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Description
Process for the preparation of ethylene (co)polymers

5 The invention relates to a process for the (co)polymeri-
zation of ethylene to give coarse polymer particles
having a narrow particle size distribution, high bulk
density and broad molecular weight distribution by using
a catalyst whose support component is obtained by

10 reacting a titanium(III) compound with dissolved
magnesium alkoxide.

The  process for the preparation of the titanium(III)
compounds to be used according to the invention is known
(c£. US Patent 3,773,735). The catalyst described

15 therein, which comprises said titanium{(III) compound and
a trialkylaluminum compound, gives, in the polymeriza-
tion, a polyolefin having relatively small particles. The
catalyst activity is unsatisfactory.

A catalyst has been proposed for the polymerization of
20 olefins which comprises a trialkylaluminum compound and -
the entire product from the reaction of a magne'sium-
alkoxide dissolved in an inert solvent with a tetra-
valent titanium compound and an organocaluminum compound.
The use of this type of catalyst gives polyolefins having
T a narrow molecular weight distribution which are
particularly suitable for further processing by injection
molding. Polymers having a broad molecular v)eight
distribution, as are required, for example, for the
production of films, tubes or large blow moldi.ngé, cannot
30 be obtained using this type of catalyst.

The object was thus to find a process for the preparation
of catalysts of this type which is as simple as possible,
gives catalysts of high activity and enables preparation
of a polymer having a uniform, coarse particle shape, low
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magnesi um al koxi de. The -process for the preparation of the titaniunm(III)
conpounds to be used according to the invention is known (of. US Patent
3,773,735). The catal yst described therein, which conprises said
titaniun(l11) conmpound and a trial kyl al uai gum conpound, gives, in the
pol yneriza- tion, a polyolef in having relatively small particles. The

ol ymor i zat | on IeTRATRCELS, Bonboht, JASK BriR) dFRRAR o SRR

- the entire prodnsleéubartweightodistributiomgnesi um al koxi de di ssol ved in

an inert solvent with a tetra- valent titani umconpound and an

‘organoal um num conpound. The use of this type of cat alaist gi ves pol yol efins

having a narrovliibs cebjeet wbBgachipyedi byt RsinghpcrakpdYghr Prepaxed, by

suitable for furdletingOoeesshlorite-BoRthifingD! € tkn iRl ¥TE S dddpcdihd
broad nol ecul ar wel ght “distribution, as are réquired, for e ari’r_:pl e, for the
producti oh of fWiRR ™ &yALs8e Y%@gé“%ﬂ'!ﬁ?mdiaﬁé‘ﬁx%nota etravalent

transition metal compound and an organcaluminum compound.

The present invention thus relates to a process for the
preparation of an ethylene polymer having a uniform,
coarse particle shape and high bulk density by poly-
10 merizing ethylene or ethylene with up to 10% by weight,
based on the total amount of the monomers, of a l-olefin
of the formula R°-CH=CH, in which R® is a straight-chain
or branched alkyl radical having 1 to 12 carbon atoms, in
suspension, solution or in the gas phase, at a tempera-
15 ture of from 20 to 120°C and a pressure of from 2 to
60 bar and in the presence of a catalyst comprising a
component a containing a transition metal and an organo-
aluminum component b, which conipri.ses carrying out the
polymerization in the presence of a catalyst which
20 ~ comprises
a) the entire product from the reaction of
al) a chlorine-containing titanium(III) compound with
a2) a magnesium alkoxide of the formula I

Mg (OR?) (OR?) ' (L),

25 * in which R!' and R? are either identical and are a
| -CH,CHR®R’ or -(CH,),OR® radical where R® is a hydrogen
atom or a C,~Cg-alkyl radical, R’ is a C,-Cg~alkyl
radical, R® is a C,-C,~alkyl radical and n is an
integer from 2 to 6, or R' and R® are different and

30 R' has the abovementioned meaning and R?* is a C,~Cjo~
alkyl radical, dissolved in an inert solvent, and
with

a3) a tetravalent transition metal compound of the
formula II '
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be obtained using this type of catalyst. The object was thus to find a
process for the preparation of catalysts of this type which is as sinple as
posSi bl e, gives catalysts of high activity and enabl es preparation of a

pol yner having a uniform coarse particle 8hape, |ow

-2- fine-particle content, high bulk density and variable nolecul ar weight

distribution. This object is achi u5| ng a catal yst prepar e\dI
reacting a chlorine-contai n|n tltanl ound with a disso
. magnesi um al koxi de, int¥highatedp titan zir cbnium or hafnium, RY

i a C;-Cy~alkyl radical, x is a halogen atom and m is
an integer from zero to 4, and with
5 a4) an organoaluminum compound of the formula III

AIRy(OR®) X3 o) (II1),

in which R' and R® are identical or different and are
a C;~Cg~alkyl radical, X is a halogen atom, q is
10 | a number from zeroc to 3, and p is a number from zero
to 1,
in an Mg:Ti:M:Al ratio of from 1 : 0.05 to 2 : 0.05
to 2 : 0.3 to 4, the reaction of component al with
components a2 to a4 either being carried out simul-
15 taneously or al first being reacted simultaneously
with a2 and a3 and the reaction with a4 being
carried out subsequently, or component al being
reacted successively with components a2 to a4, and

b) a trialkylaluminum compound having 1 to 6 carbon
20 atoms in the alkyl radicals or the product of the
reaction of a trialkyaluminum compound or dialkyl-

aluminum hydride with isoprene.

The chlorine-containing titanium(III) compound used to
prepare the catalyst component a is titanium trichloride

25 or an alkoxytitanium chloride, preferably titanium
trichloride. The preparation is carried out, for example,
by red'ud:l.ng a chloroalkoxytitanate of the formula Ti(OR),.
Ll, where r =1 to 4 and R = C,-Cz~alkyl using an
alkylaluminum sesquichloride and/or isoprenyl-aluminum in

30 an inert dispersant at a temperature of from -60 to
+70°C, preferably from -30 to 0°C, and if desired
subsequently heating the reaction product at from 60 to:
150°C and washing with an inert dispersant.

This titanium(III) compbund is preferably employed as a
35 suspension in an inert solvent.
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transition netal conpound and an organoal um num comgscgﬂgggl}l B-Ethek ent

I nvention thus relates to a process for the prepara ene

pol ymer having a uniform coarse particle shape and mluﬂlm Im sity by
poly- nerizing ethylene or ethylene with-up &0 1_0% ed on the
total anount of the nononers, of a 1-olefin of the fornula

R GO el WAooyt dhad ) 9 boaBhfa e RO PSmALY

. phase, at a tenpera- ture of from20 to 120C and a pressure of from2 to 60

bar and in the presence of a catal yﬂriﬁ GI*JROR®) N9 a conponent a containing a
‘transition nmetal and an organo- alu %um corrponent b, which conpri ses
carryi.ng out the polynerization |n the presence of a catal yst which

conprises a) tWetRDsl fe_rﬁupdun’e dridR* Ater ¢denticatf ol Hifferent. If
Chetonm oo 2@ ahd WelreMashts SOTT 4G W#h ;29 8RR Falgad Kiade o
5 -(CH,),OR® radical, where is a hydrogen atom or a
C,~C¢~, preferably Cl-cs-alkyl radical, R’ is a C,~C¢-,
preferably C,-Cs-alkyl radical, R® is a C,~-C,~, preferably
C,-C,~alkyl radical, and n is an integer from 2 to 6. If
R! and R? are different, R' is as defined above and R? is

10 a C,-C,,~, preferably C,-C,—alkyl radical.

Examples of magnesium alkoxides of this type are
magnesium bis(2-methyl-1l-pentoxide),
magnesium bis(z-methyl-l-hexoxide),
magnesium bis(2-methyl-l-heptoxide),
15 magnesium bis(2-ethyl-l-pentoxide),
magnesium bis(2-ethyl-1l-hexoxide),
magnesium bis(2-ethyl-1l-heptoxide),
magnesium bis(2-propyl-l-heptoxide),
_ magnesium bis(2-methoxy-1l-ethoxide),
20 magnesium bis(3-methoxy-l-propoxide),
magnesium bis(4~-methoxy-1l-butoxide),
magnesium bis(6-methoxy-1l-hexoxide),
magnesium bis(2-ethoxy-l-ethoxide),
magnesium bis(3-ethoxy-1l-propoxide}),
25 magnesium bis(4-ethoxy-1l-butoxide),
magnesium bis(6-ethoxy-1l-hexoxide).
magnesium bis-pentoxide and
magnesium bis-hexoxide.

Other suitable magnesium alkoxides are the products of
30 the reaction of magnesium metal, alkylmagnesium compounds
or magnesium alkoxides with alcohols R'0OH (R! as above).
Of these products, the product of the reaction of a
magnesium alkoxide with an alcohol ROH in the presence
of from 0.02 to 0.2 mol-% of triethylaluminum (as
35 viscosity reducer) at from 100 to 140°C is preferred.



in which Rlerr]
-CH err]CHR[err]Rlerr] or -(CHerr]ORerr] radical where Rerr] is a

-3 -

10

15

20

25

30

and Rlerr] are either i dentical and are a

hydr ogen atomor a (Jerr]-Clerr]-alkyl radical, Rerr] is a
Cerr]-Cerr]-al kyl radical, Rerri5=a (Jerr]-(err]-alkyl radica
and n is an integer from2 to 6, or Rlerr] and Rlerr] are different
and Rl er rﬁaa%e%&aﬁhah%m&hmﬂomm YompoRid Jis orie of . the
(derr]-derr]- E* radi cal, dissolved in an inert solvent, and
~with a3) a tef?ﬁ@&i@n transition metal conpound of the ~ formula Il
[err]

MX_ (OR®),, - | (II),

in which M is titanium, zirconium or hafnium, preferably
titanium or zirconium, R® is an alkyl radical having 1 to
9, preferably 1 to 4, carbon atoms, X is a halogen atom,
pteferahly chlorine, and m is zero to 4, preferably 2 to
4. The tetravalent transition metal compound of the
formula II or an adduct thereof with an electron donor
which can be used according to the invention is soluble
in hydrocarbons.

Examples of compounds of the formula II are: .

TiCl,, TiCl,(OCH;), TiCl,(0C.Hs),, TiCl(OCHs)s, Ti(OC.H,).,
PiC1,(OCH,),  TiCl,(OC.H,);, TiCl(OC.H,)s, Ti(OCsH,),,
TiCl,(OCH,), TiCl,(OCH,),, TiCl(OC.H;)s,  Ti(OC,Hg).,
TiCls(OCeHy3)» TiC1l,(OCeHys)a, TiC1(OCeHys)s,  Ti(OCeHy3)4s
Ti{OCeH0)4, TiBr,, TiBr,;{OR®), TiBr,(OR%),, TiBr(OR%),, TiI,,
PiI,(OR’), TiI,(OR%),, TiI(OR®),, %rCl,, %rBr,, 3ri,,
Zr(OC;Hs),, 3r(OCeH;),, r(OC.Hs),, ZrCl(OCsH,);, preferably
P?iCl,, Ti(OC.H,),, Ti(OC.H,),, 2Zr(OCH,),; Ti(OC,H,), and
Zr(OCH,),-

The fourth reactant in the preparation of the catalyst

component a is an organocaluminum compound of the formula
III

ALR;(OR®) X, ., | (I11),

in which R' and R® are identical or different an are an
alkyl radical having 1 to 6, preferably 1 to 4, carbon
atoms, X is a halogen atom, preferably chlorine, q is a
number from zero to 3, preferably 1 to 2, and p is a
number from zero to 1, preferably less than 0.5.

Suitable organoaluminum compounds are:
This Sheet Has Been Rep
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in whith Mis titanium zirconium or hafnium R[ er fhis 5feet Has Bén Replaced

Cerr]-Cerr]-alkyl radical, X is a halogen atom an nt eger
fromzero to 4, and with a4) an organoal um num conp mjj ‘L mula |11
[err] in which Rerr] and R err] are 6dentical [ nd are

, ? derr]- C[grr] alkyl radical, Xis a halogen atom q is a nunber
romzero to e rompge to 1

Jatio of from Ihf(%ng%"t oa}wg {?Efl nh?'b(‘%ns)‘gl Al(cﬂ‘? ac'lt\%')‘?l-l i

. conponent al wiAh(CsH;) gorbtah .G t&)lzd@s%l)bﬁhr B (B a'edudlﬂh glarul -
t aneously or aIA-‘[wg9 g@lng\;[zq@gqaqcﬂ I[(emg W|th a2 and a3 and
'the reaction with_a uen'r.l r.co %nent al
bei ng react%@ldsﬂ‘eeebgﬁ&gﬁﬁ v?ﬁlg 5 §r?5'p°% pns.

trial kyl a§um nupremnshiisl lgaoupy lpreférence bars given to Al(C,H,),Cl,
Al,(C,H;),Cl; and Al(C,H,)Cl,.

