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Description
Process for the preparation of ethylene (co)polymers

The invention relates to a process for ‘the {co)polymer-
ization of ethylene to give coarse polymer particles
having a narrow particle size distribution and high bulk
density by using catalyst particles obtained by after-
treating Ti(III)-containing Ziegler-Natta catalysts whose
support component is a magnesium alkoxide with metal
halides, in particular TiCl,.

Processes are knoivn for the preparation of Ti{III)-

' containing Zieqler-Natta catalysts in which the support

component used is a suspended, dissolved or soluble
magnesium alkoxide or a gel dispersion of a magnesium
alkoxide (cf. EP 302 242, EP 398 167, DE 33 25 221 and
DE 40 17 661). In the (co)polymerization of ethylene,
these catalysts generally give ethylene (co)polymers
having a narrow molecular weight distribution.

The object was to find a simple process for the prepara-

tion of catalysts which allow the preparation of polymers
having a large mean and uniform particle diameter and
high bulk density.' These polymers should furthermore have
a moderate to broad molecular weight distribution (MFR
21.6/5 of greater than or equal to 11).

It has now been found that this object can be achieved if
a magnesium alkoxide is allowed to react with a transi-
tion-metal compound, in particular a titanium compound,
and then with an aluminum compound, the transition metal
i¢ reduced to a lower oxidation state, and the reaction
product is then treated with a metal halide. |

n

i
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in particular Tid[err].

Processes areknown fof the

preparation of Ti(Ill)- containing Ziegler-Natta cat

support conponent used is a suspended, dissolved or ésﬂé % etHQ\s e lerlaced
magnesi um al koxi de or a gel dispersion of a magnesi um 15 JH MH', ,#
302 242, EP 398 167, DE 33 25 221 and DE 40 17 661).

(co) pol yneri zation of ethyl ene, thesg cat al ysts general ly give
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he total amount 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, in soclution or in the gas phase, at a
temperature of from 20 to 120°C and at a pressure of from
2 to 60 bar, in the presence of a catalyst comprising the
preduct of the reaction of a magnesium alkoxide with a
tetravalent titanium compound and an organoaluminum
compound, which comprises carrying out the polymerization
in the presence of a cat:alyst which comprises

a) the entire product from the reaction.

al} of a magnesium alkoxide of the formula I
Mg (OR’} (OR?) (1)

in which R* and R? are identical and are an unbranched
or branched alkyl radical having 1 to 20 carbon atoms
or a -(CH,),0R’ radical where R’ is an alkyl radical
having 1 to 4 carbon atoms and n is an integer from 2
to 6, _

which is dissolved, suspended or dispersed as a gel in
an inert solvent, with

a2) a tetravalent transition-metal compound of the
formula II

M, (OR') (x1)

in which M' is titanium, zirconium or hafnium, R' is an
alkyl radical having 1 to 9 carbon atoms, X is a
halogen atom and m is an integer from zeroc to 4,

anad

a3) an organocaluminum compound of the formula XXX



a. magnesi um al koxide is allowed to react with a transi- tion-netal

conpound, in particular a titanium conpound, and then with an al um num

conpound, the transition netal - is reduced to a | ower oxidation state,

and the reaction 30 product is then treated with a netal halide.

The invention thus relates to a process _f_o._g the prepara- tion of an

et hyl ene pol yner having a uniform coarse particle shape and hi gh bul k

density by polyneri zing '
. ALR® X5 (II1)

in which R® is an alkyl radical having 1 to 6 carbon

atoms, X is a halogen atom and p is a number from zero

to 3, in the Mg : M : Al ratio of 1 : 0.05 to
5 10 : 0.01 to 4,

washing the solid with an inert solvent and reacting

the product with '

a4) a metal halide of the formula IV

MCl, : (IV)

10 in which M* is titanium, silicon or tin,
or BCl,, in the M' : M* ratioc of from 1 : 0.5 to 100,
~and washing the solid with an inert solvent, and

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

15 a trialkylaluminum compound or dialkylaluminum hydride
with isoprene.

To prepare the mixed catalyst component to be employed
according to the invention, a magnesium alkoxide of the
formula (X)

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

is used. In this formula, R' and R® are identical or
different and are an unbranched or branched alkyl radical
baving 1 to 20 carbon atoms, preferably 2 to 10 carbon
atoms, or a -(CH,),OR® radical where R’ is a C,~ to C,~alkyl

25 radical, preferably a C,- to C,~alkyl radical, and n is an
integer from 2 to 6.

Exgmples of magnesium alkoxide of this type are

magnesium bismethoxide, " This Sheet Has Been Replaced
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et hyl ene or ethyl ene mﬁth up to 10% by wei ght, based on 5 t he total

anount of the nononers, of a 1-olef in of the formula Rl err]-CH=CH err]
in which Rlerr] is a straight-chain or branched al kyl radical having 1
t-o 12 carbon atons, in suspension, in solution or in the gas phase, at
a tenperature of fromz20 to 120C and 3t a pressure of from 10 2 to 60
bar, in the presence of a catal yst conprising the product of the
reaction of a magnesium al koxi de with a tetravalent titani um conpound
and an organoalum|mmhgneslummhmanuﬁpanozhdeonpr|ses carrying out the
pol yneri zati on e i SIYAGE Q%p%xﬁggalyst whi ch conprises 15 a)
the entire product fr m t he reactloﬁ al) of a magnesi um al koxi de
of the formula | magnesium bis-n-butoxide, My(OR[err]) (OR[err])
(1) |n\Mﬁdgﬁdijumjméuuéﬁggﬁuhhlg@g i dentical or different and
are an unbr anched or q!anched al k aV|ng 1 to 20 carbon

