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(57) ABSTRACT 

The present invention relates to an olefin polymerisation 
catalyst comprising a catalyst component in the form of 
particles having a predetermined size range and a low 
Surface area, but high activity, Said catalyst being Suitable for 
use in olefin polymerisation, to the process for preparing the 
catalysts as Such and to their use in polymerisation olefins. 
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OLEFN POLYMERISATION CATALYST AND 
METHODS FOR PREPARING THE SAME 

0001. The present invention relates to an olefin polymeri 
sation catalyst comprising a catalyst component in the form 
of particles having a predetermined size range and a low 
Surface area, Said catalyst being Suitable for olefin polymeri 
sation, to the catalysts as Such and to their use in polymeris 
ing olefins, and to processes for preparing and using the 
SC. 

BACKGROUND ART 

0002 Ziegler-Natta (ZN) type polyolefin catalysts are 
well known in the field of polymers, generally, they com 
prise (a) at least a catalyst component formed from a 
transition metal compound of Group 4 to 6 of the Periodic 
Table (IUPAC, Nomenclature of Inorganic Chemistry, 
1989), a metal compound of Group 1 to 3 of the Periodic 
Table (IUPAC), and, optionally, a compound of group 13 of 
the Periodic Table (IUPAC) and/or an internal donor com 
pound. ZN catalyst may also comprise (b) further catalyst 
component(s), Such as a cocatalyst and/or an external donor. 
0.003 Various methods for preparing ZN catalysts are 
known in the State of art. In one conventional method, a 
Supported ZN catalyst System is prepared by impregnating 
the catalyst components on a particulate Support material. In 
WO-A-01 55 230, the catalyst component(s) are supported 
on a porous, inorganic or organic particulate carrier material, 
Such as Silica. 

0004. In a further well known method the carrier material 
is based on one of the catalyst components, e.g. on a 
magnesium compound, Such as MgCl2. This type of carrier 
material can also be formed in various ways. EP-A-713886 
of Japan Olefins describes the formation of Mg-melt by 
melting MgCl2 with an alcohol which is then emulsified and 
finally the resultant mixture is quenched to cause the Solidi 
fication of the droplets. 
0005. Alternatively, EP-A-856 013 of BP discloses the 
formation of a solid Mg-based carrier, wherein the Mg 
component containing phase is dispersed to a continuous 
phase and the dispersed Mg-phase is Solidified by adding the 
two-phase mixture to a liquid hydrocarbon. 

0006 The formed solid carrier particles are normally 
treated with a transition metal compound and optionally 
with other compounds for forming the active catalyst. 

0007 Accordingly, in case of above external carriers, the 
morphology of the carrier is one of the defining factors for 
the morphology of the final catalyst. 
0008 One disadvantage encountered with the Supported 
catalyst Systems is that a possible Surface treatment (impreg 
nation step) of the Support with one or more catalytically 
active compounds may lead to non-uniform distribution of 
the active component(s) and in turn to an inhomogeneous 
polymer material. 

0009 WO-A-00 08073 and WO-A-00 08074 describe 
further methods for producing a solid ZN-catalyst, wherein 
a Solution of a Mg-based compound and one or more further 
catalyst compounds are formed and the reaction product 
thereof is precipitated out of the Solution by heating the 
system. Furthermore, EP-A-926 165 discloses another pre 
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cipitating method, wherein a mixture of MgCl2 and Mg 
alkoxide is precipitated together with a Ti-compound to give 
a ZN catalyst. 
0010 EP-A-83 074 and EP-A-83 073 of Montedison 
disclose methods for producing a ZN catalyst or a precursor 
thereof, wherein an emulsion or dispersion of Mg and/or Ti 
compound is formed in an inert liquid medium or inert gas 
phase and Said System is reacted with an Al-alkyl compound 
to precipitate a Solid catalyst. According to examples Said 
emulsion is then added to a larger Volume of Al-compound 
in hexane and prepolymerised to cause the precipitation. 
0011. In EP-A-258 089 of Montedison, an emulsion of a 
catalyst component, or a precursor thereof, comprising a Mg 
and/or Ti compound is formed in perfluoropolyether and the 
dispersed phase is reacted with a reducing and/or haloge 
nating agent to precipitate Said catalyst components or a 
precursor thereof. According to the examples Said emulsion 
is then added to a larger Volume of a Solution of a haloge 
nating agent and TiCl-treatment is further continued in the 
formed Suspension to effect the Surface treatment of the 
particles. It has been indicated in said EP patent that one of 
the required properties of a good catalyst is a high Surface 
aca. 

0012. In general, a drawback of such precipitation meth 
ods is the difficulty to control the precipitation Step and thus 
the morphology of the precipitating catalyst particles. 
0013 Furthermore, the precipitation of the catalyst com 
ponent(s) may often proceed via a "tar-like' intermediate 
Stage. Said undesired Sticky precipitate agglomerates easily 
and sticks to the walls of the reactor. The morphology of the 
catalyst would then of course be lost. 
0014. Accordingly, although much development work 
has been done in the field of Ziegler-Natta catalysts, there 
remains a need for alternative or improved methods of 
producing ZN catalysts with desirable properties. 

SUMMARY OF THE INVENTION 

0015 The object of the present invention is to provide 
Solid particles of a Ziegler-Natta catalyst in a controlled 
manner, whereby particles with a preferable morphology, 
Such as a spherical shape, an uniform particle size (a narrow 
particle size distribution), a reduced Surface area at high 
catalytic activity and/or other advantageous Surface proper 
ties, can be obtained. 
0016 A further object of the present invention is to 
provide an olefin polymerisation catalyst obtainable by the 
method of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017 FIG. 1 shows the particle size distribution of a 
catalyst prepared according to a first embodiment of the 
invention. 

DESCRIPTION OF THE INVENTION 

0018. The invention is based on the finding that catalysts 
can be obtained having spherical particles with a specific 
surface area <20 g/m. The invention is therefore directed to 
a Ziegler-Natta catalyst for olefin polymerisation comprising 
a catalyst component in the form of Solid particles having a 
predetermined particles Size distribution, Said particles being 
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formed by contacting (a) at least one compound of group 1 
to 3 of the Periodic Table (IUPAC) with (b) at least one 
compound Selected from a transition metal compound of 
group 4 to 10 of the Periodic Table (IUPAC), or a compound 
of an actinide or lanthanide, to form a reaction product, 
wherein the catalytically active sites are distributed through 
out the particles and wherein Said catalyst particles have a 
spherical shape and a Surface area of less than 20 m/g. 
0.019 According to the findings of the inventors., said 
distribution of active Sites is preferably being effected during 
the Solidification Step to form Said particles, thus leading to 
a catalyst having a catalytic activity of more than 10 kg 
polymer per g catalyst per hour. 
0020. In more detail, said Ziegler-Natta catalyst for olefin 
polymerisation can be obtained in the form of solidified 
particles, Said particles having a spherical shape, a prede 
termined particles Size distribution and a Surface area of leSS 
than 20 m/g, wherein the catalytically active sites are 
distributed throughout the particles, Said particles being 
obtainable by a proceSS comprising the Steps of 

0021 a) contacting at least one compound of group 
1 to 3 of the Periodic Table (IUPAC) with at least one 
compound Selected from 
0022 i) transition metal compound of group 4 to 
10 of the Periodic Table (IUPAC), or 

0023 ii) a compound of an actinide or lanthanide 
to form a reaction product; 

0024 b) preparing an emulsion from the reaction 
product of a) and a liquid medium in which emulsion 
the product of a) forms the droplets of the dispersed 
phase, and 

0025 c) solidifying the droplets of the dispersed 
phase to form the Solidified particles, and optionally 

