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Figure 1 Scheme for the preparation of LLDPE by in-situ copolymerization
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Table 1 Conditions of ethylene in-situ copolymerization®

HE b7 AR /mg MAO/mL  BCH/mL TEA/mL  H,/MPa 3G RiIES/MPa  FE&E/L JLE&H/L
2-0516 Fe-Cl 2.4 6 22.5 45 0.1 0.6 40 460
3-05171 Fe-Cl 2.7 6 22.5 45 0. 05 0.4 40 400
4-05172 Fe-Cl 2.7 6 22.5 45 0.02 0.4 40 400
5-0531 Fe-Cl 2.68 6 22.5 50 0.2 0.4 40 400
8-06011 Fe-Cl 3.83 8 30 60 0.15 0.4 80 360
9-06012 Fe-Cl 3.07 8 22.5 45 0.15 0.4 120 320
6-0602 Fe-CHj, 2.47 8 22.5 45 0.15 0.4 80 360
7-0606 Fe-CH; 2.33 7 22.5 45 0.15 0.4 40 400

10-06071 Fe-CH; 2.33 7 22.5 45 0.15 0.4 120 320
11-06072  Fe-CHj 2.33 7 22.5 45 0.15 0.4 160 280

a. [N iR 70°C

Jrik. VA PE w2 10 LDPE Jy 5l 25 45 2205 2% sk A7 Ak 2 31 530 B 45 1 4 0 S 19 3% 0 1 )
CUn & 2 Fr 7 ) Ko S a RO R B 2 L B AE Y R2 i I3k 2.
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Figure 2 "*C-NMR spectrum of typical LLDPE
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Table 2 Chemical shifts of copolymers of ethylene and high a-olefin®

5 AL 2= B AH (LAIRSE (9 CH. W04V SRy 30ppm 5 70)

[/ R AS Cy/1-Cy Cy/1-Cs Cy/1-Cyo Cy/1-Cyy Cy/1-Cyy
1Bn 10.79~11. 8 14.12 14.12 14.12 14.12
2Bn 26.67~27.7 23. 37 22. 81 22. 80 22. 80
3Bn 29.18~29. 58 32.13 32.13 32.13
4Bn 34.13~35. 37 29. 50 29. 50 29. 50
5Bn 29. 85 29. 85 29. 85
6Bn 30. 38 29.9 29.9
7Bn 27.19 29.9 29.9
8DBn 34. 46 30. 36 29.9
9Bn 27.18 29.9
10Bn 34. 45 30. 35
11Bn 27.18
12Bn 34. 46
CH 39. 69 38. 12 38.12 38.12 38.12
S 34.01 34. 54 34. 49 34. 49 34. 49
Sey 27. 20 27. 20 27. 20
Sy 30. 46 30. 47 30. 39 30. 39 30. 39
S 29. 98 29. 98 29. 90 29. 90 29. 90

a: AR FJE PR & LDPE w3285 I &4 SRS B .
3 g T IR A C-NMR 3P ARG L1 2 o i 0 60 . 2 S0 T Lot o=
11. 17.26. 74 1 39. 69ppm AhAG S EIBHIA . 6= 23. 37ppm {5 57T LU 5 B 44 oA T AL . T 6= 14. 12,
52. 13 A1 38. 12ppm T AR 2 3 44 1 KB R T4 F CSEMIBE RO 17 . SRR SESE M 1 S G A AW
VLRSI S . TR 3 L T A A (AR B R A 2 TR 1 SR LK
S 6 ANRAYEC K SR T L2 S Al A I CITRE R 10-6071) . K SCRE R A it SR R B 1/3.

yBn

\ oBn brBn brB, BB, brB,
PBR nBa 4B¢ €H, 282 C‘H,
(@-1)Ba CH, 3B+ CH, 1B2 CHy
(2-2)Ba CH, 2B4 CH,
5Bnto (a-3)Bn CHy 1B4 (o,
4Bn ‘t‘u,
3Ba (‘:uz
2Ba (‘:H,
1Bu CH;
yB2+yB4t+yBnt(n-2)Bn
BB2+pB4+pBnt(n-1)Bn
aB4+aBn+nBn
brB2 =
3B+ B2 ,p, 1B#+1Bn 1B
2Bn
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— — T - 7 - T
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Figure 3 " C-NMR spectrum of typical in-site LLDPE (Sample 1 in Table 2)
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Table 3 Characterizations of LLDPE?*