5 magnesium e y-n-pro OXl

magnesium bis(2-methyl-l-pentoxide},
magnesium bis(2-methyl-l1~hexoxide),
magnesium bis(2-methyl-1-heptoxide},
magnesiuom bis(2-ethyl-l-pentoxide},

10 magnesium bis(2-ethyl-l-hexoxide),
magnesium bis(2-ethyl-1-heptoxide},
magnesium bis(2-propyl-1l-heptoxide),
magnesium bis(2-methoxy-1l-ethoxide},
magnesium bis(3-~methoxy-1-propoxide),

15 magnesium bis(4-methoxy-1l-butoxide},
magnesium bis({6~-methoxy-l-hexoxide),
magnesium bis(2-ethoxy-l1-ethoxide),
magnesium bis(3-ethoxy-1-propoxide),
magnesium bis(4-ethoxy-1l-butoxide},

20 magnesium bls(6~ethoxy-1—hexox1de),
magnesiuvm bispentoxide and
magnesium bishexoxide.

Preference is given to the simple magnesium alkoxides
such as magnesium diethoxide, magnesium di-n~propoxide

25 and magnesium di-i-butoxide. Other magnesium alkoxides
which can be used are the products of the reaction of
magnesium metal, alkylmagnesium compounds or magnesium
alkoxides with alcohols R!OH (R' as above). Of these
products, preference is given to the product of the

30 reaction of a magnesium alkoxide with an alcohol R'0OH in
the presence of 0.02 - 0.2 mol % of triethylaluminum (as
viscosity reducer) at from 100 to 140°C.

The; magnesium alkoxide is employed as a suspension,
solution or as a gel dispersion.

s Sheet Has Been Replaced
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20 atons or a -(CH err])[err]OR[err] radical where Rlerr] is an alkyl.

radi cal -having 1 to 4 carbon atons and n is an integer from2 to
6, . whi ch i s dissolved, suspended or dispersed as a gel in

an inert solvent, with 25 a2) a tetravalent transition-nmetal conpound
of the formula Il -5 -

Merr]X[err] (ORerr])[err] (rn) _ in which Merr] is
titanium zirconiumor hafnium_ Rerr] is an al kyl radical having

I to 9 carbon Bhenmmaguesiuym asbkoxide hiboddirsit orpankedn withna reeler—from

fzero Ito |4| | valenta'@.@ans.i.tlon—r&&lanﬁbgaHQabEnl:ﬂé'”f&fﬁﬁ?&”ﬂlm the
ormul a o ,

M'X (OR%) ., (I1)

in which M' is titanium, zirconium or hafnium, preferably

5 titaniuom or zirconium, R® is an alkyl radical having 1 to
9 carbon atoms, preferably 1 to 4 carbon atoms, X is a
halogen atom, preferably chlbrine, 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

10 electron donor, for example an ester, ether, ketone or
the like, is soluble in hydrocarbons.

Examples which may be mentioned are:
TiCl,, TiCL,{OCHs), TiCl,(OC.H;},, TiCl(OC,H;);, Ti(OC.H;),,
TiCl;(0C,H,), TiCl,(0CH;},,  TiCl{OCgH;),, Ti{OC3H;),,
15 TiCl,(OCH,),  TiCl,(0CHy),,  TiCL(OCHy)s,  Ti(OCHg).,
| TiCl,{OCgHy;), TiCl,(OCgHy3),, - TiC1{OCeHy)s,  Ti{OCeHya)us
Ti(OCgHsg)4, TiBr,, TiBr,;{OR’), TiBr,{OR’),, TiBr(OR®),, Til,,
TiT,(OR’), TiI,(OR%),, TiI(OR%),, 2rCl,, 3rBr,, 2rIl,,
Zr{0C,Hs),, 2r{(OC,H,),, Zr{(OC/Hy),, Z2xCl,(0C,;H;),, preferably
20 Ticl,, 2rCl,, Ti(OC,Hs),, Ti(OCsH;),, Zr(OC;H;);, Ti{OC,H,),
“and Zr(OC,Hy),. Particular preference is given to TiCl,..

The third reactant for the preparation of the catalyst
component a is an organcaluminum compound of the formula
IIT ‘ '

25 AIR' X, , (I1I1)

in which R is an alkyl radical having 1 to 6 carbon
atoms, preferably 1 to 4 carbon atoms, X is a halogen
atom, preferably chlorine, and P is a number from zeroc to
3, preferably 1 to 2, or the product of the reaction of
30 a trialkylaluminum compound or da.alkylalumlnum hydr:Lde
with a diene, preferably isoprene. B

his Sheet Has Been Replaced
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in which Rlerr] is an alkyl radical having 1 to 6 carbon atoms;
is a halogen atomand p is a nunber from zero

AlR5[err] X[err] orn

t o 3Thid Shéehﬂas'\éken

Merr] : Al ratioof 1: 0.05 to 5 10 : 0.01 to 4, geed
solid with an inert solvent and reacting ¢ _ t he product ”[,m

a4) a netal halide of the fornula IV

l\/[err]CI[err]

(1v) 10 in which Merr] is titanium

silicon or tinSuitable organocaluminum compounds are:
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Al(CyHs)ar AL(C,Hs},Cl, AL (C.H),Cl;, AL(C,H;)CI,, AlCl,,
ALl (CsH;)3, AL(CsH;),Cl, Al,{C.H,;)sCl;, AL(C,H,;)CL,, A1(C,Hg),,
Al(C,Hg),Cl, Al,{C,H,),Cl;, AL{CH,)Cl, and monchalides and
dihalides of wvarious composition. From this group,
preference is given to Al,(C,Hs),Cl, and Al(C,Hs)s.

