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Natta catalyst and free of unsupported molecular catalyst. Ziegler-Natta catalysts used to 

make such hybrid catalysts are mostly limited to silica-supported Ziegler-Natta catalysts. 

[0012] We (the present inventors) realized that high temperature solution polymerization 

would be a more suitable process for using a molecular catalyst and a Ziegler-Natta 

catalyst at the same time in the same reactor since the requirements on particle 

morphology control no longer exist. Solution phase polymerizations using a Ziegler-Natta 

procatalyst and a molecular procatalyst can be further simplified if one could find a way to 

use only one catalyst feed comprising a premixture of the Ziegler-Natta procatalyst and 

molecular (pro)catalyst that can preserve at least a portion of the catalytic activity of the 

molecular catalyst. The premixture may be used as a single procatalyst. The polyolefin 

composition produced using the premixture may be composed of polyolefin 

macromolecules that are different in structure or composition and may have improved 

properties than the polyolefin macromolecules and properties produced by single catalysts. 

[0013] We conceived a technical solution that provides a modified Ziegler-Natta 

procatalyst that is a product mixture of modifying an initial Ziegler-Natta procatalyst with a 

molecular (pro)catalyst, and optionally an activator, the modifying occurring before 

activating the modified Ziegler-Natta procatalyst with an activator and before contacting the 

modified Ziegler-Natta procatalyst with a polymerizable olefin. Also, a modified catalyst 

system prepared therefrom, methods of preparing the modified Ziegler-Natta procatalyst 

and the modified catalyst system, a method of polymerizing an olefin using the modified 

catalyst system, and a polyolefin product made thereby. 

[0013a] In one aspect, the present disclosure refers to a method of polymerizing an olefin 

using a modified catalyst system that comprises a product of a reaction of a modified 

Ziegler-Natta procatalyst with an activator in (C) a saturated or aromatic hydrocarbon 

liquid, the method comprising contacting at least one polymerizable olefin in a reactor with 

the modified catalyst system under effective conditions to give a polyolefin product; 

wherein the modified Ziegler-Natta procatalyst is prepared prior to the contacting step by 

mixing an initial Ziegler-Natta procatalyst and a molecular (pro)catalyst together in (C) a 

saturated or aromatic hydrocarbon liquid under modifying conditions comprising a 

modifying temperature less than 100° C. and a modifying time of at least 1 minute, and 

optionally an activator, to give the modified Ziegler-Natta procatalyst; wherein the initial 

Ziegler-Natta procatalyst is (B) a magnesium halide-supported titanium procatalyst; 

wherein the (B) magnesium halide-supported titanium procatalyst has been prepared by 

contacting (D) a solid particulate comprising magnesium halide with (E) titanium 

tetrachloride in the (C) saturated or aromatic hydrocarbon liquid so as to 
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give the (B) magnesium halide-supported titanium procatalyst; and wherein the (D) solid 

particulate comprising magnesium halide has been prepared by contacting a solution of (F) 

a dialkylmagnesium compound dissolved in the (C) saturated or aromatic hydrocarbon 

liquid with 1.95 to 2.05 mole equivalents of hydrogen halide to give a suspension of the (D) 

solid particulate comprising magnesium halide in the (C) saturated or aromatic 

hydrocarbon liquid; and wherein the modified catalyst system further comprises (G) an 

organoborate.  

[0013b] In another aspect, the present disclosure refers to a solution phase polymerization 

process of polymerizing an olefin using a modified catalyst system that is a product of a 

reaction of a modified Ziegler-Natta procatalyst with an activator, the process comprising 

contacting at least one polymerizable olefin in the reactor with the modified catalyst system 

under effective conditions to give a polyolefin product; wherein the modified Ziegler-Natta 

procatalyst is prepared prior to the contacting step by mixing an initial Ziegler-Natta 

procatalyst and a molecular ligand-metal complex (pro)catalyst together under modifying 

conditions comprising a modifying temperature less than 100° C. and a modifying time of at 

least 1 minute, and optionally an activator, to give the modified Ziegler-Natta procatalyst; 

wherein the initial Ziegler-Natta procatalyst is (B) a magnesium halide-supported titanium 

procatalyst; wherein the (B) magnesium halide-supported titanium procatalyst has been 

prepared by contacting (D) a solid particulate comprising magnesium halide with (E) 

titanium tetrachloride in the (C) saturated or aromatic hydrocarbon liquid so as to give the 