A possible fifth reactant, but one which is not
absolutely necessary, for the preparation of the catalyst
component a is an electron donor. This electron donor is

10 an aliphatic or alicyclic ester, an aliphatic ether, an
aliphatic aldehyde or an aliphatic carboxylic acid.
Examples of electron donors (ED) of this type are:
dimethyl ether, diethyl ether, di-n-propyl ether,
di-n-butyl _ether, di-i-amyl ether, tetrahydrofuran,

15 dixoane, ethyl acetate, butyl acetate, and acetic acid.
Preference is given to diethyl ether, dibutyl ether and
ethyl acetate.

If an electron donor is used, it can be added to at least
one of the four other reactants before or during the

20 reaction. The molar electron donor t: magnesium alkoxide
ratio is from 0 : 1 to 2 : 1, preferably from 0 : 1 to
1:1.

There are several methods of preparing component a:

The chlorine-containing titanium(III) compound is either
25 1) reacted simultaneously with the dissolved magnesium
S alkoxide, the tetravalent transition metal compounds
and the organoaluminum compound (= reaction sequenée
(al+a*+a’+a')), or
2) reacted successively with the dissolved magnesium
.30 alkoxide, the tetravalent transition metal compound
and the organcaluminum compound (= reaction sequence
(a')+(a®)+(a’)+(a")), or
3) reacted first with the dissolved magnesium alkoxide
and the tetravalent transition metal compound, and
35 the reaction product formed is then reacted with the



atons in the alkyl radi cal's or the product of theg,

. a .
trial kyal um num conpound or di al kyl - al umi numy he }fa?@gehk? ac|9Jsoprene.
The: chl ori ne-containing titaniun(l11) conmpound us ]Imﬂw ‘t he
catal yst conponent a may be titanium twighlorid :
al koxytitanium chlori de, preferably titaniumtrichloride. The

preparation is carried _out. . or R o) L g
.chl or oal koxytit anat eoﬁqa%%f%?’ﬂ:ﬁ*a ﬁ%‘fr] L d [re%%gtlfbﬁherse%ue:niet o4
~and R = (err]-err{aktayr®)s(a’yan  al kyl al uni num sesqui chl ori de

and/ or I soprenyl - alumnumin an inert dispersant at a tenperature of

from-60 to +70Lel ] G PESREEED' Yoht Oltn Fr ' Sobondnta B ¢4 a4 to give
the catalyst component a gives polymers having a narrow
5 molecular weight distribution when component a is used
for the polymerization. Conversely, successive reaction
of component al with components a2 to a4 gives a catalyst
component a which, in the polymerization, gives a polymer
having a broad molecular weight distribution.

10 The simultaneous reaction of the chlorine-containing
titanium(III) compound with reactants a2) to a4) is
carried out at a 'temperature of from -50 to 150°C,
preferably at from -20 to 120°C, within from 0.1 to
10 hours, preferably from 0.25 to 4 hours. If al) is

15 first reacted simultanéously with a2) and a3), this
reaction is carried out at a temperature of from -50 to
150°C, preferably at from -20 to 120°C, within from 0.1
to 10 houfs, preferably from 0.25 to 4 hours. The
subsequent reaction of the reaction product formed is

20 carried out at from -50 to 150°C, preferably at from -20
to 120°C, within from 0.1 to 10 hours, preferably from
0.25 to 4 hours. If the titanium(III) compound is reacted
successively with the other reactants, each reaction step
is carried out at from -50 to 150°C, preferably at from

25 . =20 to 120°C, within from 0.1 to 10 hours, preferably
from 0.25 to 4 hours.

The entire reaction sequence, including the preparation
of the Ti(III) compound, can be carried out without
changing the solvent. Suitable inert solvents for the
30 abovementioned reactions are aliphatic and cycloaliphatic
hydrocarbons, such as butane, pentane, hexane, heptané,
cyclohexane and isooctane, and aromatic hydrocarbons,
such as benzene and xylene. It is also possible to employ.
petroleum ether and hydrogenated diesel o0il fractions
35 which have been carefully freed from oxygen, sulfur
compounds and moisture. Corresponding solvent mixtures



desired subsequently heating the reaction product athis ShéeoMas®aenRepla®C and
washing with an .inert dispersant. This titaniun(l S
preferably enployed . as a suspension in an inert so

-4- or a

The magnesi um al koxi de used is a coqp?ugd of th

. M(ORlerr])(ORerr]) : (). Inthis formula Rlerr] and
Rlerr] are identical or different. If :
. are also suitable. Preference is given to a petroleum

ether fraction having a boiling range of from 140 to
170°C or hexane.

The titaniﬁm(III) compound, the magnesium alkoxide, the
5 tetravalent transition metal compound (IXI) and the
organocaluminum compound of the formula III are reacted in
the (molar) Mg:Ti:M:Al ratio of from 1l : 0.05 to 2 : 0.05
to 2 : 0.3 to 4, preferably from 1 : 0.05 to 1 : 0.05 to
1: 0.3 to 2. '

10 After the reaction, the suspension of catalyst component
a is stirred for from zero to 48 hours, preferably for
from zero to 16 hours, at from 0 to 160°C, preferably at
from 80 to 150°C.

The catalyst component a suspension prepared in this way
15 can be used directly for the polymerization without
removing the dispersant and by-products. '

The catalyst component b (or activator) used is a tri-
alkylaluminum compound having from 1 to 6 carbon atoms
in the alkyl radicals, such as, for example, triethyl4

20 aluminum, triisobutylaluminum, triisohexylaluminum or the
product of the reaction of a trialkylaluminum or dialkyl-
aluminum hydride with isoprene, known as isoprenyl-
aluminum. Preference is given to triethylaluminum and
isoprenylaluminum.

25 ‘The polymerization is carried out in one or two steps,
preferably as a suspension polymerization, in an inert
dispersant. Suitable dispersants are the same organic
solvents as described for the preparation of catalyst

. component a. However, polymerization in the gas phase is
30 also possible.

The polyermization temperature is from 20 to 120°C,
preferably from 70 to 90°C; the pressure is in the range
from 2 to 60 bar, preferably from 4 to 20 bar.



R[érr]‘-and Rlerr] are identical, they are a CHerr]CHR err]R[err] radi cal
a -(CHerr]OR[err] radical, where R err] is a hydrogen atomor a '

Cerr]-Cerr]-, preferably C(Jerr]-Cferr]-alkyl radical, Rerr] is a
Cerr]-Clerr]-, preferably C[err]-C[err]-_a kyl radical, Rerr] is a
i ]S:[err]z C[e:sr]“,c prefe]rably Cerr]-Cerr]-alkyl radical, and n is an integer
rom2 to Rlerr] and R err] are differen I S a defln d above
and Rlerr] is oi¥]the]reagkion ig, 8?5F&ﬁ1’y°€Fe§‘P]% pal'k 9

: Exa?rpz)l est(r)]fI rragf@ﬁidnbgﬂ)feéndﬁeo ol?giefiﬁe ﬂorméagmnseaa‘g of steps 1
bi s(2-met hy xi,de nesi um
bi s(2-net hyl - 1- %@‘Et gxr"&e o % b#é‘%ni %@hﬁ E&peﬁ‘?gé:'dg‘ %‘3&% um
bi s(2- et hyl - 1- hbormedein sﬁaspelsb@mnlgl ttanefeyred continuonsly rmjweﬁtm
bi s( 2- pr o%yl 1- ertr%l ).Z ml 3 nl}mB ,%réremowﬂmehbﬁxuwmmy um

bi s( 3- methoxy- 1- pr oOpoxi 4- met hoxy- 1- but oxi de), magnési um
bi s( 6- net hoxy- 1£HeRoREER) 2+ nagnesi um bi s(2- et hoxy- 1- et hoxi de),

The catalyst system to be used according to the invention
is used to polymerize ethylene or ethylene with up to 10%
by weight, based on the total amount of monomer, of a

10 1-olefin of formula R°~CH=CH, in which R°® is a straight-
chain or branched alkyl radical having 1 to 12, prefer-
ably 1 to 10, carbon atoms. Examples are propylene,
1-butene, l-pentene, l-hexene, l-octene and 4-methyl-1-
pentene. Preference is given to propylene, l-butene and

15 l1-hexene. The comonomer is preferably introduced in the
first step, in which a polymer of relatively high
molecular weight is formed.

All the polymer from the second step is separated off
from the dispersant and dried in an known manner.

20 An advantage of the process according to the invention is
the very simple preparation of the transition metal
component of the catalyst. This is obtained by simply
combining the individual components under the appropriate
reaction conditions. o

25 Washing with an inert hydrocarbon is not necessary.

No washing liquors are thus formed which only decompose
again in only further process steps and must be worked up
with production of effluent. ‘

Furthermore, no polymer deposits on the reactor walls and
30 in the connecting lines form in the case of long-term
continuous operation, and the content in the product of
particles having a size of 1less than 100 gm is
significantly lower. |

-This Sheet Has Been Rerlaced :




magnesi um bi s( 3- et hoxy-1 - propoxi de), nagnesi um bi s(4- et hoxy- 1- but oxi de),
nggpesiun1bis(6-ethoxy-1-hexoxide). magnesi um bi s- pent oxi de and nagnesi um
bi s- hexoxide. QO her suitable magnesium al koxi des are'the products of the
reaction of magnesium netal, al kyl magnesi ggn conpounds or nagnesi um

. al koxides with alcohols Rlerr]OH (R err] as above). O these products, the -
product of the reaction of a nagnesjum al kox

the presence oflOMeNRI, (Fhe Fajor agvantage; Plﬁgghéml é?ﬁ%?ﬁ%lr’rg%éékeﬁgg JI:"[O; "

- reducer) at fraRelO@nventidherigd Cthatpretier catalyst according to the
o invention has higher activity and produces an ethylene
polymer having a very large mean particle diameter of
5 from 250 to 700 pm, high bulk density and variable
molecular weight distribution. The polymer has a low
residual moisture content, which reduces the drying

costs. :

The particle size distribution is extremely uniform.

10 In addition, the fine-particle content (% < 100 gm) in
the polymer prepared according to the invention is very
low.

Furthermore, regulation of the molecular weight of the
polyolefins using hydrogen is significantly more
15 efficient than in conventional processes.

The examples. below are intended to illustrate the
invention.

The following abbreviations are used:

CA : catalyst activity [kg of product/mmol
20 of Ti} _
MFI 190/5 : melt flow index in accordance with

DIN 53 735, measured at 190°C at a load
of 5 kg :
measured at 190°C at a load of 15 or

MFI 190/15 3
25 MFI 190/21.6 ¢ 21.6 kg respectively

MFR 15/5 ¢ MFI 190/15/MFI 190/5

ds, : median particle size, obtained by sieve

fractionation

BD ¢ bulk density, measured in accordance
30 : with DIN 53 468 |

VN ¢ wviscosity number, measured in

accordance with DIN 53 728

This Sheet Has Been Reraced
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zirconium Rerr] is an alkyl radical ‘having 1 to 1 to 4,
carbon atons, X is a hal ogen atom preferahly chl zero to 4,
. preferably 2 to 4. The tetravalent transition netal conpound of the formul a

1o the Invent | SRSIPLILI o | FRARROIR AL Cheldaidna] gpRpdREs N0 e
-frloan}JL?r]ll(oggr T|CI[erIr] Tl(ZI[err](G:[err]H[err])
Tid[err] (OC[err 5%ﬁér]].‘;f-r SE#%'F (0 ]%arrf h:g%?”dﬂf%i&%g?iﬂt%”]
Ti(OC[err] H err«2 of ethylal num sesquichloride an
isoprenylaluminum were introduced into a 1 dm® reactor.
5 220 cm® of TiCl, (2 mol) were metered in at -40°C over the
course of 5 hours. The batch was subsequently stirred for
1 hour at 0°C, for 1 hour at 40°C and for 1 hour at 80°C.
The suspension was then made up to 1000 cm’® using the
petroleum ether fraction.

Thé tetraval ent transition netal conpound is one of ol ”R I n
which Mis titanium zirconium or hafnium prefefr 'ﬁﬁﬁ“} Y

10 Preparation of the catalyst component a

15 mmol of Ti from the abovementioned TiCl; suspension in
200 cm® of a petroleum ether fractiom (b.p. 140-170°C)
were introduced into a 1 dm’® stirred reactor with
exclusion of air and moisture. A solution of 0.1 mol of

15 magnesium bis(2-methyl-l-pentoxide) in 200 cm®* of the

. petroleum ether fraction, 100 cm® of a 0.3 molar solution
of TiCl, in the petroleum ether fraction and 100 cm® of a
0.8 molar solution of ethylaluminum sesquichloride in the
petroleum ether fraction were added simultaneously over

20 the course of 120 minutes at a temperature of 20°C with
stirring and under a blanket of argon. The reddish brown
suspension was subsequently stirred for 120 minutes at
105°C.