The catélyst component a is formed by the following
possible routes, it also being possible to employ each
reactant as a plurality of similar compounds.

i) The solution of the transition-metal compound is
added to a solution, dispersion or suspension of the
magnesium alkoxide, and the resultant solid is then
reacted with an organcaluminum compound of the formula
ITI.

ii} The solution or dispersion of a magnesium
alkoxide and the solution of the tramnsition-metal
compound: ' are added simultaneously to an initially
introduced solvent, and the resultant suspension is

reacted with an organcaluminum coimpound of the formmla
III.

iii) The solution or dispersion of a magnesium
alkoxide, the solution -of the transition-metal compound
and an organocaluminum compound of the formula III are
reacted with one another simultaneously in an initially
introduced dispersant. |

iv) The solution of the transition-metal compound is
added to a solution, dispersion or suspension of the
magnesium alkoxide, and the resultant sclid is washed and
then reacted with an organcaluminum compound of the
formula III.

v) The solution or dispersion of a magnesium
alkoxide and the solution of the transition-metal



or BA[err], inthe Merr] : Merr] ratio of fromi : 0.5 to 100,

and washing the solid with an inert solvent, aitis SheetHaslB enaRe laced

trialkyl al um num conpound having 1 to 6 car bon at e al kyl

radi cal s or the product of the reaction of 15 num conpound
or dial kyl al um num hydri de with isqgp e the m xed
cat al yst -conponent to be enpl oyed accordl ng to the |nvent|on a
magnesi um al koxi de of the forml a
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S It is furthermore possible to carry out the preparation
by combination of methods i) to v).

The reaction of the magnesium alkoxide with the tetra-
valent transition~metal compound is carried out at a
temperature of from -50 to 150°C, preferably at from -20

10 to 120°C, for from 0.1 to 12 hours, preferably from 0.13
to 6 hours.

The reaction with the organcaluminum compound is carried
out at a temperature of from -50 to 150°C, preferably at
from -20 to 130°C, particularly preferably at from 20 to

15 120°C, for a period of from 0.1 to 10 hours, preferably
for from 0.25 to 4 hours. '

Suitable inert solvents for said reactions are aliphatic
and cycloaliphatic hydrocarbons, such as butane, pentane,
hexane, heptane, cyclohexane and isooctane, and aromatic

20 hydrocarbons, such as benzene and xylene. It is also
possible to employ gasoline and hydrogenated diesel oil
fractions which have been carefully freed from oxygen,
sulfur compounds and moisture.

The magnesium alkoxide, the tetravalent transition-metal
25 compound (M) and the organcaluminum compound of the
formula III are reacted in an Mg : M' : Al ratio of from

1 0.05 to 10 : 0.0 to 4, preferably from 1 : 0.08 to
4 :+ 0.02 to 3.

After the reaction, the suspension of the solid is
30 sti;:red for from 0 to 48 hours, preferably for from 0.5
to 16 hours, at from 80 to 150°C, preferably at from 100
to 120°C, and then washed until the supernatant mother



25  radical,
integer .from2 to 6.
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liquor is free from Cl and Ti (Zr, Bf}.

The solid is subsequently mixed with a chlorinating
compound of the formula IV

M*cl, (IV)

in which M? is Ti, Si or Sn, |

or BCl,, in an M' : M* {or B) ratio of from 1 : 0.2 to
100, preferably from 1 : 1 to 50, in particular from
1 ; 1.5 to 20, and the mixture is stirred at a temper-
ature of from 50 to 150°C for from 0.1 to 100 hours,
preferably for from 0 to 48 hours, in particular for from
1 to 30 hours. The resultant catalyst component a is
subsequently washed repeatedly in order to remove soluble
compounds.

The catalyst component b is a trialkylaluminum compound
having 1 to 6 carbon atoms in the alkyl radicals, such
as, for example, triethylaluminum, triisobutylaluminum,
triisohexylaluminum or the product of the reaction of a
trialkylaluminum compound or of a dialkylaluminum hydride
with isoprene, which is known as isoprenylaluminum.
Preference is given to triethylaluminum and isoprenyl-
aluminum, '

It is possible to preactivate the catalyst component a
by means of a trialkylaluminum compound. This improves
the shelf life of the component before polymerization and
increases the polymerization activity. The actual activa-
tion with component b then takes place at the heglnm.nq
of the pelymerization.

The polymerization is carried out in one or two steps,
preferably as suspension polymerization, in an inert
dispersant. Suitable dispersants are the same organic
solvents described for the preparation of the catalyst
component a. However, polymerization in the gas phase is
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bi s( 2- met hyl - 1- hexoxi de) , magnesi um bi s( oxi de),
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bi s(2- et hyl - 1- hexoxi de), _ magnesigim bi s( 2- =1 xi de),
magnesi um bi s( 2- propyl - 1- hept oxi de) , magnesi um bi s( 2- net hoxy-
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magnesi um bi s( A% MSYRE oxi de) , magnesi um

bi s(6- nmet hoxy- 1- hexoxi de) , ' magnesi um bi s( 2- et hoxy-1 - et hoxi de),

magnesi um bi s( 3- et hoxy- 1- pr,opoxi de), nmagnesi um o
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Preference is givenh 4Qdhg P! & BT RosO%! 48520 bar.

