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PE PP
1- 1- 1-
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Pt-Sn
CO/H2

SAPO-34 ZSM-5

WO3/SiO2 1- Ti(OBu)4

Ni/Al2O3

WO3/SiO2
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CHA 3) 
1- 1-

4) Chevron Phillips Et3Al 1 Shell Ni
ZrCl4/Et3Al/[(C2H5)2AlCl-(C2H5)AlCl2] SABIC/LINDE Zn(IV) /

- Schulz-Flory 4 20 -
1- 15wt% INEOS Et3Al

2 Poisson
- 1- 1- 1-



 

30wt%  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1- 1977 Union Carbide

Cr[O2CCH(C2H5)C4H9]3 [(CH3)2CHCH2]3Al PE
84wt% 1- 15% 1-

93wt% 5) Cr
1- 1- 6)

3.1.  
2003 Qatar Chemical Cr

Cr[O2CCH(C2H5)C4H9]3 2,5-
(C2H5)3Al/(C2H5)2AlCl 115 10 MPa 8.2 

kg/mmol-Cr h 1- 93wt% 6d) P N O
Cr Sasol

Cr 1- 1- 2013
[P,N,P] Cr III (MAO)

6e) 
Cr Ti Ta 7)

Hessen Ti
MAO 30 0.2 MPa 1.2 kg/mmol-Ti h 1-

87wt% 7a) 
 

 



 

2

Cossee-Arlman
2

2
Mn 5
Mn+2

7
1-

Mn 8)

3
Mn/Mn+2  

 
 
 
 
 
 
 
 
 
 
 
 

 

 
FI 9) [ 3 (a)]
1- 2

3 2 /4
Ti

3 Ti FI
1 FI

1 3 FI  
  



 

 
FI

 
SFI

3
4

Ti A  
MAO 0.8 MPa

25 0.5 h 0.1 kg/mmol-Ti h 1-
34.5wt% PE 65.5wt%

1-
100wt% PE 1-

Ti A
Ti

1
 

Ti

 
 R1 R2 R3 R4   (wt%)   1-  

     (kg/mmol-Ti h) 1-   PE (kg/mmol-Ti h) 
1 Me Me H H 20.0 91.0 7.6 1.4 18.2 
2 i-Bu Me H H 4.4 93.6 2.5 3.9 4.1 
3 Me F H H 34.2 93.3 5.9 0.8 31.9 
4 Me OMe H H 16.6 87.2 11.1 1.7 14.5 
5 Me Me i-Pr H 5.1 70.5 27.9 1.2 3.6 
6 Me Me H Me 30.5 50.1 49.7 0.2 15.3 

:  30 mL,  0.25 μmol, MAO 0.5 mmol (Al ), 0.8 MPa, 25 °C, 1 h. 

  

 

Ti A



 

1 MAO 0.8 MPa 25 1 h 1-
18.2 kg/mmol-Ti h 1- 91.0wt%

10)

2- -1- 90wt%
7.6wt%  

1 2
0.8 5.0 MPa 1- 7.4 315.5 kg/mmol-Ti h 30
1 h 1- 91.4% 92.3% 1a) 1-

Cr 100 1-  
1 X

3 facial 3 cis
5

 

 
 
 
 
 
 
 

1
 

1 R1

1
2 1- 1/4

5
R2 F 3 >Me 1

>OMe 4

 
1 R3 R4

2- -1-
R3 1 5 R4

1 6 7.6wt% 1 27.9wt%
5 49.7wt% 6 4.
1 1- 1- 1-

 Å  deg
Ti(1)–O(1) 2.182(2) N(1)–Ti(1)–O(1) 78.7(1)
Ti(1)–O(2) 1.827(2) Cl(2)–Ti(1)–Cl(3) 99.97(4)
Ti(1)–N(1) 2.197(3) N(1)–Ti(1)–O(2) 79.9(1)
Ti(1)–Cl(1) 2.324(1) Cl(2)–Ti(1)–Cl(1) 96.86(4)
Ti(1)–Cl(2) 2.262(9) O(1)–Ti(1)–O(2) 92.0(1)
Ti(1)–Cl(3) 2.274(1) Cl(3)–Ti(1)–Cl(1) 91.29(4)

Cl(2)

Cl(1)

Cl(3)

O(2)

O(1)
N(1)

TiTi(1)
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FI 1 SFI Single FI-based ligand
 

 

SFI 1 DFT B3LYP/LANL2DZ G 
25 0.1 MPa Gaussian09 Rev. 

A.02 12)  
SFI 1 MAO

6
Ti-C - -

n- - Ti -

V  
7 V G

5
VIII IX 7

1- 3 7
IX X Ti IX XI X

1-
X XII 1-

V XII V
V 1 V

 
 

 
SFI 1

(ΔG ΔG‡ kJ/mol) 



 

1- 1- 5
VII 3 8 Ti -

3,5-
G 142.8 kJ/mol 195.0 kJ/mol

5 1-
123.1 kJ/mol 1-

1-  
1- - 7

IX 8
7 IX 3,7-

3,7- 7

SFI 1 1-
1-

 

SFI 1  
  



 

 
1- - ΔG‡ kJ/mol

 
1- 1 2

2- -1- 7 1-
XII V 1- 2 XII

3- DFT
3.2. SFI 6

SFI 1 R4 1-
XII V  

DFT 9
 

 
 
 
 
 
 
 
 
 

 
D kD

KA KC, KE KG C kDKAKBKCC=k
1- R 1  

 
R=k[C2H4]3/{(1+KE)[C6H12]/KEKFKG+(1+[C6H12]/KG)[C2H4]+KA(1+KB)[C2H4]2+KAKBKC[C2H4]3}  (1) 



 

7 1- 1
KE (KE+1)KE 1 1 2

 
 
R=k[C2H4]3/{[C6H12]/KFKG+(1+[C6H12]/KG)[C2H4]+KA(1+KB)[C2H4]2+KAKBKC[C2H4]3}  (2) 
 

2 1- 0 3
1- 2

[C6H12]/KFKG+KA(1+KB)[C2H4]2+KAKBKC[C2H4]3 <<(1+[C6H12]/KG)[C2H4] (a) 
KA 0 A (b) KF>>(1+[C6H12])

2  
 
R=k [C2H4]2/(1+[C6H12]/KG)  
KG>>[C6H12]   R=kDKAKBKCC[C2H4]2   
KG<<[C6H12]   R={kDKAKBKCKGC/[C6H12]}[C2H4]2   
 

KA KB KC KG <<[C6H12]
KG KA KC

Ti KB

SFI
 

 

1- SFI
FI

SFI
1-

1-  
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