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catalyst to 15 kg polymer / g catalyst. Xylene solubles of less than 2 wt% and above 4 

wt% are out of reach and accordingly, such catalysts can be used for special 

applications only, but cannot be used as universal catalysts covering the whole xylene 

soluble range typical of the numerous grades manufactured by a polymer producer. 

As a consequence, today diether catalysts are niche catalysts and are used for the 

production of specialty polymers like fiber grades where the combination of a narrow 

molecular weight distribution in combination with a fixed amount of xylene solubles 

of about 2.5 wt% is of certain value. 

SUMMARY OF THE DISCLOSURE 

[0014]     Embodiments disclosed herein provide non-phthalate Ziegler-Natta catalyst 

systems comprising a combination of at least two solid catalytic components with 

diether compounds as internal donor for the polymerization and copolymerization of 

olefins that overcome the above shortcomings and provide Ziegler-Natta catalyst 

systems with a unique method of selecting at least two solid catalytic components 

with diether compounds as internal donor where the three essential components of a 

Ziegler-Natta catalyst, the support, the transition metal component, and the internal 

donor, are combined as described below.  The resulting Ziegler-Natta catalyst systems 

have unusually high activity, excellent hydrogen response and stereoselectivity, while 

the molecular weight distribution is comparable to phthalate containing Ziegler-Natta 

catalysts and the xylene solubles content of the polymer can be adjusted between 0.5 

wt% and 10 wt%.  

In an aspect, there is provided a catalyst system useful for the polymerization 

of propylene or propylene copolymers, comprising a first solid catalytic component 

comprising: a spherical MgCl2-xROH support, where x is in the range from about 1 to 

about 10 and wherein ROH is an alcohol or a mixture of at least two different 

alcohols; a group 4-8 transition metal; and a diether internal electron donor; a second 

solid catalytic component comprising: a spherical MgCl2-xROH support, where x is in 

the range from about 1 to about 10 and wherein ROH is an alcohol or a mixture of at 

least two different alcohols; a group 4-8 transition metal; and a diether internal 
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electron donor; wherein the relative amount of the diether internal electron donors of 

the first and second solid catalytic components is such that: the first solid catalytic 

component produces a propylene homopolymer having a Xylene Solubles (XS) value 

of greater than 2 wt%; and the second solid catalytic component produces a propylene 

homopolymer having a XS value of less than 2 wt%. 

In another aspect, there is provided a catalyst system useful for the 

polymerization of propylene or propylene copolymers, comprising a first solid 

catalytic component comprising: a MgCl2-xROH support, where x is in the range 

from about 1 to about 10 and wherein ROH is an alcohol or a mixture of at least two 

different alcohols; a group 4-8 transition metal; and a diether internal electron donor; 

a second solid catalytic component comprising: a MgCl2-xROH support, where x is in 

the range from about 1 to about 10 and wherein ROH is an alcohol or a mixture of at 

least two different alcohols; a group 4-8 transition metal; and a diether internal 

electron donor; wherein the relative amount of the diether internal electron donors of 

the first and second solid catalytic components is such that the first solid catalytic 

component and the second solid catalytic component individually produce a 

propylene homopolymer having a Xylene Solubles (XS) value differing by 1 wt% or 

greater. 

[0015]     In some embodiments, the catalyst system useful for the polymerization of 

olefin polymers may include a first solid catalytic component and a second solid 

catalytic component.  The first solid catalytic component may include: a MgCl2-

xROH support, where x is in the range from about 1 to about 10 and wherein ROH is 

an alcohol or a mixture of at least two different alcohols; a group 4-8 transition metal; 

and a diether internal electron donor.  The second solid catalytic component may 

include: a spherical MgCl2-xROH support, where x is in the range from about 1 to 

about 10 and wherein ROH is an alcohol or a mixture of at least two different 
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is filtered and washed with an organic solvent. Then the solid catalyst is preferably 

extracted with an organic solvent / TiCl4 mixture at elevated temperature.  The 

catalyst is washed with a solvent, such as heptane, and vacuum dried. 

[0020]     The improved catalyst systems described herein can be used to produce 

polypropylene or other polymerized olefins. The catalyst system comprising a 

combination of at least two solid catalytic components with diether compounds as 

internal donor, where one catalyst takes the role of the external donor for controlling 

the stereospecificity of the polymer. Thus, there is no need for silanes to control the 

stereospecificity of the polymer. The catalyst system comprises (i) a solid catalytic 

component containing diether or a mixture of at least two solid catalytic components 

containing diether producing homo polymers with XS values > 2 wt% and (ii) a solid 

catalytic component containing diether producing homo polymer with a XS value < 2 

wt%, which takes the role of the external donor. Adjustment of the XS values is done 

by variation of the solid catalytic component (ii) which can be varied between 0.01 

wt% and 99.99 wt% relative to catalytic component (i). The catalyst systems 

described herein exhibit an improved activity performance and hydrogen response, 

while producing polymers having good stereospecificity and morphology, and an 

improved control of the stereospecificity, where the xylene solubles content of the 

polymer can be adjusted between 0.5 and 10 wt%.   

In an aspect, there is provided a process for polymerizing propylene, the 

process comprising contacting, in a polymerization reactor, propylene, and optionally 

one or more comonomers, with the catalyst system according to any one of claims 1-

12 to produce a propylene polymer. In another aspect, there is provided a polymer 

produced by the process as defined herein.  

[0021]     Other embodiments and advantages will be apparent from the following 

description and the appended claims. 

BRIEF DESCRIPTION OF DRAWINGS 

[0022]     Figure 1 is a diagram of an apparatus useful for extracting the activated 

catalyst according to embodiments herein from the pre-catalyst preparation. 

[0023]     Figures 2-5 present experimental results for catalyst systems according to 

embodiments herein and comparative examples. 










































