5 If the reaction is carried out in two steps, the mixing
ratio between the polyclefins formed in steps 1 and 2 is
in the range from 30 : 70 to 70 : 30.

The catalyst system used according to the invention is
used to polymerize ethylene or ethylene with up to 10% by

‘10 weight, based on the total amount of monomers, of a 1~
olefin of the formula R’-CH=CH, in which R’ is a straight-
chain or branched alkyl radical having 1 to 12 carbon
atoms, preferably 1 to 10 carbon atoms. Examples are
propylene, l~butene, l-pentene, l1-hexene, l-octene and 4-

15 methyl-l-pentene. Preference is given to propylene, 1~
butene and l-hexene. The.comonomer is preferably intro-
duced in the first step, in which a 'polymer of relatively
high molecular weight is formed.

The entire polymer from the second step is separated off
20 from the dispersant in a known manner and dried.

A characteristic of the catalyst component a is a Cl/
transition-metal ratio which is increased compared with
the prior art and, in the case of reaction with TiCl,, an
increased titanium content, the content of Ti* (zr*,

25 Hf") not being reduced. This is connected with an
increase in the mmol activity of the catalyst. The
additional immobilization of titanium{(IV) compounds
requires an increase in the gram actiwvity (kg of PE/g of
component a), and thus an increase in the mean particle

30 diameter and a broadening of the molecular weight distri-
bution. '



.such as nagnesruanierhbXTﬂé”“hﬁﬁﬁesiun1di n- propoxi de 25 and nmagnesi um
di -i-butoxi de. k&, wapiatdeoxi des whi ch can be used are the

products of the r nagne5|un1netal al kyl magnesi um conpounds
-0r magnesi um l & m aI cohols R err] OH (Rlerr] as above). O

t hese pr oduct S glven the product of the 30
reaction of a nagne5|un1aIKOX|de wth an cohol Rlerr]CE in t he
presence of 0.02 - 0.2 nol %of triethylalumnum (as viscosity

Teducer) at frbmelpartbcleogize distrihutihagnefi theaprdyres is dhghdyed as
a suspension, ,nifos@lUtion or as a gel dispersion.

The molecular weight of the polyolefins is regulated
efficiently by hydrogen.

5 The examples below serve to illustrate the invention.
The following abbreviations are used:

CTA, 4 reduced catalyst-time activity

MFI 190/5 melt flow index in accordance with
DIN 53735, measured at 190°C and a
10 " load of 5 kg
MFI i90/15 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
MFR 21.6/5 MFT 190/21.6 / MFI 190/5
15 ds, , mean particle size, obtained by sieve
' fractionation
BD bulk density, measured in accordance
~ with DIN 53468
Cl.orr. Cl - 2 Mg
20 VN | viscosity number in accordance with

ISC / R 1191

Comparative Example A
Preparation of the catalyst component a,

114.4 g of Mg(OC,H;}, and 1 dm® of diesel o0il were intro-
25 duced into . a 2 dm® reactor fitted with stirrer, thermo-
meter and dropping funnel. 509.cm® of TiCl, were metered
in at 90°C over the course of 6 hours. The white product
was subsequently washed repeatedly until the Ti content
of the suspension was 1ess than 5 mmol/dm’. 80 cm® of a.l
30 molar solution of trlethylalumlnmm in diesel oil. were
subsequently added to the suspen51on, and the mixture was .
stirred at 120°C for 12 hours. The brown-black solid was
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0.98; Cl,,. /Ti = 1.57.

Comparative Example B
Polymerization of ethylene

Part of the suspension from Comparative Example A was
diluted with diesel o0il to a Ti concentration of

val ent

bon
to 4,
t he

|l e an

0.01 mol/dm®. 3 cm’® of a 1 molar triethylaluminum solution-

and 1 em® of the dilute suspension were introduced at 85°C

under a blanket of N, into a 1.5 dm® steel aﬁtoclave'

containing 750 cm’ of diesel oil. The autoclave was then
flushed twice with hydrogen, and 2.15 bar of hydrogen and
4.85 bar of ethylene were injected., The overall pressure
of 7 bar was maintained for 2 hours by replenishing
consumed ethylene. The polymerization was terminated by
decompressing the gases, and the polymer was separated
off from the dispersant by filtration and drying. 208 g
of polyethylene having an MFI 190/5 of 1.1 g/10 min and
an MFR 21.6/5 of 10.2 were formed. This corresponds to a
CTA,.s of 2144 g/mmol of Ti.bar.h or a CA of 12.6 kg of
PE/q of component a. The powder had a bulk density of
360 g/dm’ and contained 8% by weight of fine particles of
< 100 pm. The mean particle size d,; was 197 um.

