
Specification 

Magnesium Halide Complexes, Catalyst Components and 

Catalysts for Olefin Polymerization Prepared therefrom 

Cross Reference of Related Applications 

The present application claims the priority of the Chinese Patent Application No. 

200610067177.9, filed on April 6, 2006, and the Chinese Patent Application No. 

200610113864.X, filed on October 20, 2006, which are incorporated herein by 

reference in their entirety and for all purposes. 

Field of the invention 

The present invention relates to spherical magnesium halide complexes 

comprising a magnesium halide, an alcohol and a gem-dihydrocarbyloxy 

hydrocarbon, to spherical catalyst components and catalysts prepared from the 

spherical magnesium halide complexes, and to use of the catalysts in the 

polymerization of a-olefin CH2=CHR or a mixture thereof, in which R is H, or alkyl 

or aryl having 1 to 12 carbon atoms. 

Background of the invention 

Spherical magnesium halide-alcohol complexes and spherical Ziegler-Natta 

catalysts prepared by supporting titanium compounds and electron donor compounds 

thereon are well-known in the art. When used in olefin polymerization, in particular, 

propylene polymerization, such spherical catalysts exhibit relatively high catalytic 

activities and isotacticities, and the resultant polymers have good particle 

morphology and higher bulk densities. 

Most of the known magnesium halide complexes are magnesium 

chloride-alcohol complexes comprising generally binary components of magnesium 

chloride and alcohol, and in some cases, the magnesium halide complexes further 

comprise a minor amount of water. Such magnesium halide complexes may be 
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prepared by known processes, such as spray drying process, spray cooling process, 

high-pressure extruding process, or high-speed stirring process. The magnesium 

chloride-alcohol complexes are described in, for example, US 4,421,674, US 

4,469,648, WO 87/07620, WO 93/11166, US 5,100,849, US 6,020,279, US 

4,399,054, EP 0 395 383, US 6,127,304 and US 6,323,152. 

When the catalysts prepared from such magnesium chloride-alcohol complexes 

are used in olefin polymerization, a cracking phenomenon of the catalyst particles 

takes place easily so that there are many polymer fines. The main reason might be 

that catalytic active sites formed in the complex supports by reacting the complexes 

with titanium halides and electron donor compounds are not uniformly distributed. In 

order to overcome this drawback, it has been attempted to incoiporate electron donor 

compounds in the course of the preparation of the magnesium chloride-alcohol 

complex supports. For example, the techniques as disclosed in Chinese Patent 

ZL02136543.1 and CN1563112A introduce internal electron donors well-known in 

the art, such as phthalates, in the preparation of the supports so as to form spherical 

"magnesium chloride-alcohol-phthalate" multi-component supports, which react then 

with titanium tetrachloride to form catalysts. However, because the spherical 

multi-component supports are likely viscous during the preparation thereof, it is 

difficult to form spherical particles having a desired particle diameter (the disclosed 

spherical supports have average particle sizes, D50, in the range of from 70 to 200 

microns). Furthermore, when used in propylene polymerization, the catalysts exhibit 

a catalytic activity of 406gPP/gcat. Therefore, the catalysts are not satisfied. 

Moreover, when used in propylene polymerization, the catalysts prepared from 

the above magnesium chloride-alcohol complex supports exhibit un-satisfied 

hydrogen response so that they cannot meet the requirement of industrial scale 

production of polypropylene. 

Summery of the invention 
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The inventors diligently studied to solve the aforementioned problems. As a 

result, they have found out that introducing a gem-dihydrocarbyloxy hydrocarbon 

compound in the preparation of a magnesium halide complex may provide a novel 

particulate magnesium halide complex, which not only has a narrower particle size 

distribution and an easily controlled average particle size but also can be prepared 

by a simple process (this facilitates the industrial scale production of the complex). 

Meanwhile, when used in olefin polymerization, especially propylene 

polymerization, the olefin polymerization catalysts prepared therefrom exhibit very 

high activities and isotacticities, and better hydrogen response, and the resulting 

polymers have good particle morphology and less fines so that the catalysts are 

quite suitable for the industrial scale production of polypropylene. Furthermore, 

catalysts based on the combination of the supports of the invention and diether type 

internal electron donors have a characteristic that the polymerization rate decreases 

more slowly when used in propylene polymerization. 

Thus, an object of the invention is to provide a spherical magnesium halide 

complex comprising a magnesium halide, an alcohol and a gem-dihydrocarbyloxy 

hydrocarbon. 

Another object of the invention is to provide a process for preparing the 

spherical magnesium halide complex according to the invention. 

Still another object of the invention is to provide a titanium-containing catalyst 

component for olefin polymerization, which is a reaction product of the spherical 

magnesium halide complex of the invention, at least one titanium compound, and 

optionally an internal electron donor. 

Still another object of the invention is to provide a catalyst for olefin 

polymerization, comprising a reaction product of the following components: 

a) the titanium-containing catalyst component according to the invention; 

b) an alkylaluminum cocatalyst; and 

c) optionally, an external electron-donor. 
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Still another object of the invention is to provide a process for polymerizing 

olefin CH2=CHR, in which R is H, or alkyl or aryl having 1 to 12 carbon atoms, 

comprising contacting the olefin(s) with the catalyst according to the invention under 

polymerization conditions. 

Brief Description of the Drawings 

Figure 1 plots activities of the catalyst of Example 5 according to the invention 

and that of Comparative Example 3 at different polymerization time. 

Detailed description of the preferred embodiments 

In the first aspect, the present invention provides a spherical magnesium halide 

complex comprising a magnesium halide, an alcohol and a gem-dihydrocarbyloxy 

hydrocarbon. 