0026 d) recovering said solidified catalyst particles. 
0027. The porosity, i.e. a large surface area, of a catalyst 
has been generally considered to be a requirement for 
achieving a catalytically active catalyst. Moreover, a porous 
Structure of a catalyst has also been thought to be necessary 
for producing certain type of polymers, Such as heterophasic 
PP copolymer. 
0028. It has now been found that the “nonporous” cata 
lyst of the invention has the same or even higher catalytic 
activity than the porous Systems of the prior art. Moreover, 
the present catalyst is particularly Suitable for e.g. het 
erophasic PP copolymerisation. E.g. for propylene (co)po 
lymerisations a catalytic activity of more than 15 kg, pref 
erably more than 20 kg and most preferably more than 25 kg 
polymer per gram catalyst per hour, can be obtained. In case 
of ethylene (co)polymerisations activity of more than 3 kg, 
preferably more than 5 kg, or even more than 10 kg polymer 
per gram catalyst per hour can be obtained. The polymeri 
sation conditions in each case are e.g. as described below in 
the test polymerisations of Examples 1 and 2. 
0029 Moreover, in the particles of the inventive catalyst 
the catalytically active sites are distributed throughout the 
particles. Preferably, the catalyst is in a form of solidified 
particles wherein Said distribution of active sites being 
effected (in situ) during the Solidification step of the par 
ticles. Thus the Solidified particles are not Subjected to any 
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post treatment with active sites forming compound(s), e.g. a 
titanium compound, after the Solidification of the particles. 
The inventors have also found that in the catalyst particles 
of the invention the Subsequent washing Steps do not effect 
Significantly on the distribution of the active Sites. 
0030. Accordingly, it has now been managed by the 
invention to combine the advantages of the catalyst System 
known in the State of art, i.e. desired morphology of the final 
particles, which contributes to the morphology of the final 
polymer having a high bulk density (preferably >400 
kg/M), a narrow particle size distribution without fines, 
together with a high catalytic activity, but without the use of 
an external carrier. 

0031 Surprisingly, the inventors of the present invention 
have found that by preparing an emulsion and Solidifying the 
droplets of the dispersed phase in which the active catalyst 
components are present, preferably by Subjecting the emul 
Sion to a heat treatment, particles of the catalyst component 
can be obtained which show Superior properties. 
0032 Surprisingly, the present conversion method 
enables to create the morphology of the final catalyst in Situ 
during the Solidification step of the catalyst component(s). 
0033. The invention thus provides a controlled method to 
obtain active catalyst particles with highly preferable mor 
phology, e.g. with a predetermined spherical shape, uniform 
particle Size distribution and desirable Surface properties, 
Such as low Surface area. 

0034. The invention is therefore also directed to process 
for preparing a Ziegler-Natta catalyst for olefin polymeri 
sation according to claim 18, Said process comprising the 
Steps of 

0035) a) contacting at least one compound of group 1 
to 3 of the Periodic Table (IUPAC) with at least one 
compound Selected from 
0036) i. a transition metal compound of group 4 to 
10 of the Periodic Table (IUPAC), or 

0037 ii. a compound of an actinide or lanthanide to 
form a reaction product; 

0038 b) preparing an emulsion from the reaction prod 
uct of a) and an liquid medium in which emulsion the 
product of a) forms the droplets of the dispersed phase; 
and 

0039) c) solidifying the droplets of the dispersed phase, 
and optionally 

0040 d) recovering the solidified catalyst particles. 
0041. In the optional recovery step, the Solid catalyst 
component particles may be isolated, optionally washed and 
dried in a manner known in the art to obtain Said catalyst as 
particulate Solids. 
0042. In one embodiment of the invention said catalyst 
component may be formed, in addition to above Said com 
pounds, also from further compounds, which can be added 
to the Solution of the catalyst component forming com 
pounds before or after the dispersing Step. Such further 
compounds, may be those conventionally used in the art, 
Such as an aluminium compound and/or an internal donor 
compound, preferably an aluminium compound, Such as an 
alkyl aluminium halide. 
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0.043 Furthermore, in addition to the catalyst component 
as defined above, the catalyst of the invention may comprise 
further catalyst component(s), Such as a cocatalyst and/or an 
external donor compound known in the art. The further 
catalyst component(s) can be incorporated to the catalyst 
during the preparation method of the invention, or added 
Separately with the catalyst of the invention at the actual 
polymerisation Step. 

0044 Accordingly, the invention enables the inclusion of 
all the desired compounds to the dispersed phase and thus 
the solidification of the final composition of the catalyst 
component(s). As a consequence, the obtained particles need 
no Subsequent Surface treatment(s) normally required for 
Supported catalyst Systems of the prior art. Thus, the pref 
erable morphology achievable with the present two-phase 
Solidification method can be maintained. 

0.045. If desired, the catalyst comprising the catalyst 
component(s) of the invention can further be surface treated 
with further compound(s), e.g. powder flowability improv 
ing agent, in a manner known in the art. 
0046. It is the important finding according to the inven 
tion that the droplets of the dispersed phase of the emulsion 
can be Solidified directly starting from the emulsion form So 
that the particle size of the So obtainable catalyst component 
and the particle size distribution can be controlled easily. 
The formed particles may have an average Size range of 1 to 
500 um, e.g. 5 to 500 um, advantageously 5 to 200 um or 10 
to 150 lum. Even an average size range of 5 to 50 um is 
possible. 

0047 According to the invention, two methods for pre 
paring the invention are particularly preferred. In either 
embodiment, Similar or identical metal and transition metal 
compounds as well as donor compounds as exemplified 
below can be used, depending on the Specific characteristics 
of the catalyst forming phase and the desired properties of 
the catalyst to be formed. If the catalyst forming phase is 
formed as Said dispersed phase when the reaction partners 
are brought into contact, the addition of a liquid medium or 
solvent which is immiscible with the reaction partners or the 
Solution thereof might not be necessary. 
0.048. In the first embodiment, said compound of group 1 
to 3 of the Periodic Table (IUPAC) is preferably used in a 
prereacted form which is obtainable by reacting it with an 
electron donor or a precursor thereof, and adding Said 
prereacted compound of group 1 to 3 in a liquid medium to 
Said compound Selected from a transition metal compound 
of group 4 to 10 of the Periodic Table (IUPAC), or a 
compound of an actinide or lanthanide to form a reaction 
product. By adding Said Solution of Said reaction product to 
at least one compound of a transition metal, an emulsion, the 
dispersed phase of which contains more than 50 mol % of 
the Group 1 to 3 metal in Said complex, can be prepared by 
agitating the reaction mixture, optionally in the presence of 
an emulsion Stabilizer, in order to maintain the droplets of 
Said dispersed phase within the average size range 5 to 200 
lum. In this embodiment, the droplets are formed by the 
reaction of the components in the Solution and then Solidi 
fied, particularly by heating the emulsion. 

0049. In the second embodiment, said at least a com 
pound of group 1 to 3 of the Periodic Table (IUPAC), 
optionally prereacted with an internal donor compound, is 
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reacted with a compound Selected from at least one transi 
tion metal compound of group 4 to 10 of the Periodic Table 
(IUPAC), or a compound of an actinide or lanthanide to form 
a reaction product, which is then mixed with an inert organic 
Solvent, Said Solvent being immiscible with the reaction 
product and inert in relation to the compounds and Said 
Solvent forming the continuous phase of the emulsion. 
Preferably, said immiscible solvent is selected from a flu 
orinated hydrocarbon or a functionalised derivative thereof, 
or mixtures thereof. Particularly, the solvent is a perfluori 
nated hydrocarbon. Either method is prepared in more detail 
below. 

0050. Furthermore, emulsifying agents/emulsion stabilis 
erS can be used additionally in a manner known in the art for 
facilitating the formation and/or Stability of the emulsion. 
For the Said purposes e.g. Surfactants, e.g. a class based on 
acrylic or methacrylic polymers can be used. Preferably, said 
emulsion Stabilizers are acrylic or methacrylic polymers, in 
particular those with medium sized ester Side chains having 
more than 10, preferably more than 12 carbon atoms and 
preferably less than 30, and most preferably 12 to 20 carbon 
atoms in the ester Side chain. Particular preferred are 
unbranched C2 to Co. acrylates Such as poly(hexadecyl)- 
methacrylate and poly(octadecyl)-methacrylate. 
0051. Additional agents and/or compounds can be added 
to the System in any Stage of the dispersing and/or Solidifi 
cation Step, if needed. 
0.052 The droplet size and size distribution of the formed 
discontinuous phase can be Selected or controlled in a 
manner known in the art, i.a. by the choice of the device for 
emulsion formation and by the energy put into emulsifica 
tion. According to the common knowledge in the emulsion 
field, Vigorous mixing is usually required in order to get 
desired effect. 