Example 1
Preparation of the catalyst component a

153.8 cm® (10 mmol of Ti) of the suspension of the cata-
lyst component a, from Comparative Example A were trans-
ferred intc a 250 cn’ reactor, and 8.8 cm® of TiCl, were
added at 120°C. The mixture was stirred at this tempera-
ture for 5 hours and subsequently washed six times with
200 cm® of diesel oil at 70°C (Ti in the mother liquor
< 1 mmol/dm?).
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T!(OC[err]H[ rei%em =TpBoherr], Ti Br[err](OR[err])
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preference is given to Ti err he thlrd reactant for the
preparation of g¢fmmodat afysTl-bar «h (%rrpénér"ﬁ &% s2Qn? or’@%né%l uREAGm °of

conpound of thech@bién® a. The |pdwder 2ad a bulk density of 360 /dn®
AlR[err] X err] e ¥ b

radi cal havi ngaRd &%“b"’&r‘lﬂﬂ‘r(l% 4 WeéﬁBFrBOfp &Pglrg%l i%rltréds'iéls%li‘?nb'glﬁgéltorrs,

Xis ? haliggenparticle i@ dyf afsy FFW @bl orine, and p i s a nunber from
zero to

Comparative Example C

228.8 g of Mg(OEt), from Nippon Soda and 1600 cm’ of
diesel o0il were dispersed for 24 hours at room tempera-
ture under a blanket of argon in a 4 dm’ reactor using a

15 high-speed stirrer (Ultra-Turrax from IKA). 180 cm’ of
the 1.11 molar solution were reacted at 85°C for 4 hours
with 200 em® of a 0.3 molar TiCl, solution in diesel oil
and at 110°C for 2 hours with 200 cm’ of a 0.8 molar
Al,Et,Cl, solution in diesel cil. The batch was subse-

20 quently stirred at 110°C for a further 1 hour. The
suspension was then filtered at 110°C and washed four
times with 400 cm® of hot diesel oil. The red-brown
product was taken up in 200 cm’® of cold diesel oil. The
analytical results are shown in Table 2.

25 The polymerization of ethylene was carried out in accord-
ance with Comparative Example B, but at 2 bar of H, and
5 bar of C,H,. The polymerization results and the amount
of catalyst and cocatalyst used are shown in Table 3.

Comparative Example D
30 228.8 g of Mg(OEt), and 1600 cm’ of diesel oil were

dispersed for 20 hours at room temperature under a
blanket of argon in a 4 dm® reactor using a high-speed



3, preferably 1 to 2, or the product of the reaction of _
trial kyl al um num corrpound or di al kyl al um num hytiisjSiieet Has Been Rwlat:hd

- 6- Sui t abl e or ganoal uni num conpounds ar e: ulllln !l‘ ﬂ' Im-r[ err] ) [ err]
err err

Al (Cerr]Herr])[err]d, A(Cerr]Herr])[err]Cl|
Al (Cerr]Herr])dJerr], Aderr], AI]_QC[_err]H
AI(C[err]H[err])[err]CI Al[err](C[err]H[err])[err]CI[err]
Al(Cerr]H7)A[err], err H[err] [erejf g“ rr]H[err]1 err]d,
AMlerr](Jerr] HFé#fll]e)’f[é CR-Eprrax RA M érBrU]F [@f rgbendd 1domehari des
and 5 dihali Q%iutqfod/are:@%ea%@aogtt BOPC £&F UM hdd¥$ wikWWR0 cm® of

b eerence o e ot ekl LSl Herad Mt bt 13, e,
fol I owi ng 2 hours with 200 cm® of a 0.8 molar Al,Et,Cl, solution in
5 diesel oil. The batch was subsequently stirred at 110°C
for a further 1 hour. The suspension was then washed five
times with 400 cm® of diesel oil at 25°C and the dark
brown product was taken up in 200 cm® of diesel oil. The

analytical results are shown in Table 2.

10 The polymerization of ethylene was carried out in accord-
ance with Comparative Example B, but at 2 bar of H, and
5 bar of C,H,. The polymerization results and the amount
of catalyst and cocatalyst used are shown in Table 3,

Comparative Example £

15 800 cm’ of a 0.5 molar solution of magnesium- 2-methyl-
pentoxide in diesel oil, 400 cm® of a 0.3 molar solution
of TiCl, in diesel oil and 400 cm® of a 0.8 molar solution
of Al,Et,Cl; in diesel oil were metered simultaneously at
25°C over the course of 1 hour intc 800 cm® of diesel oil

20 in a 4 dm® reactor. The batch was subsequently diluted
with 400 cm’ of diesel oil, heated to 110°C and stirred
at this temperature for 2 hours. The suspension was
filtered at 100°C, and the red-brown product was washed
twice with B00 cm® of hot diesel oil. The analytical

25 results are shown in Table 2.

The polymerization of ethylene was carried out in accord-
“ance with Comparative Example B, but at 2 bar of H, and
5 bar of C,H,. The polymerization results and the amount
of catalyst and cocatalyst used are shown in Table 3.

30 Comparative Example F
»

1500 cm’ of a 0.4 molar solution of magnesium 2-methyl-
pentoxide in diesel oil, 500 cm® of a 0.36 molar soclution



. possi bl e routes |t also belng p055|ble to enpl oy each reactant as a

plurality of siti @stwdlo i) The solution of the
transition-netal added to a solution, dispersion or
-suspensi on of the alkoxide and the resultant solid is then
reacted with an organoalun1nun1conpound qfy the formula [l 15

i) The solution or dlsperS|on of a magnesium aIKOX|de and the

solution of the transitio co und,ar e Itaneously to
“an initially °f Tk *r&&ugé& gl@%&ta' g% hEM 3 I?a&tgg ﬁ§|59 B3
reacted with amcw gaﬁomlmam]m (tﬁrrplswsélofo:ﬂhe»éﬁ ntte?éd shimbltane-

1ii1) The solutlo

_ sion eS| oXi thQ sql ution
‘of the transi 0% Q'yneat co ovljerﬁjqche c”%%ﬂs o]'ré’é)r!i‘(fallﬁ’ir;ﬁ corﬁf'buﬁ of

the fornul a | diessdl 011 in a 4 dm’® reactor. The mixture was subse-
5 qgquently diluted with 300 em® of diesel o©0il, heated to
120°C and stirred at this temperature for 3 hours. The
suspension was filtered at 100°C, and the red-brown
product was washed twice with 1 dm’ of hot diesel oil and
taken up in 1.5 dm’ of diesel oil. The analytical results
10 are shown in Table 2.