In an embodiment, the spherical magnesium halide complex has a composition 

represented by the formula (I): 

MgX2-mR0H-nE-pH20 (I) 

wherein 

X is chloride or bromide or a C1-C14 alkoxy or aryloxy, preferably chloride; 

R is CrC|2 alkyl, C3-Ciocycloalkyl or Cg-C^aiyl, preferably C1-C4alkyl; 

E is a gem-dihydrocarbyloxy hydrocarbon represented by the formula (II): 

Vx /Rl 
> 

R4C/ NR2 
(II) 

wherein Rt and R2, which are identical or different, are hydrogen or CrCi0 linear or 

branched alkyl, C3-C|ocycloalkyl, Cg-Cioaryl, C7-Cioalkylaryl or aiylalkyl, said aryl, 

alkylaryl and aiylalkyl being optionally substituted by one or more halogen atoms on 

aromatic ring; Rj and R2 are optionally bonded to each other to form a ring or a fused 

ring system; R3 and R4 have the same meanings as defined for R| and R2 other than 

hydrogen; 
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m is in a range of from 1 to 5, preferably from 1.5 to 3.5; 

n is in a range of from 0.005 to 1.0, preferably from 0.02 to 0.3; and 

p is in a range of from 0 to 0.8. 

In a preferred embodiment, in the gem-dihydrocarbyloxy hydrocarbon 

compounds of the formula (II), the Rj and R2, which are identical or different, are 

CpCio linear or branched alkyl. In another preferred embodiment, in the 

gem-dihydrocarbyloxy hydrocarbon compounds of the formula (II), the R3 and Rj, 

which are identical or different, are CI-CJO linear or branched alkyl, or C6-Ci0aryl. In 

another preferred embodiment, the R], R2, R3 and R4 are independently methyl, ethyl, 

propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl, cyclopentyl, hexyl, 

cyclohexyl, phenyl, halogen-substituted phenyl, tolyl, halogen-substituted tolyl, 

indenyl, benzyl or phenethyl. More preferably, the Ri and R2 are independently 

methyl, ethyl, propyl, butyl, pentyl, hexyl, isopropyl, isobutyl, or isopentyl. 

Examples of the gem-dihydrocarbyloxy hydrocarbon compounds of the 

formula (II) include, but are not limited to, 2,2-dimethoxy propane, 

2,2-dimethoxybutane, 2,2-dimethoxypentane, 3,3-dimethoxypentane, 

2,2-diethoxypropane, 2,2-diethoxybutane, 2,2-diethoxypentane, 3,3-diethoxypentane, 

2,2-diphenoxypropane, 1,1 -dimethoxycyclopentane, 1,1 -diethoxycyclopentane, 

1,1 -dimethoxycyclohexane, 1,1 -diethoxycyclohexane, 2,2-dimethyl-1,3-dioxolane, 

2-ethyl-2-methyl-1,3-dioxolane, 1,4-dioxa-spiro[4.4]nonane, 

l,4-dioxa-spiro[4.5]decane, 2,2-dimethyl-l,3-dioxane, 2-ethyl-2-methyl-l,3-dioxane, 

6,10-dioxa-spiro[4.5]decane, l,5-dioxa-spiro[5.5]undecane, 

2-methyl-1,4-dioxa-spiro[4.4]nonane, 2-methyl-1,4-dioxa-spiro[4.5]decane. 

In a particularly preferred embodiment, the magnesium halide complex 

according to the invention has a composition represented by the formula (I), 

MgX2-mR0H-nE-pH20 (I) 

wherein X is chloride, R is a C1-C4 alkyl, m is in a range of from 1.5 to 3.5, n is in a 

range of from 0.02 to 0.3, and E and p are as defined above. 



The magnesium halide complex according to the invention can be prepared by 

processes known in the art for preparing magnesium halide-alcohol complexes, 

such as spray drying process, spray cooling process, high-pressure extruding 

process, or high-speed stirring process. Typically, a magnesium halide, an alcohol 

and a gem-dihydrocarbyloxy hydrocarbon compound contact and react with each 

other under heating condition, with the final reaction temperature being high 

enough to molten the complex of the magnesium halide, the alcohol and the 

gem-dihydrocarbyloxy hydrocarbon compound to form a melt, preferably reaching 

100 to 140 °C, and then the melt of the complex is solidified to form solid particles. 

The contacting and reaction between the magnesium halide, the alcohol and the 

gem-dihydrocarbyloxy hydrocarbon compound are optionally performed in an inert 

liquid medium. The inert medium is generally an inert liquid aliphatic hydrocarbon 

solvent, such as kerosene, paraffin oil, vaseline oil, white oil, and the like, and 

when necessary, contains optionally some amount of an organic silicon compound 

or a surfactant, such as dimethyl silicone oil or the like. 

The magnesium halides useful in the preparation of the magnesium halide 

complex according to the invention include magnesium dichloride, magnesium 

dibromide, and derivatives of magnesium dichloride and magnesium dibromide 

formed by replacing one or two halogen atoms of magnesium dichloride or 

magnesium dibromide with CJ-CM alkyl, aryl, alkoxy or aryloxy. Examples of the 

magnesium halides include, but are not limited to, magnesium dichloride, 

magnesium dibromide, phenoxy magnesium chloride, isopropoxy magnesium 

chloride, and butoxy magnesium chloride, with magnesium dichloride being 

preferred. The magnesium halides may be used alone or in combination. 

The alcohols useful in the preparation of the magnesium halide complex 

according to the invention may be represented by formula ROH, wherein R is C1-C12 

alkyl, C3-C10 cycloalkyl or Cg-Cio aryl, preferably C1-C4 alkyl. Examples of the 

alcohols include, but are not limited to, methanol, ethanol, n-propanol, iso-propanol, 
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n-butanol, iso-butanol, n-pentanol, iso-pentanol, n-hexanol, n-octanol, 

2-ethylhexanol, ethylene glycol and propylene glycol. 