Table 1 Preparation of the catalyst component a

25 Example Ti(III) compound Ti(III) suspension
(suspension) as per _ al) employed
‘ ' [mmol of Ti] [cm’]
2 Comp. Example A 60 200
3 Comp. Example B 15 200
30 4 Example 1 7.5 . " 50
5

‘Example 1 ' 7.5 40

The solutions (reactants a2 - a4) were added as described
in Example 1. The postreaction was carried out at 110°C



Trd [err] (O err]Herr]), Tid[err](OCerr]Herr], Tid(OJerr]Herr]
Ti(OClerr]Herr], Tid[err](OCferr]Herr]), -Tid[err](Oerr]Herr],
T!Cf(OC[err]H[err], Ti(OJerr]Herr], Ti(OJerr]Herr], TiBr[err],
TiBrerr] (ORlerr]), TiBr[err](ORerr], TiBp(OR{err], Til[err],
\;:%err%(GZQ[((arr]), T|I[err]z(€]é[CFrr]],- [TiI(CR[err], ZrCl[err] ZrBrferr],
riferr], Zr err err r err]Herr], Zr errJHerr],
Zrdferr] (O e ’Tﬂ[éégr_{&?’;n"{fr"eﬂ'erably Tid[err], ('?Ecxi[]erE]H[]err] ,
Ti(OJerr]Herr], Zr(OJerr]Herr], Ti(OCJerr]Herr] and The fourth

reactant in th ratlion t ca t LS 3
‘or ganoal umi nume%:égr?pelg%lngﬁéj t%té fgfr??ml ga}ﬁér?fgﬁ’g ni'ﬁﬁgﬁ?éﬁaﬁfgh tgﬁd
Rlerr] are idersuspgnsions f werentgeneraldyandbinted r withy the, pireleyms

preferably 1 tQuihef ¥R ASR o & 75 dortdmaaitidm Bt U.U2enlAdnhl ori ne,
g is a nunber fromzero to 3, preferably 1 to 2, and p is a nunber from
zero to 1, preferably less than 0.5.

5 Example 6

A TiCl, suspension containing 15 mmol of Ti (as described
in Example 1) in 200 cm’® of a petroleum ether fraction
(b.p. 140-170°C) were introduced into a 1 dm® stirred
reactor in the absence of air and moisture.

10 A solution of 0.1 mol of magnesium bis(2-methyl-1~

pentoxide) in 200 cm® of the petroleum ether fraction and

100 cm® of a 0.3 molar solution of TiCl, in the petroleum

ether fraction were added simultaneously over the course

_ of 120 minutes at a temperature of 25°C with stirring and

15 under a blanket of argon. The suspension was subsequently

reacted for 60 minutes at 80°C with 100 cm’® of a

0.8 molar solution of ethylaluminum sesquichloride in the
petroleum ether fraction.

Example 7: Ethylene polymerization

20 5 cm’ of a 1 molar isoprenylaluminum sclution and 1 cn’ of
the suspension prepared as in Example 1 (20 mmol/dm?,
based on Ti) were introduced at 85°C under a blanket of
N, into a 1.5 dm® reactor charged with 750 cm’ of the
petroleum ether fraction. 2 bar of hydrogen and 5 bar of

25 ethylene were then injected. The total pressure of 7 bar
was maintained for 2 hours by replenishing ‘the consumed
ethylene. The polymerization was terminated by releasing
the gases, the polymer was séparated off from the
dispersant by filtration and drying.
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Sui tabl e organoal um num conpounds are This SheetHasBeenRe laced

e A (Cerr]Herr], A|(c[err]H[e C[ r]Aj I| '"“ |I II|
)Cl[err
]H

Al [err](Clerr]Herr]Cl[err],. Al(C[err]H err]

Al (Cerr]Herr] AI(C[err]H[err]Cl , AI[é rr(de rr]Clle
Al (Cerr]Herr])dJerr], Al(C(err]Herr], AI(C[err]H[err]Cl
Al[err](Cerr]Herr]Cl[err], AI(C[err]H[err])Cl[err] and
-monohal i des and di hal i des,of vari ous conpositions. - Fromthis
group, preference is given to Al(Cerr]Herr]d,
Alferr](Cerr]Herr]Cl[err] and Al (C(ferr]Herr])d[err]. A
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conponent a is an electron donor. This electron donor is an

aliphatic or alicyclic ester, an aliphatic ether, an aliphatic
al dehyde or an aliphatic carboxylic acid. Exanpl es of el ectron
donors (ED) of this type are: - fij nethyl ether, diethyl ether,
» di -n-propyl ether, di -n-butyl ether, di-i-anyl ether,
~tetrahydrofuran . di xpane, ethyl acetate, butyl acetate, and
acetic acid. Comparative ExgmplecAis given to diethyl ether, dibutyl
~ether ‘and et hyl acetate. If an el ectron donor is

used, 1t can beoggdegstgeal LeRSbleum ether £r3RE18H (RS g.OWaRIIRIec)
reactants beforé or urugg t Ae . reaction. The nol ar el'ect r’dn
donor : nagnesi Orilamedxiafe ethylaluminum sgeequichleopide : andt §.4 mol of
prfLe&ab|¥ fro”lgpprénﬁﬂalumi?um wereliht¥oduce$ intﬂ a_l'HMﬁ*%éﬂdtéfwera|
met hods of prepaLi hgs cO 0 : , e chlorine-c ni n
titani un{PI1l) cﬁﬁpﬁg%d°£28ééihe€°’s mol) were mg?ere eéEt@% §%@Uﬁ%éﬂ@%ﬁsly
with the dissol thé cogpsei of 1 3 hours, and 55 cm® of TiCl, (0.5 mol) were
metered in at 10°C over the course of 3 hours. The batch

was subsequently stirred at 80°C for 2 hours.

The ethylene polymerization was carried out as in Example
10 7 using 5 mmol of isoprenylaluminum.

58 g of polyethylene having a bulk density of 300 g/dm’,
a mean particle size of 210 yum and a fine-particle

content of 3.8% smaller than 100 um were obtained.

The product had an MFI 190/5 of 1.2 g/10 min. The MFR

15 15/5 and MFR 21.6/5 were 5.7 and 11.5 respectively. The
catalyst activity corresponded to 2.9 kg of PE/mmol of
Ti.

Comparative Example B (in accordance with US 3,773,735)

400 cm® of a petroleum ether fraction (b.p. 140-170°C),

20 0.5 mol of ethylaluminum dichloride and 0.5 mol of
' isoprenylaluminum were introduced into a 1 dm® reactor.
220 cm® of TiCl, (2 mol) were metered in at -25°C over the

course of 3.5 hours. The mixture was subsequently stirred

for 1 hour at 0°C and for 1 hour at 20°C. The catalyst

25 was washed 4 times with 600 cm of the petroleum ether
fraction. The polymérization (amounts of material) was
carried out as in Example 7 using 5 mmol of IPRA. 51 g of
polyethylene having a bulk densithy of 310 g/dm’, a mean
particle size of 240 ym and a fine-particle content of

30 2.6% smaller than 100 um were obtained. The product had
an MFI 190/5 of 0.5 g/10 min. The MFR 15/5 and MFR 21.6/5

were 5.6 and 11.6 respectively. The catalyst activity

corresponded to 1.5 kg of PE/mmol of Ti.
This Sheet Has Been Rzﬁli]ced




al’koxi de, the tetraval-ent transition netal conpounds : and
t he ,or ganoal um num conpound (= reacti on sequence '

(al[err]+a[err]+a[err]+aferr])) or 2) react ed successively
wi th the dissolved nmagnesi um - 15 - al koxi de, the tetraval ent
transition nmetal conpound and t he organoal um num
conpound (= reaﬁtion seguence (af[err]) + (a[err]) +
(a[err]) +(a[er 3) reacted first with the dissol ved
" magnesi um al koxi de and the tetravalent transition netal

conpound, and t e peag Loy ﬁéfgfcér%éﬁﬂffkilﬁnﬂ]ﬁp golAtiod Whi"15NEm® of

-7- or ganoal GUm num co

eact1on sequen ce

(a[err]+a[err]ﬂ?@PPP?nFa[@rr]BliePared as described in Example 4

5

10

15 -

20

25

30

(undiluted, 1 mmol of Ti) were introduced at 70°C under
a blanket of N, into a 1.5 dm® reactor charged with
500 cm® of the petroleum ether fraction. 1 bar of ethylene
was then injected and the pressure was maintained for 1
hour by replenishing the consumed ethylene. The poly-
merization was terminated by releasing the gases, and the
polymer suspension was transferred into a Schlenk flask
under a blanket of nitrogen, and the volume of the
suspension was made up to 1000 cm® by adding the petroleum
ether fraction. The prepolymerization yield was 94 g/mmol
of Ti. The viscosity number (VN) of the prepolymer was
greater than 4000 cm /g.

Example 9

The polymerization was carried out as in Example 7 using
5 mmol of isoprenylaluminum and 20 cm® of the suspension
prepared in Example 8. The hydrogen content was 45% by
volume and the . total pressure was 7 bar. The
polymerization result was as follows:

CA :.7.4 kg/mmol of Ti,  Bulk density : 440 g/dm®

dgo : 260 pm Fine-particle content : 0.9% <100 ym
MFI 190/5 : 15.1 g/10 min, MFR 15/5 : 5.4

9.6% < 200 pm, 90.8% < 315 pm, 98.8% < 400 pm,
99.9% < 500 pm

Example 10

The prepolymer was prepared as in Example 8, but using
120 cm® (10 mmol of Ti) of component a, Example 4, and
3 mmol of triethylaluminum. The yield was 10.4 g/mmol of
Ti at a VN of 2600 cm’/g. The volume of the suspension
obtained was made up to 1000 cm’ using the petroleum ether
fraction.
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The sinul taneous reaction of conponents al to a4 to give the catal yst
conponent a gives polynmers having a narrow nol ecul ar wei ght distribution
when ‘conponent a is used for the polynerization. Conversely, successive
reaction of conponent al with conponents §g Lo a4 gives a catal yst
- conponent a which, in the polynerization, gives a polynmer having a broad
nol ecul ar wei ght di trhiution. The si mul taneous reaction of the
|

‘chl ori ne-cont aF‘PFPH'Q nium(111) compound with react ants a2) to a4) is
carried out at” a tenperature of from-50 to 150[err]C, preferably at from

-20 to 120 i i f Q1 - , f I 2 4
Hours. I ary 0% BetiubeidEity vk SteARM ot BEAPAGER b hole
reaction is camsiog o3t mmol tefipckniethylbalymipmnsend 25omsrr¢f, the
preferably at f@Hensl ond prepatet] @s Wn! Bxampiem™@.1l to 10 hours,

preferably from0.25 to 4 hours. The subsequent reaction of the reaction,
product PornmedChs carried Y2 ke/mmod Rf B, ¢ Bulkofensity, pref er abl $#26t8/Mmom

-20 to 120[errjg, W thin:freep @ml to 10 hourBinePp&ft2eddlcontémtim O, 8%x1<0100 pm
hours. 1T the ti}aodl !l he QIR S Meakil1s/s i 5.0

5.4% < 200 pm, 83.2% < 315 um, 94.8% < 400 um,
99.7% < 500 um :

10 Example 12

The polymerization was carried out as in Example 7 using
3 mmol of triethylaluminum and 0.5 cm’® of component a as
prepared in Example 4 (0.01 mmol of Ti) at 80°C, without
hydrogen and at an ethylene pressure of 6 bar.

15 - ¢ca : 18.6 kg/mmol of Ti, Bulk demsity : 410 g/dm®
dsp : 330 gm Fine-particle content : 0.2% <100 um
VN : 1300 cm’/g. -
Example 13

The prepolymer was prepared as in Example 8 using 89 cm®
20 of component a prepared as in Example 5 (10 mmol of Ti).

Example 14

100 dn’ of the petroleum ether fraction, 50 mmol of iso-
prenylaluminum and 200 cm® of suspension 10 (2 mmol of Ti)
were introduced into a 150 dm’ reactor. 5 kg/h of ethylene
25 and sufficient H, so that the H, content in the gas space
was 45% by volume were subsequently introduced at a poly-
merization temperature of 85°C. After 6 hours, the poly-
merization was terminated at a pressure of 5.2 bar by.
decompression. The suspension was filtered, and the poly-

30 ethylene powder was dried by passing hot nitrogen over
it.

