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diluent, together with unreacted ethylene and one or more optional co-monomers, is removed from 

the reactor. The reaction mixture, when removed from the reactor, may be processed to remove 

the polyethylene product from the diluent and the unreacted reactants, with the diluent and 

unreacted reactants typically being recycled back into the reactor. Alternatively, the reaction 

mixture may be sent to a second reactor, serially connected to the first reactor, where a second 

polyethylene fraction may be produced. Despite the research efforts in developing catalyst 

systems suitable for olefin polymerization, such as polyethylene or polypropylene polymerization, 

there is still a need to increase the efficiencies of catalyst systems that are capable of producing 

polymer with high molecular weights and a narrow molecular weight distribution. 

SUMMARY 

[0005] There is provided catalyst systems.  The catalyst systems include a metal–ligand 

complex according to formula (I):  

 

(I) 

[0006] In formula (I), M is a metal chosen from zirconium or hafnium, the metal having a 

formal oxidation state of +2, +3, or +4.  Each X is a monodentate or bidentate ligand chosen from 

(C1−C40)hydrocarbyl, (C6−C20)aryl, or (C6−C20)heteroaryl.  Subscript n of (X)n is 2 or 3. 

[0007] In formula (I), R1, R2, R5a, R5b, and R6 are independently chosen from 

(C1−C40)hydrocarbyl, (C1−C40)heterohydrocarbyl, −Si(RC)3, −N(RN)2, −ORC, halogen, or 

hydrogen; optionally, R1 and R2 are covalently linked to form an aromatic ring. z1 and z2 are 

independently C(RZ) or N, wherein each RZ is –H or (C1−C30)hydrocarbyl; provided that at least 

one of z1 and z2 is N; and each RC, RN, and RP in formula (I) is independently a 

(C1−C30)hydrocarbyl.
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[0007a] In one aspect, there is provided a catalyst system comprising a metal–ligand 

complex according to formula (I): 

 

(I) 

where M is a metal chosen from zirconium or hafnium, the metal having a formal oxidation state 

of +2, +3, or +4; each X is a monodentate or bidentate ligand independently chosen from 

(C1−C40)hydrocarbyl, (C6−C20)aryl, or (C6−C20)heteroaryl; n is 2 or 3; R1, R2, R5a, R5b, and R6 are 

independently chosen from (C1−C40)hydrocarbyl, (C1−C40)heterohydrocarbyl, −Si(RC)3, −N(RN)2, 

−ORC, halogen, or hydrogen; optionally, R1 and R2 are covalently linked to form an aromatic ring; 

z1 and z2 are independently C(RZ) or N, wherein each RZ is –H or (C1−C30)hydrocarbyl; provided 

that at least one of z1 and z2 is N; and each RC, and RN in formula (I) is independently a 

(C1−C30)hydrocarbyl. 

 

[0008] There is also provided polymerization processes, particularly processes for producing 

ethylene-based polymers.  The polymerization processes include contacting ethylene and 

optionally one or more (C3−C12)α-olefin in the presence of a catalyst system  including a 

metal−ligand complex having a structure according to formula (I). 

[0008a] In another aspect, there is provided a polymerization process comprising: 

polymerizing ethylene and one or more olefins in the presence of a catalyst system under olefin 

polymerization conditions to form an ethylene-based polymer, the catalyst system comprising a 

metal–ligand complex according to formula (I) as disclosed herein. 

 

  























































 

 

 

29 

 

 

 

CLAIMS 

1. A catalyst system comprising a metal–ligand complex according to formula (I):  

 

(I) 

where 

M is a metal chosen from zirconium or hafnium, the metal having a formal oxidation 

state of +2, +3, or +4;  

each X is a monodentate or bidentate ligand independently chosen from 

(C1−C40)hydrocarbyl, (C6−C20)aryl, or (C6−C20)heteroaryl; 

n is 2 or 3; 

R1, R2, R5a, R5b, and R6 are independently chosen from (C1−C40)hydrocarbyl, 

(C1−C40)heterohydrocarbyl, −Si(RC)3, −N(RN)2, −ORC, halogen, or hydrogen;  

optionally, R1 and R2 are covalently linked to form an aromatic ring;  

z1 and z2 are independently C(RZ) or N, wherein each RZ is –H or (C1−C30)hydrocarbyl; 

provided that at least one of z1 and z2 is N; and 

each RC, and RN in formula (I) is independently a (C1−C30)hydrocarbyl. 

2. The catalyst system of claim 1, wherein R1 and R2 are covalently linked to form an 

aromatic ring, and the metal−ligand complex according to formula (II): 

 

(II) 

 where  

R1a, R1b, R2a, R2b are independently (C1−C30)alkyl; and 

R5a, R5b, z1, z2, X, n, and M are as defined in formula (I). 

3. The catalyst system of claim 1, wherein each X is independently benzyl or phenyl. 
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4. The catalyst system of claim 1, wherein z1 is C(RZ) and z2 is N, wherein in RZ is –H or 

(C1−C30)hydrocarbyl. 

5. The catalyst system of claim 1, wherein z1 is N and z2 is C(RZ), wherein in RZ is –H or 

(C1−C30)hydrocarbyl. 

6. The catalyst system of claim 1, wherein R6 is a substituted (C6−C40)aryl or an 

unsubstituted (C6−C40)aryl. 

7. The catalyst system of claim 1, wherein R6 is independently selected from phenyl, 

benzyl, (2,4,6-tri-iso-propyl)phenyl, (2,6-di-iso-propyl)phenyl, 3,5-di-tert-butylphenyl, 

naphthyl, or cyclopropyl. 

8. The catalyst system of claim 1, wherein R6 is hydrogen; R5a is hydrogen; and R5b is 

independently chosen from (C1−C40)hydrocarbyl or (C1−C40)heterohydrocarbyl. 

9. The catalyst system of claim 1, wherein R6 is hydrogen; R5a is hydrogen; and R5b is 

independently chosen from phenyl, benzyl, (2,4,6-tri-iso-propyl)phenyl, (2,6-di-iso-

propyl)phenyl, 3,5-di-tert-butylphenyl, naphthyl, or cyclopropyl. 

10. The catalyst system of claim 1, wherein R5a and R5b are hydrogen. 

11. A polymerization process comprising: 

polymerizing ethylene and one or more olefins in the presence of a catalyst system under 

olefin polymerization conditions to form an ethylene-based polymer, the catalyst 

system comprising a metal–ligand complex according to formula (I) of claim 1. 
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