(B) magnesium halide-supported titanium procatalyst; and wherein the (D) solid particulate 

comprising magnesium halide has been prepared by contacting a solution of (F) a 

dialkylmagnesium compound dissolved in the (C) saturated or aromatic hydrocarbon liquid 

with 1.95 to 2.05 mole equivalents of hydrogen halide to give a suspension of the (D) solid 

particulate comprising magnesium halide in the (C) saturated or aromatic hydrocarbon 

liquid; and wherein the modified catalyst system further comprises (G) an organoborate. 
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DETAILED DESCRIPTION 

[0014]  The Brief Summary and Abstract are incorporated here by reference. Examples of 

embodiments include the following numbered aspects. 

[0015] Aspect 1. A method of polymerizing an olefin using a modified catalyst system that 

comprises a product of reaction of a modified Ziegler-Natta procatalyst with an activator in 

(C) a saturated or aromatic hydrocarbon liquid, the method comprising contacting at least 

one polymerizable olefin in a reactor with the modified catalyst system under effective 

conditions to give a polyolefin product; wherein the modified Ziegler-Natta procatalyst is 

prepared prior to the contacting step by mixing an initial Ziegler-Natta procatalyst and a 

molecular (pro)catalyst together in (C) a saturated or aromatic hydrocarbon liquid under 

modifying conditions comprising a modifying temperature less than 100° C. and a 

modifying time of at least 1 minute, and optionally an activator, to give the modified Ziegler-

Natta procatalyst. The modified Ziegler-Natta procatalyst is different in at least one of 

composition, 
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hood overnight to evaporate most of the liquid. Dry remaining resin in a vacuum oven to 

give a product poly(ethylene-co-1-octene) copolymer from polymerizations with IEA1 to 

IEA4, IEB1 to IEB4 and CE1 to CE4, respectively.  

[00123] Modified catalyst system compositions and polymerization characterization 

data are reported below in Table 1 and later in Table 2, respectively. 

[00124] Table 1: Modified catalyst system Compositions. 

Prep. 

Activator 

Ex. 

No. MCS 

Procatalyst 

loading Ti + Zr.+ 

(G1) (µmol + 

µmol + µmol) 

Example 

Activator(s) 

Molar 

ratio 

TEA/(Ti 

+ Zr) 

Molar 

ratio 

(G1)/(Ti 

+ Zr) 

Molar 

ratio 

(A1)/(Ti 

+ Zr) 

(G1) (P8) IEA1 MCS1 3 + 3 + 7.2 (I1) (1x) 5 0 0 

(G1) (P8) IEA2 MCS2 3 + 3 + 7.2 (A1) (1x) 0 0 25 

(G1) (P8) IEA3 MCS3
3 + 3 + 7.2

(I1) (2x) 10 0 0 

(G1) (P8) IEA4 MCS4
3 + 3 + 7.2

(A1) (2x) 0 0 50 

None (P7) IEB1 MCS5
3 + 3 + 0

(I1) + (G1) 5 0.6 0 

None (P7) IEB2 MCS6 3 + 3 + 0 (A1) + (G1) 0 0.6 25 

None (P7) 
IEB3 

MCS7 3 + 3 + 0 (I1) (2x) + 

(G1) 
10 1.2 0 

None (P7) 
IEB4 

MCS8 3 + 3 + 0 (A1) (2x) + 

(G1) 
0 1.2 50 

None (P6) CE1 
P6 3 + 0 + 0 

(I1) 10 
0 

0 

None (P6) CE2 
P6 3 + 0 + 0 (A1) + (G1) 0 

1.2 
50 

None (P7) CE3 
P7 0 + 2 + 0 

(I1) + (G1) 10 
1.2 

0 

None (P7) CE4 
P7 0 + 2 + 0 

(A1) + (G1) 0 
1.2 

50 

(I1) = TEA = triethylaluminum. IEA3 used 2x amount TEA as used in IEA1. IEB3 used 2x 

amount TEA as used in IEB1. 