In a preferred embodiment, the magnesium halide complex according to the 

invention may be prepared by a process comprising the steps of: 

(i) preparing a melt of a magnesium halide complex by: 

in a closed reactor, mixing the magnesium halide, the alcohol, the 

gem-dihydrocarbyloxy hydrocarbon compound and an inert medium, and heating the 

resultant mixture to a temperature of from 100 to 140 °C while stirring, to form a 

melt of a magnesium halide complex, 

wherein the magnesium halide is added in an amount of from 0.1 to 1.0 mol/liter 

of the inert medium, and the alcohol and the gem-dihydrocarbyloxy hydrocarbon 

compound are added in an amount of from 1 to 5 moles and from 0.005 to 1 mole, 

respectively, with respect to one mole of the magnesium halide; 

wherein the inert medium is generally an inert aliphatic hydrocarbon solvent, 

such as kerosene, paraffin oil, vaseline oil and white oil, and when necessary, 

contains optionally an organic silicon compound, such as organic silicon oil, for 

example, dimethyl silicone oil or the like; and 

wherein a trace amount of water contained in the magnesium halide and the 

alcohol may participate in the reaction for forming the complex; and during the 

preparation of the magnesium halide complex, the order of the addition of individual 

raw materials is arbitrary; and 

(ii) forming spherical particles of the magnesium halide complex by: 

applying shearing action on the above melt of the magnesium halide complex 

and then discharging it into a cooling medium, to form spherical particles of the 

magnesium halide complex, 

wherein the application of the shearing action may be accomplished by a 

conventional method, such as by a high-speed stirring process (see, for example, CN 

1330086) or a spraying process (see, for example, US 6,020,279), or through a 
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super-gravity rotary bed (see, for example, CN 1580136A) or an emulsification 

apparatus (see, for example, CN 1463990A); 

wherein the cooling medium may be an inert hydrocarbon solvent having a 

relatively low boiling point, such as pentane, hexane, heptane, gasoline, petroleum 

ether, and the like, and may be controlled at a temperature of from -60 °C to 30 °C, 

preferably from -40 °C to 0 °C, prior to its contacting with the magnesium halide 

complex melt stream. 

After washed with an inert hydrocarbon solvent and dried, the above-prepared 

spherical particles of the magnesium halide complex may be used in the preparation 

of catalyst components for olefin polymerization. 

In the second aspect, the present invention provides a titanium-containing 

catalyst component for olefin polymerization, which comprises a reaction product of 

the spherical magnesium halide complex of the invention, at least one titanium 

compound, and optionally an internal electron donor. 

The titanium compound may be selected from those represented by formula 

TIX3 or Ti(OR )4-niXm, in which R (s) is/are independently C1-C14 aliphatic 

hydrocarbyl group, X(s) is/are independently F, CI, Br or I, and m is an integer of 

from 1 to 4. Examples of the titanium compound include, but are not limited to, 

titanium tetrachloride, titanium tetrabromide, titanium tetraiodide, tetrabutoxy 

titanium, tetraethoxy titanium, tributoxy titanium chloride, dibutoxy titanium 

dichloride, butoxy titanium trichloride, triethoxy titanium chloride, diethoxy titanium 

dichloride, ethoxy titanium trichloride, titanium trichloride, and mixtures thereof, 

with titanium tetrachloride being preferred. 

Use of internal electron donor compounds in catalyst components for olefin 

polymerization is well known in the art. In particular, the incorporation of an internal 

electron donor compound in a catalyst component for propylene polymerization may 

be quite necessary, in order to obtain propylene polymers having high isotacticity. 

All internal electron-donor compounds commonly used in the art can be used in the 

present invention. 
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Suitable internal electron donor compounds include esters, ethers, ketones, 

amines, silanes, and the like. 

Preferred ester compounds include esters of aliphatic and aromatic mono- and 

poly-basic carboxylic acids, such as benzoates, phthalates, malonates, succinates, 

glutarates, pivalates, adipates, sebacates, maleates, naphthalene dicarboxylates, 

trimellitates, benzene-l,2,3-tricarboxylates, pyromellitates and carbonates. Examples 

include ethyl benzoate, diethyl phthalate, di-iso-butyl phthalate, di-n-butyl phthalate, 

di-iso-octyl phthalate, di-n-octyl phthalate, diethyl malonate, dibutyl malonate, 

diethyl 2,3-di-iso-propylsuccinate, di-iso-butyl 2,3-di-iso-propylsuccinate, di-n-butyl 

2,3-diisopropylsuccinate, dimethyl 2,3-di-iso-propylsuccinate, di-iso-butyl 

2,2-dimethylsuccinate, di-iso-butyl 2-ethyl-2-methylsuccinate, diethyl 

2-ehtyl-2-methylsuccinate, diethyl adipate, dibutyl adipate, diethyl sebacate, dibutyl 

sebacate, diethyl maleate, di-n-butyl maleate, diethyl naphthalene dicarboxylate, 

dibutyl naphthalene dicarboxylate, triethyl trimellitate, tributyl trimellitate, triethyl 

benzene-1,2,3-tricarboxylate, tributyl benzene-1,2,3-tricarboxylate, tetraethyl 

pyromellitate, tetrabutyl pyromellitate, etc. 

Preferred ester compounds further include esters of polyols represented by the 

general formula (III), 
O R3 Rn+1 R2" R5 O 

Rr i -O - C-R2 

R4 R1 R R6 (HI) 

wherein R] to R<j and R1 to R2n, which are identical or different, are hydrogen, 

halogen, or optionally substituted linear or branched C1-C20 alkyl, C3-C20 cycloalkyl, 

C6-C20 mono-ring or multi-ring aryl, C7-C20 alkylaryl, C7-C20 arylalkyl, C2-Ci0 

alkenyl, 01* C2-C10 ester group, with the proviso that Rt and R2 are not hydrogen; R3 

to R<3 and Rl to R2n optionally comprise one or more heteroatoms, which are selected 

from the group consisting of nitrogen, oxygen, sulfur, silicon, phosphorus and 

halogen, replacing carbon or hydrogen or the both; and one or more of R3 to R6 and 
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R1 to R2n are optionally linked to form a ring; and n is an integer ranging from 0 to 

10. 

Such ester compounds of polyols are disclosed in detail in WO 03/068828 and 

WO 03/068723, all relevant contents of which are incorporated herein by reference. 

Among said ester compounds of polyols, the preferred are those of the general 

formula (IV), 

R4/5 V 
R\/ _C_Rl 

RJ/\^O-^R2 

R5 ^ o (IV) 

wherein R] to R^ and R1 to R2 are as defined in the general formula (III). 

For the ester compounds of polyols represented by the general formulae (III) 

and (IV), it is preferred that R3, R4, R5 and R6 are not simultaneously hydrogen, and 

at least one of R3, R4, R5 and Rg is selected from the group consisting of halogen, 

CpCio linear or branched alkyl, C3-C10 cycloalkyl, Cg-Cio aryl, C7-C10 alkylaryl and 

arylalkyl. 