(T
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successively with the other reactants, each react agéded out at
from-50 to 150[err]C, preferably at from-20 to n fromoO.1
to 10 hours, preferably fromO0.25 to 4 hours. The e'% ﬁ]

sequence, | ncl udi ng t.he preparation of #=h&7Te(111)

out wi thout changing the solvent. Suitable inert sol vents for t he

abovenent i oned i4e%:t]&£n§f %&éﬁ&:ﬁﬁf&'{' g W cycﬁ: fﬁé&hai'b hggfgggggﬂa

such as but ane,” pent exane | sogct _
~aromatic hydrodm lﬁ)rﬁsﬂtalmm‘a%l‘bbﬂéeﬂ% ? a‘PgoTbos??‘Sl eto

enpl oy petr OlguyyeHHRY eﬁ&lcﬁuﬂﬁpgﬁﬁﬂ@mﬂnwueaab/slbffsastg¢me minhagld have

be_carrled

‘been carefully“freed fro
Cor r espondi ngysﬂﬂ &HO&’& L;Jll. U/S o(%n‘aognandagg HDrespectJ.vely.
5 The density was 0.960 and the bulk densxty was 430 g/dm®.

The median particle size d;, was 380 um at a fine-particle
content of 1% < 100 um.

Example 15

33 cm® (65 mmol of Ti) of the 'J.'J.(:l3 suspens:.on, prepared
10 as described in Example 1, in 50 cm® of a petroleum ether
fraction (b.p. 140-170°C) were introduced into a 1 dm®
stirred reactor in the absence of air and moisture, and
were reacted with a solution of 0.1 mol of magnesium
bis(2-methyl-l-pentoxide) in 200 cm® of the petroleum
15 ether fraction for 20 minutes at a temperature of 25°C
with stirring and under a blanket of argon. 100 cm® of a
0.3 molar solution of TiCl, in the petroleum ether
fraction were subsequently metered in at 25°C over the
course of 60 minutes. A solution of 60 mmol of Al,Et,Cl,
20 in 70 cm® of the petroleum ether fraction was subsequently
. metered in at 80°C over the course of 20 minutes.

Table 3 Preparation of catalyst component a

Example Ti(III) compound Ti(III) suspension
(suspehsion) as per al) employed

25 : . [mmol of Ti] [cm®]
16 Comp. Example A 30 200

17 Comp. Example B _ 22 200

18 . Example 15 15 50

19 Example 15 11 200

30 20 Example 15 . 7 200

The magnesium compound was added as described in Example
15, but over the course of 60 minutes. The titanium(IV)
compound was added as described in Example 15. In
Examples 16 to 20, 80 mmol of Al,Et;Cl,; dissolved in



-8- are also suitable. Preference is given to a petroleumether fraction
‘having a boiling range of from 140 to 170C or hexane. The titaniun(lI1)
conpound, the nagnesi um al koxi de, the tetraval ent transition nmetal conpound
(I'l') and the organoal um num conpound of t formula Il are reacted in the
“(molar) My:Ti:MAl ratio of from1l : 0.05T0 2 : 0.05to 2 : 0.3 1to 4,
preferably from1l : 0,05 to-1: 0.05to 1: 0.3 to 2. After the reactlon
the suspensi on 500cem% qEthepettaleun ather  £xactient were, added, over
hours, preferabtyel@buts@moEct0 htndfebpurs, at fromO0O to 160[err]C,

preferabl'y at from8Q to 150[err]C.
13efore use in the polymerization experiments, suspensions

- a from Examples 15 to 20 were diluted to a Ti concent-
5 ration of 0.02 mol/dm’.

Example 21: Ethylene polymerization

2.5 cm® of a 1 molar isoprenylaluminum solution and 1 cm®
of the suspension prepared as described in Example 15
' (20 mmol/dm’, based on Ti) were introduced at 85°C under

10 a blanket of N, into a 1.5 dm’ reactor charged with
750 cm® of the petroleum ether fraction. 2 bar of hydrogen
and 5 bar of ethylene were then injected. The total pres-
sure of 7 bar was maintained for 2 hours by replenishing
the consumed ethylene. The polymerization was terminated

15 by releasing the gases, and the polymer was separated off
from the dispersant by filtration and drying.
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The catalyst conponent a suspension prepared in this way can be used
“directly for the polynerization w thout renoving the di spersant and

by-pr oduct s. The catal yst conponent b (or activator) used is a tri-

al kyl al um num conpound having from1 foy® <arbon atons in the alkyl

radi cal s, such as, for exanple, triethyl- alumnum triisobutylalum num
triisohexylalum num or the product of the reaction of a trialkylalumnum or
.di al kyl - al um num hydride Wi th i soprene, known as isoprenyl- alum num
Preference is given to trifethylal um num and isoprenylal um num The

pol ynmeri zation is carried jout in one or two steps, preferably as a
“suspensi on polynerization,{in an inert dispersant. Suitable dispersants are
t he sane organi c solvents las described for the preparation of catalyst
conponent a. However, polyperization in the gas phase is al so possible.

The pol yerm zation tenperafure is from20 to 120[err]C,
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prefgrhbly from70 to 90[err]C, the pressure is in the range from2 to 60
"bar, preferably from4 to 20 bar. S - 10 -

However, the major advant age of the process according to the invention is
that the catal yst according to the inverstROn-has higher activity and
. produces an et hyl ene polyner having a very |arge nmean particle dianeter of

~from 250 to 70 eré%pkgpigh bul k density and vari abl e nol ecul ar wei ght
%#éﬁ? r

di stri bution. has a | ow resi dual noisture content, which
.reduces the dryi0fg tof a petroleum ether fraction, 100 mmol of

isoprenylaluminum and 37.4 cm’ of the undiluted suspension
from Example 18 (4 mmol of Ti) were introduced into a

5 150 dm® reactor. 7.5 kg/h of ethylene and sufficient H, so
that the H, content in the gas space was 30% by volume
were subsequently introduced at a polymerization
temperature of 85°C. After 4.5 hours, the polymerization
was terminated at a pressure of 3.1 bar by decompression.

10 " The suspension was filtered, and the polyethylene powder
was dried by passing hot nitrogen over it.

32.6 kg of polyethylene were obtained. This corresponds

to a catalyst activity of 8.2 kg of PE/mmol of Ti. The

polyethylene powder had an MFI 190/5 of 3.2 g/10 min and

15  an MFR 15/5 and MFR 21.6/5 of 5.9 and 14.1 respectively.

| The density was 0.958 and the bulk density was 380 g/dm®.

The median particle size d;, was 410 um at a fine-particle
content of 1% < 100 um.
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‘The pai‘rti cle size distribution is extremely uniform
‘fine-particle content (%< 100 [err]m in the polymer prepgmmnmlmuﬂg“lm)
the invention is very |ow. Furthernore, regul ation of t he* not ecul &

wei ght of the polyolefins using hydrogen b3 significantl gogoye/ef hsgl &Nt
than i.n conventional processes. The exanpl es bel ow are intended to

~illustrate the i'nventi The foll owm ng abbreviations are used: CA
. catal yst act BAtEpY lé'é- &m8F oduct / ol of Ti] Ml

-190/'5 : malt A Ippedeniexfon theopraparvation of an ethylene polydext 53
735 measur ed Eht ]1904 egr]ugi%torﬁ | Ot?cﬂarse particle shape and high bulk
density by polymerizing ethylene or ethylene with up to
5 10% by weight, based on the total amount of the mononers,
of a l-olefin of the formula R°-CH=CH, in which R® is a
straight-chain or branched alkyl radical having 1 to 12
carbon atoms, in suspension, solution or in the gas
phase, at a temperature of from 20 to 120°C and a
10 pressure of from 2 to 60 bar and in the presence of a
| catalyst comprising a component containing a transition
metal and an organoaluminuin compohent b, which comprises
carrying out the polymerization in the presence of a
catalyst which comprises '
15 a) the entire product from the reaction of
al) a chlorine-containing titanium(III) compound with
a2) a magnesium alkoxide of the formula I

Mg (OR') (OR?) - (1),

in which R! and R’ are either identical and are a

20 —CH,CHR®R’ or -(CH,),OR® radical where R® is a hydrogen
atom or a C,-Cg-alkyl radical, R’ is a C,-Cg~alkyl
radical, R® is a C,-C,-alkyl radical and n is an
integer from 2 to 6, or R' and R® are different and
R* has the abovementioned meaning and R® is a C,;-Cg~

25 alkyl radical, dissolved in an inert solvent, and
with '

al) a tetravalent transit:.on metal compound of the
formula II

| MX,(OR®) 4, (1II),
30 0 ' :

in which M is titanium, zirconium or hafnium, R® is
a C;~Cy-alkyl radical, X is a hdlogen atom and m is
an integer from zero to 4, and with

a4) an organoaluminﬁm compound of the formula III

35 A1R'(OR%) X3 op (I1I),
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of*5 kg M-I 190/ 15 © neasured at 190C at a | oad of 15
. 21.6 kg respectively MR 15/5 . MFI 190/ 15/ MFI 190/ [“II /ll l ml
medi an particle size, obtained by sieve actLona *
BD : bulk density, measuredd pgaccordance
"with DIN 53 468 VN DV scosity nunber, measur ed I n

: d ith DIN 53 72 1 Ex |
ety agfgpémr bl on ofd Miden & |#9 B pERritenbirher ﬂlf(ﬁe’:ﬁé’c]tr 3PS, A28 her

f-ract ion (b.p. 140-1&40C),C,~Cg~alkyl radical, X is a halogen atom, q is
< a number from zero to 3, and p is a number from zero
to 1, :

5 in an Mg:Ti:M:Al ratio of from 1 ¢ 0.05 to 2 : 0.05
to 2 ¢ 0.3 to 4, the reaction of component al with
components a2 to a4 either being carried out simul-
taneously or al first being reacted simultaneously
with a2 and a3 and the reaction with a4 being

10 carried out subsequently, or component al being
reacted successively with components a2 to a4, and

b) a trialkylaluminum compound having 1 to 6 carbon
atoms in the alkyl radicals or the product of the
. reaction of a trialkyaluminum compound or dialkyl-
15 aluminum hydride with isoprene.

2. The process as claimed in c¢laim 1, wherein
component al) is reacted simultaneously with components
a2) to ag).

_ 3. The process as claimed in claim 1, wherein the
20 Mg:Ti:M:Al ratio in the preparation of catalyst component
" ais from1l : 0.05 to 1 : 0.05 to 1 : 0.3 to 2.

4. ' The process as claimed in claim 1, wherein the
chlorine~containing titanium(III) compound al is titanium
trichloride.
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0.25:1ol of ethyl al umi num sesqui chloride and 0.5 nmol of isoprenylal um num
were introduced into a 1 dnferr] reactor. 220 cnferr] of Tid[err] (2 nol)
were nmetered in at -40[err]C over the course of 5 hours. The batch vvas

. subsequently stirred for 1 hour at O[err]C, for 1 hour. %0&3 for

1 hour at 80[err]C. The suspension was then made up to 1 n‘{'err usi ng

“ the petrol eum ether fraction. Prepar ation of the catal yst conponent a 15
- mmol of Ti frofbstrastonddhe iselvsgreerr] suspension in 200 cnferr] of a
‘petrol eum ether fraction (b.p. 140-170[err]C) were introduced |nto al

dnferr] stirr react w.th excl usiqn of I r ture. sol ution of
0 1 ol of - rmg EEARRE A R R R R
petrol eum et her fractl on, 100 cnferr] of a 0.3 nolar solution of TiCl[err]
in the petrole 0 on of
et hyl al um num ;ﬂeﬂs ul %?%aigﬁégﬂzgﬁg"&pe?’rfglr%ur#ié?'ﬁ SFr atgi} [ ongégi%%
si mul t aneously ntg,»on Ief cethylene wibhnpthess lap]&ftlamerﬂatmm’md 2optr r]c
with stirring apddyde 2abh® Eet Which JUbmptisde®ddl SBrPaPRG1AYAREARION
was subsequent Icy stir ded Ilgr m nyut es at
ompound a e enta.re product from the reaction of
chlor:.ne-conta:m.tng Ti(III) compound with a magnesium
alkoxide dissolved in an inert solvent, a tetravalent
transition metal compound and an organoaluminum compound
and, if desired, an electron donor. A polymer having
large particles, a. high bulk density and a variable

molecular weight distribution is obtained.

et Has Been RTlaced

~ THBAI
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105[e{r]u -”am,e“‘“lwfrepar atlun_of**the catal yst conponent a Exanple

Ti (1] ,}4 g ound 3t gk S 1) isuspension (suspen3| on) as
!; . u: ‘ e A58 +19 NN .

S [l T
""‘U(‘m‘ﬁ“' Hafple A Lol 60.; L2005
e tepaged 15 : ./200 . xanpl.e 1
OB 10 pepBkanple 1 ety
The soI uti ons: (react‘ants -a2.-..ad) .were ladded as désg_:r-fi;_--
The postreaction was carri ed out —at 1l10[err]C ¢

Description

Procesé for the preparation of ethylene (co)polymers

The invention relates to a process for the (co)polymeri-
zation of ethylene to give coarse polymer particles
having a narrow particle size 'distri.bution, high bulk
density and broad molecular weight distribution by using
a catalyst whose support component is obtained by

reacting a titanium(III) compound with dissolved
magnesium alkoxide.