The polymerization of ethylene was carried out in accord-
ance with Comparative Example B, but at 2 bar of H, and
5 bar of C,H,. The polymerization results and the amount
of catalyst and cocatalyst used are shown in Table 3.

15 Examples 2 to 15
Preparation of component a

Component a was prepared .analogously to Example 1. The
type and amount of the initially introduced component ag,
the amount of TiCl, or halogenating agent and the time
20 and temperature at which the reaction toock place are
shown in Table 1. The analytical results are listed in
Table 2 and the polymerization results in Table 3.



-reacted with one another sinmultaneously in an initially 25

di spersant.

is

magnesi um al koxi de,

reacted with an organoal um num conpound,

v) The solution or dispersion of a nagnesium

of .%qg t£an5|t|on nmet al
able

sol uti on
3

10

15

i nt roduced

Iv) The solution of the transition-netal conpound
di spersi on or suspension of the
and the resultant solid is washed and

.added to a sol ution,

Comp. a Comp. a, Addition
10 mmol from
Ex. 2 Comp. E 50 mmol
Ex. 3 Comp. F 100 mmol
 Ex. 4 Comp. D 50 mmol
Ex. 5 Comp. C 100 mmol
Ex. 6 Comp. C 50 mmol
Ex. 7 Comp. E 20 mmol
Ex. 8 Comp. E 50 mmol
Ex. 9 Comp. E 50 mmol
Ex. 10 Comp. F 100 mmol
Ex. 11 Comp. D 50 mmol
Ex. 12 Comp. C 100 mmol
Ex. 13 Comp. D 570 mmol
Ex. 14 Comp. E - 50 mmol
Ex. 15 Comp. D 500 mmol
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- conpound are added sinmultaneously to an initially

and the resultant solid is washed and
or ganoal um num conpound of the
.possible to carry out the preparation

V).
transition-ne
to 150[err]C,
-hours, prefer

or ganoal um num conpound is carried

AbSisan cdeliee,

150C, prefera
from20 to 15

10

15

20

t al

preferably at from-20 10
g&?’;ef om 0. 13

Component

a, or a
c
D
E
¥
Example

Comp.
Comp.
Comp.
Comp.

Example
Example
Example
Example
Example
Example
Example
Example
Example
Example
Example
Example
Example

W Nt W

I
(R N OISy -

Mg :

Ti

5

i nt roduced sol vent,
then reacted with an
formula I11.

It

is furthernore

by conbi nation of nethods i) to

to 6 hours.

Qo&pt

PEeri o

€1

1:0.317:2.540

1:0.336:2.656 1.95
1:0.266:2.406 1.52
1:0.261:2.345 1.33

-

1:0.722:3.78
1:0.723:3.79
1:0.823:4.11
1:0.755:4.03
1:0.797:3.94
1:0.580:3.56
1:0.537:3.61

1:0.471:3.226 2.69
1:0.474:3.336 2.82

1:0.693:3.49
1:0.639:3.64

1:0.737:3.773 2.41

1:0.286:2.83

1:0.312:2.850 2.73

Th

The reaction of*the magnesi um ggkoxide with the tetra-
conpound is carried out at a

val ent

tenperature of from-50
to 120[err]C, for fromO0.1 to 12
The reaction with the
out at a tenperature of from-50 to

8 RehbgcBAEbPERE SR or o et bl

preferably

Cl.,.. /Ti mmol of Ti/g
obs. {theor.) calculated
1.70  (3) 2.10
(3) 2.60
{3) 1.62
(3) 1.58
2.47 (3.64) 2.58
2.47 (3.64) 2,58
2.56 (3.67) 3.30
2.68 (3.58) 3.23
2.44 (3.58) 3.26
2.68 (3.54) 2.53
3.01 (3.53) 2.60
(3.39) 2.40
(3.45) 2.40
2.14 (3.61) 3.08
2,56 ({3.50) 3.04
{3.54) 3.16
2.90 (3) 2.02
(3) 2.20
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_for fromO0.25 to 4 hours. Suitable inert solvents for said reactions
are aliphatic and cycl oal i phatic hydrocarbons, such as butane,

pent ane, hexane, heptane, cycl ohexane and i sooctane, and aronmatic 20
-hydrocarbons, such as benzene -and xylene. It is also possible to
enpl oy gasoline and hydrogenated diesel pjl_ fractions which have been
carefully freed from oxygen, sul fur conpounds and noi st ure. The
magnesi um al kx| ge, the tetravalent transition-netal 25 conpound
-(Merr]) and T#B*8rJanoal uni num conpound of the formula Il are
reacted in anrégt: pdlemelizaklionati ® hf 8500) 2 bad of 0BQS 5t ®daklof C,AH] tO
4, preferably from1l : 0.08 to 4 : 0.02 to 3. - After the
‘reaction, the suspension of the solid is 30 stirred for fromO to 48
hours, prefer@omp-for fronfomg. CA (BA16 hMEES]S@LS fMBRn 8dst 0<150C, BD
preferably at,frperg 100 p to 120[err]C, and then washed untiLmthe

