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Fig.1 Synthetic routes of the hyperbranched PNP chromium catalysts
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Fig.2 IR spectra of the hyperbranched PNP ligands

and the chromium catalysts
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Fig.3 *P-NMR specira of the hyperbranched PNP ligands
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Fig.4 'H NMR spectra of the hyperbranched PNP ligands

ATLUE Y, Ks bl B LA R 51 0 3 - ST
AR 0 HH BRAE 1.173 ~ 1.210 &b SEREEAHERY
W 3 B SR B RRAE W0 B AE 2,501 4b; R
JHe b ST P ARRAE WS 1 PRAE 8.697 b Hh AR
3.074 Ab B U5 F R AE 06 5 0P S R 6 AH 3%
PRAE 2.495 . 2.501 F1 3.074 kb Ay S5 T A4 HE I 5
AR BEAH 4 3 BRI &8 T IR AR I 43 1) 1 R
1E 7.482, 7.563 F17.710 4b.
2.4 ZEAMEIE ST

HESZ A PNP Be A S s R AL ) 224t ik
SRR, g5 R 5 s, sk
PNP FCARAEEAMEEIFT LA H, #E 207 nm 2B WS
FIR IS EN C =0 ) n 7" BRiT; 7€ 222 nm
Ab I IRAEFRAY K A 5 76 266 nm 40 BLAEFRG B Y.
5 4 & 55 58 AL PNPECIA LA )5, C = Ofn—



432

2 T g 533 %

L1

m  BRITH RAFFIZEIN G B LB T WM, Ak
WH K EETLB. C=0 i n > KT HETE
R 5, 1E 202, 264 F1 225 nm &4 T 0l 7 )E T2
I B a7 LAKEIA Y K 7.

L2

2.5 [RigE ot

Catl

HESZ Ak PNP e AR S A A7) A 5 3% >R FH PP ety
AR, Mg R 6 fras. i Sk PNP Bk

Cat2

PR LIE Y, L1 B> 8 5[ M+H ] " H B

fEm/z 1094 Ab; 12 WHESr T3 I M+H ] BB

200 400

A/mm

300 500

K 5 834k PNP BCORFIES A AL 1 22 SO 3%
Fig.5 UV spectra of the hyperbranched PNP ligands

and the chromium catalysts
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Fig.6 MS spectra of the hyperbranched PNP ligands and the chromium catalysts
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Table 1 Effect of solvent on catalytic activity and product selectivity

Activity Product selectivity/ %
Solvent s .
/(107 g+ (mol Cr - h) ™) C, Cq Cq Cp-Cig PE
toluene 1.08 51.96 23.07 16.40 8.57 8.32
methylcyclohexane 0.53 52.32 22.13 15.39 10.16 17.61
cyclohexane 0.20 59.26 20.98 10.22 9.54 7.47

Reaction conditions: reaction temperature: 25 °C ; reaction pressure: 0.5 MPa; chromium source: CrCL;(THF), 4 wmol;

Cr(Il) : ligand : MAO=2: 1 : 1000; reaction time; 30 min
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Table 2 Effect of reaction temperature on catalytic activities and product selectivities

Temperature Activity Product selectivity/ %
Entry N B

/°C /(10" g« (mol Cr - h)™) C, Cq Cq Cio-Cig PE
1 15 0.97 64.1 18.0 11.1 6.8 6.6
2 25 1.08 52.0 23.1 16.4 8.5 8.3
3 35 1.69 49.1 24.4 18.9 7.6 8.8
4 45 1.10 45.4 25.6 18.7 10.3 6.3
5 55 0.60 41.1 27.2 20.4 11.3 7.4

Reaction conditions: solvent: toluene, 50 mL; reaction pressure: 0.5 MPa; chromium source: CrCl;( THF),, 4 pmol;

Cr(Il) : ligand : MAO=2: 1 : 1000; reaction time; 30 min
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Table 3 Effect of Al/Cr molar ratio on catalytic activities and product selectivities

Activity Product selectivity/ %
Entry Al/Cr . B

/(10" g« (mol Cr - h)™) C, Cq Cq Cio-Cis PE
1 300 1.09 58.4 25.5 9.8 6.3 7.4
2 500 1.69 49.1 24.4 18.9 7.6 8.8
3 700 1.12 47.3 22.4 19.7 10.6 9.2
4 1000 0.86 46.1 20.3 20.6 13.0 8.2
5 1500 0.53 44.3 16.7 23.8 15.2 10.5