The process for the preparation of the titanium(III)
compounds to be used according to the invention is known
(cf. US Patent 3,773,735). The catalyst described

therein, which comprises said titanium(IIT) compound and

a trialkylaluminum compound, gives, in the polymeriza-

tion, a polyolefin having relatively small particles. The
catalyst activity is unsatisfactory.

A catalyst has been propésed for the polymerization of
olefins which comprises a trialkylaluminum compound and
the entire product from the reaction of a magnesium
alkoxide dissolved in an inert solvent with a tetra-
valent titanium compound and an organocaluminum compound.
The use of this type of catalyst gives polyolefins having
a narrow molecular weight distribution which are
particularly suitable for further processing by injection
molding. Polymers having a broad molecular weight
distribution, as are required, for example, for the

production of films, tubes or large blow moldings, cannot
be obtained using this type of catalyst.

The object was thus to find a process for the preparation
of catalysts of this type which is as simple as possible,
gives catalysts of high activity and enables preparation
of a polymer having a uniform, coarse particle shape, low



- 12 - for 60 mnutes. Before use in the polynerization experinents, the
:suspensions were generally diluted with the petroleumether fraction to a
Ti concentration of 0.02 nmol/dnferr]. Exanple 6 A TiC[err] suspension
containing 15 mml of Ti (as described in Exanple 1) in 200 cnferr] of a
petrol eumether fraction (b.p. 140-170{ & 1 C) were introduced into a 1
dnferr] stirred reactor in the absence of air and noisture. A solution of

O-tl mlol of {Tﬁﬂﬁﬁf-ipaﬁtﬁiidi(é-ﬂaﬁb%ht 1- niaght Q?iild@)od%ﬁbﬂ’?f) ﬁahle r\{drﬁblfehe
petrol eum et her, fr r.l..of a 0.3 nolar solution o
Tid[err] in llfcf%eec’pe ar%%ui?ﬁrh& %’%ﬁ%&ﬁi

R*were added si mul taneously over
the course of 120 mnutes at a tenperature of 25C with stirring and under a

bl anket of armpre Jbfedt!SDENGERTevVES By NSLINP T | dat LB € bldpared oyl Nut es
at 80[err]Cwth 100 c er{‘i oina
reacting chlorine-~containing titanium(III) compound
with a dissolved magnesium alkoxide, a tetravalent
transition metal compound and an organcaluminum compound.

The present invention thus relates to a process for the
preparation of an ethylene polymer having a uniform,
coarse particle shape and high bulk density by poly-
merizing ethylene or ethylene with up to 10% by weight,
based on the total amount of the monomers, of a l-olefin
of the formula R'-CH=CH, in which R® is a straight-chain
or branched alkyl radical having 1 to 12 carbon atoms, in
suspension, solution or in the gas phase, at a tempera-
ture of from 20 to 120°C and a pressure of from 2 to
60 bar and in the presence of a catalyst comprising a
component a containing a transition metal and an organo-
aluminum component b, which comprises carrying out the
polymerization in the presence of a catalyst which
comprises :

a) the entire product from the reaction of

al) a chlorine-containing titanium(IXI) compound with
a2) a magnesium alkoxide of the formula I

Mg (OR!) (OR?) : (I) ’

in which R! and R?* are either identical and are a
-CH,CHR’R’ or ~-(CH,),OR® radical where R® is a hydrogen
atom or a C,-Cg-alkyl radical, R’ is a C,-Cg~alkyl
radical, R® is a C,~Ci-alkyl radical and n is an
. integer from 2 to 6, or R' and R® are different and
R! has the abovementioned meaning and R? is a C,~Cyy~

alkyl radical, dissolved in an inert solvent,

and
with

a3) a tetravalent transition metal compound of the

formula II

REPLACEMENT SHEET
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0.8 nol ar solution of ethylalum num sesquichloride in the petrol eum et her
fraction. Exanple 7: Et hyl ene polynerization 5 cnferr] of a 1 nolar
i soprenyl al umi num solution and 1 cnferr] of the suspension prepared as in
Exanple 1 (20 nmmol /dnferr], based on F )3 were introduced at 85[err] C under

a blanket of Nerr] into a 1.5 dn{err] reactor charged with 750 cnferr]
of the petroleumether fraction. f hydrogen and 5 bar of(Eyyl ene

th t I d h
by 1 epl oni hi ng. 2 AREEG 187 ﬁﬁé&éﬁﬁhér“?‘%‘éﬁfgg?*‘%%ﬁ%gﬁ (K% o0 by

rel easi ng the gasﬁesﬁrcb'mllﬂbl Mi% %ekhr%tt@°€ﬁ4 a‘?‘?“brﬂ’%‘hé‘*oﬂ-%persant
by filtration and &4 Virtkger from zero to 4, and with

a4) an organocaluminum compound of the formula III

ALRY(OR®) X; oy (1I1I),

in which R* and R® are identical or different and are
a C;~C¢~alkyl radical, X is a halogen atom, q is
a number from zero to 3, and p is a number from zero

to 1,
~4in an ug:'ri:nsu ratio of from 1 3 0.05 to 2 : 0.05
to 2 s 0.3 to 4, the reaction of component al with
components a2 to a4 either being carried out simul-
taneously or al first being reacted simultaneously
with a2 and a3 and the reaction with a4 being
carried out subsequently, or component al being
.reacted successively with components a2 to a4, and
b) a trialkylaluminum compound having 1 to 6 carbon
atoms in the alkyl radicals or the product of the

reaction of a trialkyaluminum compound or dialkyl-
aluminum hydride with isoprene.

The chlorine-containing titanium(III) compound used to
prepare the catalyst component a is titanium trichloride
or an alkoxytitanium chloride, preferably titanium
trichloride. The preparation is carried out, for example,
by reducing a chloroalkoxytitanate of the formula Ti(OR),-
L£l, where r =1 to 4 and R = C,-Cy-alkyl using an
alkylaluminum sesquichloride and/or isoprenyl-aluminum in
an inert dispersant at a temperature of from -60 to
+70°C, preferably from =30 to 0°C, and if desired
subsequently heating the reaction product at from 60 to
150°C and washing with an inert dispersant.

This titanium(III) compound is preferably employed as a
suspension in an inert solvent.

REPLAGEMENT ,SHEET
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‘Exanpl e A

[err] 14 Conparative

-4 -

The magnesium alkoxide used is a compound of the formula I
Mg (OR') (OR?) : (1).

In this formula R!' and R? are identical or different. If
R! and R? are identical, they are a CH,CHR’R’ radical or a
~-(CH;) ,OR® radical, where R® is a hydrogen atom or a
C;~C¢~, preferably C,~C;-alkyl radical, R’ is a C,-C,-,
preferably C,-Cs;~alkyl radical, R® is a C,-C,-, preferably
C,~C,~alkyl radical, and n is an integer from 2 to 6. If
R! and R® are different, R' is as defined above and R? is
a Cy~=Cyy~, preferably C,~C,,~alkyl radical.

- Examples of magnesium alkoxides of this type are

magnesium bis(2-methyl-l-pentoxide),
magnesium bis(2-methyl-l-hexoxide),
magnesium bis(z—methyl-l-heptoxide),
magnesium bis(2-ethyl-l-pentoxide),
magnesium bis(2-ethyl-l-hexoxide),
magnesium bis(2~ethyl-l-heptoxide),
magnesium bis(2-propyl-1-heptoxide),
magnesium bis(2-methoxy-l-ethoxide),
magnesium bis(3-methoxy-l-propoxide),
magnesium bis(4-methoxy-1l-butoxide),
magnesium bis(6-methoxy-1-hexoxide),
magnesiﬁm bis(2~-ethoxy-1~ethoxide),

magnesium bis(3-ethoxy-l-propoxide), REPLACEMENT SHEE{ \
{

magnesium bis(4-ethoxy-1i-butoxide),

magnesium bis(6-ethoxy-1l-hexoxide). : 10 MAR 197 \

magnesium bis-pentoxide and

magnesium bis-hexoxide.

-

Other suitable magnesium alkoxides are the products of
the reaction of magnesium metal, alkylmagnesium compounds
or magnesium alkoxides with alcohols R'OH (R! as above).
of these products, the product of the reaction of a
magnesium alkoxide with an alcohol R'OH in the presence

of from 0.02 to 0.2 mol-% of triethylaluminum (as
viscosity reducer) at from 100 to 140°C is preferred.



200 cnferr] of a petroleumether fraction (b.p. 140-170C), 0.1 nol of
‘et hyl al um num sesqui chl ori de and 0.4 nol of isoprenylal um num were

introduced into a 1 dnferr] reactor. 55 cnferr] of TiC[err] (0.5 nol) were
netered in at -20C over the course of 3 hours, and 55 cnferr] of TidJ[err]
(0.5 nol) were netered in at 10[err]C over the course of 3 hours. The batch
was subsequently stirred _at 80C for 2 hours. The et hyl ene pol yneri zation

was carried odteatatraxalant. trangition mavaloc Jigalone @finthe 58 g
of pol yet hyl efermmlian@Ia bul k density of 300 g/dnferr], a nmean particle
size of 210 [err]mand a fine-particle content of 3.8%snmaller than 100 pm
wer e obt-ai ned. The product had an MFI_ 190/5 of 1.2 g/10 mn. The MFR 15/5

and MFR 21.6/5 were 5.7 and 11.5 M¥af@BViswel y. The catal yst acti(XI),
corresponded to 2.9 kg of PE/mol of Ti.

in which M is titanium, zirconium or hafnium, preferably
titanium or zirconium, R’ is an alkyl radical having 1 to
9, preferably 1 to 4, carbon atoms, X is a halogen atom,
preferably chlorine, and m is zero to 4, preferably 2 to
4. The tetravalent transition metal compound of the
formula II or an adduct thereof with an electron donor

which can be used according to the invention is soluble
in hydrocarbons.

Examples of compounds of the formula II are:

TiCl,, TiCl,(OCHs), TiCl,(OCH;)s, TiCl(OC;Hs)s, Ti(OC.H;),,
TiC1l,(OCH;),  TiCl;(OCH,);,  TiCL(OC,H;)y,  Ti(OC;H,).,
TiCl,(OCH;),  TiCl,(OCH,)2,  TACL(OCHy)y,  Ti(OCHg)s,
TiCly(OCeHy3) , TiCl,(OCeHyy)z, TiCL(OCgH3)s,  Ti(OCeHys)as
Ti(OCgHy)s, TiBr,, TiBr,(OR’), TiBr,(OR®),, TiBr(OR®),, TiI,,
TiI,(OR'), TLiI,(OR’);, TiI(OR’),, 3rCl,, 3%rBr,, Zrl,,
2(0C,H;)ss Zr(OCsH;),, Zr(OCH;)., ErCl,(OC,H;);, preferably

TiCl,, Ti(OC;H;),, Ti(OC:H,),, Zr(OCH,),, Ti(OCH;), and
2x(0CHy) 4.

The fourth reactant in the preparation of the catalyst

component a is an organoaluminum compound of the formula
III ’

ALRG(OR®) X,.., (II1),

in which R' and R® are identical or different an are an
alkyl radical having 1 to 6, preferably 1 to 4, carbon
atoms, X is a halogen atom, preferably chlorine, q is a
number from zero to 3, preferably 1 to 2, and p is a
number from zero to 1, preferably less than 0.5.

Suitable organcaluminum compounds are:




Conpar ative Exanple B (in accordance with US 3,773, 735) 400 cnferr] of a

‘petrol eum ether fraction (b.p. 140-170[err]C), 0.5 nol of ethylal um num

di chl oride and 0.5 nol of i soprenyl al umi numwere introduced into a 1
dnierr] reactor. 220 cnferr] of Tid[err] (2 nol) were netered in at -25C
over the course of 3.5 hours. The nmixtlure was subsequently stirred for
1 hour at Qerr]C and for 1 hour at 20[err]C. The catalyst = was washed 4
times with 60%L Vst hAL & LBe)68m eRReCs XsfAsi i A (CeHe) Plal y ndACE g i on

(amounts of nEy eeym) ), "HEE(CME;!? 'ed\l%é,ﬂ%,ﬂl}ﬁhi@@g)él%ﬁH!](é

| PRA. 51 f I th f 3 /d

mean pa?tlo U&Hﬁieﬁ# %?F ﬁfﬁgﬂndﬁgcﬁﬁ SI&w\rtlycloe contgnt n?)]?rr{ 2 6%

smal | er than a0d monchalides enduididwalifdies wihHovarious composfticnsis of

0.5 g/ 10 MKE3 O ogg.,g,d t ly.

The gat al ;nstn FI??Vlﬁt}/i cg?):r I\ﬁdegér%‘ée ’%Srg?é%% ?T%I i%’t‘e’n ’,qsefs vely
z 37 3%+3 .