(A1) = MMAO-3A = modified methylaluminoxane, type 3. IEA4 used 2x amount MMAO-3A 

as used in IEA2. IEB4 used 2x amount MMAO-3A as used in IEB2. 

(G1) = Methyldi((C14-C18)alkyl)ammonium salt of tetrakis(pentafluorophenyl)borate

[00125] The modified catalyst systems 1 to 8 of IEA1 to IEA4 and IEB1 to IEB4, 

respectively, and comparative procatalysts 1 to 4 of CE1 to CE4, respectively, that were 

used in the solution phase polymerization processes had efficiencies and produced 

polyolefins having CEF composition analysis results shown below in Table 2. The 
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contribution of copolymer in the low density range of the overall polymer by the molecular 

catalyst was reflected in the increased value of Wt2/Wt3, the relative ratio of the amount of 

the low density copolymer to the higher density of copolymer in the overall polymer 

obtained. 
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CLAIMS 
1. A method of polymerizing an olefin using a modified catalyst system that comprises 

a product of a reaction of a modified Ziegler-Natta procatalyst with an activator in (C) a 

saturated or aromatic hydrocarbon liquid, the method comprising contacting at least one 

polymerizable olefin in a reactor with the modified catalyst system under effective 

conditions to give a polyolefin product; wherein the modified Ziegler-Natta procatalyst is 

prepared prior to the contacting step by mixing an initial Ziegler-Natta procatalyst and a 

molecular (pro)catalyst together in (C) a saturated or aromatic hydrocarbon liquid under 

modifying conditions comprising a modifying temperature less than 100° C. and a 

modifying time of at least 1 minute, and optionally an activator, to give the modified Ziegler-

Natta procatalyst; 

wherein the initial Ziegler-Natta procatalyst is (B) a magnesium halide-supported 

titanium procatalyst; wherein the (B) magnesium halide-supported titanium procatalyst has 

been prepared by contacting (D) a solid particulate comprising magnesium halide with (E) 

titanium tetrachloride in the (C) saturated or aromatic hydrocarbon liquid so as to give the 

(B) magnesium halide-supported titanium procatalyst;   

wherein the (D) solid particulate comprising magnesium halide has been prepared 

by contacting a solution of (F) a dialkylmagnesium compound dissolved in the (C) 

saturated or aromatic hydrocarbon liquid with 1.95 to 2.05 mole equivalents of hydrogen 

halide to give a suspension of the (D) solid particulate comprising magnesium halide in the 

(C) saturated or aromatic hydrocarbon liquid; and 

 wherein the modified catalyst system further comprises (G) an organoborate.  

 

2. The method of claim 1 wherein the molecular (pro)catalyst comprises a molecular 

ligand-metal complex (pro)catalyst;. 

 

3. The method of claim 1 or 2 wherein the modifying conditions comprise: (i) a 

modifying temperature from 0° C. to 50° C.; (ii) a modifying time from 3 hours to 3 months; 

(iii) an inert gas atmosphere (e.g., molecular nitrogen, helium, argon, or a mixture of any 

two or more thereof); (iv) both (i) and (ii); (v) both (i) and (iii); (vi) both (ii) and (iii); or (vii) 

each of (i), (ii), and (iii). 
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4.  The method of any one of claims 1 to 3 wherein: (i) the at least one polymerizable 

olefin is ethylene and the polyolefin product comprises a polyethylene; (ii) the at least one 

polymerizable olefin is at least one (C3-C40)alpha-olefin and the polyolefin product 

comprises a poly((C3-C40)alpha-olefin); or (iii) the at least one polymerizable olefin 

comprises a combination of ethylene and at least one (C3-C40)alpha-olefin and the 

polyolefin product comprises a poly(ethylene-co-(C3-C40)alpha-olefin) copolymer. 

