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Fig. 1 Copolymerization of propene and 4M1P catalyzed
by pyridylamido hafnium catalyst.
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Table 1 Copolymerization results of 4M1P with propylene catalyzed by hafnium catalyst at different feedings .

Entry Cantip Yield et M,© M,© . T,¢ 7,¢ Linip ©
(mol L™ (& (kg'mol™)  (kg-mol™) O O (%)

1 0 0.24 0.14 54 164 3.06 1547 - 0
2 0.04 031 0.19 31 72 232 1314 - 3.4
3 0.16 0.49 0.29 34 84 251 1108 - 7.7
4 0.24 0.56 0.34 57 119 2.10 - -5.6 19.7
5 0.80 1.07 0.64 90 213 237 - 16.5 51.5
6 2.39 2.11 1.27 38 277 7.29 - 18.4 77.9
7 5.58 4.45 2.67 49 338 697  218.1 - 94.6
8 7.17 5.92 3.55 135 712 528 2277 - 96.8
9f 2.39 1.26 0.76 311 529 170 2386 - 100

* Reaction conditions: ny=2 pmol, activator: [PhyC][B(C¢Fs),]/Al'Bu,, [Hf]/[B]/[Al]=1/2/100, Ppienc=1.2 atm, time: 5 min,
toluene solvent, V=10 mL, 40 °C; ® Activity in unit of 107 g,qyme* (Molyy)~'-h™!; ¢ Determined by GPC in 1,2,4-trichlorobenzene
at 150 °C; ¢ Determined by DSC; ¢ 4M1P incorporation determined by 3C-NMR spectra; f 4M1P homopolymerization.
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Fig. 2 GPC curves of polymers produced by hafnium
catalyst at different concentration.

1) 45 03, 3K T AE i AMIP IR B I A7 7R 1)
IMIP N S IEARNTE R Z s O, F3

76 R I 8 TR (1.2 atm), 4MIP AR IK N
2.39 mol- L' ¥ 25 4 N it — DR 98 54 iR 5 AV
EXT R, REERH TR BEMN
30 °CHEINZ 60 °C, A EMEEILIE NG Tk
[P, 7E 40 °C T EALFIZR I S s v . b

Table 2 Copolymerization results of 4M 1P with propylene catalyzed by hafnium catalyst at different conditions ®.

Entry 7,(°C) Time (min) Yield(g) Act.® M, °(kg'mol") M, °(kgmol™) B¢ T,9C°C) Ipyp* (%)
1 30 5 0.63 0.38 79 593 7.49 17.7 72.1
2 40 5 2.11 1.27 38 277 7.29 18.4 77.9
3 50 5 2.04 1.22 15 119 7.96 17.9 73.2
4 60 5 1.89 1.13 13 104 8.21 17.4 70.5
5 40 20 2.47 0.37 39 289 7.42 18.2 n.d.
6 40 30 2.58 0.26 43 338 7.88 19.1 n.d.

@ Reaction conditions: ny~=2 umol, activator: [PhyC] [B(C¢Fs),/AlI'Bus, [Hf)/[B/[AI] =1/2/100, Pypyienc=1.2 atm, toluene
solvent, V,,,u=10 mL; ® Activity in unit of 107 Zpolymer MOl -h7!; ¢ Determined by GPC in 1,2,4-trichlorobenzene at 150 °C;
4 Determined by DSC; ¢ 4M1P incorporation determined by *C-NMR spectrum.
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Fig. 3 3C-NMR spectra of (a) PP, 4M1P/P copolymers,
PMP, and (b) random elastomers.
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Fig. 4 DSC curves of (a) PP and 4M1P modified PP, (b)
random elastomers, (¢) PMP and propene modified PMP.
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Table 3 Mechanical properties of PP, 4AM1P/P copolymers and PMP.

Entry Sample Lyniip (mol%)

Tensile strength (o, MPa)

Young’s modulus (£, MPa) Elongation at break (g, %)

1 PP 0 36.0£3.0
2 4M1P/P 34 8.0+1.0
3 4M1P/P 51.5 4.0£0.5
4 4M1P/P 7179 4.0+0.5
5 4M1P/P 96.8 20.0£1.0
6 PMP 100.0 23.0+£2.0

550425 12+1
135+10 195+10
25+1 470+25
18+1 1050450
268+15 15+1
702420 9+1
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Fig. 6 Stress-strain curves of (a) PP and 4M1P modified PP,
(b) random elastomers, (¢) PMP and propene modified PMP.
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Research Article

Copolymerization of Propene and 4-Methyl-1-pentene Catalyzed by
Pyridylamido Hafnium Catalyst

Hao-tian Zhou, Chun-yu Feng, Ming-zhe Wang, Zhao-peng Luo, Heng Gao, Han-dou Zheng, Hai-yang Gao"
(School of Materials Science and Engineering, PCFM Lab, Sun Yat-sen University, Guangzhou 510006)

Abstract The composition and distribution of monomers have an important influence on the performance and
application of the copolymers. In this study, the copolymerization of propylene and 4-methyl-1-pentene was
catalyzed by non-metallocene pyridylamido hafnium catalyst with high stereoselectivity, and the effect of
4-methyl-1-pentene/propylene feed ratio on copolymerization was studied in detail. The pyridylamido hafnium
catalyst showed high copolymerization activity, reaching 3.55x107 gpolymer~mole‘1~h‘1. A series of propylene-4-
methyl-1-pentene copolymers with different monomer compositions were successfully prepared. Carbon-13
nuclear magnetic resonance ('3C-NMR), X-ray diffraction (XRD), differential scanning calorimetry (DSC) and
tensile tests showed that 4-methyl-1-pentene modified polypropylene was prepared at a low 4-methyl-1-pentene
incorporation (3.4 mol%—7.7 mol%), and propylene modified poly(4-methyl-1-pentene) was obtained at a high
4-methyl-1-pentene incorporation (94.6 mol%-96.8 mol% ). The copolymers with intermediate incorporation
(19.7 mol%-77.9 mol%) are random elastomers. By varying the monomer composition, the material's properties

were successfully altered from plastic to elastomer and then back to plastic.

25
20+, 4MIP>77.9 mol%
propene modified PMP
m = =
m n [a ) 15+
=
[Hf] ‘ 2 4MI1P <19.7 mol%
+ — £ 10 § 4M1P modified PP
s r\/_,_/] 19.7 mol%< 4M1P
<77.9 mol%
n /\ 3 random elastomer
0 100 200 300 400 500

Strain (%)

Keywords Hafnium catalysts; 4-Methyl-1-pentene; Propene; Copolymerization

* Corresponding author: Hai-yang Gao, E-mail: gaohy@mail.sysu.edu.cn