A possible fifth reactant, but one which is. not
.absolutely necessary, for the preparation of the catalyst
component a is an electron donor. This electron donor is
an aliphatic or alicyclic ester, an aliphatic ether, an
aliphatic aldehyde or an aliphatic carboxylic acid.
. Examples of electron donors (ED) of this type are: |
dimethyl ether, diethyl ether, di—n-pro;iyl ether,
di-n-butyl ether, di-i-amyl ether, tetrahydrofuran,
dixoane, ethyl acetate, butyl acetate, and acetic acid.

Preference is given to diethyl ether, dibutyl ether and
ethyl acetate.

If an electron donor is used, it can be added to at least
one of the four other reactants before or during the
reaction. The molar electron donor : magnesium alkoxide

ratio is from 0 : 1 to 2 : 1, preferably from 0 : 1 to
1: 1.

There are several methods 6f preparing component a:

The chlorine-contaihi.ng titanium(III) compound is either

1) reacted simultanecusly with the dissolved magnesium

| alkoxide, the tetravalent transition metal compounds
and the organoaluminum coﬁpound (= reaction sequence
(a+a*+a’+a')), or

2) reacted successively with the dissolved magnesium
alkoxide, the tetravalent transition metal compound
and the organocaluminum compound (= reaction sequende
(a%)y+(a*)+(a%)+(a')), or

3) reacted first with the dissolved magnesium alkoxide

and the tetravalent transition metal compound, and

REPLACEMENT SHEET the reaction product formed is then reacted with the
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- 15 - Exanple 8 1 cnmferr] of a1l nolar triethylalum num solution and 12
-cnferr] of conponent a prepared as described in Exanple 4
(undiluted, 1 nmmol of Ti) were introduced at 70[err] C under a bl anket of
Nerr] into a 1.5 dnferr] reactor charged with 500 cnferr] of the petrol eum
ether fraction. 1 bar of ethylene was Then injected and the pressure was

mai ntai ned for 1 hour by replenishing the consuned ethyl ene. The poly-

p
neri zati on was teroFgaRealyninum o;sompornd gabes, rReFtien pofgauence
suspensi on was trapata*+aty+qd*9)a Schl enk flask under a bl anket of
nitrogen, and the volune of the suspension was made up to 1000 cnferr]

addi ng the petroleumether fraction. The prepolynerization yield was 94
g/ mol The simultaneous reaction of components al to a4 to give

the catalyst component a gives polymers having a narrow
molecular weight distribution when component a is used
for the polymerization. Conversely, successive reaction
of component al with components a2 to a4 gives a catalyst

component a which, in the polymerization, gives a polymer
having a broad molecular weight distribution.

by

The simultaneous reaction of the chlorine—containing'
titanium({(III) compound with reactants a2) to a4) is
carried out at a temperature of from -50 to 150°C,
preferably at from -20 to 120°C, within from 0.1 to
10 hours, preferably from 0.25 to 4 hours. If al) is
first reacted simultaneously with a2) and a3), this
reaction is carried out at a temperature of from -50 to
150°C, preferably at from =20 to 120°C, within from 0.1
to 10 hours, preferably from 0.25 to 4 hours. The
subsequent reaction of the reaction product formed is
carried out at from -50 to 150°C, preferably at from -20
to 120°C, within from 0.1 to 10 hours, preferably from
0.25 to 4 hours. If the titanium(III) compound is reacted
successively with the other reactants, each reaction step
is carried out at from -50 to 150°C, preferably at from

-20 to 120°C, within from 0.1 to 10 hours, preferably
from 0.25 to 4 hours.

The entire reaction sequence, including the preparation
of the Ti(III) compound, can be carried out without
changing the solvent. Suitable inert solvents for the
abovementioned reactions are aliphatic and cycloaliphatic
hydrocarbons, such as butane, pentane, hexane, heptane,
cyclohexane and isooctane, and aromatic hydrocarbons,
such as benzene and xylene. It is also possible to employ
petroleum ether and hydrogenated diesel oil fractions
which have been carefully freed from oxygen, sulfur

C unds and moisture. Corresponding solvent mixtures
R_EPLACEMENT SHEET ponding _
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of Ti. The viscosity number (VN) of the prepolymer was greater| tRERDAGEMENT SHEFT
.:cnerr]/g. Exanple 9 The polynerization was carried out as §n ampte=7
using 5 mml of isoprenylal um numand 20 cnferr]

of the suspenpi r
i n Exanpl e 8. The hydrogen content was 45% by volune and the otgﬁRﬁ ﬁ%

IR S |

pressure was 7 bar. The polynerizatign-result was as foll owst CA i
: 7.4 kg/nmol of Ti, BuI k density : 440 g/ dm err] d[ ery] :

260 ‘[err]m 1 rti SRRt i P A

. 15.1 g/ 10 mn oRE %’% FrE U s afrelt €o < > errohm 90. 8% <

315 [err]m O2tBSE <fEGBt ]hrﬁ"h‘ggg‘ obpiling Fepgpmot L4010 The

prepol ymer wak7Qt@pox ddexenen Exanpl e 8, but using

The titanium(III) compound, the magnesium alkoxide, the
tetravalent transition metal compound (II) and the
organoaluminum compound of the formula III are reacted in
the (molar) Mg:Ti:M:Al ratio of from 1l : 0.05 to 2 s 0.05

to 2 : 0.3 to 4, preferably from 1 : 0.05 to 1 ¢ 0.05 to
l1: 0.3 to 2.

After the reactioxi « the suspension of catalyst component
a is stirred for from zero to 48 hours, preferably for

from zero to 16 hours, at from 0 to 160°C, preferably at
from 80 to 150°C.

The catalyst component a suspension prepared in this way

can be used directly for the polymerization without
removing the dispersant and by—products.

The catalyst component b (or activator) used is a tri-
alkylaluminum compound having from 1 to 6 carbon atoms
in the alkyl radicals, such as, for example, triethyl-
aluminum, triisobutylaluminum, triisohexylaluminum or the
product of the reaction of a trialkylaluminum or dialkyl-
aluminum hydride with isoprene, known as isoprenyl-

aluminum. Preference is given to triethylaluminum and
isoprenylaluminum.

The polymerization is carried out in one or two steps,
preferably as a suspension polymerization, in an inert
dispersant. Suitable dispersants are the same organic
solvents as described for the preparation of catalyst

component a. However, polymerization in the gas phase is
also possible.

The polyermization temperature is from 20 to 120°C,
preferably from 70 to 90°C; the pressure is in the range
from 2 to 69 bar, preferably from 4 to 20 bar.



120 cnferr] (10 mml of Ti) of conponent a, Exanple 4, and
‘triethylalum num The yield was 10.4 g/ mol of Ti at a VN of 2600

cnferr]/g. The volunme of the suspension obt ai ned was made up to 1000
cnferr] using the petrol eum et her fraction.

- 16 - Exanple 11 The polynerizatioff Wls=carried out as in Exanple 9, but
using 3 mol of triethylalumnumand 2 cnferr] of the suspension prepared
as in Exanpl endWevé¥, the major Hivantggenof theTprocéss kackesding to ;
.428 g{) /dr<r[ i(r)(r)] ng%rerifdventi.on 18280t €hE catalyst acddfEimf tbC! €n&ont ent
o7 J.nveJnr:T}.on has higher activity and produces an ethylene
polymer having a very large mean particle diameter of
from 250 to 700 gm, high bulk density and variable
molecular weight distribution. The polymer has a low

residual moisture content,  which reduces the drying
costs.

3 mol of

The particle size distribution is extremely uniform.

In addition, the fine-particle content (% < 100 gzm) in

the polymer prepared according to the invention is very
low. :

Furthermore, regulation of the molecular weight of the

polyolefins using hydrogen is significantly more
efficient than in conventional processes.

The examples below are intended to illustrate the
invention.

The following abbreviations are used:

Ca :  catalyst activity [kg of product/mmol
_ of Ti)

MFI 190/5 : melt flow index in accordance with
DIN 53 735, measured at 190°C at a load
of 5 kg '

MFI 190/15 : measured at 190°C at a load of 15 or

MFI 190/21.6 ¢ 21.6 kg respectively '

MFR 15/5 : MFI 190/15/MFI 190/5

ds : median particle size, obtained by sieve
fractionation

BD : bulk density, measured in accordance
with DIN 53 468

VN

‘viscosity  number, measured in
accordance with DIN 53 728

REPLACEMENT SHEET
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MFI 190/5 : 29.6 g/ 10 mn, MFR 15/5 5.0 5.486-<-200

ferr]m 83.2%< 315 [err]m 94.8% < 400 [err]m 99. 7% < 500 [ rﬂEPrb.AOENENWIEH-lEET
12 The polynerization was carried out as in Exanple 7 using |3 [mmot—of

triethylalum numand 0.5 cnferr] of cong pnent a as prepared i Hx @é
(0.01 nmmol of Ti) at 80[err]C, without RAydrogen and at an et hyl ¢ne’pr

of 6 bar. CA . 18.6 kg/mmol of Ti, Bulk density .10
g/dnferr] d[ &%gmple 1: . 3Rreparation of the Ti(EIR)- %‘A’PP?‘H“@' content
0.2% < 100 [err] m VN : 1300 cnferr]/g. Exanple 13 tre—prepot-y et

was prepared @y | S EEPL8tRo18LAT SEhi BEadt 2hn CQBRRI adL PIGREY S0 25 11
0.25 mol of ethylaluminum sesquichloride and 0.5 mol of
isoprenylaluminum were introduced into a 1 dm® reactor.

220 cm® of TiCl, (2 mol) were metered in at -40°C over the
course of 5 hours. The batch was subsequently stirred for
1 hour at 0°C, for 1 hour at 40°C and for 1 hour at 80°C.

The suspension was then made up to 1000 cm’ using the
petroleum ether fraction.

Preparation of the catalyst component a

15 mmol of Ti from the abovementioned TiCl; suspension in
200 cm® of a petroleum ether fraction (b.p. 140-170°C)
were introduced into a 1 dm’ stirred reactor with
exclusion of air and moisture. A solution of 0.1 mol of
magnesium bis(2-methyl-l-pentoxide) in 200 cm® of the
petroleum ether fraction, 100 cm® of a 0.3 molar solution
of TiCl, in the petroleum ether fraction and 100 cm® of a
0.8 molar solution of ethylaluminum sesquichloride in the -
petroleum ether fraction were added simultaneously over
the course of 120 minutes at a temperature of 20°C with
stirring and under a blanket of argon. The reddish brown

suspension was subsequently stirred for 120 minutes at
105°C. ' '

Table 1 Preparation of the catalyst component a

Example Ti(III) compound Ti(III) suspension
(suspension) as per al) employed
_ {mmol of Ti] [cm’)
2 Comp. Example A 60 200
3 Comp. Example B 15 200
4 Example 1 7.5 50
5 Example 1 7.5 40

The solutions (reactants a2 - a4) were added as described
in Example 1. The postreaction was carried out at 110°C



Exanpl e 14 100 dnferr] of the petroleumether fraction, 50 nmml of iso-
‘prenyl al um num and 200 cnferr] of suspension 10 (2 mmol of Ti) wer e

i ntroduced into a 150 dnferr] reactor. 5 kg/h of ethylene and sufficient
H err] so that the Herr] content in the gas space was 45% by vol une were
subsequently introduced at a poly- meldi2zati on tenperature of 85[err]C
After 6 hours, the poly- nmerization was termnated at a pressure of 5.2

bar by decopdr €66 | Rinudés, suspension was filtered, and the poly-

et hyl ene powder was dried by passing hot nitrogen over ~ it.
-17-

Before use in the polymerization experiments, the
suspensions were generally diluted with the petroleum

ether fraction to a Ti concentration of 0.02 mol/dm’.

Example 6

A TiCl, suspension containing 15 mmol of Ti (as described
in Example 1) in 200 cm’® of a petroleum ether fraction
(b.p. 140-170°C) were introduced into a 1 dm’® stirred
reactor in the absence of air and moisture.

A solution of 0.1 mol of magnesium bis(2-methyl-1-
pentoxide) in 200 cm® of the petroleum ether fraction and
100 cm® of a 0.3 molar solution of TiCl, in the petroleum
ether fraction were added simultaneously over the course
of 120 minutes at a temperature of 25°C with stirring and
under a blanket of argon. The suspension was subsequently
reacted for 60 minutes at 80°C with 100 cm® of a

0.8 molar solution of ethylaluminum sesquichloride in the
petroleum ether fraction. .

Example 7¢ Ethylene polymerization

5 cm® of a 1 molar isoprenylaluminum solution and 1 cm® of
the suspension prepared as in Example 1 (20 mmol/dm®,
based on Ti) were introduced at 85°C under a blanket of
N, into a 1.5 dm’ reactor charged with 750 cm’® of the
pétroletim ether fraction. 2 bar of hydrogen and 5 bar of
ethylene were then injected. The total pressuxre of 7 bar
was maintained for 2 hours by replenishing the consumed
ethylene. The polymerization was terminated by releasing

the gases, the polymer was separated off from the
dispersant by filtration and drying.