0053. In the preparation process of the invention the 
Solution may already contain all the compounds (to be 
added) before the dispersing step thereof. Alternatively, e.g. 
depending on the reactivity of the compounds, the dispersed 
phase can be formed first from one or more of the com 
pounds and, thereafter, the other compound(s) can be added 
Separately to Said dispersed phase. Said other compounds 
can be added in a form of a Solution or already in a form of 
an emulsion. Portion-wise additions of the dispersed phase 
are also possible. 
0054. In one embodiment, the inventive process further 
comprises adding a turbulence minimizing agent(TMA) or 
mixtures thereof to the emulsion System in order to mini 
mize or to avoid turbulences in the mixture. 

0055 Accordingly, said TMA or mixtures thereof are 
preferred as polymers having linear aliphatic carbon back 
bone chains, which might be branched with short side chains 
only in order to serve for uniform flow conditions when 
stirring. Said TMA is in particular preferably selected from 
C-olefin polymers having a high molecular weight of MW 
about 1-40x10, or mixtures thereof. Especially preferred 
are polymers of C-olefin monomers with 6 to 20 carbon 
atoms, most preferable is polydecene. 
0056. In more detail, the turbulence minimizing agent is 
preferably Selected from the group consisting of inert 
poly(Co-Co)- olefines or mixtures thereof, and more pref 
erably from polyoctene, polynonene, poly decene, polyun 



US 2004/0242407 A1 

decene or polydodecene or mixtures thereof, having the 
molecular weight and general backbone structure as defined 
before. 

0057. Usually, said turbulence minimizing agent can be 
added in any process Step before particle formation Starts, 
i.e. commonly before or at the latest before solidification of 
the emulsion, and is added to the emulsion in an amount of 
1 to 1.000 ppm, preferably 5 to 100 ppm and more preferable 
5 to 50 ppm, based on the total weight of the reaction 
mixture. 

0.058. One of the further advantages of the solidification 
of the dispersed droplets according to the invention is that 
the undesirable tar formation can be avoided. 

0059 Catalyst Compounds and Preparation of the Reac 
tion Product 

0060. The idea of the present invention lies in the emul 
Sion/Solidification method which provides the advantageous 
morphology of the final catalyst. Therefore this invention is 
not limited to a specific ZN catalyst composition, but covers 
the preparation of any ZN catalyst, the Starting material of 
which can be provided in liquid State during the preparation 
Step. This means that e.g. ZN catalysts for (co)polymerising 
ethene (PE catalyst) or propene (PP catalyst) can be pre 
pared. 

0061 The various possibilities of the compounds and 
combinations are within the skills of a person in the field. 
Accordingly, the reaction product of catalyst forming com 
pounds can be formed by contacting: 

0062 1) at least one compound of group 1 to 3, 
preferably group 2, of the Periodic Table (IUPAC), 
Such as a Mg compound, having a general formula 
Selected from: 

0063 Mg(OR)2X, (I), wherein each R is inde 
pendently a C-20-hydrocarbyl group, e.g. C2-1s 
hydrocarbyl group, preferably Cso group, Such as 
C group, e.g. linear or branched alkyl, aryl, aralkyl, 

4-8 

or alkaryl, which may optionally be substituted with 
halogen; each X is independently a halogen, prefer 
ably chlorine; n is 0, 1 or 2; 

0064.) Mg(OR)2(R), (II), wherein R and n are as 
defined above in formula (I) and each R is indepen 
dently a hydrocarbyl, e.g. linear or branched 
Cooalkyl, 

0065 MgX.mTi(OR) (III), wherein X and R are 
as described above in formula (I); 0.1sms 3; and/or 

0066 complexes of Mgxi with electron-donor com 
pounds, 

0067 2) with at least one transition metal compound of 
Group 4 to 10, or a compound of lanthanide or actinide, 
preferably a transition compound of group 4 to 6, more 
preferably of group 4, of the Periodic Table (IUPAC), 
Such as a Ticompound, where particularly, a tetravalent 
Ti compound can be used examples of which are: 

0068 TiX (IV), wherein X is defined as above in 
formula (I), Such as Cl; 
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0069 Ti(OR), X (V), wherein X and R are as 
defined above in formula (I) and p is 0, 1, 2 or 3; 

0070) 
0071 3) optionally with at least one compound of 
group 13 of the Periodic Table (IUPAC), preferably an 
aluminium compound, Such as 
0072 Al(R).X. (VI), wherein R and X are as 
defined above in formula (I) and is 0s x<3, examples 
of which are e.g. dimethyl aluminium chloride, 
diethyl aluminium chloride, diisobutyl aluminium 
chloride, ethyl aluminium dichloride (EADC) and 
methyl aluminium dichloride; and/or 

and optionally with further compound(s), e.g. 

0073 4) optionally with at least one (internal) electron 
donor, e.g. those known in the art for (co)polymerising 
propylene and higher olefins including organic com 
pounds containing oxygen, nitrogen, Sulphur and/or 
phosphorous, Such as organic acids, organic acid anhy 
drides, organic acid esters, alcohols, ethers, aldehydes, 
ketones, amines, amine oxides, amides, thiols, various 
phosphorous acid esters and amides, and the like, added 
as such or formed in situ (see also WO 0008074 and 
WO 0008073) 

0074 As mentioned above the Solid catalyst particles 
may contain further catalyst component(s), Such as cocata 
lysts and/or external donor(s), depending on the used poly 
merisation process, in a manner known in the art. AS the 
cocatalyst, e.g. conventional activators based on compounds 
of group 13 of the Periodic Table (IUPAC), e.g. organo 
aluminium, Such as aluminium alkyl compounds (e.g. tri 
ethylaluminium) compounds, can be mentioned. Addition 
ally, in case of the (co)polymerisation of polypropylene or 
higher olefins, one or more external donors can be used 
which may be Selected e.g. from Silanes or from the list of 
internal donor of point (4) above. 
0075. It is also possible to include other catalyst compo 
nent(s) than said ZN components to the catalyst of the 
invention. 

0076. The used amounts/ratios of the compounds to form 
a reaction product and to keep the catalyst composition in 
liquid State during the emulsion formation Step are also 
within the skills of a person in the field. Such solutions can 
be prepared e.g. according or analogously to methods 
described in the prior art literature. As an example: 

0077 (a) by dissolving a magnesium compound, e.g. 
Mg dialkyl of Mg halide, Such as MgCl2, optionally in 
elevated temperature, in a carboxylic acid, an amine or, 
preferably, an alcohol, e.g. a mono or polyhydric alco 
hol, such as ROH, wherein R is as defined above in 
formula (I), e.g. C-alkyl, Suitably C2-alkyl, Such 
as n-butanol, 2-ethyl-1-hexanol, or phenol, optionally 
in the presence of an inert Solvent, in a manner 
described e.g. in U.S. Pat. No. 5,212,133, U.S. Pat. No. 
5,188,999, EP 713 886 and Wo 98 44009; and by 
adding the other compounds of the invention; 

0078 (b) by forming a solution of a Mg compound 
with an Al compound as Such in elevated temperature, 
or in the presence of an aromatic component and/or a 
chlorinated hydrocarbon, analogously to the methods 
described in EP 536 840 and/or EP 083 073/EP 083 
074, and, preferably, by adding a transition metal 
compound, e.g. TiCl, and optional other compounds to 
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the obtained liquid composition while keeping the 
Solution in liquid State for the dispersing Step; 

0079 (c) by heating alkoxides of Mg and Ti, or a 
combination of halogenides and alkoxides of Mg and 
Ti. Alternatively, Mg halogenide and Ti alkoxides can 
be treated with excess of HCl to form a solution. See 
e.g. EP 876 318 for preparing such Mg- and Ti based 
Solution, wherein the other compounds of the invention 
can be added; 

0080 (d) by using the principles described in EP 856 
013, wherein Mg-component, e.g. Mg alkoxides, Mg 
hydrocarbyl alkoxides or Mg hydrocarbyl, in hexane-- 
(CO or SO) form a Mg-based solution. To said 
Solution the other compounds of the invention can be 
added; 

0081 (e) by reacting a magnesium hydrocarbyloxy 
compound with a chlorine-containing compound in a 
non-polar hydrocarbon Solvent; and by adding a chlo 
rine containing tetravalent titanium compound, e.g. 
analogously to WO 01/55230, to form a soluble 
Mg-All-Ti complex to be used in the present inven 
tion. 

