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Figure 1 Schematic diagram of a microtubular reactor for ethylene-propylene copolymerization

O

_ = ==

1.3 WMEBERNERES

Bk k4 RS MAO B 1L # Al/Zr b 2000/1 B 8 % 0. 3pmol/mL A9 — F 2K I 5
Wi J LR 2 /N AR — L B TR AR AR R W T R R R AR R T T B BT A
Ao UE A T BT TR RIS S8 PRLA I 43 o e A JE A LA ) I E A LIV S 2 T RUBBOR A A A F)
J R TE AT RO R G R A S BUE BT AR IR B R G R D) 9 58 BUBCRE, TR B R fGE T Y T
IR ARG IR EEERE R RZE/NTL£0.1°C, @R EMAEZERELE 0.5~2. 5SmL/min Z 0] 48
Al FR 7 T A5 6 TR A L T LA SIS B0 B R ] BV IR A I TRDD) 7E 16~27. Smin [R5 . MBS 45 B3 1) ) JF B Wi 4
R AE T AR RS WA L T SR DTVE DR, B S TR B A9 B A SR N £ Pl & i L TR
1.4 A5 RAE

BT N A 1l 25 22448 20 Bl A PL-GPC-220 w5 i SR 2 38 18 (3% A AT IR, 78 150°C
1. OmL/min B T T 1,2, 4- =508 il E RS WA Y 2y 73 M4r 7 &850 A1 (PDD . LA 4y 7841
05 1 R IR IR AE 1 e HE

BAYAER I C NMR 2 Bruker 24 & B DMX-300 A 8% 8 3 9% 9 3% A AE 100°C R fy, il
FARARAE S 78-d, 1E RIEF . TMS M EE e BRAEWIRBHRIE H 10% (wo) .

ZER ARG (DSC) 5286 278 2 [ TA 24 H) DSC Q200 H# #AL F A7, BB EWE S (3~
Smg) 3 AMHIH R A . FERAEY T AR L 20°C /min MFAE] 150°C A FF 3min LAITHBR IV 8. SR
JE B R DL 10°C /min MR HI 2 —100°C , Hic sk AR SR 45 i DSC k. 5K ke LA 10°C /min 1)
AR FLYANIE] 150°C , LAIC e ml ks il 28

2 HREW#

2.1 mHBEEMK

o P < s A 790 A Bl T e L s PP AT 0/ TR O M IR ST O i RN A1) O A T T ) ) A (LD
AT FI IR G 7 W AE BIOE T Th S 23 R AR 3R FEAT s (2) A R BB K 1 S L I [ 245 BRI ) DL A R A
MAO X S8 SR B 20 oA AR g B RO A B ™ A 5 T 1 2 28 2R R (R o, T = 5 T 6 4 ) e
AR ATy 7 R B, B TAE I 1 2R 6 S LT R A e 3 A — R A9 = 5 T A 9 PP R O U
PR 2R BEAT BR K B S A B ] AT S0 AR 58 5 1) 77 A o8 3 3 B IO, 2R 48 ] LAGE S Ay o 45 B I ] RIS
IR JFa) ) T LA 4 95 A R I P G T A PR BN B ) R A R A e e R ) B R B

10. 14028/j. cnki. 1003-3726. 2021. 06. 016



%6 = o ¥ i i « 155

BRI B, 7RIS R A S R RE W S R W 2R o B A I R 23 b g
MG AEEB TR BT ] DL 2s T,
2.2 REMEm

AN TR B A U T A 4 L W 1) oy i S AR 2 R AN 1 R . PTRAE WL BEE R AR E N T
s R B o 1 B AR, >R TE L RGP K S & U WA — B, RN IR
JEE ) B R BN T B g R A L B RS R R A N B I R T B R R A B L (AR SR A W 4 T R AR

®1 RAEREXNZHE/ABEHEBREHZMN

Table 1 Effect of temperature on ethylene/propylene copolymerization

T M, M, Activity
B N PDI ] I
Qo) (10*g/mol) (10*g/mol) (107 g1y *moly, *h™ )
EPR-1 10 2.63 7.93 3. 42 1.22
EPR-2 50 1.63 6. 24 4.45 1.50
EPR-3 60 1. 39 5.26 3.77 1.15
EPR-4 70 1.35 6.02 5.33 1.62
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Table 2 Effect of residence time on ethylene/propylene copolymerization