REPLACEMENT BHEET |
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24.8 kg of polyethylene were obtained. This corresponds to a catal yst
-activity of 12.4 kg of PE/mmol of Ti. The pol yet hyl ene powder had an M-
190/5 of 5.9 g/10 mn and an MFR 15/5 and MFR 21.6/5 of 4.9 and 10.2
respectively. The density was 0.960_agg the bul k density was 430 g/dnferr].
The medi an particle size d[err] was 380 [errJmat a fine-particle content
of 1% < 100 [err]m Exanpl e 15 33 cnferr] (65 mmol of Ti) of the
Tid[err] suspension, prepared as described in Exanple 1, in 50 cnierr] of
a petroleumether fraction (b.p. 140-170[err]C) were introduced into a 1
dnferr] stirred reactor in the absence of air and noisture, and were
reacted with a solution of 0.1 nol of magnesi um bi s(2-net hyl - 1- pent oxi de)

in 200 cnerr] of theéjtqu eum e heg ract i onmf 0§ cdbi Biid @30 at a

tenperature of 25[grr wth irging SndRundes ashl ah el oib or gon. 100
cnferr] of a 0.3 nolaFt soluti®n of TiGH[e®r] in the pet KR et her
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fraction were subsequently nmetered in at 25C over the cop

5@ r\'F oa

‘A solution of 60 mml of Al[err]Et[err]d[err] in 70 cni =rBﬁPhAﬂEMEI&T SHEET
petrol eum et her fraction was subsequently netered in at BOCTOVEr The coufske
of 20 m nutes. Tabl e 3 Preparation of,gatalyst conponeipt

Ti(I'1l') conpound Ti(lll) susbgnsi on (shgmon) QS
per al) enpl oyed S iita

Ti] [cnferr]Compapgative BxpARPlecPanpl e A ' 30 200

}g Conp. Exanpl e B 22 200 L—I8 EXamnpl e

11 200, cm® af P petg(olet}m titg}‘er £rabtion &‘%‘P'ﬁd«? 0°C), 500
The magnesi unﬁebnpelm@fweﬁﬂtﬁ@é@ minuge fesqudghleridg gnd 0.4; mol, Rf ¢
the course of j §8pPeRyl&bumilien t wedei Ufttoduced Cibouad 1van’ atdactas.
described in Eéamna‘;e f’LS é{n . -
cm® of TiCl, (0.5 mol) were metered in at -20°C over

the course of 3 hours, and 55 cm® of TiCl, (0.5 mol) were

metered in at 10°C over the course of 3 hours. The batch

was subsequently stirred at 80°C for 2 hours.

The ethylene polymerization was carried out as in Example
7 using 5 mmol of isoprenylaluminum.

58 g of polyethylene having a bulk density of 300 g/dm®,
a mean particle size of 210 ym and a fine-particle
‘content of 3.8% smaller than 100 um were obtained.

The product had an MFI 190/5 of 1.2 g/10 min. The MFR
15/5 and MFR 21.6/5 were 5.7 and 11.5 respectively. The

catalyst activity corresponded to 2.9 kg of PE/mmol of
Ti.

Comparative Example B (in accordancé with US 3,773,735)

400 cm® of a petroleum ether fraction (b.p. 140-170°C),
0.5 mol of ethylaluminum dichloride and 0.5 mol of
isoprenylaluminum were introduced into a 1 dm’ reactor.
220 cm® of TiCl, (2 mol) were metered in at -25°C over the
course of 3.5 hours. The mixture was subsequently stirred
for 1 hour at 0°C and for 1 hour at 20°C. The catalyst
- was washed 4 times with 600 cm of the petroleum ether
fraction. The polymerization (amounts of material) was
carried out as in Example 7 using 5 mmol of IPRA. 51 g of
polyethylene having a bulk densithy of 310 g/dm’, a mean
particle size of 240 um and a fine-particle content of
2.6% smaller than 100 um were obtained. The product had
an MFI 190/5 of 0.5 g/10 min. The MFR 15/5 and MFR 21.6/5

were 5.6 and 11.6 respectively. The catalyst activity
corresponded to 1.5 kg of PE/mmol of Ti.



of

18 -

Exa-rrples 16 to 20, 80 nmmol of Al[err]Et[err]C[err] dissolved in
100 cnjerr]

course of 60 m nutes.
suspensions a from Exanples 15 to 20 we
0.02 nol/dnferr}. Exampl e 21: Ethy

of the petroleumether fraction were added over,
Before use in the polynerization experinents,

a l nolar i sog;enﬁglaum num sol ution and 1 cnjerr]

1 cm® of a 1 molar triethylaluminum solution and 12 cm® of
component a prepared as described in Example 4
(undiluted, 1 mmol of Ti) were introduced at 70°C under
a blanket of N, into a 1.5 dm’ reactor charged with
500 cm® of the petroleum ether fraction. 1 bar of ethylene
was then injected and the pressure was maintained for 1
hour by replenishing the consumed ethylene. The poly-
merization was terminated by releasing the gases, and the
polymer suspension was transferred into a Schlenk flask
under a blanket of nitrogen, and the volume of the
suspension was made up to 1000 cm® by adding the petroleum
ether fraction. The prep_olymeri.za{:ion yield was 94 g/mmol

of Ti. The viscosity number (VN) of the prepolymer was
greater than 4000 cm®/g.

Example 9

The polymerization was carried out as in Example 7 using
5 mmol of isoprenylaluminum and 20 cm® of the suspension

prepared in Example 8. The hydrogen content was 45% by
volume and the total pressure was 7

9.6% < 200 pm, 90.8% < 315 pm, 98.8% < 400 um,
99.9% < 500 um

Example 10

The prepolymer was prepared as in Example 8, but using

120 cm® (10 mmol of Ti) of component a, Example 4, and

3 mmol of triethylaluminum. The yield was 10.4 g/mmol of
Ti at a VN of 2600 cm®*/g. The volume of the suspension

obtained was made up to 1000 cm® using the petroleum ether
fraction.
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t he

Fg diluted to a Ti concent- ration
ene polynerization 2.5 cnferr]

bar. The
polymerization result was as follows:
" CA 't 7.4 kg/mmol of Ti,  Bulk density : 440 g/dm®
dsg : 260 pgm ~ Fine-particle content : 0.9% <100 ;m
MFI 190/5 : 15.1 g/10 min, MFR 15/5 5.4

of



of the suspension prepared as described in Exanple 15 (20 nmol /dnferr],
-based on Ti) were introduced at 85[err] C under a blanket of Nerr]
1.5 dnferr] reactor charged with 750 cnferr] of the petrol eum et her

fraction. 2 bar of hydrogen and 5 bar_ et hyl ene were then injected. The
total pres- sure of 7 bar was maintained for 2 hours by replenishing the

consuned eth ene The pol yneri zation was term nated by rel easing the
gases, and t

1 was separat ed of f frem the dispersant by filtration
and dryi ng. - 19 -
The polymerization was carried out as in Example 9, but
using 3 mmol of triethylaluminum and 2 cm’ of the
suspension prepared as in Example 10.
CA : 10.2 kg/mmol of Ti, Bulk demsity : 420 g/dm®
dso : 280 pm Fine-particle content : 0.6X <100 ;m-
MFT 190/5 : 29.6 g/10 min, MFR 15/5 5.0

5.4% < 200 pm, 83.2% < 315 pm, 94.8% < 400 um,
99.7% < 500 um |

into a

Example 12

The polymerization was carried out as in Example 7 using
3 mmol of triethylaluminum and 0.5 cn® of component a as

prepared in Example 4 (0.0l mmol of Ti) at 80°C, without
hydrogen and at an ethylene pressure of 6 bar.

CA : 18.6 kg/mmol of Ti, Bulk density : 410 g/dm®
dsp ' : 330 pm Fine-particle content - : 0.2% <100 ym
VN : 1300 cm /g

Example 13

The prepolymer was prepared as in Example 8 using 89 cm®
of component a prepared as in Example 5 (10 mmol of '1'.1'.) .

Example 14

100 dm® of the petroleum ether fraction, 50 mmol of iso-
prenylaluminum and 200 cm® of suspension 10 (2 mmol of Ti)
were introduced into a 150 dm® reactor. 5 kg/h of ethylene
and sufficient H, so that the H, content in the gas space
was 45% by volume were subsequently introduced at a poly-
merization temperature of 85°C. After 6 hours, the poly-
merization was terminated at a pressure of 5.2 bar by
decompression. The suspension was filtered, and the poly-

ethylene powder was dried by passing hot nitrogen over
it.
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- | HEET
[err] - 20 - Exanple 22 OEP EMENT SHE
‘petrol eum ether fraction, 100 mml of isoprenylalum num and 37.4 cnfer rl o]

t he undil uted suspension from Exanple 18 (4 mol of Ti) wefeli 0 MAR
into a 150 dnferr] reactor. 7.5 kg/h of gthyl ene and suffi¢iént Herr]
that the Herr] content in the gas spé’cé was 30% by vol une |were

subsequently introduced at a polynerization tenperaturg_of 85[err]lC

SO

After 4.5 hou24,8tkg o6l pedyethylenewere cobtatned. {This prossesponds 3. 1 bar
by deconpressggna &hfatysLeRstPivgSoti 150Ky GAUpENEndP! JEIFY! Offe POVer
polyethylene powder had an MFI 190/5 of 5.9 g/10 min and
an MFR 15/5 and MFR 21.6/5 of 4.9 and 10.2 respectively.
The density was 0.960 and the bulk density was 430 g/dm®.

The median particle size dy, was 380 um at a fine-particle
content of 1% < 100 um.

Example 15

33 cm® (65 mmol of Ti) of the TiCl, suspension, prepared
as described in Example 1, in 50 cm® of a petroleum ether
fraction (b.p. 140-170°C) were introduced into a 1 dm’
stirred reactor in the absence of air and moisture, and
were reacted with a solution of 0.1 mol of magnesium
bis(2-methyl-l-pentoxide) in 200 cm® of the petroleum
ether fraction for 20 minutes at a temperature of 25°C
with stirring and under a blanket of argon. 100 cm® of a
0.3 molar solution of TiCl, in the petroleum ether
fraction were subsequently metered in at 25°C over the
course of 60 minutes. A solution of 60 mmol of Al,Et,Cl,
in 70 cn® of the petroleum ether fraction was subseqﬁently
metered in at 80°C over the course of 20 minutes.

Table 3 _Preparation of catalyst component a

Example Ti(IXI) compound Ti(III) suspension

(suspension) as per al) employed
(mmol of Ti] [cm®)
16 Comp. Example A 30 200
17 Comp. Example B 22 200
18 Example 15 15 50
19 Example 15 11 ' 200
20 Example 15 . 7 200

The magnesium compound was added as described in Example
15, but over the course of 60 minutes. The titanium(IV)
compound was added as described in Example 15. In
Examples 16 to 20, 80 mmol of Al,Et,Cl, dissolved in



was dried by passing hot nitrogen over-it. 32.6 kg of polyethylene were
obtained. This corresponds to a catalyst activity of 8.2 kg of PE/ nmol of
Ti. The pol yethyl ene powder had an MFI 190/5 of 3.2 g/10 m n and an MFR
15/5 and MFR 21.6/5 of 5.9 and 14.1 respgctively. The density was 0. 958

and the bul k density was 380 g/dnferr]. The nedian particle size dlerr] was
410 [err]m at

- : .
- 21 - pla(?%];.f:?&fp%a :é{é: lfeé::ooq:[e%% ec{-fhelr/ofi'alc({(}.o[ne rerrn; added over"
the course of 60 minutes, :

Before use in the polymerization experiments, suspensions

a from Examples 15 to 20 were diluted to a Ti concent-
ration of 0.02 mol/dm’.

Example 21: Ethylene polymerization

2.5 cn® of a 1 molar isoprenylaluminum solution and 1 cm®
of the suspension prepared as described in Example 15
(20 mmol/dm’, based on Ti) were introduced at 85°C under
a blanket of N, into a 1.5 dm’ reactor charged with
750 cm® of the petroleum ether fraction. 2 bar of hydrogen
and 5 bar of ethylene were then injected. The total pres-
sure of 7 bar was maintained for 2 hours by replenishing
the consumed ethylene. The polymerization was terminated
by releasing the gases, and the polymer was separated off
from the dispersant by filtration and drying.

i ene .




