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FHOKIMA 5 mL 1 28 & 0.12 g rac-Et(Ind), ZrCl,
BWRAAESOCTFRM 2h; AR EHERARM
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Fig.1 The kinetics curves of ethylene homopolymerization with Zr
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catalyst, oligomerization with Fe catalyst and the in situ
copelymerization with the ratio of Fe/Zr = 1/2

Zr catalyst is supported on MMT.
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BRI A (Run 6 ~8) , BETEMEREI, X EH
AERBATRENHE R BESHAEEREYN
PHEL R RBEERR SIS, S8 ]RE —
BOYBEEMKAD 0.7 MPa B, B A IE M E
Fe/Zr 318 KM 7+ & (Run 9 ~ 12) . Ziegler B HI7E B
RAESREAFN AR, EGET . TLMHS
BEHMKRNE®*HEEARNM(BH BHER

RE) ™ NS R IE B4 B4, B0 5K 5 A 2B AR 2L 0] B4 38
GURPERERREGENTREREHRE Fe/
LZMEmMmEXR. A5 EENRGERLTE
MEGEES—-THEH, E WA BAUES
TH B MAO 1) MMT F EH T 8L LR ET
REMEREARMNESE, IRBRGEHERE
HEEARHEIEER.

Table 1 in situ Copolymenization of ethylene for LLDPE

Fe® 7 Fel/Zr Al/{Fe + Zr} Pressure . x! 4° Te Branch
R mol)  Gumol) (emoldmol)  (mb/mol) (MPa) A (%) (ger?) () (1000 C)
1 0 7.6 0 1000 0.1 1.50 60.7 0.9578 133.9 -
2 182 13 ua 250 0.1 0.20 22.0 0.9386 9.5 -
3 183 13 1/ 500 0.1 0.50 36.9 0.9387 113.3 -
4 1.75 7.0 1/4 1000 0.1 0.59 42.2 0.9418 117.7 -
5 162 65 14 2000 0.1 0.53 435 0.9420 H8.0 .
6 0.55 6.6 1/12 1000 0.1 0.89 45.4 0.9514 122.3 -
7 0.87 6.9 1/8 1000 0.1 .69 45.4 0.9478 120.9 -
4 1.75 7.0 1/4 1000 0.1 0.59 42.2 0.9418 I17.7 -
8 2.0 4.0 1/2 1000 0.1 0.54 38.1 0.9384 114.5 -
9 0 17.3 0 1000 0.7 2.34 60.6 0.9650 131.1 -
10 1.7 2003 1/12 1000 0.7 3.02 47.2 0.9386 12t.4 240
11 1.2 9.0 1/8 1000 0.7 5.74 30.2 0.9364 98.9 41.7
12 5.0 20.0 1/4 1000 0.7 5.92 il.6 0.9282 86.2 78.0

Reaction conditions; Temperature 680°C ; Reaction time ;30 min at aimospheric pressure 60 min at 0.7 MPa ethylene pressure; Cocatalyst : MAO ; "Fe catalyst:

H(2-ArtN==C(Me) ), CsH;N]FeCl, | (Ar=2,4-C4H,(Me),) ;" rac-Et{Ind),; ZrCl, supported on MMT; © Activity:10°g/mol (Fe + Zr}-h;? Degree of

crystallization; © Density

2.3 Fe/Zr T X BRI F WG
B2 aE THES I EMYCNMR B EE
AR IH B R CE B 8 =10.94.26.49

" LGET 8 =22.94 BB R EA, FEKASEMN{ES
HETE 8 =13.85.31.93 #1 38.10; e, (&K FE P&
REIH o-K B FFAE R B BLTE 6 =29.07 4b. .

M3 4T MES AT E ZEMSEMERE, TE SRAHEBRNE RIS .
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,BB,/’ B, ¢H. 4B, CH, B, CH.
(1B, CH, 3B, CH, 18, du,
(7-2)B, (.‘HI 2B, CIH:
SB (3B, CH, 1B, &H}
4B, (ITH:
3B, CH,
2B, (H,
1B, CH,
1B, + IB,
IB
J dT
4I0 35 30 25 20 15 10 5

Fig. 2 The '*C-NMR of LLDPE prepared by in situ polymerization when Fe/Zr is 1/8 {Run 11)
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BHREEFRELED GPC % Y Fe/Zr= 1/8 I
Fe/Zr=1/12 Bt B & 880 LLDPE MEH &
BB, > FROATANG 2.8 M 2.6 AP
o] AE S Fe RS BB M4 FEEHLS
EwmAAR BA, Y Fe/Ze=1/128, 0 TRENA
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B g — TR %A R, 25 5 IR B AR G
HEWE M TH, R RRA AR
EEUELOBE B LNELERPREARE
kR EESEN EREGERPTET KERM
MR UETRERAZEHE MMEBRAER
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Flg. 3 The GPC of LLDPEs prepared by in situ

copolymerization when Fe/Zr molar ratio is 1/12 { Run 10)

and 1/8{ Run E1}.