Among said ester compounds of polyols of the formula (III), the preferred are 

also those of the general formula (V): 
R' R' 
\ / , r\/ 

(V) 

wherein R|-R6 are as defined in the general formula (III); R's are identical or 

different, and are hydrogen, halogen, linear or branched C1-C20 alkyl, C3-C20 

cycloalkyl, C6-C2o aryl, C7-C20 alkylaryl, or C7-C20 arylalkyl. 
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For the ester compounds of polyols represented by the formulae (III), (IV) and 

(V), it is preferred that at least one of Ri and R2 is selected from the group consisting 

of phenyl, halophenyl, alkylphenyl and haloalkyl-phenyl. 

The preferred ether compounds include 1,3-diether compounds represented by 

the general formula (VI): 

wherein R1, R11, Rin, RIV, Rv and RVI, which are identical or different, are selected 

from the group consisting of hydrogen, halogen, linear or branched C1-C20 alkyl, 

C3-C20 cycloalkyl, C6-C20 aryl, C7-C20 alkylaryl and C7-C20 arylalkyl; and RVI1 and 

Rvm, which are identical or different, are selected from the group consisting of linear 

or branched Ci-C2o alkyl, C3-C20 cycloalkyl, C6-C20 aryl, C7-C20 alkylaryl and C7-C20 

arylalkyl; and two or more of R1 to RVI may be bonded to each other to form a ring. 

Those 1,3-diethers wherein Rvn and Rvni are independently C1-C4 alkyl are preferred. 

Such 1,3-diether compounds are disclosed in Chinese Patent ZL89108368.5 and 

CN1141285A, the relevant contents of which are incorporated herein by reference. 

The titanium-containing catalyst component for olefin polymerization according 

to the invention may be prepared by methods known in the art, for example, by 

reacting the particulate magnesium halide complex with a titanium compound. In a 

preferred embodiment, the titanium-containing catalyst component for olefin 

polymerization according to the invention is prepared by a method comprising the 

steps of: suspending the magnesium halide complex of the invention in chilled 

titanium tetrachloride or a mixture of titanium tetrachloride and an inert solvent, with 

the temperature of the liquid being generally in a range of from -30°C to 0°C, 

preferably from -20°C to -10°C; then heating the resulting mixture to a temperature 

AIII 

All 

(VI) 
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of from 40°C to 130°C, preferably from 60°C to 120°C, and maintaining at that 

temperature for 0.5 to 2.0 hours; and then filtering off the liquid and recovering the 

solids. Such treatment with titanium tetrachloride may be performed for one or more 

times, and preferably for 2 to 4 times. The inert solvent is preferably an aliphatic or 

aromatic hydrocarbon, such as hexane, heptane, octane, decane, toluene, and the like. 

Before, during or after the reaction between the particulate magnesium halide 

complex and the titanium compound, at least one internal electron donor compound 

may be used to treat the magnesium halide complex. 

In the preparation of the titanium-containing catalyst component according to 

the invention, the titanium compound is used in an amount of from 5 to 50 moles, 

with respect to one mole of magnesium halide in the magnesium halide complex; and 

the internal electron donor compound is used in an amount of from 0 to 1.0 mole, 

preferably from 0.01 to 0.5 moles, with respect to one mole of magnesium halide in 

the magnesium halide complex. 

In the third aspect, the present invention provides a catalyst for olefin 

polymerization, comprising a reaction product of the following components: 

a) the titanium-containing catalyst component according to the present 

invention (active component); 

b) an alkylaluminum cocatalyst, represented by formula AIR1,^^, wherein 

R'(s) is/are independently CpCg linear, branched or cyclic alkyl; X is halide, 

preferably chloride; and n = 1, 2 or 3. The preferred are triethyl aluminum, 

triisobutyl aluminum, tri-n-butyl aluminum, tri-n-hexyl aluminum, tri-n-octyl 

aluminum, alkyl aluminum chlorides, such as AlEt2Cl, etc. These alkylaluminum 

compounds can be used alone or in combination. In general, the alkylaluminum 

compounds are used in such an amount that molar ratio of Al/Ti is in a range of from 

1 to 1000;and 

c) optionally, an external electron-donor compound, such as mono- or 

multi-functional carboxylic acids, carboxylic anhydrides, and esters of carboxylic 

acids, ketones, ethers, alcohols, lactones, organic phosphorus compounds, and 
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organic silicon compounds, in an amount ranging from 0.005 to 0.5 moles, 

preferably from 0.01 to 0.25 moles, with respect to one mole of the alkylaluminum 

compound. 

Preferred external electron-donor compounds include silicon compounds of 
1 ^ ^ formula R aR bSi(OR )c, wherein a and b are independently an integer of from 0 to 2, 

c is an integer of from 1 to 3, and the sum of (a+b+c) is 4; R1, R2 and R3 are 

independently C|-C]g hydrocarbyl optionally containing heteroatom(s). Among these 
1 silicon compounds, those wherein a is 1, b is 1, c is 2, at least one of R and R is 

selected from the group consisting of branched alkyl, alkenyl, cycloalkyl or aryl 

having 3 to 10 carbon atoms and optionally containing heteroatom(s), and R3 is a 

CpCio alkyl, especially methyl, are particularly preferred. Examples of such silicon 

compounds include cyclohexyl methyl dimethoxy silane, diisopropyl dimethoxy 

silane, di-n-butyl dimethoxy silane, di-iso-butyl dimethoxy silane, diphenyl 

dimethoxy silane, methyl tert-butyl dimethoxy silane, dicyclopentyl dimethoxy 

silane, 2-ethylpiperidino tert-butyl dimethoxy silane, l,l,l-trifluoro-2-propyl 

2-ethylpiperidino dimethoxy silane and l,l,l-trifluoro-2-propyl methyl dimethoxy 

silane. Additionally, those silicon compounds wherein a is 0, c is 3, R2 is a branched 

alkyl or cycloalkyl optionally containing heteroatom(s), and R3 is methyl are also 

preferred. Examples of such silicon compounds include cyclohexyl trimethoxy silane, 

tert-butyl trimethoxy silane and tert-hexyl trimethoxy silane. 