1. A process for the preparation of an ethyl ene pol yner
uni form coarse particle shape and hi gh bul k

et hyl ene or ethylene with
amount of the nononers,
Rlerr]-CH=CH err]
radi cal having 1 to 12
gas phase, at a tenpe
of from2 to 60 bar and
conponent containing a tr
b, which conprises ca
catal yst which conprises
al) a chloride-containing
titaniumtrichloride or a
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My(OR[err])(ORerr]) (), in which Rerr]
-and Rlerr] are either identical and are a -CHerr]CHR[err] Rl err]
~or -(CH err]OR[err] radical where Rlerr] is a hydrogen ' atomor a
Clerr]-Cerr]-alkyl radical, Rerr] is ggderr]-Cerr]-alkyl

radical, Rerr] is a Cerr]-Cerr]-alkyl radical and n is an

I nt eger frorrPFZ t o ﬁg Rlerr] and R err] are different and
Rlerr] has t 3\'7e ntioned nmeaning and Rerr] is a (Jerr]-Cerr]-
al kyl radi call00di dmd| vfi ian petrebteumssithex  fxagtion, 100 mmgk hof " ajd)

a E et r?\(/al entiddp&%’iiytl'dl'ﬁdm ah@Pr W &ndfot I&ae ?]ndiluted tshab&alsaohl _
MX[ err O?| e i C L tanl L Zl.rconium
F%{r ]E’F%‘“P ¢'ls (4 “‘5‘°3:[éﬁfr]'f%[ f9%e W%%E f-nl"it % a

ﬁ;l ggfegl g{n om5 dn’ geactor. 7.5 kg/h wfegbhylenenanst omf@m;.eahdﬂwsm

ad) an or ganogjdxT e AR 14 Nené OgaN! 8phte was 30% by volume
were subsequently introduced at a polymerization
temperature of 85°C. After 4.5 hours, the polymerization
was terminated at a pressure of 3.1 bar by decompression.
The suspension was filtered, and the polyethylene powder
was dried by passing hot nitrogen over it.

32.6 kg of polyethylene were obtained. This corresponds
to a catalyst activity of 8.2 kg of PE/mmol of Ti. The
polyethylene powder had an MFI 190/5 of 3.2 g/10 min and
an MFR 15/5 and MFR 21.6/5 of 5.9 and 14.1 respectively.
The density was 0.958 and the bulk density was 380 g/dm’.

The median particle size d;, was 410 ym at a fine-particle
content of 1% < 100 um.
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AIR[err](CR[err] N (111)

Pat ent cl ai ns:

1. A process for the prepar aummmlumn H|I|
et hyI ene polyner . having a uniform coarse particle shap
density by polynerizing ethylene or ethgpllere with up to 1o% by Vel ght,
based on the total anmount of the nononers

y - of a 1-olefin of the
formula R errpatshc&riimst N Which Rerr] is a strai ght-chain or
branched al ky '

soi ttion or 1 he tRebEacest ERE Ene prépararifh o8 8h Pty ifns BBEMRRE ., )

and a having a uniform, coarse particle shape and high bulk
density by polymerizing ethylene or ethylene with up to
10% by weight, based on the total amount of the monomers,
of a l-olefin of the formula R°-CH=CH, in which R° is a
straight-chain or branched alkal radical having 1 to 12
carbon atoms, in suspension, solution or in the gas
phase, at a temperature of from 20 to 120°C and a
pressure of from 2 to 60 bar and in the presence of a
catalyst comprising a component containing a transition
metal and an organoaluminum component b, which comprises

carrying out the polymerization in the presence of a
catalyst which comprises

a) the entire product from the reaction of

al) a chlorine-containing titanium(IXI) compound with
a2)  a magnesium alkoxide of the formula I

Mg (OR') (OR?) _ (I),

in which R' and R® are either identical and are a
; =CH,CHRR’ or -(CH,),OR® radical where R® is a hydrogen
atom or a C;-Cq~alkyl radical, R’ is a C,-Cg-alkyl
radical, R® is a C,-C,-alkyl radical and n is an
integer from 2 to 6, or R' and R® are different and
R! has the abovementioned meaning and R? is a C,~Cg,-
alkyl radical, dissolved in an inert solvent, and

with
al) a tetravalent transition metal compound of the
formula II
MX,(OR*) 4 (II),
0
in which M is titanium, zirconium or hafnium, R® is
a C,~Cy~alkyl radical, X is a halogen atom and m is
an integer from zero to 4, and with
a4) an organoaluminum compound of the formula IIIX
— AL1R'(OR®) X, (IIX),
HEPLAg,Wm SHEET i - -
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pre:ssure of from2 to 60 bar and in the presence of a

o
conprising a conponent containing a transition net al anﬁiﬁ miulllli "III " IIII
or ganoal um num conponent b, which conpri ses carrying out'y i ok
polynmerization in the presence of a _ ggatalyst which conprises a) the

entire product fromthe reaction of al) a chloride-containing
titanium(l11) conpound, . - suc s . titaniu Lchl oride, or__an .
al koxyt i t ani um chiid¥ iwi'é'c\ﬂ Fy and Rsa%eg‘ 5%%2#‘%(%#?’8%“ AR 8% il a |
M(OR[err])(OR errd) C,-C¢-alkyl radical/)X is a halogen atemphiciieR] err]

and Rlerr] are eitdefudulanifircil zekd €6€32 and p is a numbke fiddiE&yd | Rierr]
or -(CH[er_r]CR[err‘l‘ radi cal where Rerr] is a hydrogen atomor a

Cerr]-derr]-al ky¥®ratlical, Rerr] is a (Jerr]-(err]-al kyl
radi cal , Rl err] i sim.&heMgiTi{erk] it ofadirom land0n0bstan2 : 0.05
integer from2 to go 9r3RHCEM o] EhE™ Fbadtfortl bf CEGMbordlit al with
components a2 to a4 either being carried out simul-
taneously or al first being reacted simultaneously
with a2 and a3 and the reaction with a4 being
carried out subsequently, or component al being

reacted successively with components a2 to a4, and

b) a trialkylaluminum compound having 1 to 6 carbon
atoms in the alkyl radicals or the product of the

reaction of a trialkyaluminum compound or dialkyl-
aluminum hydride with isoprene.

2. The process as claimed in claim 1,' wherein

component al) is reacted simultaneously with components
a2) to a4).

3. The process as claimed in claim 1, wherein the
Mg:Ti:M:Al ratio in the preparation of catalyst component
ais from 1 : 0.05 to 1 : 0.05 to 1 : 0.3 to 2.

4. The process as claimed in claim 1, wherein the

chlorine~containing titanium(III) compound al is titanium
trichloride. '
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Rl err] has the abovenentioned nmeaning and Rerr]
‘al kyl radical, dissolved in an inert solvent, and
a tetravalent transition nmetal conpound of the formula |

MXerr] (OR[err] (rry, in which Mis titanium zirconium

or hafnium Rerr] is a CkeeB]-Cerr]-alkyl radical, Xis a
hal ogen atqm.and mis

| nt i 4. 4 with
e gandBE AR HASu RESGAOBRESt o1 mul o 111 A Rier 1] (ORl orr]

Process for the preparation of ethylene (co)polymers.

is a ([err]-Cerr]-
W t al)

The homopolymerization of ethylene or the copolymeri-
zation of ethylene with other l-olefins is carried out
using a catalyst which comprises a trialkylaluminum
compound and the entire product from the reaction of
chlorine~-containing Ti(III) compound with a magnesium
alkoxide dissolved in an inert solvent, a tetravalent
transition metal compound and an organocaluminum compound
and, if desired, an electron donor. A polymer having
large particles, a high bulk density and a variable
molecular weight distribution is obtained.
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- 22 - “in which Rlerr] and Rlerr] are identjcal:.

a Cerr]-ferr]-alkyl radical, Xis a hal ogen aiom_.; q AS e
fromzero to 3, and pis a nunber from zero
ratio of from1l : 0.05 to 2 : 0.05 to 2 : A4, -the -re;
conponent al with conponents a2 to_ag either: being.cairigd sl ol
taneously or al first being reacted si rmltaneously with a2 and a3 and
the reaction with a4 being ca aput subsequently, or : al
being . reacted su éﬁild: e Q__@%P ongn cgnfﬁ%\to 4 andc‘q:-‘ M Jr_].é‘_ S—
trial kyl al um num coﬁrﬂ s 2 o =45 °t

EH R afo'?‘nsJL n the
al kyl radicals; or c,-c,-a.lkyl ra.di.cal, x is a halogen atom and m is

an integer from zero to 4, and with
a4) an organocaluminum compound of the formula IIIX

ALRY(OR®) Koy (1x1),

in which R* and R® are identical or different and are
a Cy~C¢~alkyl radical, X is a halogen atom, q is

a number from zero to 3, and p is a number from zero
to 1,

in an Mg:TisM3Al ratio of from 1 : 0.05 to 2 : 0.05
to 2 ¢ 0.3 to 4, the reaction of component al with
"'components a2 to a4 either being carried out simul-
taneously or al first being reacted simultaneousiy
with a2 and a3 and the reaction with a4 being
carried out subsequently, or component al being
reacted successively with components a2 to a4, and

b) a trialkylaluminum compound having 1 to 6 carbon
atoms in the alkyl radicals or the product of the
reaction of a trialkyaluminum compound or dialkyl-
aluminum hydride with isoprene.

The chlorine-containing titanium(IXI) compound used to
prepare the catalyst component a may bg titanium
trichloride or an alkoxytitanium chloride,

] preferably titanium trichloride. The preparation is
carried out, for example, by reducing a
chloroalkoxytitanate of the formula Ti(OR),-,Cl
where r» = 1 to 4 and R = C,-Ci-alkyl wusing an

alkylalumirim sesquichloride and/or isoprenyl-
aluminum in an inert dispersant at a temperature of
from -60 to +70°C, preferably from =30 to 0°C,and if
desired subsequently heating the reaction product at

from 60 to 150°C and washing with an inert dispersant.

This titanium(IIXI) compound is preferably employed

as a suspension in an inert solvent.




t he pr oduct of t he reaction of a

tri aI
conpound or di al kyl al um num hydride with i sopr ene. !ll“] NMQHI“H}I‘HH
as claimed in claim 1, wherein conponent al) is reacted s¢ ane@us
with conponents a2) to a4). 3. The process as clained in claiml,

wherein the MJ: Ti:MAl ratio in the pre%aratlon of catal yst corrponent ais
froml: 005to1: 0.05to1: 0.3 to 4. The process as clained in

claim1l, vvherelnthecl rine- contalnlngtltanlun(lll) conmpound al is
titani umtrichl BeFeRE claims:

1. A process for the preparation of an ethylene polymer
having a uniform, coarse particle shape and high bulk
density by polymerizing ethylene or ethylene with up to
10% by weight, based on the total amount of the monomers, -
of a l-olefin of the formula R°-CH=CH, in which R® is a
straight-chain or branched alkyl radical having 1 to 12
carbon atoms, in suspension, solution or in the gas
phase, at a temperature of from 20 to 120°C and a
pressure of from 2 to 60 bar and in the presence of a
catalyst comprising a component containing a transition
metal and an organocaluminum component b, which comprises

carrying out the polymerization in the presence of a
o catalyst which comprises

a) the entire product from the reaction of
al) a chloride-containing titanium(III) compound,:

such as titanium trichloride or an
alkoxytitanium chloride with

a2) a magnesium alkoxide of the formula I

Mg (OR') (OR?) (1),
in which R! and R®* are either identical and are a
- -CH,CHR’R’ or -(CH,),OR® radical where R® is a hydrogen
atom or a C,~Ce~alkyl radical, R’ is a C,-Ce-alkyl
radical, R® is a C,-C,~alkyl radical and n is an
integer from 2 to 6, or R!' and R?® are different and
R' has the abovementioned meaning and R’ is a C,~Czq

alkyl radical, dissolved in an inert solvent, and
with

al) a tetravalent transition metal compound of the
formula II
MX,(OR®) (11),
in which M ie titanium, zirconium or hafnium, R® is
a C,-Cy~-alkyl radical, X is a halogen atom and m is
an integer from zero to 4, and with
a4) an organoaluminum compound of the formula III
ALR'(OR%) X,.
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in which R' and R® are identical or different and are
a C,-Cg~alkyl radical, X is a halogen atom, q is
a number from zero to 3, and p is a number from zero
to 1,

in an Mg:Ti:M:Al ratio of from 1 : 0.05 to 2 : 0.05
to 2 3 0.3 to 4, the reaction of component al with
components a2 to a4 either being carried out simul-
taneously or al first being reacted simultaneously
with a2 and a3 and the reaction with a4 being
carried out subsequently, or component al being
reacted successively with components a2 to a4, and

b) a trialkylaluminum compound having 1 to 6
carbon atoms in the alkyl radicals; or

the product of the reaction of a

trialkyl'aluminum compound or dialkylaluminum

hydride with isoprene.

2. The process as claimed in claim 1, wherein

component al) is reacted simultaneously with components
a2) to a4).

3. The process as claimed in claim 1, wherein the

Mg:Ti:M:Al ratio in the preparation of cataly.st component
a is from 1 : 0.05 to 1 : 0.05 to 1 : 0.3 to 2.

4. The process as claimed in claim 1 , wherein the

chlorine-containing titanium( IIT) compound al is titanium
trichloride.