{22 68 15t ] M, M, Activity
i . PDI 6 —1,p -1
(min) (10" g/moD (10" g/mol) (10° g g1y *moly, *h )
EPR-5 27.8 1. 25 5. 20 4. 88 1. 16
EPR-6 22.2 1. 63 6.24 4. 45 1. 50
EPR-7 18. 6 1. 86 6. 66 3. 57 0.70
EPR-8 16. 0 2.00 6.92 3.45 1. 08
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x3 BERBEANNZHE/RELXRESHEN

Table 3 Effect of Monomer dissolution pressure on ethylene/propylene copolymerization

§ ALKV R ) M, M, Activity
il PDI 6 —1 1,1
(MPa) (10*g/mol) (10*g/mol) (10°g iy *moly, *h )
EPR-6 0.2 1. 63 6. 24 4. 45 1.50
EPR-9 0.3 2.26 6.73 3.45 1.51
EPR-10 0.4 2.63 7.31 3.19 1.58

x4 ZH/ABEEBLENERYS FEMHREERNZ N

Table 4 Effect of ethylene/propylene feed ratios on the molecular weight and thermal property of copolymers

M, M, Activity Tg T.. AH,
FE i E/P PDI 6 —1,1-1 o .

(10" g/mol) (10*g/mol) (10°g oy *moly, *h ) Q) [Q )] d/g

EPR-11 3+ 7 1.79 5.16 3.28 1. 65 —49.5 121.0 2.00
EPR-12 4:6 1.68 5.16 3.53 1.41 —47.9 117.2 1.17
EPR-6 5:5 1.63 6. 24 4.45 1. 50 —52.1 115.1 0.57
EPR-13 6: 4 1.73 7.53 5.13 1. 08 —54.5 107.0 0.48
EPR-14 743 2.42 11. 89 4.91 1. 06 —54.3 113.6 0.70
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Figure 2 '"C NMR spectra of copolymers with different ethylene/propylene feed ratios
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®5 ZH/ABEREWC NMR 47
Table 5 "*C NMR analysis of ethylene/propylene copolymer

il 20 1k E P EE PE PP EEE EEP EPE PEP PPE PPP

E/P=3/7 36.0 64.0 16.9 37.8 45.0 24. 8 15. 8 6.7 11.0 25.8 31.5

E/P=4/6 36.5 63.5 16. 9 39.7 43.6 23.9 17.4 7.0 11.1 25.2 31.3

E/P=5/5 52.7 47.3 33.2 38.9 27.8 17.7 21. 4 10. 0 8.8 17.1 20. 2

E/P=6/4 55.6 44. 4 34. 8 41.3 23.7 15.7 23.3 11.8 9.0 14. 6 17.9

E/P=7/3 66. 2 33.8 49.3 33.8 16.9 12.8 22.6 10.7 5.6 10. 4 12.7
3 ik
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Study on Copolymerization of Ethylene-Propylene Catalyzed by
Metallocene in a Microchannel Reactor

WU Shi-hu', LI Qian®", LI Lei’, YUAN Wei’, LUO Zhi*, LI Hua-yi*, YAN Guo-ping'"
(1. Wuhan Institute of Technology s Wuhan 430205, China ; 2. Institute of Chemistry s Chinese Academy of
Sciences s Beijing 100190, China ; 3. Institute of Coal Chemical and Industry Technology, Ningzxia Coal Co. Lid ,
China Energy s Yinchuan 750411, China)

Abstract: A microchannel reaction system for olefin coordination polymerization was designed and built, using rac-
Me, Si(2,5-Me,-4-Ph-ThCp), ZrCl, metallocene as the catalyst, methylaluminoxane (MAQ) as the cocatalyst, and xylene
as the solution, the copolymerizations of ethylene and propylene were performed within a microchannel of 1/8 inch stainless
steel tube. The influence of polymerization temperature, residence time, microchannel tube length and feed ratio on its
catalytic activity of metallocene, molecular weight and its distribution of ethylene/propylene copolymerization.,
microstructure and thermal properties are studied. The results show that copolymers of ethylene and propylene are
successfully continuous synthesized in the microchannel reactor.

Key words: Microchannel reactor; Metallocene catalyst; Ethylene-propylene copolymer
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