Preferred external electron-donor compounds include also the aforementioned 

1,3-diether compounds of the formula (VI), among which 

2-isopentyl-2-isopropyl-l,3-dimethoxypropane and 9,9-bis(methoxymethyl)fluorene 

are particularly preferred. 

The alkyl aluminium cocatalysts b) and the optional external electron-donor 

compounds c) can contact and react with the active component a) separately or as a 

mixture. 
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The catalysts of the invention are useful in polymerization of olefin CH2=CHR 

(wherein R is H, or alkyl or aryl having 1 to 12 carbon atoms) or a feed containing 

said olefin and a small amount of diene, if necessary. 

Thus, in the fourth aspect, the present invention provides a process for 

polymerizing olefin, comprising contacting an olefin of formula CH2=CHR, wherein 

R is H, or alkyl or aryl having 1 to 12 carbon atoms, and optionally another kind of 

said olefin as comonomer, and optionally a diene as a second comonomer, with the 

catalysts of the invention under polymerization conditions. 

The polymerization of olefm(s) is earned out in liquid phase of liquid monomer 

or a solution of monomer in an inert solvent, or in gas phase, or in a combination of 

gas phase and liquid phase, according to the known processes. The polymerization is 

generally carried out at a temperature of from 0°C to 150°C, preferably from 60°C to 

100°C, and at normal or higher pressure. 

Without limited by any theory, it is believed that, because the active sites in the 

catalysts prepared from the spherical magnesium halide complexes of the invention 

are distributed uniformly, polymer fines, which are generally considered as being 

resulted from cracking of catalyst particles, are substantially reduced, when the 

catalysts are used in olefin polymerization, especially propylene polymerization. 

Meanwhile, the catalysts exhibit better hydrogen response, and very high activities 

and isotacticities. 

Examples 

The following examples are provided to further illustrate the present invention 

and by no means intend to limit the scope thereof. 

Testing methods: 

1. Melt index of polymers: ASTMD 1238-99. 

2. Isotacticity of polymers: measured by heptane extraction method earned out 

as follows: 2 g of dry polymer sample is extracted with boiling heptane in an 
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extractor for 6 hours, then the residual substance is dried to constant weight, and the 

ratio of the weight of the residual polymer (g) to 2 is regarded as isotacticity. 

3. Particle size distribution: average particle size and particle size distribution of 

the particulate magnesium halide complexes are measured on Masters Sizer Model 

2000 (manufactured by Malvern Instruments Co., Ltd.). 

Example 1 

A.Preparation of spherical magnesium chloride complex 

To a 1L autoclave were charged with 110 ml of white oil (having a rotational 

viscosity of 13-16m/s at 25 °C, obtained from Hengshun Petroleum and Chemical 

Corp., Fushun, Liaoning), 220 ml of dimethyl silicone oil (having a rotational 

viscosity of 350-400m/s at 25 °C, obtained from the Second Chemical Factory of 

Beijing, Beijing), 15 g of magnesium chloride, 28 ml of ethanol and 4ml of 

2,2-dimethoxy propane. The mixture was heated to 125 °C while stirring at 300 rpm 

and maintained at that temperature for 3 hours. Then the mixture was passed 

through an emulsifier in line (Model WL 500 CY emulsifier obtained from 

Shanghai High-shearing Homogenizer Co., Ltd.) and discharged into 3 liters of 

hexane which had previously been cooled to -30°C. After filtering off the liquid, the 

solids were washed with hexane thrice and then dried under vacuum, to give 30.3g 

of spherical magnesium chloride complex, which was found to have an average 

particle diameter of 50 microns. 

B. Preparation of spherical catalyst component 

To a 300 ml glass reactor was charged with 100 ml of titanium tetrachloride, 

and the content was cooled to -20°C. Then 8 g of the above-prepared spherical 

magnesium chloride complex was added to the reactor, and the reaction mixture was 

heated to 100 °C over 3 hours, and 1.5ml of di-iso-butyl phthalate was added thereto 

during the heating. Then the mixture was maintained at 100 °C for 0.5 hours, 

followed by filtering off the liquid. The residual solids were washed with titanium 
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tetrachloride twice and with hexane thrice, and then dried under vacuum, to give a 

spherical catalyst component. 

C. Propylene polymerization 

To a 5L autoclave were added 2.5 liters of propylene, lmmol of triethyl 

aluminium, 0.05mmol of cyclohexyl methyl dimethoxy silane (CHMMS), lOmg of 

the above spherical catalyst component, and 1.5 liters (standard volume) of hydrogen 

gas. Then the content was heated to 70°C and allowed to polymerize for 1 hour. The 

results are shown in the below Table 1 and Table 2. 

Example 2 

Propylene polymerization was carried out using the catalyst component 

prepared in Example 1 according to the same procedure as described in Example 

l.C, except for that the amount of hydrogen gas was changed to 5.0 liters (standard 

volume). The results are shown in the below Table 1 and Table 2. 

Example 3 

A. Preparation of spherical magnesium chloride complex 

A spherical magnesium chloride complex was prepared according to the same 

procedure as described in Example 1 .A, except for that the amount of 2,2-dimethoxy 

propane was changed to 6ml. 31 Grams of spherical magnesium chloride complex 

were obtained and found to have an average particle diameter of 61 microns. 

B. Preparation of spherical catalyst component 

A spherical catalyst component was prepared according to the same procedure 

as described in Example l.B, except for that the spherical magnesium chloride 

complex as prepared in the above A was used to replace the spherical magnesium 

chloride complex as prepared in Example 1 .A. 

C. Propylene polymerization 
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Propylene polymerization was carried out using the catalyst component 

prepared in the above B according to the same procedure as described in Example 

1 .C. The results are shown in the below Table 1 and Table 2. 

Example 4 

Propylene polymerization was carried out using the catalyst component 

prepared in Example 3 according to the same procedure as described in Example 

l.C, except for that the amount of hydrogen gas was changed to 5.0 liters (standard 

volume). The results are shown in the below Table 1 and Table 2. 