super nat ant not her

mmol mmol  * ok dg/min # pm % g/on’
0.01 Comp.C 5 IPRA 19.7 41.4 1.20 . 9.3 289 1.4 0.31
0.01 3 PEA 9.5 19.9 1.40  10.6 223 2.4 0.31
0.01 Comp.D 5 IPRA 22.7 58.9 2.10 10.0 374 1.2 0.34
0.01 3 TEA 10.5 27.3 1.94 9.3 306 1.9 0.34
10 0.02 Comp.E 5 IPRA 12.2 19.8 2.38 8.7 349 2.1 0.30
0.02 3 TEA 12.6 20.4 3.14 9.6 361 1.2 0.29
0.01 Comp.F 5 IPRA 11.5 18.3 0.79 8.9 242 1.5 0.34
0.01 3 TEA 10.8 17.1 1.21  10.5 256 0.7 0.30
0.005 Ex. 2 5 IPRA 22.5 58.2 0.62 12.0 514 1.4 0.31
15 0.01 Ex. 3 5 IPRA 21.8 56.2 0.72 12.0 421 0.7 0.33
0.01 Ex. 4 5 IPRA 20.5 67.7 ©0.72  13.1 375 1.4 0.31
0.01 Ex. 5 5 IPRA 18.4 59.3 1.08 12.9 479 0.7 0.31
0.01 Ex. 6 S IPRA 17.3 56,3 0.51 13.8 474 0.5 0.30
0.005 Ex. 7 5 IPRA 30.7 77.6 0.93 11.6 582 1.0 0.35
20 0.005 Ex. 8 2 IPRA 39.8 103.5 1.35 12.2 642 0.5 0.32
0.005 Ex. 9 2 IPRA 44.8 107.5 1.58  11.7 569 0.5 0.32
0.005 Ex.10 2 IPRA 37.0 88.8 0.85  12.2 537 0.6 0.33
0.01 Ex. 11 5 IPRA 20.1 61.9 0.76  12.4 368 1.0 0.31
0.01 Ex. 12 5 IPRA 21.3 64.8 1.36 12.9 446 0.7 0.33
25 0.005 Ex. 13 2 IPRA 24.0 75.8 0.8l  12.5 359 2.2 0.30
0.005 Ex. 14 2 IPRA 34.7 70.1 1.92 16.2 477 0.7 0.32
0.01 3 Tea 15.7 31.7 1.89  10.7 310 0.9 0.30
0.01 Ex. 15 5 IPRA 24.3 53.5 1.79 10.4 404 1.3 0.31
0.01 3TEA 8.3 16.2 1.64  10.5 330 1.5 0.31
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liquor is free fromCl and Ti (Zr, Hf). The solid is subsequently
“mxed with a chlorinating conpound of the formula IV

Merr]CG [err]

10

(1v) 5 in which Merr] is Ti, Si or Sn,
- 18 -~

Table 3 (continuation)
Test polymerizations: 2 h, 85°C, 5 bar of H,, 2 bar of C,H,.

Comp. a Comp. b CA CTA,.q VN d;, <100 BD
mmol mmol g/mmol **+* c’/qg pm pm  g/cm®

0.01 Ex. 10 5 IPRA 8650 2163 84 168 12.5 0.29
0.01 Bx. 14 5 IPRA 8670 21€8 71 195 16.5 0.27

* CA [{kg of PE / mmol of Ti (2Zx, HEf))

* % CA [kg of PE / g of component a, or a)
*** g/mmol.h.bar

# MFR 21.6 / 5
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rr

or BA[err]qynd & a | err] (or B) ratio of from1 : 0.2 to 100,
prefer-ably11:hr"'la§he pHa Be 'ayfldn particular from 1: 1.5to 20, and the
mxture is stiﬂlml IJ er - ature of from50 to 150[err]C for from
0.1 to 100 hot r ably for fromO to 48 hours, in particular for
from 1 to 30 hours. The resultant-cgd at yst conponent a is
subsequent|ly washed repeatedly. in order to renove sol uble conpounds.
The cat al yst ﬁg%ﬁfgni b is a trialkylalum numconpound 15 having 1 to 6
.carbon atons Tn € a Eyl radi cal s, such as, for exanple,
triethylalum num triisobutylalum num triisohexyl al um num or the

“product of Fhf()ﬁe"iﬁuF!gﬁoéiésel oﬂlri@éﬂl-ﬁh%hﬁﬁ&ﬁowdaoﬁﬁ &u®
-di al kyl al um numﬁgfg ride W th |soprene, Ich I's known as
i soprenyl al unFagftore “hisher vage flaishegniewrt Gimesy| withi Aunbanrd of
i soprenyl - hyd2b§8hDUME0 mmol | bfi SipgpeLRYEal OmPARARCt 4NAL esl e pait al yst
conponent _a by nEans of a trial k.¥ll al Hm num ¢onpound. This inpraoves
5 (0.5 mmol of Ti) of the dispersion of componen