2.5 BEURHRERE

DSC S+ Hr £ A FH Fe/Zr SEIM RSP H
WUERE . H4 /L THEETESY DSCHE Fe/
Zr AL E S AR A LIE L, B Fe/Zr RO
K. BEDH B ABEM AN 1339C KT
Ha.5¢C . Fef ERrE I PAEMELEMBET
BERESGYNSEREREE A, LB
Z HELERIAIREGYH ML AKHE REYK
FHEMSE M XEATERSETRLE T Fit
TEIAEKONER T, X ES LLDPE R MR K
WM GRIE B E Fe/Zr B3 X, LLDPE B 3L
B, R A YIS S G R R B
K BTEETREEMSES, ILERHENME
H.AEERETES SREMEEER.

BS54 TESY DSCHE AV(Fe + Zr) &

d Feir=14
e FoiZr=1:2
44

4o}

Heat flow

3o

32+
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Fig. 4 DSC curves of polyethylene sampies prepared by the

combined catalyst with the different ratio of Fe/Zr

0 o
> a’ Al(Fe ~Zr) = 2000 1B.0°C

b' AlFE + Zr) = 1000 . 117.7°C
¢ Alf{Fe ~ Zri= 500 13.3CR .~
437" AliFe + Zr) = 250

Ll

Heat flow

20 40 60 B0 100 120 140 160
Temperature ("C)

Fig. 5§ D350 curves of polyethylene samples prepared by the
combined catalyst with the different ratio of Al/{Fe + Zr)

tER &% 1 MBS PRHBIEELEE MAOM
TH R ERNERE SRR BE MAOH
BAIEM, MER#EFINEESH T ALEER
R B E M AT SR T BE b
BRI, B RS P 4R S 5 G P I M
KA.
2.6 BEVHES

Bedam 7T AHMAEREANEGINE
L (a) MARE LS B EAN (b)) E A RS
¥| LLDPE W HEREREF NEFAILESRH . &
i MMT B M AL FIRF R ES MR SHEE
wH T BRSNS EREMEN, — &
AR ERELCHERESBIANESYELA
M RN MAMEERXERFETRMATL
FHINRGYHEREE HBRFHER 75
REMZREN BEEYWHIESHBHN .

g bRy iR, 2% Bl MMT 2 8 rec-Et(Ind ), ZrCl,
RN FHH I (2-AN — C(Me)),C;H,N]
FeCl, i (Ar=2,4-C,H, (Me), ) 1K 3 fi 1k 77 20 gL W 2h
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Fig. 6 The SEMs of PE obtained from catalyst in homogeneous (a)"7

and catalyst supported on MMT(b){Run 10) by in sita polymerization

EERLA#HITCRREAIEER N, FHET &)
FARG .M AR LLDPE. B3 @Y Fe/Zr B9
tfl, Al Lidk 4 LLDPE M LB AT ERFE .
HBESTESEREHNEZM . GPC M1”C-NMR 4
FEA AAENMARBAENKETEITLES
LLDPE WXL B ES ZHNIKBEHELANSRE

EREVFRELUR X . 55, MAO AR ELE
AR R AR A R R RISt R G
MHEE B SRESSHERTA EAN
BAARAE T RGEH . MAERSYNEE .
B SREESHEEK.
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PREPARATION OF LLDPE BY in situ COPOLYMERIZATION
OF ETHYLENE WITH POLYMERIZATION CATALYST
SUPPORTED ON MONTMORILLONITE

ZHANG Zhicheng'?, WANG Ruyi’, KE Yucai', ZHENG Yuansuo®,
GUO Cunyue'?, CUI Nannan'’, HU Yeuliang'
{' CAS Key Laboratory of Engineering Plastics, Joint Laboratory of Polymer Science and Materials , Institute of Chemistry ,
Chinese Academy of Sciences , Bejjing 100080}
(* Graduate School of the Chinese Academy of Sciences , Beijing  100039)
{* Polymer Instituse , Environmens and Chemical Engineering School , Xi' an Jiaotong University , Xi’an  710049)

Abstract Linear low-density polyethylene (LLDPE) has been prepared by in situ copolymerization of ethylene with
a dual functional catalyst, which was composed of rac-Et{Ind),ZrCl, supported on montmorillonite (MMT) and
H(2-AfN — C(Me)),C,H,N]FeCl, i (Ar = 2,4-C4H, {Me), } oligomerization catalyst. A series of LLDPE with
different branching degrees were obtained by adjusting the molar ratio of Fe and Zr (Fe/Zr),the molar ratio of Al
and (Fe + Zr) (Al/{Fe + Zr)) as well, The kinetics curves of polymerization show thal the two catalysts exhibit
respective catalytic characterizations , and the activity of copolymerization catalyst is more smoothly after supported on
MMT . As increasing the Fe/Zr ratio, the densities of polymers measured by density gradient method and the melting
points of polymers obtained from DSC decrease.'’ C-NMR shows that the polymers are LLDPE, and their branching
degrees increase as the increasing of the Fe/Zr ratio. At the same time, there are some unreacted a-olefins in
polymers, which were confirmed by *C-NMR and GPC.The SEM shows that the polymerization catalyst supported on
MMT may produce LLDPE with better morphology than that produced by the catalyst in homogeneous .

Key words In sitz copolymerization, Branched polyethylene, Montmorillonite