Comparative Example 1 

A. Preparation of spherical magnesium chloride complex 

A spherical magnesium chloride complex was prepared according to the same 

procedure as described in Example l.A, except for that no 2,2-dimethoxy propane 

was used 

B. Preparation of spherical catalyst component 

A spherical catalyst component was prepared according to the same procedure 

as described in Example l.B, except for that the spherical magnesium chloride 

complex as prepared in the above A was used to replace the spherical magnesium 

chloride complex as prepared in Example l.A. 

C. Propylene polymerization 

Propylene polymerization was carried out using the catalyst component 

prepared in the above B according to the same procedure as described in Example 

1 .C. The results are shown in the below Table 1 and Table 2. 

Comparative Example 2 

Propylene polymerization was carried out using the catalyst component 

prepared in Comparative Example 1 according to the same procedure as described in 
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Example l.C, except for that the amount of hydrogen gas was changed to 5.0 liters 

(standard volume). The results are shown in the below Table 1 and Table 2. 

Table 1 Properties of the Catalysts 
Example No. Activity 

kgPP/gcat 
Isotacticity Index 

of Polymer 
% 

MI of Polymer 
g/lOmin 

Example 1 47.0 98.5 3.9 
Example 2 54.2 97.1 26 
Example 3 47.1 98.1 4.8 
Example 4 54.7 97.3 30 

Comparative Example 
1 

48.2 98.2 2.9 

Comparative Example 
2 

51.3 97.1 21 

Table 2 Particle Size Distribution of Polymers 
Example Above 2 to 0.9mm 0.9 to 0.43 to Below 

No. 2mm wt% 0.43mm 0.3mm 0.3mm 
wt% wt% wt% wt% 

Example 2 18.3 67.5 10.9 1.6 1.7 
Example 4 22.8 69.3 7.0 0.4 0.5 

Comparative 10.0 37.3 42.1 4.5 6.6 
Example 2 

From the data shown in the Table 1, it can be seen that, when used in propylene 

polymerization, the catalysts prepared from the magnesium chloride complexes 

according to the invention exhibit higher catalytic activities, and in particular, better 

hydrogen response. 

From the data shown in the Table 2, it can be seen that the polymers, which are 

obtained from propylene polymerization using the catalysts prepared from the 

magnesium chloride complexes according to the invention, have less fines, that 

indicates that cracking of the catalyst particles is substantially reduced. 
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Example 5 

A. Preparation of spherical magnesium chloride complex 

To a 150L reactor were charged with 20 liters of white oil (having a rotational 

viscosity of 13-16m/s at 25 °C, obtained from Hengshun Petroleum and Chemical 

Corp., Fushun, Liaoning), 80 liters of dimethyl silicone oil (having a rotational 

viscosity of 350-400m/s at 25 °C, obtained from the Second Chemical Factory of 

Beijing, Beijing), 7 Kg of magnesium chloride, 11.3 liters of ethanol and 1.8 liters of 

2,2-dimethoxy propane. The mixture was heated to 125 °C while stirring and 

maintained at that temperature for 3 hours. Then the mixture was passed through a 

super-gravity rotary bed (from Beijing Research Institute of Chemical Industry, 

Sinopec., Beijing) and discharged into 1000 liters of hexane which had previously 

been cooled to -30°C. After filtering off the liquid, the solids were washed with 

hexane thrice and then dried under vacuum, to give a spherical solid magnesium 

chloride complex. 

B. Preparation of spherical catalyst component 

To a 300 ml glass reactor was charged with 100 ml of titanium tetrachloride, 

and the content was cooled to -20°C. Then 8 g of the above-prepared spherical 

magnesium chloride complex was added to the reactor, and the reaction mixture was 

heated to 110 °C over 3 hours, and 1.5ml of 2-isopentyl-2-isopropyl-l,3-dimethoxy 

propane was added thereto during the heating. After filtering off the liquid, the 

residual solids were washed with titanium tetrachloride twice and with hexane thrice, 

and then dried under vacuum, to give a spherical catalyst component. 

C. Propylene polymerization 

To a 5L autoclave were added 2.5 liters of propylene, lmmol of triethyl 

aluminium, 0.05mmol of CHMMS, lOmg of the above spherical catalyst component, 

and 1.5 liters (standard volume) of hydrogen gas. Then the content was heated to 

70°C and allowed to polymerize for 1 hour. The results are shown in the below Table 

3. 
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Example 6 

Propylene polymerization was carried out using the catalyst component 

prepared in Example 5 according to the same procedure as described in Example 5.C, 

except for that the amount of hydrogen gas was changed to 5.0 liters (standard 

volume). The results are shown in the below Table 3. 

Example 7 

Four runs of propylene polymerization were carried out using the catalyst 

component prepared in Example 5 according to the same procedure as described in 

Example 5.C, except for that the polymerization time was changed to 0.5, 2, 3, and 4 

hours, respectively. The results are shown in the below Table 3. 

Comparative Example 3 

A. Preparation of spherical magnesium chloride complex 

To a 150L reactor were charged with 20 liters of white oil, 80 liters of dimethyl 

silicone oil, 7 Kg of magnesium chloride, and 11.3 liters of ethanol. The mixture was 

heated to 125 °C while stirring and maintained at that temperature for 3 hours. Then 

the mixture was passed through a super-gravity rotary bed (from Beijing Research 

Institute of Chemical Industry, Sinopec., Beijing) and discharged into 1000 liters of 

hexane which had previously been cooled to -30°C. After filtering off the liquid, the 

solids were washed with hexane thrice and then dried under vacuum, to give a 

spherical solid magnesium chloride complex. 

B. Preparation of spherical catalyst component 

A spherical catalyst component was prepared according to the same procedure 

as described in Example 5.B, except for that the spherical magnesium chloride 

complex as prepared in the above A was used to replace the spherical magnesium 

chloride complex as prepared in Example 5.A. 

C. Propylene polymerization 
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Propylene polymerization was carried out using the catalyst component 

prepared in the above B according to the same procedure as described in Example 

5.C. The results are shown in the below Table 3. 