0082 In the following, the first and second embodiments 
are explained in more detail. 
0083) First Embodiment 
0084. In a first embodiment of the inventive process, the 
group 1-3 metal used in Step a of the inventive process is 
preferably magnesium, and the liquid organic medium com 
prises preferably a C-C aromatic hydrocarbon or a mix 
ture, preferably toluene. 
0085. As electron donor compound to be reacted with the 
Said Group 1-3 metal compound is preferably an mono- or 
diester of an aromatic carboxylic acid or diacid, the latter 
being able to form a chelate-like Structured complex. Said 
aromatic carboxylic acid ester or diester can be formed in 
Situ by reaction of an aromatic carboxylic acid chloride or 
diacid dichloride with a C-C alkanol and/or diol, and is 
preferable dioctyl phthalate. 

0.086 The reaction for the preparation of the Group 1-3 
metal complex is generally carried out at a temperature of 
20 to 80 C., and in case that the Group 1-3 metal is 
magnesium, the preparation of the magnesium complex is 
carried out at a temperature of 500 to 70° C. 
0087. The compound of a transition metal of group 4-6 is 
preferably a compound of a Group 4 metal. The Group 4 
metal is preferably titanium, and its compound to be reacted 
with the complex of a Group 1-3 is preferably a halide. 
0088. In a further embodiment of the invention, a com 
pound of a transition metal used in the process can also 
contain organic ligands typically used in the field known as 
a single Site catalyst. 

0089. In a still further embodiment of the invention, a 
compound of a transition metal can also be Selected from 
Group 5 metals, Group 6 metals, Cu, Fe, Co, Ni and/or Pd 
compounds. 
0090 The complex of the Group 1-3 metal is preferably 
Group 2 metal, and more preferably a magnesium complex. 
In a further preferred embodiment, the present invention is 
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directed to a process for producing catalysts of the Ziegler 
Natta type in the form of particles having a predetermined 
Size range, Said proceSS comprising: preparing a Solution of 
magnesium complex by reacting an alkoxy magnesium 
compound and an electron donor or precursor thereof in a 
C-Clo aromatic liquid reaction medium; reacting said mag 
nesium complex with a compound of at least one fourValent 
Group 4 metal at a temperature greater than 10 C. and less 
than 60° C. to produce an emulsion of a denser, TICl/ 
toluene-insoluble, oil dispersed phase having, Group 4 
metal/Mg mol ratio 0.11 to 10 in an oil disperse phase 
having Group 4 metal/Mg mol ratio 10 to 100; agitating the 
emulsion, optionally in the presence of an emulsion Stabi 
lizer, in order to maintain the particles of Said dispersed 
phase within the average size range 5 to 200 um, and 
Solidifying Said particles of the dispersed phase by heating. 

0091. The said disperse and dispersed phases in the first 
embodiment of the invention are thus distinguishable from 
one another by the fact that the denser oil, if contacted with 
a Solution of titanium tetrachloride in toluene, will not 
dissolve in it. A suitable solution for establishing this crite 
rion would be one having a toluene mol ratio of 0.1 to 0.3. 
They are also distinguishable by the fact that the great 
preponderance of the Mg provided (as complex) for the 
reaction with the Group 4 metal compound is present in the 
dispersed phase, as revealed by comparison of the respective 
Group 4 metal/Mg mol ratios. 

0092] In effect, therefore, virtually the entirety of the 
reaction product of the Mg complex with the Group 4 
metal-which is the precursor of the ultimate catalyst com 
ponent-becomes the dispersed phase, and proceeds 
through the further processing Steps to the final dry particu 
late form. The disperse phase, Still containing a useful 
quantity of Group 4 metal, can be reprocessed for recovery 
of that metal. 

0093. The production of a two-phase, rather than single 
phase (as in prior practice) reaction product is encouraged 
by carrying out the Mg complex/Group 4 metal compound 
reaction at low temperature, specifically above 10° C. but 
below 60° C., preferably between above 20° C. and below 
50° C. Since the two phases will naturally tend to separate 
into a lower, denser phase and Supernatant lighter phase, it 
is necessary to maintain the reaction product as an emulsion 
by agitation, preferably in the presence of an emulsion 
stabiliser. 

0094. The morphology is preserved during the heating to 
Solidify the particles, and of course throughout the final 
Washing and drying Steps. It is, by contrast, difficult to the 
point of impossibility to achieve Such morphology through 
precipitation, because of the fundamental uncontrollability 
of nucleation and growth, and the large number of variables 
which affect these events. 

0095 The electron donor is preferably an aromatic car 
boxylic acid ester, a particularly favoured ester being dioctyl 
phthalate. The donor may conveniently be formed in situ by 
reaction of an aromatic carboxylic acid chloride precursor 
with a C-C alkanol and/or diol. The liquid reaction 
medium preferably comprises toluene. 

0096. It has been found that the best results are obtained 
when the Group 4 metal/Mg mol ratio of the denser oil is 1 
to 5, preferably 2 to 4, and that of the disperse phase oil is 
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55 to 65. Generally the ratio of the mol ratio Group 4 
metal/Mg in the disperse phase oil to that in the denser oil 
is at least 10. 

0097 Solidification of the dispersed phase droplets by 
heating is suitably carried out at a temperature of 70-150° C., 
usually at 90-110° C. Preparation of the magnesium com 
plex may be carried out over a wide range of temperatures, 
20 to 80° C. being preferred, 50 to 70° C. most preferred. 
0098. The reagents can be added to the aromatic reaction 
medium in any order. However it is preferred that in a first 
Step the alkoxy magnesium compound is reacted with a 
carboxylic acid halide precursor of the electron donor to 
form an intermediate, and in a Second Step the obtained 
product is further reacted with the Group 4 metal. The 
magnesium compound preferably contains from 1 to 20 
carbon atoms per alkoxy group, and the carboxylic acid 
should contain at least 8 carbon atoms. 

