M B AR B, Hop o 1) 45, Wl 2%
BRI KX R AL R R RS
% LLDPE , Wt i i1 £ 75 o S0 g SE %0, B 2L A
R EE. RN, AE 1 HESE SRR
] LA Y, (IR A AL ) 0 05 4 9 B H L IR A AL
B L ELAT 22 0 SR 7 — MO BN, BEAE TR AT Ay 3t
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Fig. 2 The absorption curves of ethylene homopolymerization with
Zr catalyst, oligomerization with Fe catalyst and the in situ

copolymerization with the ratie of Fe/Zr=1/8

B33 LLDPE; #8 5 , 10 5 165 58 4 46 77 19 775 HE AH X
BEREFRE. OIE - THELZU L . XFERT
RS AL 3 (8 1 77 B9 th 47 0 4 LLDPE, & U 18
REREGYEEFRILERE XHHNESH".
2.2 HUEFEKERBELR

FIHAETHERARMERER MK
BRI URL HETEZEFES R EARMNE
10" BB BB &R KR AL THE N
BRI EMERNESHRELEAGHAR,
rF 10° ~ 107 2 A . 15 8 B kB R i A, IR IR
P AL A R AR WA BT R, MRS
EHEEER LR, AR S IR RN
fE Fe/Zr=1/8 T MMERGH AT MAOFE
BIFHRE (Run 3 ~6) , KR FEE Al/(Fe + Zr) (HH)
WAk, BERMIGEE® . Y Al/(Fe + Zr) = 500
BLRARMIRAE BE, XEEN MAO BFITH
ROFE R, B 2% B A 5 A 4L R T BLTE R R L, MAO
FBAKA , MAO 72 T 6 i L M ik AT S
L B RL A W& B Al/(Fe + Zr) T Bl 4000
Bt R EAEHBXE (10 RERN BT g-UEBM
M Al B SRMEANERTRERNRE . HE
BEE AlU(Fe+ Zr) WAL R HREMEEE
TR K.

Tabe 1 Result of LLDPE prepared by in siti copolymerization

Fe* Zb Fe/Zr AV T Time - x4 d Ta

Run { zmol) (umol) { mol/mol) (Fe + Z1) (C) (min) 4 (%) {glem®) (¢)
1 0 0.3 0 1500 60 30 6.40 65.0 0.9538 132.6

2 c.25 ] - 1500 60 30 10.0 - - -

3 0.05 0.4 148 500 60 30 - - - -
4 0.05 0.4 1/8 1000 60 30 5.56 55.2 0.9422 125.2
5 0.05 0.4 1/8 1500 60 30 7.62 50.2 0.9430 126.3
6 0.05 0.4 1/8 4000 60 30 34.7 57.2 0.9418 125.6
7 0.05 0.4 1/8 1500 25 30 5.62 43.9 0.9348 92.5
8 0.05 0.4 1/8 1500 50 10" 27.1 4.1 0.9323 116.1
5 0.05 0.4 1/8 1500 60 30 7.62 50.2 0.9430 126.3
9 0.05 0.4 178 1500 70 30 9.24 45.0 0.9418 124.2
5 0.05 0.4 1/8 1500 60 30 7.62 50.2 0.9430 126.3
10 0.1 0.4 1/4 1500 60 30 15.8 43.9 0.9299 115.0
11 0.2 0.4 112 1500 60 30 11.8 42.4 0.9284 100.2
12 0.8 0.4 2/1 1500 60 30 3.83 49.9 0.9446 98.9

Reaction conditions: Pressure 0.1 MPa; toluene 100 mL; Cocatalyst; MAO (1.4 mol/L in toluene); *Fe catalyst: {2-Me-3-C1Ph),PBIMe, FeCl,: ° rac-

CyHa (Ind), ZxCly 5 < Activity: 10°gPE/[mol {Fe + Zr)-h]; * Degree of crystallization; °Density

“ The reaction was ended after 10 min because of the stiming problem due to the high catalytic activity of iron catalyst. The copolymerization activity

calculated accordingly is difficult to compare with others.

% AV(Fe + Zr) A&/, 7 50°CF , ¥ 10 min
B.2188LBEAUFENBESYWFEEM T

HARER#HT XATRR, G EERELRTE
SOCTRABREHER, mERBEH Kk,
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FEZEHFESBRANHERT AEE5ZH
Kt KRR S Y H SR N R KGR K P
B.25CH, WO EHFRE R MEMAFIEERMS, K
MEBHREAMMERY HTLRERRY IILE
ARG S T SRR 60 ~ TOCHY, LR
REEMBSESHLERT HNREEAR,
LERRTESREANRNE, &A% T LLDPE
Bhl & . BT L, I E— A E MR IR, B
LA RFERREN T EENEZ.FH
HEERENAR B . SREMEEFHEAE
I

2 Al(Fe + Zr) A8, AR BE R 60C AT, 2
Fe/Zr LLEEMEET ( < 1), BEHF Fe/Zr LRI R, B G
EHEAEEY Fo/Zc RAN, HHERME, XEEH
HHEREEANERENE L, FEREREY,
X FEHESEEHRRBME, SIS 1RE—
BOMEE Fe/Zr LA, R R XL E Y,
REYNBE ERENEESEATHIHAE.
2,3 P"C-NMR %1{E LLDPE X L&