Comparative Example 4 

Propylene polymerization was carried out using the catalyst component 

prepared in Comparative Example 3 according to the same procedure as described in 

Example 5.C, except for that the amount of hydrogen gas was changed to 5.0 liters 

(standard volume). The results are shown in the below Table 3. 

Comparative Example 5 

Four runs of propylene polymerization were carried out using the catalyst 

component prepared in Comparative Example 3 according to the same procedure as 

described in Example 5.C, except for that the polymerization time was changed to 

0.5, 2, 3, and 4 hours, respectively. The results are shown in the below Table 3. 

Table 3 Properties of the catalysts 
Example No. Hydrogen 

added in the 
polymerization 

L 

Polymerization 
time 
hr 

Activity 
kgPP/gcat 

I.I of 
polymers 

% 

MI of 
polymers 
g/lOmin 

Example 5 1.5 54.2 98.9 5.1 
Example 6 5.0 79.9 97.8 42 
Example 7 1.5 0.5 37.5 97.9 7.2 Example 7 

1.5 2 65.7 98.5 4.8 

Example 7 

1.5 3 100 98.6 6.3 

Example 7 

1.5 4 144 98.3 8.6 
Comparative 

Example3 
1.5 1 45.5 98.6 7.7 

Comparative 
Example4 

5.0 1 76.5 97.3 51 

Comparative 
Example5 

1.5 0.5 42.2 97.9 6.5 Comparative 
Example5 1.5 2 85.7 98.1 4.1 

Comparative 
Example5 

1.5 3 103 98.6 6.9 

Comparative 
Example5 

1.5 4 114 98.7 7.9 
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From the data shown in the Table 3, it can be seen that the catalyst based on 

the combination of the support according to the invention and the diether type 

internal electron donor remains the characteristics of catalysts containing a diether 

type internal electron donor, such as higher activity and better hydrogen response, 

when the catalyst is used in propylene polymerization. 

From the data shown in the Table 3 and Figure 1, it can be seen that, when used 

in propylene polymerization, the catalyst based on the combination of the support 

according to the invention and the diether type internal electron donor has a 

characteristic that the polymerization rate decreases more slowly so that it is 

particularly suitable for a polymerization process having multiple reactors in series, 

facilitating to make productivities of the reactors matching and enhance output of 

polypropylene plants. 

The patents, patent applications and testing methods cited in the 

specification are incorporated herein by reference. 

While the invention has been described with reference to exemplary 

embodiments, it will be understood by those skilled in the art that various changes 

and modifications may be made without departing from the spirit and scope of the 

invention. Therefore, the invention is not limited to the particular embodiments 

disclosed as the best mode contemplated for carrying out this invention, but the 

invention will include all embodiments falling within the scope of the appended 

claims. 
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What is claimed is: 

1. A magnesium halide complex, having a composition represented by the 

formula (I): 

MgX2-mR0H-nE-pH20 (I) 

wherein 

X is chloride, bromide, or a C1-C14 alkoxy or aryloxy; 

R is Ci-C]2 alkyl, C3-C10cycloalkyl or Cg-Cjoaryl; 

E is a gem-dihydrocarbyloxy hydrocarbon represented by the formula (II): 

R30V /RI 
;c 

R40X XR2 

(II) 

wherein the Rj and R2, which are identical or different, are hydrogen or C}-CJ0 linear 

or branched alkyl, C3-CK) cycloalkyl, C6-Cioaryl, C7-C]o alkylaryl or arylalkyl, said 

aryl, alkylaryl and arylalkyl being optionally substituted by one or more halogen 

atoms on aromatic ring; the R| and R2 are optionally bonded to each other to form a 

ring or a fused ring system; the R3 and R4 have the same meanings as defined for the 

Ri and R2 other than hydrogen; 

m is in a range of from 1 to 5; 

n is in a range of from 0.005 to 1.0; and 

p is in a range of from 0 to 0.8. 

2. The magnesium halide complex according to claim 1, wherein R is a C1-C4 

alkyl. 

3. The magnesium halide complex according to claim 1 or 2, wherein in the 

formula (II), the K\ and R2, which are identical or different, are CJ-CJO linear or 

branched alkyl; and the R3 and R4, which are identical or different, are C1-C10 linear 

or branched alkyl, or C6-C10 aryl. 
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4. The magnesium halide complex according to any one of claims 1-3, wherein 

m is in a range of from 1.5 to 3.5, and n is in a range of from 0.02 to 0.3. 

5. The magnesium halide complex according to claim 1, wherein R is a Ci-C4 

alkyl, X is chloride, m is in a range of from 1.5 to 3.5, and n is in a range of from 

0.02 to 0.3. 

6. A process for preparing the magnesium halide complex according to claim 1, 

which process comprises the steps of: 

(i) preparing a melt of a magnesium halide complex by: 

in a closed reactor, mixing a magnesium halide, an alcohol, a 

gem-dihydrocarbyloxy hydrocarbon compound and an inert medium, and heating the 

resultant mixture while stirring to a temperature of from 100 to 140 °C, to form a 

melt of a magnesium halide complex, 

wherein the magnesium halide is selected from the group consisting of 

magnesium dichloride, magnesium dibromide, and derivatives of magnesium 

dichloride and magnesium dibromide formed by replacing one or two halogen atoms 

of magnesium dichloride or magnesium dibromide with Ci-Ci4 alkyl, aryl, alkoxy or 

aryloxy; 

wherein the alcohol is represented by formula ROH, in which R is Ci-C]2 alkyl, 

C3-C10 cycloalkyl or Cg-Cjoaryl; 

wherein the gem-dihydrocarbyloxy hydrocarbon compound has a general 

formula (II): 
R3°X /Rl 

> 
R40X XR2 

(H) 

in which the R] and R2, which are identical or different, are hydrogen or C1-C10 

linear or branched alkyl, C3-C10 cycloalkyl, Cg-Cjoaryl, C7-C10 alkylaryl or arylalkyl, 

said aryl, alkylaryl and arylalkyl being optionally substituted by one or more halogen 
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atoms on aromatic ring; the Rj and R2 are optionally bonded to each other to fonn a 

ring or a fused ring system; the R3 and R4 have the same meanings as defined for Rj 

and R2 other than hydrogen; 

wherein the inert medium is selected from the group consisting of kerosene, 

paraffin oil, vaseline oil and white oil, and contains optionally organic silicon 

compound; and 

wherein the magnesium halide is added in an amount of from 0.1 to 1.0 mol/liter 

of the inert medium, and the alcohol and the gem-dihydrocarbyloxy hydrocarbon 

compound are added in an amount of from 1 to 5 moles and from 0.005 to 1 mole, 

respectively, with respect to one mole of magnesium halide; and 

(ii) forming particles of the magnesium halide complex by: 

applying shearing action on the above melt of the magnesium halide complex 

and then discharging it into a cooling medium, to form spherical particles of the 

magnesium halide complex, wherein the cooling medium is controlled at a 

temperature of from -60 °C to 30 °C prior to its contacting with the magnesium 

halide complex melt stream. 