0099 Reaction of the magnesium compound, carboxylic 
acid halide and polyhydric alcohol proceeds Satisfactorily at 
temperatures in the range 20 to 80 C., preferably 50 to 70 
C. The product of that reaction, the “Mg complex’, is 
however reacted with the Group 4 metal compound at a 
lower temperature, contrary to previous practice, to bring 
about the formation of a two-phase, oil-in-oil, product. 
0100 Use of an aromatic medium for preparation of the 
Mg complex contributes to consistent product morphology 
and higher bulk density. Catalyst bulk density and morphol 
ogy correlate with product bulk density and morphology the 
so-called “replica effect”. 
0101 The method of the invention sharply reduces the 
Volumes of Solvent to be handled and thus improving 
proceSS economics. 
0102) The liquid medium used as solvent can be aromatic 
or a mixture of aromatic and aliphatic hydrocarbons, pref 
erably aromatic and is more preferably Selected from hydro 
carbons Such as Substituted and unsubstituted benzenes, 
preferably from alkylated benzenes, even more preferably 
from toluene and the Xylenes, and is most preferably tolu 
ene. The molar ratio of Said aromatic medium to magnesium 
is preferably less than 10, for instance from 4 to 10, 
preferably from 5 to 9. 
0103) The recovered particulate product is washed at 
least once, preferably at least twice, most preferably at least 
three times with a hydrocarbon, which preferably is selected 
from aromatic and aliphatic hydrocarbons, preferably with 
toluene, particularly with hot (e.g. 90° C) toluene, which 
might include a Small amount, preferably a few Vol-%, Such 
as about 5 vol-% of TiCl2 in it. A further wash is advanta 
geously performed with heptane, most preferably with hot 
(e.g. 90 C.) heptane, and yet a further wash with pentane. 
A Washing Step typically includes Several Substeps. A 
favoured Washing Sequence is, for example, one wash with 
toluene at 90° C., two washes with heptane at 90° C. and one 
or two washes with pentane at room temperature. 
0104. The washing can be optimized to give a catalyst 
with novel and desirable properties. Finally, the washed 
catalyst component is dried, as by evaporation or flushing 
with nitrogen. 
0105 The alkoxy magnesium compound group is pref 
erably Selected from the group consisting of magnesium 
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dialkoxides, complexes of a magnesium dihalide and an 
alcohol, and complexes of a magnesium dihalide and a 
magnesium dialkoxide. It may be a reaction product of an 
alcohol and a magnesium compound Selected from the group 
consisting of dialkyl magnesium, alkyl magnesium alkOX 
ides, alkyl magnesium halides and magnesium dihalides. 
0106 Monohydric alcohols suitable for preparing the 
alkoxy magnesium compound are C-C alkyl-OH, particu 
larly 2-ethyl-1-hexanol. 
0107 Preferably, essentially all of the aromatic carboxy 
lic acid ester is a reaction product of a carboxylic acid halide, 
preferably a dicarboxylic acid dihalide, more preferably an 
unsaturated C.f3-dicarboxylic acid dihalide, most preferably 
phthalic acid dichloride, with the monohydric alcohol. 
0108. The compound of a fourvalent Group 4 metal 
compound containing a halogen is preferably a titanium 
tetrahalide, particularly titanium tetrachloride. 
0109 The reaction conditions used in the claimed process 
may be varied according to the used reactants and agents. 
0110. In addition to titanium tetrachloride also other 
chlorinating agents can be used in a manner known in the art, 
Such as chlorinated hydrocarbons or chlorinated Silanes 
0111 
0112 Second Embodiment AS explained above for the 
Second embodiment, Said at least a compound of group 1 to 
3 of the Periodic Table (IUPAC), optionally prereacted with 
an internal donor compound, is reacted with a compound 
Selected from at least one transition metal compound of 
group 4 to 10 of the Periodic Table (IUPAC), or a compound 
of an actinide or lanthanide to form a reaction product, 
which is then mixed with an inert organic Solvent, Said 
Solvent being immiscible with the reaction product and inert 
in relation to the compounds and Said Solvent forming the 
continuous phase of the emulsion. 
0113 Dispersed Phase 
0114. The solution dispersed in the immiscible solvent 
can be any Solution prepared from the catalyst component(s) 
forming compounds, provided that it is in a form of a liquid 
when dispersed into the continuous phase. Said term “Solu 
tion” is understood herein broadly to include any “solutions” 
prepared by dissolving the compounds to (a) one of Said 
compounds in liquid form, or (b) to an inert Solvent, as well 
as “solutions' prepared from (c) melts of Said compounds; 
as described herein below. 

0115 The term “the continuous phase is inert in relation 
to Said compounds' means herein that the continuous phase 
is chemically inert with respect to the Solidification reactions 
of the catalyst component occurring in the droplets, i.e. no 
Significant Solidification reactions of the catalyst component 
take place between the contents of the continuous phase and 
the contents of the dispersed phase. Thus the Solid particles 
of the catalyst are formed in the droplets from the com 
pounds which originate from the dispersed phase (i.e. are 
provided to the emulsion in a Solution dispersed into the 
continuous phase). 
0116. In case of an inert solvent, any suitable solvent 
which dissolves Said compounds may be used, preferably an 
organic Solvent, Such as aliphatic or aromatic hydrocarbon, 
e.g. pentane, hexane, heptane, toluene, benzene etc. A mix 
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ture of Solvents may also be used, provided that Said mixture 
dissolves the compounds and is immiscible with the con 
tinuous phase at least during the emulsion formation Step. 

0117 Continuous Phase 
0118. The solvent used to form the continuous phase is 
chosen, as Stated above, to be inert and immiscible at least 
at the conditions (e.g. temperature) used during the dispers 
ing Step. Said Solvent may also be a mixture of one or more 
Solvents. 

0119 Furthermore, the solvent is chosen so that the 
compounds and possible intermediate(s) thereof which form 
the Solidifying catalyst component(s), as well as the Solidi 
fied catalyst, are practically insoluble or only poorly Soluble 
to the continuous phase. 
0120 In a preferred embodiment of the invention, said 
Solvent forming the continuous phase is an inert Solvent 
including halogenated organic Solvents, particularly fluori 
nated organic Solvents, preferably perfluorinated organic 
Solvents, e.g. perfluorinated hydrocarbons and functiona 
lised derivatives thereof, Such as octadecafluorooctane and 
perfluorinated ethers, octadecafluorooctane being particu 
larly preferred. 

0121 Solidification Step 
0122) The solidification of the catalyst component(s) in 
the dispersed droplets can be effected in various ways, e.g. 
by causing or accelerating the formation of said Solid 
catalyst forming reaction products of the compounds present 
in the droplets. This can be effected, depending on the used 
compounds and/or the desired Solidification rate, with or 
without a temperature change of the System. 

0123. In case all the reacting compounds are already 
present in the dispersed droplets, the rate of the Solidification 
reactions occurring in Said droplets may be accelerated by 
increasing the temperature of the dispersed phase in the 
emulsion System. 

0.124. In a further embodiment, the Solidification reac 
tions of the compounds are Started after the formation of the 
emulsion System. Accordingly, a Solution of one or more of 
the starting compounds of a catalyst component(s) is first 
dispersed into the inert, immiscible Solvent, and thereafter, 
the other(s) of the starting compounds is added to said first 
dispersed phase to Start the Solidification reactions therein. 
Again, heating or cooling can be used during or after Such 
additions. 

0.125. Alternatively the solidification may be effected by 
removing the Solvent from the droplets or in case of a molten 
liquid catalyst by cooling the System. 

0.126 The solidification may also be controlled by the 
reaction time. 

0127. Moreover, the Solidification may be effected during 
the dispersing (droplet formation) step or after the emulsion 
System is formed, optionally, while heating or cooling the 
System. 

0128 If desired, the emulsion system may be subjected to 
a very rapid temperature change to cause a fast/immediate 
(e.g. in 0.1 to 10 S, Such as in few seconds) Solidification in 
the dispersed System. 
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0129. The appropriate temperature change, i.e. an 
increase or a decrease in the temperature of an emulsion 
System, required for the desired Solidification rate of the 
components cannot be limited to any specific range, but 
naturally depends on the emulsion System, i.a. On the used 
compounds and the concentrations/ratioS thereof, and is 
chosen accordingly. It is also evident that any techniques 
may be used to provide Sufficient heating or cooling effect to 
the dispersed System to cause the desired Solidification. 
0.130. In one embodiment the heat treatment is effected 
by bringing, e.g. dispersing, Such as Spraying or preferably 
Siphoning, the emulsion System to an inert receiving 
medium. The temperature of the receiving System can be 
Significantly higher than that of the emulsion to cause an 
instant Solidification of the reaction product in the droplets. 
Temperature difference of e.g. 10 to 100° C., or 20 to 90° C., 
such as 50 to 80° C., e.g. 70 to 80° C. can be used. The 
receiving medium can be gaseous, e.g. air, or a liquid, 
preferably a Solvent, and Suitably the same as used as the 
continuous phase in the formation of the emulsion. Thus e.g. 
a perfluorinated hydrocarbon as defined above or a mixture 
thereof with other Solvents, e.g. with an aliphatic or aromatic 
hydrocarbon as defined above, can be used. Preferably the 
receiving medium is mixed during the Siphoning Step. The 
Siphoning techniques are known in the art. 
0131 The Solidified catalyst particles may be subjected to 
washing Step(s). 
0132) In one preferred embodiment of the invention the 
catalyst is prepared by contacting a magnesium dihydrocar 
byl compound, e.g. magnesium dialkyl, Such as butyloctyl 
Mg (BOMAG), with an alcohol ROH, wherein R is as 
defined above, e.g. 2-ethyl-1-hexanol (EHA). To this solu 
tion an aluminium compound of formula Al(R)X, 
wherein R, X and X are as defined above, preferably Al 
alkyl halide, Such as EtAlCl, and/or a titanium compound, 
such as TiCl, is then added. In case that both the Al-and the 
Ti-compounds are added to Mg-ROH complex, then pref 
erably the Al-compound is added first. 