Reaction conditions; solvent; toluene, 50 mL; reaction temperature; 35 “C ; reaction pressure; 0.5 MPa; chromium source

CrCL,(THF),, 4 pmol; Cr( Il) : ligand =2 : 1; reaction time; 30 min
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Table 4 Effect of reaction pressure on catalytic activities and product selectivities

Pressure Activity Product selectivity/ %
Entry s B

/MPa /(10" g« (mol Cr-h)™) C, Cq Cq Cio-Cis PE
1 0.1 0.94 62.6 18.7 12.3 6.4 3.1
2 0.3 1.37 61.6 20.0 15.8 2.6 7.7
3 0.5 1.69 49.1 24.4 18.9 7.6 8.8
4 0.7 1.92 52.3 23.3 18.2 6.2 10.2
5 0.9 2.11 55.8 24.4 12.9 6.9 10.0

Reaction conditions: solvent: toluene, 50 mL; reaction temperature: 35 “C; chromium source: CrCl,( THF),, 4 pwmol;

Cr(Il) : ligand : MAO=2 : 1 : 1000; reaction time; 30 min
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Table 5 Effect of catalyst dosage on catalytic activities and product selectivities

Cat 1 Activity Product selectivity/ %
Entry 5 B

/ ( mol ) /(10° g+ (mol Cr - h)™") C, Cq Cq Cyp-Cig PE
1 1 1.65 48.4 21.6 20.1 9.3 10.1
2 2 1.69 49.1 24.4 18.9 7.6 8.8
3 3 1.63 44.3 27.3 19.8 6.6 7.4
4 4 1.61 50.2 23.2 18.7 7.4 8.2
5 5 1.60 56.5 20.1 16.6 10.1 10.3

Reaction conditions: solvent: toluene, 50 mL; reaction temperature: 35 “C; chromium source: CrCl,( THF),, 4 pmol;

Cr(Il) : ligand : MAO=2 : 1 : 1000; reaction time; 30 min
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Table 6 Effect of catalyst structure on catalytic activities and product selectivities

Activity Product selectivity/ %
Entry Catalyst B B
/(107 g+ (mol Cr-h) ™) C, (O Cq Cy-Cig PE
toluene Cat 1 1.08 51.96 23.07 16.40 8.57 8.32
toluene Cat 2 0.97 59.33 19.61 17.49 3.57 10.16

Reaction conditions; reaction temperature; 25 °C ; reaction pressure: 0.5 MPa; chromium source: CrCl,( THF) ;, 4 pmol;
Cr(Il) : ligand : MAO=2: 1 : 1000; reaction time; 30 min
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Synthesis of Hyperbranched Chromium Catalysts and
Study on Ethylene Oligomerization Properties

WANG Jun, LI Yu-ying, ZHANG Na, CHEN Li-duo
( Chemistry and Chemical Engineering School, Provincial Key Laboratory of Oil & Gas
Chemical Technology, Northeast Petroleum University, Daging 163318, China)

Abstract: Two kinds of hyperbranched PNP ligands were prepared from n-octylamine and decylamine respectively.
And the hyperbranched PNP chromium catalysts with different alkyl chain lengths were synthesized by introducing
metal chromium active sites. A series of hyperbranched PNP chromium catalysts with different bridged alkyl chain
lengths were synthesized by catalyst functionalizing the terminal amino groups using 1.0G hyperbranched macromol-
ecules with different end alkyl chain lengths as bridged groups. IR,”P-NMR, '"H-NMR, UV and MS were used to
prove that the structure of the synthesized catalyst was consistent with the theoretical structure. The effects of solvent
dosage, solvent type, reaction conditions and complex structure on the oligomerization of ethylene were investigated
in detail. The experimental results show that the hyperbranched PNP chromium catalyst exhibits good catalytic eth-
ylene oligomerization performance, when the toluene is used as the solvent and the methylaluminoxane ( MAO) is
used as the promoter, and the product is mainly low-carbon olefin. The catalytic activity can reach up to
1.69%10° g - (mol Cr - h) ™", Under the optimum conditions, the selectivity of hexene and octene is above 43.3%.
Under the same polymerization conditions, the catalytic activity decreased with the increase of terminal alkyl chain
length.

Key words: hyperbranched macromolecule; PNP chromium catalyst; ethylene oligomerization; catalytic perfor-

mance