 

5. The method of any one of claims 1 to 4 wherein: (i) the initial magnesium halide-

supported titanium procatalyst is free of Al (molar ratio of Al/Mg = 0); or (ii) the initial 

magnesium halide-supported titanium procatalyst has a molar ratio of Al/Mg from > 0 to < 

0.05; or (iii) the magnesium halide of the initial magnesium halide-supported titanium 

procatalyst is magnesium chloride; or (iv) the magnesium halide of the initial magnesium 

halide-supported titanium procatalyst is magnesium bromide; or (v) both (i) and (iii); or (vi) 

both (i) and (iv); or (vii) both (ii) and (iii); or (viii) both (ii) and (iv). 

 

6.  The method of any one of claims 1 to 5 wherein the (D) solid particulate comprising 

magnesium halide has a Brunauer, Emmett, Teller (BET) surface area of ≥ 200 square 

meters per gram (m2/g) as measured by Brunauer, Emmett, Teller (BET) Surface Area 

Method; wherein the (D) solid particulate has 0 mol% to <5 mol% of an active halide 

impurity. 

 

7.  The method of any one of claims 1 to 6 wherein the activator used with the modified 

Ziegler-Natta procatalyst comprises (A) a hydrocarbylaluminoxane. 

 

8. The method of any one of claims 1 to 7 wherein the molecular ligand-metal 

(pro)catalyst comprises: (i) a cyclopentadienyl ligand-metal complex (pro)catalyst; (ii) a 

cyclopentadienyl-free ligand-metal complex (pro)catalyst; or (iii) both (i) and (ii). 

 

9. The method of any one of claims 1 to 8 wherein the contacting comprises: (i) 

adding the modified catalyst system into the reactor, which contains the at least one 

polymerizable olefin; (ii) adding the at least one polymerizable olefin into the reactor, which 

contains the modified catalyst system; or (iii) adding a first feed of the modified catalyst 
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system into the reactor and a second feed of the at least one polymerizable olefin into the 

reactor. 

 

10. A solution phase polymerization process of polymerizing an olefin using a modified 

catalyst system that is a product of a reaction of a modified Ziegler-Natta procatalyst with 

an activator, the process comprising contacting at least one polymerizable olefin in the 

reactor with the modified catalyst system under effective conditions to give a polyolefin 

product; wherein the modified Ziegler-Natta procatalyst is prepared prior to the contacting 

step by mixing an initial Ziegler-Natta procatalyst and a molecular ligand-metal complex 

(pro)catalyst together under modifying conditions comprising a modifying temperature less 

than 100° C. and a modifying time of at least 1 minute, and optionally an activator, to give 

the modified Ziegler-Natta procatalyst; 

wherein the initial Ziegler-Natta procatalyst is (B) a magnesium halide-supported 

titanium procatalyst; wherein the (B) magnesium halide-supported titanium procatalyst has 

been prepared by contacting (D) a solid particulate comprising magnesium halide with (E) 

titanium tetrachloride in the (C) saturated or aromatic hydrocarbon liquid so as to give the 

(B) magnesium halide-supported titanium procatalyst;   

wherein the (D) solid particulate comprising magnesium halide has been prepared 

by contacting a solution of (F) a dialkylmagnesium compound dissolved in the (C) 

saturated or aromatic hydrocarbon liquid with 1.95 to 2.05 mole equivalents of hydrogen 

halide to give a suspension of the (D) solid particulate comprising magnesium halide in the 

(C) saturated or aromatic hydrocarbon liquid; and 

 wherein the modified catalyst system further comprises (G) an organoborate. 

 

  

 

 

 

 