0133. The solution may contain additional solvents as 
described above, e.g. an aliphatic or aromatic Solvent, Such 
as n-heptane. Said Solution can be formed at a temperature 
range between the ambient temperature to 100° C., e.g. 40 
to 80° C., such as 50 to 70° C., e.g. 60° C. If TiCl is added 
to the solution, this is preferably done at or below room 
temperature. The obtained Solution is then dispersed, e.g. by 
mixing, to an immiscible Solvent, e.g. to a perfluorinated 
hydrocarbon as defined above. The mixing is Suitably car 
ried out at room temperature, but e.g. lower or elevated 
temperatures may also be used. The Solidification may be 
effected by changing rapidly the temperature of Said emul 
Sion System, e.g. by Siphoning the emulsion to a receiving 
medium as disclosed above. 

0.134. In a further embodiment, a magnesium alkyl is 
reacted with ROH as defined above and, optionally, with an 
aluminium compound, Such as an alkyl aluminium halide, 
e.g. EtAlCl, to form a first Solution, which is dispersed to 
an inert Solvent, Such as perfluorinated hydrocarbon as 
defined above. To the obtained dispersed phase, TiCl 
Solution is then added Separately to cause the Solidification 
of the thus formed catalyst component. The emulsion System 
can be heated during and/or after the addition of the TiCl. 
Additional inert Solvents as defined above can also be used 
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in the formation of Said Solutions. Furthermore, the disperS 
ing order of the first solution and TiCl-solution can be 
changed. 
0135 Generally, in the final solid catalyst particles, the 
molar ratio of Mg:Ti can be e.g. between 10:1 to 1:10, 
preferably 5:1 to 1:1. The molar ratio of Ti:Al can be e.g. 
between 10:1 to 1:2, e.g. 3:1 to 1:1. Furthermore, a suitable 
molar ratio of Mg:ROH is between 1:1 to 1:4, preferably 
1:1.5 to 1:3. 

0.136 The catalyst components according to the embodi 
ments of the invention can be used in processes for poly 
merising olefins. Said polymerisation processes can be car 
ried out as exemplified below. 
0137 Polymerisation Process 
0.138. As mentioned above the catalyst particles of the 
invention can be used as Such or together with a separate 
cocatalyst and/or an electron donor, as a Ziegler-Natta 
catalyst for the (co)polymerisation of an olefin in a manner 
known in the art. It is also possible to combine Said catalyst 
with one or more other Zn and/or non-ZN catalysts. 
0.139. The olefin to be polymerised using the catalyst 
System of the invention can be any olefin polymerisable in 
a coordination polymerisation including an alpha-olefin 
alone or as a mixture with one or more comonomers. 
Preferable olefins are ethylene or propene, or a mixture of 
ethylene or propene with one or more alpha-olefin(s). Pref 
erable comonomers are C2-C12 olefins, preferably C4-C10 
olefins, Such as 1-butene, isobutene, 1-pentene, 1-hexene, 
4-methyl-1-pentene, 1-heptene, 1-octene, 1-nonene, 
1-decene, as well as diene, Such as butadiene, 1,7-octadiene 
and 1,4-hexadiene, or cyclic olefins, Such as norbornene, and 
any mixtures thereof. 
0140 Polyethylene and any copolymers thereof are par 
ticularly contemplated, as are polypropylene homopolymers 
and any copolymers thereof. 
0141 Polymerisation may be effected in one or more, e.g. 
one, two or three polymerisation reactors, using conven 
tional polymerisation techniques, in particular gas phase, 
Solution phase, slurry or bulk polymerisation. Polymerisa 
tion can be a batch or continuous polymerisation process. 
Generally a combination of Slurry (or bulk) and at least one 
gas phase reactor is preferred, particularly with gas phase 
operation coming last. 
0142 For slurry reactors, the reaction temperature will 
generally be in the range of 40 to 110° C. (e.g. 60-110° C.), 
the reactor pressure will generally be in the range 5 to 80 bar 
(e.g. 50-60 bar), and the residence time will generally be in 
the range 0.3 to 5 hours (e.g. 0.5 to 2 hours). The diluent 
used will generally be an aliphatic hydrocarbon having a 
boiling point in the range -70 to +100° C. In such reactors, 
polymerisation may, if desired, be effected under Supercriti 
cal conditions. 

0.143 For gas phase reactors, the reaction temperature 
used will generally be in the range 60 to 115° C. (e.g. 70 to 
110 C.), the reactor pressure will generally be in the range 
10 to 25 bar, and the residence time will generally be 1 to 8 
hours. 

014.4 Generally the quantity of catalyst used will depend 
upon the nature of the catalyst, the reactor types and 

Dec. 2, 2004 

conditions and the properties desired for the polymer prod 
uct. Conventional catalyst quantities, Such as described in 
the publications referred herein, may be used. 
0145 With the method of the invention a catalyst system 
with a good morphology is obtained and the catalyst exhibits 
high catalytic activity. The morphology correlates with 
product morphology and-the So-called “replica effect”. 
Thus the catalyst leads to a polymer which also has advan 
tageous properties, e.g. high bulk density. 
0146). Some preferred embodiments of the invention are 
described, by way of illustration, in the following Examples. 

EXAMPLES 

0147 The following examples are provided by way of 
illustration of the invention. All the used Starting materials 
and Solvents are commercially available: 
0148 (CHo), Mg(C.H.)os in 20 wt-% heptane solu 
tion: Supplied by Crompton, Germany (BOMAG); 
Mg(Bu), (Oct)) in 20 wi-% solution in toluene: supplied 
by Crompton, Germany (BOMAG-A); EtAICl in 18.5 
wt-% toluene solution: Crompton, Germany (EADC); tri 
ethylaluminium in 10 wt-% heptane solution (TEA-10) or in 
20 wt-% heptane solution (TEA-20): Crompton, Germany; 
TiCl: Aldrich, Germany; octadecafluorooctane: P&M Sci 
entific Industrial ASSociation, Russia. 
0149 Examples 1 and 2 have been carried out according 
to the above first and second embodiments of the invention, 
respectively. MFR was determined according to ISO 1133 
using 190° C., load as Subscript. FRR means MFR:MFR. 
The particle size distribution was analysed by Coulter. 

Example 1 

0150 Catalyst 
0151. A magnesium complex Solution was prepared by 
Slowly adding over a 40 minute period, with Stirring, 110 ml 
of BOMAG-A to 38.9 ml of 2-ethylhexanol which had been 
cooled to 5 C. in a 300 ml glass reactor. During the addition 
the reactor contents were maintained below 15 C. The 
temperature was then raised to 60° C. and held at that level 
for 30 minutes with stirring, at which time reaction was 
complete. 6.4 ml phthaloyl chloride was then added over an 
11 minute period. The reactor contents were stirred at 60° C. 
for 20 minutes, 12.9 ml 1-chlorobutane was added, and 
stirring continued for another 15 minutes at 60° C. The 
resulting Stable, yellowish Mg complex Solution was cooled 
to room temperature. 

0152) 19.5 ml TiCl, 5 ml heptane and 28.7 of the 
above-prepared Mg complex solution were reacted at 25 C. 
in a 300 ml glass reactor. After 5 minutes, reaction was 
complete and a dark red emulsion had formed. The tem 
perature was raised to 50 C., 2 ml of Viscoplex 1-254 
(Tradename) (40-44% of acrylic polymer in base oil) was 
added, and the reactor contents were Stirred for 30 minutes. 
The resulting stabilized emulsion was then heated to 90° C., 
with Stirring, for 10 minutes to Solidify the particles forming 
the dispersed phase. After Settling and Syphoning the Solids 
(2.6 grams) underwent washing with: 

0153 1. 100 ml toluene at 90° C. for 30 minutes; 
0154) 2.60 ml heptane, at 90° C. for 20 minutes; 
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0155 3. 60 ml heptane, at 35° C. for 10 minutes, 

0156 4. 60 ml pentane, at 30° C. for 5 minutes; and 

0157 5. 60 ml pentane, at 30° C. for 5 minutes. 