7. A catalyst component useful in olefin polymerization, comprising a reaction 

product of a magnesium halide complex, at least one titanium compound, and an 

optional internal electron donor, wherein the magnesium halide complex has a 

composition represented by the formula (I): 

MgX2-mR0HnEpH20 (I) 

wherein 

X is chloride, bromide, or a C1-C14 alkoxy or aryloxy; 

R is Ci-C]2 alkyl, C3-C10 cycloalkyl or Cg-Cjoaiyl; 

E is a gem-dihydrocarbyloxy hydrocarbon represented by the formula (II): 
R3°V 

> 
R4OX NR£ 
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(H) 

wherein the Ri and R2, which are identical or different, are hydrogen or C1-C10 linear 

or branched alkyl, C3-C]o cycloalkyl, C6-Ci0aryl, C7-C10 alkylaryl or arylalkyl, said 

aryl, alkylaryl and arylalkyl being optionally substituted by one or more halogen 

atoms on aromatic ring; the R] and R2 are optionally bonded to each other to form a 

ring or a fused ring system; the R3 and R4 have the same meanings as defined for the 

Ri and R2 other than hydrogen; 

m is in a range of from 1 to 5; 

n is in a range of from 0.005 to 1.0; and 

p is in a range of from 0 to 0.8. 

8. The catalyst component according to claim 7, wherein in the formula (I), R 

is a C1-C4 alkyl. 

9. The catalyst component according to claim 7 or 8, wherein in the formula 

(II), Rj and R2, which are identical or different, are CpCio linear or branched alkyl; 

and R3 and R4, which are identical or different, are C1-C10 linear or branched alkyl, 

or C6-Ci0aryl. 

10. The catalyst component according to any one of claims 7-9, wherein in the 

formula (I), m is in a range of from 1.5 to 3.5, and n is in a range of from 0.02 to 0.3. 

11. The catalyst component according to any one of claims 7-10, wherein the 

titanium compound is at least one represented by formula TiX3 or formula 

Ti(OR3)4.mXm, in which R3(s) is/are independently CJ-CM aliphatic hydrocarbyl, 

X(s) is/are independently F, CI, Br or I, and m is an integer of from 1 to 4. 

12. The catalyst component according to any one of claims 7-11, wherein the 

internal electron donor is selected from the group consisting of esters, ethers, ketones 

and amines. 

13. The catalyst component according to any one of claims 7-11, wherein the 

internal electron donor is at least one selected from the group consisting of esters of 
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aliphatic and aromatic mono- and poly-basic carboxylic acids, esters of aliphatic and 

aromatic polyols, and di-ethers. 

14. The catalyst component according to claim 13, wherein the internal 

electron donor is at least one selected from the group consisting of: 

benzoates, phthalates, malonates, succinates, glutarates, pivalates, adipates, 

sebacates, maleates, naphthalene dicarboxylates, trimellitates, 

benzene-l,2,3-tricarboxylates, pyromellitates and carbonates; 

esters of polyols represented by the general formula (III), 
O R, Rn+I R2" R5 0 

Ri-C-O—C-(—c—c-1-i—o-c—R 
I L I J J I 
R4 R1 R R6 (ni) 

wherein Ri to R$ and R1 to R2", which are identical or different, are hydrogen, 

halogen, or optionally substituted linear or branched C1-C20 alkyl, C3-C20 cycloalkyl, 

C6-C20 mono-ring or multi-ring aryl, C7-C2o alkylaryl, C7-C2o arylalkyl, C2-Ci0 

alkenyl, or C2-CI0 ester group, with the proviso that Rj and R2 are not hydrogen; R3 

to Rfi and R1 to R2n optionally comprise one or more heteroatoms, which are selected 

from the group consisting of nitrogen, oxygen, sulfur, silicon, phosphorus and 

halogen, replacing carbon or hydrogen or the both, and one or more of R3 to R6 and 

R1 to R2n are optionally linked to form a ring; and n is an integer ranging from 0 to 

10; and 

1,3-diether compounds represented by the general formula (VI), 

RU R1 

R,,J2_0-R» 
R R (VI) 

wherein R1, R1', R111, RIV, RV and RVI, which are identical or different, are selected 

from the group consisting of hydrogen, halogen, linear or branched C1-C20 alkyl, 

C3-C20 cycloalkyl, C6-C20 aryl, C7-C20 alkylaryl and C7-C2o arylalkyl, and Rvn and 
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Rvm, which are identical or different, are selected from the group consisting of linear 

or branched C1-C20 alkyl, C3-C20 cycloalkyl, C6-C20 aryl, C7-C20 alkylaryl and C7-C20 

arylalkyl; and two or more of R1 to RVI are optionally bonded to each other to form a 

ring. 

15. A catalyst for the polymerization of an olefin of formula CH2=CHR, 

wherein R is H, or alkyl or aryl having 1 to 12 carbon atoms, comprising a reaction 

product of the following components: 

a) the catalyst component according to any one of claims 7 to 14; 

b) an alkylaluminum cocatalyst; and 

c) optionally, an external electron-donor. 

16. A process for polymerizing olefin, comprising contacting an olefin of 

formula CH2=CHR, wherein R is H, or alkyl or aryl having 1 to 12 carbon atoms, 

and optionally another kind of said olefin as comonomer, and optionally a diene as a 

second comonomer, with the catalyst according to claim 15 under polymerization 

conditions. 
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