B3 HRAHT Fe/r=1/2 %44 F" C-NMR i
HUEEA T EMEHE RBESCH[11],1B,.2 B,
B, .brB, 2+ B M & =11.18.26.82.34.17.39.81 {5
B/ % ;1B,.2B, 3B, .4B, .aB, .brB, FT LIS =
14.00.23.36.29.32.34.25.,34.66.38.31 Wik ;o
=27.37 4 $B,.8B,.8B,.(n - 1)B, FE KN 4#
fI{E5:5=30.504 ¥B,.7B,.7B, .(n-2)B, ¥
B W 815 S;1B,.2B,.3B,.nB, 7 3 &
22.83.29.57.32.18.34.66 {5 S E, A WL R
WA TR ZE, XAE R 14.1/1000C. B H
AT, Fe/Zr tboh 1/8 B E 1/4 B, R E 1L
BUERAES T4 . BRREALR AHE
20.29.29. 42 At HEH KRB «- B EHFES, W
B A O3 B B 4 4k R (2-Me-3-CIPh ),-
PBIMe, FeCl, B, B {# £ Fe/Zr th ik B 1/2 BHH R
T EAKRYRESE AR IR HREE L,
PR EEDRBA," C-NMR 85 B8 0 5.
2.5 BEYHALRE

B 4 850 T AR Fe/Zr o, B-&4 DSC B2 4L
500 .DSC AT REBWH A M Fe/Zr BEINER S
WAL RE A ) . BE Fe/Zr LLEGIE X, BAYIRIELL
BERMBEHETEMBE, BLETE XE
i T-REE MR AL 038 £, JLBR A 3 B (A B0 ST 4
% LLDPE M X{LET X THEFEDFNH, &K

Fig. 3 The '*C-NMR of LLDPE prepared by in situ polymerization
when Fe/Zr is 1/2

BEEm IR RERRERRE . XAAEKHER
EREEN & A S S8H; LM EERE
LB A BT MENAE, BE r&RENER, B
AR EIE S RS, MR A A,
B RFEM, Fe/Zr W 0 R E R 2/1, 18 AN
132.5CHER B IC.FEEHRAYHE RIFMR
X USSR THAERE—SN ME 454
EAAEE, B PN FERRTE S, X/AR
MEBRKEMATES, EHik, BE Fe/Zr HoH)IH
KA T REZ T EE RAERR

26+ —-— Felir=0
— ~— Fefir=1/8 "\,
g 24— FelZr=1/4 Al
& —--- FelZr=12 o
5 02 FefZr=2/1 il i
2 i
T 20 .
S l
= .
L 1
E 18 ]
<
< 16F
141
1 i 1 1 i l
40 60 80 100 120 140 160
Temperature ('C)
Fig. 4 DSC curves of LLDPE samples prepared by in site

copolymerization with the different ratios of FelZr
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— — Temperature =25°C
~-— Temperature = 50°C
Bf- Temperature = 60
— Temperature = 70°C

Nommalized heat flow
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T
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Fig. 5 DSC curves of LLDPE samples prepared by irn situ

copolymerization at different temperatures
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BSsHHTREEYDSCHEAREME/L BEFEER.

B EEFR MBS hWEEERE  BENEL 5 EFTR R rec-CyH, (Ind), ZeCl, F1(2-Me-
X B A VIR A AR R e B K . R N R BRI, 3-ClPh), PBIMe, FeCl, #H A% &9 XX 3 BE # 4k 77 & & i
REYHBRAERLETHEAS B 25CH T  fHorEutBEEN, RIHET B HFA
WHEXERAEREETRRE WM EZHER ¢ LLDPE. M iH7T Fe/Zs 0 K01 BZ BRI , 718
ML RREMF T PEE, BB ER LN 2%E B SRESAANEHESERZRE.
H#HE TR 92.5CHMI2CHIEHAP ;60 CoNMREREEW, BATARARIAEZS;HA
~ T0°CHE , PR HE AL 77 35 5 38 BC 4T , N 0 AL BEHBIAERN o-RREREER S
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LLDPE PREPARATION BY in situ COPOLYMERIZATION OF ETHYLENE
USING MATALLOCENE/ (2-Me-3-ClPh), PBIMe, FeCl,/MAO

TANDEM CATALYZERS

WANG Ruyi', ZHENG Yuansuo', CUI Nannan®”, ZHANG Zhicheng’”, KE Yucai’, HU Youliang’
(" Institute of Polymer Composite , Enir ! and Chemical Engineering School, Xi’ an JFiaotong University, Xi' an  710049)
(* Joine Laboratory of Polymer Science and Maierials, Key Laboratory of Engineering Plastics , Institute of Chemistry ,

Chinese Academy of Sciences, Bejing 100080)

(® Graduate School of the Chinese Academy of Sciences , Beijing 100039}

Abstract A novel late transitional metal catalyst-(2-Me-3-CIPh), PBIMe, FeCl,——has been synthesized having a
high oligomerization activity up to 1.0 x 10’g oligomer/( mol ¥e - h). Using this oligomerization catalyst and
metallocene catalyst— rac-C H, (Ind ), Zr(ll,—as a dual functional catalyst system, MAO as the only cocatalyst,
Linear Low Density Polyethylene (LLDPE) has been prepared by in situ copolymerization of ethylene having a high
activity [ > 10°¢ PE/(mol cat*h}]." C-NMR shows that the LLDPE is obtained. In addition, the presence of
unreacted a-olefin was not detected since there is no evident resonance signal at 29.29 and 29 .42, which proves that
this dual functional catalyst system has a& good match during in situ copolymerization. With increasing the Fe/Zr
ratio, the densities of polymers and the melting points of polymers obtained from DSC are in a descending trend.
Meanwhile, the similar phenomenon is also found when the reaction temperature decreases.

Key words in situ Copolymerization, Linear low density polyethylene, Late transitional metal catalyst