0158. The solids were then dried at 60° C. by nitrogen 
purge. The particles were established by microscopic exami 
nation to be perfectly spherical in shape. The Coulter PSD 
is shown in FIG. 1. 

0159. The composition and morphology of the products 
of Example 1 is Summarized in the following Table 1. 

TABLE 1. 

Coulter Coulter Coulter 
Example Ti% Mg % Dop %* 10% um 50% um 90% um 

1. 3.3 12.6 27.5 41.6 28 11.7 

*Dioctyl phthalate (internal electron donor) 
**Measured with Coulter LS200 at room temperature with n-heptane as 
medium 

0160 Test Polymerisation 

0161 0.9 ml triethyl aluminium (TEA) (co-catalyst), 0.12 
ml cyclohexyl methyl dimethoxy silane (CMMS) as an 
external donor and 30 ml n-pentane were mixed and allowed 
to react for 5 minutes. Half of the mixture was then added 
to a polymerisation reactor and the other half was mixed 
with 20 mg of the components prepared above. After an 
additional 5 minutes the component TEA/donor/n-pentane 
mixture was added to the reactor. The Al/Timole ratio of the 
resulting polymerisation catalyst was 250 mol/mol and the 
Al/CMMS mole ratio was 10 mol/mol. 

0162 Propylene bulk polymerisation was carried out in a 
stirred 51 tank reactor. 

0163 70 mmol hydrogen and 1400 g propylene were 
introduced into the reactor and the temperature was raised 
within 15 minutes to the polymerisation temperature of 70 
C. The polymerisation time at 70° C. was 60 minutes, after 
which the polymer formed was taken out from the reactor. 
The results of the polymerisation evaluations are Sum 
marised in the following Table 2. 

TABLE 2 

Activity MFR'g/10 m BD % particles 
Example kgPP/gCat in XS2% g/ml <0.1 mm 

1. 24.1 5.5 1.7 O.45 O 

"ISO 1133, 2.16 kg load at 230° C. 
°xylene-soluble fraction of product at 25 C. 
polymer-bulk density (ASTM D 1895) 

0164. The polymer particles were spherical, with a mark 
edly narrow size distribution: more than 75% of the product 
was of 0.5-1.00 mm particle diameter. 

Comparative Example 1 

0.165. In a comparative test, the surface area and cata 
lytical activities of a catalyst prepared according to the 
invention and a catalyst according to the State of art have 
been compared. 
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0166 The catalyst of the invention was prepared as in 
Example 1 having the final composition of Dop %=26.30, Ti 
%=3.6, Mg 9%=12.6. Surface area (measured by a conven 
tional BET method using N) was too low to be determined 
by BET. 
0.167 The comparative catalyst containing Dop %=15.0, 
Ti %=3.6, Mg %=8.4 and was prepared by forming a 
reaction product of 90 ml BOMAG-A, 31.8 ml 2-ethylhex 
anol and 4.0 ml 1,2-phthaloyl chloride in accordance with 
Example 1. Then, 2.0 g 20 micron silica (Crosfield, ES747 
JR) in 19.5 ml TiCl, were added to 32 g of above complex, 
temperature was increased to 90 C over 30 min and held 
therein a further 30 min. The product was the isolated, 
washed and dried. Surface area was measured by above 
BET: 155 m/g. 
0.168. The polymerisations were carried out as in 
Example 1: It was shown that the activity of the catalyst of 
the invention 29.0 kg PP/(g catxhour) was in the same range 
as that of the comparative Supported catalyst prepared in the 
Comparative Example 

Example 2 

0169 Catalyst 

0170 In a 20 ml septa bottle 1.2 ml (1.05 mmol) of 
BOMAG was added at room temperature in inert conditions. 
Then 0.328 ml (2.10 mmol) of 2-ethyl-hexanol was added 
and the components were allowed to react at 60° C. for 30 
min while mixing with a magnetic Stirrer. After this the 
solution was cooled down to room temperature, 0.745 ml 
(1.05 mmol) of EADC was added and the obtained mixture 
was mixed at 60° C. for 30 min. After this the Solution was 
cooled down to room temperature and 0.115 ml (1.05 mmol) 
of TiCl, was added. The obtained solution was dispersed by 
mixing (105 rpm) in 4.0 ml of octadecafluorooctane to create 
an emulsion. 

0171 In another 150 ml glass reactor 32 ml of octade 
cafluorooctane was introduced in inert conditions together 
with 11 ml of heptane. The solvent mixture was stirred by a 
propeller (mixing speed was 300 rpm). The temperature was 
raised to 90-95° C. The solidification was effected by 
Siphoning the catalyst complex emulsion in Small portions, 
during 10 min into the hot receiving Solution. After the 
Siphoning the droplets were allowed to Stabilise in the 
receiving vessel for 15 min. After this the receiving Solution 
was cooled down, octadecafluorooctane was removed by 
Siphoning, and the catalyst was washed two times with 30 ml 
portions of n-heptane. Morphology was good in the resulting 
catalyst material, showing spherical particles with an aver 
age particle size of 70 um. 
0172 Composition of the catalyst: Mg 6.99 wt-%,Ti 7.42 
wt-%. The added molar ratio of Mg:Ti: Al had been 1:1:1 and 
the obtained catalyst complex of the invention shows the 
molar ratio of Mg:Ti:All of 1.9:1:0.3. The spherical particles 
with a smooth Surface are illustrated in FIG. 2. 

0173 Test Polymerisations 
0.174. The catalyst was tested in a homo-polymerisation 
of ethene. Two different polymerisation conditions were 
used in order to produce both high and low molecular flow 
rate material (HMFR and LMFR). 5 bar of H. pressure 
corresponded to LMFR polymerisation conditions, and 17.5 
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bar to the HMFR conditions. TEA-10 was used as the 
cocatalyst. An Al/Ti molar ratio of 15 was used in the 
homopolymerisations (0.9-1.5 ml TEA). 
0175 1800 ml (1.127 kg, 15.6 mol) of pentane was 
introduced into a 31 autoclave reactor and the temperature 
was adjusted to 90° C. About 30 mg of Catalyst was added 
into a feed vessel together with 10 ml (6.3 g, 87 mmol) of 
pentane. The cocatalyst was added into another feed vessel. 
The cocatalyst was first let into the reactor and thereafter 
Catalyst. An additional feed vessel was connected to provide 
the 5 and 17.5 bar of H. pressure (110-390 mmol). The 
polymerisation was Started by introducing H together with 
the ethene monomer. A total pressure of 13.7 bar was 
maintained by the ethene feed throughout the polymerisa 
tion. The polymerisation was carried out for 1 h at 90° C. 
The polymerisation was stopped by venting off the monomer 
and the pentane. 
0176 For the comparison the above polymerisation test 
was carried out but using a Silica Supported catalyst as 
Reference catalyst prepared according to EP 688 794 of 
Borealis, Example 3, except Silica particles with an average 
particle size of 20 um (Supplied by Grace) were used. 
0177 Polymerisation Results Obtained Using Catalyst 
and Reference Catalyst 

TABLE 1. 

The polymerisation results in LMFR and HMFR 
conditions 

Unit/Catalyst Catalyst Reference catalyst 

LFMR Activity, kg PE/g cat, h 14.60 4.6 
MFR, 1.O 0.52 
MFRs 3.1 
MFR 31.4 22.0 

FRR (21/2) 31.4 42.O 
FRR (21/5) 10.1 

HMFR Activity, kg PE/g cat, h 5.17 2.33 
MFR, 66 72 

1. A Ziegler-Natta catalyst for olefin polymerization com 
prising a catalyst component in the form of Solidified 
particles having a predetermined particles Size distribution 
in an average Size range of 1 to 500 um, Said particles being 
formed by a process comprising contacting (a) at least one 
compound of group 1 to 3 of the Periodic Table (IUPAC) 
with at least one compound Selected from a transition metal 
compound of group 4 to 10 of the Periodic Table (IUPAC), 
or a compound of an actinide or a lanthanide, to form a 
reaction product, wherein particles having catalytically 
active sites are prepared from Said reaction product, wherein 
the catalytically active sites are distributed throughout the 
particles during a Solidification Step to form Said particles 
and wherein Said catalyst particles have a spherical shape 
and a Surface area of less than 20 m/g as measured by the 
BET method. 