FALHKR /10000C
FE il M, (10") M, (10Y) MWD
23 T =% st
1-2252 40. 2 19. 2 8.7 68. 1 37. 44 0. 89 41.92
2-516 20. 9 12.6 10. 7 44. 2 28. 84 4.39 6.58
3-5171 36. 7 15.4 7.3 59. 4 42.09 8. 44 4.99
4-5172 22.1 15. 6 9.8 47.5 61.82 12. 20 5. 07
5-531 10. 5 7.3 2.9 20.7 23.55 1. 32 17.91
8-6011 16.9 7.4 7.8 32.1 23.70 0.73 32.68
9-6012 29.8 14. 0 13.1 56.9 23.55 0.35 66. 64
6-602 45. 4 / 28.8 74.2 16. 22 0.32 51. 26
7-606 18.0 10. 8 14.1 42.9 18.11 1. 606 11. 28
10-6071 44. 1 23.4 34.0 101.5 24. 62 0.61 40. 37
11-6072 47.6 25.2 34.7 107.5 23.27 0. 84 27.72
092 25. 25 3.31 7.62

a. 092 Ff i RN FF RAALT WLk PE,
2.2.2 LLDPE KSR AS 05T 18 4 2 Pl 4 69 A W) 7 5 &L 0 7 820 A S S4B LLDPE # i 1E
190°CF iy R MG E  BE MR o WZEOIIER . T3 200 50 7 B8 LU AR M I 1A T8 30 % M RE S AIR L K B2
Wit ik FEE B9 A2 A AN TR DRI O T A B AR 58 B4 R 03 PTG AL R 1T 2 AR SR T Cox-Merz 28 36 i JU) 6
AT A AR A R A S SR RS EAT AL B . T LU HR A B R R M G — v, B
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DRIIHE AT LUK /N1 5 2 P A 0 R DR 7 2 £ 5 2 B0 DG T06 2 e 483 30 450 58 9 D7)l 3R sl A3 3
P RRG BEAS A R . RIS I R HR BT A B it 52 I 1 TS ) O 8l DX o A7 A1 0 0 3 3 g AR AT X ) A it
A3 Ry R e A DK R R F 9 T 3045 K . Bl R 81 Cross T REILA

7= n/[1+ (zew)*]

AT LA BB YIRGBE o MO E RS H Hoh o W BV B 5 0 TR A R S8 o 2

SR A Bt ] 5 o S {8 P i R0 DDA A PR A

S IET B
4 9(23.55)
s 8(23.70)
< 3(42.09)

> 11(23.27)
- 2(28.84)
+ 5(23.55)
< 92(25.25)
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Figure 4 The dependence of apparent viscosity 5 on angular frequency w of LLDPE at 190°C
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Figure 5 Curves of wpo-9/9 for group A samples
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Figure 6 Curves of wp-5/7 for group B samples
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Figure 7 The dependence of Inp on InM,, for group A and group B samples
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Figure 8 The dependence of non-Newtonian index ¢ on InM,, for LLDPE samples
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Figure 9 Curves of G- for group A samples
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Figure 10 Curves of G™-w for group B samples
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Figure 11 Curves of G™w for group A samples
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Characterization of Chain Structure of LLDPE by in-situ Copolymerization

WU Chun-hong'*
(1. Yanshan Branch of Beijing Research Institute of chemical industry ,SINOPEC, Beijing 102500, China;
2. National Engineering Research Center for Synthesis of Novel Rubber and Plastic , Beijing 102500, China)

Abstract;: LLDPE was prepared by in-situ copolymerization with dual function catalysts, {[ (2-ArN=C(Me)),C; H;N]
FeCl, } (where Ar=2,4-C;H; (CH;), and 2-Cl-4-CH;C; H; ) as oligermerization catalyst and commercial Z-N catalyst as
copolymerization catalyst. After characterization of the molecular chain by high resolution *C NMR spectra, it was found
that the content and carbon distribution of branch-chain is the same in these two catalyst systems. This LLDPE has both
short branch-chain and long branch-chain(Z=C6)and wide molecular weight distribution. By comparison of these two groups
by rheology, laser-scattering and GPC, group B has long-branch chains.

Key words : In-situ copolymerization; LLDPE; " C-NMR spectroscopy; Rheology; Microstructure
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