2. A Ziegler-Natta catalyst according to claim 1, wherein 
Said catalyst has a catalytic activity of more than 10 kilo 
gram polymer per gram catalyst per hour. 

3. A Ziegler-Natta catalyst for olefin polymerisation com 
prising a catalyst component in the form of Solidified 
particles, Said particles having catalytically active Sites, a 
Spherical shape, a predetermined particles Size distribution 
in an average size range of 1 to 500 um and a Surface area 
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of less than 20 m/g as measured by the BET method, 
wherein the catalytically active sites are distributed through 
out the particles, wherein Said particles are obtained by a 
process comprising the Steps of 

(a.) contacting at least one compound of group 1 to 3 of 
the Periodic Table (IUPAC) with at least one compound 
Selected from a transition metal compound of group 4 
to 10 of the Periodic Table (IUPAC), or a compound of 
an actinide or a lanthanide to form a reaction product; 

(b.) preparing an emulsion having a dispersed phase 
comprising droplets, wherein the emulsion is prepared 
from the reaction product of (a) and a liquid medium 
Such that the reaction product of (a) forms the droplets 
of the dispersed phase; and 

(c.) Solidifying the droplets of the dispersed phase to form 
Solidified catalyst particles. 

4. The Ziegler-Natta catalyst of claim 1 or claim 3, 
wherein Said particles are obtained by the proceSS wherein a 
Mg compound is used as Said compound of group 1 to 3 of 
the Periodic Table (IUPAC). 

5. The Ziegler-Natta catalyst of claim 4, wherein said Mg 
compound is a magnesium dialkyl compound. 

6. The Ziegler-Natta catalyst of claim 1 or claim 3, 
wherein Said particles are obtained by the proceSS wherein a 
tetravalent Ti-compound is used as the transition metal 
compound of group 4 to 10 of the Periodic Table (IUPAC). 

7. The Ziegler-Natta catalyst of claim 1 or claim 3 
wherein said particles are obtained by the process compris 
ing contacting a compound of group 1 to 3 of the Periodic 
Table (IUPAC) with a transition metal compound of group 
4 to 10 of the Periodic Table (IUPAC) and at least one further 
compound Selected from an electron donor and/or an alu 
minum compound. 

8. The Ziegler-Natta catalyst of claim 1 or claim 3, 
wherein Said particles are obtained by the proceSS compris 
ing contacting a compound of group 2 is with a compound 
of group 4 of the Periodic Table (IUPAC). 

9. The Ziegler-Natta catalyst of claim 3, wherein said 
particles are by a process, wherein the emulsion is Stabilized 
by adding an emulsion Stabilizing agent. 

10. The Ziegler-Natta catalyst of claim 3, wherein said 
particles are obtained by a proceSS wherein a turbulence 
minimizing agent is added to the reaction mixture before 
Solidifying the droplets of the dispersed phase, Said turbu 
lence minimizing agent being inert and Soluble in the 
reaction mixture under the reaction conditions. 

11. The Ziegler-Natta catalyst of claim 3, wherein said 
particles are obtained by process wherein the Solidification 
is effected by Subjecting the formed emulsion to a tempera 
ture change. 

12. The Ziegler-Natta catalyst of claim 3, wherein said 
particles are obtained by a proceSS wherein the emulsion is 
dispersed into an inert receiving medium with a different 
temperature to cause a rapid Solidification of the dispersed 
catalyst component. 

13. The Ziegler-Natta catalyst of claim 3, wherein said 
particles are obtained by the proceSS wherein the contacting 
Step (a.) is carried out in an inert organic liquid medium 
which is Selected from a linear or cyclic alkane or alkene, an 
aromatic hydrocarbon and/or a halogen-containing hydro 
carbon, or mixtures thereof. 

14. The Ziegler-Natta catalyst of claim 3, wherein said 
particles are obtained obtainable by a process wherein in the 
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compound of group 1 to 3 of the Periodic Table (IUPAC) is 
used in a prereacted form which is obtained by reacting the 
compound of group 1 to 3 with an electron donor or a 
precursor thereof in an inert organic liquid medium prior to 
adding Said compound to the compound Selected from a 
transition metal compound of group 4 to 10 of the Periodic 
Table (IUPAC), or a compound of an actinide or a lanthanide 
to form a reaction product. 

15. The Ziegler-Natta catalyst of claim 3, wherein said 
emulsion comprises a continuous phase and wherein Said 
particles are obtained by a proceSS wherein the reaction 
product of (a.) is dispersed in an inert organic liquid 
medium, Said liquid medium being immiscible with the 
product and inert in relation to the compounds, and Said 
liquid medium forming the continuous phase of the emul 
SO. 

16. The Ziegler-Natta catalyst of claim 15, wherein the 
liquid medium is Selected from a fluorinated hydrocarbon or 
a functionalised derivative thereof, or mixtures thereof. 

17. The Ziegler-Natta catalyst of claim 16, wherein the 
liquid medium is a perfluorinated hydrocarbon. 

18. The Ziegler-Natta catalyst of claim 1 or claim 3 
comprising and at least one further compound Selected from 
a cocatalyst and external donor. 

19. A proceSS for preparing a Ziegler-Natta catalyst for 
olefin polymerisation comprising a catalyst component in 
the form of Solidified particles having catalytically active 
Sites, wherein the catalytically active sites are distributed 
throughout the particles, said particles having a predeter 
mined particles size distribution in an average size range of 
1 to 500 um, a spherical shape and a Surface area of less than 
20 g/m· as measured by the BET method, wherein the 
proceSS comprises the Steps of contacting 

(a.) at least one compound of group 1 to 3 of the Periodic 
Table (IUPAC) with 

(b.) at least one compound Selected from a transition 
metal compound of group 4 to 10 of the Periodic Table 
(IUPAC), or a compound of an actinide or a lanthanide. 

20. A proceSS for preparing a Ziegler-Natta catalyst for 
olefin polymerisation according to claim 19 comprising the 
Steps of 
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(a.) contacting at least one compound of group 1 to 3 of 
the Periodic Table (IUPAC) with at least one compound 
Selected from a transition metal compound of group 4 
to 10 of the Periodic Table (IUPAC), or a compound of 
an actinide or a lanthanide to form a reaction product; 

(b.) preparing an emulsion having a dispersed phase 
comprising droplets wherein the emulsion is prepared 
from the reaction product of (a.) and a liquid medium 
Such that in the reaction product of (a) forms the 
droplets of the dispersed phase; and 

(c.) Solidifying the droplets of the dispersed phase to form 
Solidified catalyst particles. 

21. The Ziegler-Natta catalyst of claim 1 or claim 3, 
wherein Said catalyst is used for the polymerisation of 
olefins. 

22. The Ziegler-Natta catalyst of claim 21 wherein the 
olefins comprise C to Co C-olefins. 

23. The Ziegler-Natta catalyst of claim 21 wherein the 
olefins comprise propylene or ethylene or coplymers 
thereof. 

24. The Ziegler-Natta catalyst of claim 5, wherein said 
Mg compound is a magnesium dialkyl compound, prere 
acted with an alcohol of formula ROH, wherein R is a 
linear or branched C to Co. hydrocarbyl group. 

25. The Ziegler-Natta catalyst of claim 8 wherein said 
particles are obtained by contacting a compound of group 2 
with a compound of group 4 of the Periodic Table (IUPAC) 
and with a further catalyst component forming compound 
Selected from aluminum compounds and external donors. 

26. The Ziegler-Natta catalyst of claim 3 wherein said 
process further comprises the Step of recovering Said Solidi 
fied catalyst particles. 

27. The proceSS for preparing a Ziegler-Natta catalyst for 
olefin polymerisation according to claim 20, further com 
prising the Step of recovering Said Solidified catalyst par 
ticles. 