(Example 9) were then introduced, and 0.75 bar of hydro-

gen was injected. Ethylene was introduced at a rate of
6 kg/h and at a temperature of 85°C, Sufficient hydrogen
was subsequently metered in so that the H, content in the
10 gas space was 30% by volume during the entire
polymerization. After 315 minutes and a final pressure of
8.2 barxr, the polymerization was terminated by
decompression. The suspension was filtered, and the
poelyethylene powder was dried by means of a stream of hot
15 nitrogen.
31.6 kg of polyethylene having a density of 0.958 g/cm’
were obtained. This corresponds to a catalyst activity of
151.7 kg of polyethylene/qg of component a or 1319 kg of
polyethylene/q of Ti. The pélyethylene powder had an
20 MFI 190/5 of 0.86, an MFR 21.6/5 of 14.5, a bulk density
of 340 g/dm® and a mean pParticle diameter of 610 zm. The
content of fine particle;.'; of <100 ym was less than 1%.

Example 17

The preparation was carried out analogously to Example 1
25 using 10 mmol of Ti-containing suspension from Compara-—

tive Example C and 50 mmol of TiCl, over the course of

2 hours at a temperature of 80°C.

Analysis: Mg : TL : C1l = 1 : 0.565 : 3.485

ri¥*/Ti" = 0.53; cl,.. /Ti = 2.63.

30 Copolymerization of ethyleme with l-butene
100 dm® of diesel oil were introduced into a 150 dm’
reaé:tor, which was flushed four times with 2 bar of
hydrogen. 50 mmol of isoprenylaluminum and 7.2 cm®
(0.6 mmol of Ti} of the dispersion of component a were



the shelf life of the conponent before polynerization and 25 I ncreases

the polynerization activity. The actual activa- tion with conponent b
then takes place at the begi nning. of the polynerization. The

~ polynerization is carried out in one or two steps, preferably as
suspensi on pol ynerization, in an inert_3fy dispersant. Suitable dispersants
are the sane organic sol vents described for the preparation of the
cat al yst .CO nent, a. Fbwever pol¥ner|zat|on in the g (fhase S

_-0- a|50155£88595. and 0.75 ba hydrogen was 1njecte At a

temperature of 80°C, 100 cm’ of l-butene were introduced
and ethylene was passed in at a rate of & kg/h. Suffi-
cient hydrogen was subsequently metered in so that the H,
5 content in the gas space was 30% by volume during the
entire polymerizaticm. An- additional 1100 cm® of butene
were introduced over the course of 2 hours. After
165 minutes and a final pressure of 8.5 bar, the
polymerization was terminated by decompression. The
10 suspension was filtered, and the polyethylene powder was
dried by means of a stream of hot nitrogen.
17.2 kg of polyethylene were obtained. This corresponds
to a catalyst activity of 598 kg of polyethylene/qg of Ti.
‘The polyethylene powder had an MFI  190/5 of
15 3.28 dg/min, an MFR 21.6/5 of 11.0, a bulk density of
360 g/dm’® and a mean particle diameter of 430 um. The
proportion of fine particles of <100 ym was less than 2%.
The density was 0.951 g/cm’.
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The pol yrrerrb% 6;5 urg: is from20 to 120[err]C, preferably from
- 70 to 90C; t he range from2 to 60 bar, preferably
. from4 to 20 " Ilthereactlonls carried out in two steps, the

m Xi-ng e polyoleflns formed in steps 1 and 2 is in
t he range fron130 : 70 to 70 : - 27he catal yst sysimmasgs agsordi ng
to the invention |s used to polynerize ethyl ene or ethylene with up to
10% by 10 mebgg ied on the total amount of nononers, of a 1-

.olefin of the Fhﬁ S BB r]-cH=CHerr] in which Rlerr] is a straight-
chain or branched al kyl radlcal haV|ng 1 to 12 carbon at ons,

§ pentene, 1- hoxend Pr838pE £0F s BlaiTeEifn of %@Lc?%fg%ﬁﬂé%
given to pr opyl enehaying a um,lffem coarse mmleThbapemndnbLgh@ulk
P;f;ﬁ[?g:y iNtro- densifycsy ﬁé&ﬁﬁﬁ%ii{ﬁﬁ tiifflene othithy ReRe! ¥IEA 65
g to 102 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,

in soclution or in the gas phase, at a temperature of

10 fyom 20 to 120°C and at a pressure of from 2 to
60 bar, in the presence of a catalyst comprising the
product of the reaction of a magnesium alkoxide with
a tetravalent transition-metal compound and an
organcaluminum compound, which comprises carrying

15 out the polymerization in the presénce of a catalyst
which comprises

a) the entire product from the reaction
al) of a magnesium alkoxide of the formula I

Mg (OR*) (OR?) (I)

20 in which R' and R®> are identical and are an un-
branched or branched alkyl radical having 1 to 20
carbon atoms or a -{CH,),0R’ radical where R’ is an
alkyl radical having 1 to 4 carbon atoms and n is an
integer from 2 to 6, _

25 which is dissclved, suspended or dispersed as a gel
in an inert solvent, with
a2) a tetravalent transition-metal compound of the
formnla IIX

MY, (OR*) (II)
N
30 in which M' ig titanjium, zirconium or hafnium, R* is

an alkyl radical having 1 to 9 carbon atoms, X is a
- " halogen atom and m is an integer from zero to 4,

HII\III \HIH III\\ \\Ill l\ llll



hi'gh nol ecul ar wei ght is forned. The entire polyner fromthe second
Step is separated off 20 fromthe dispersant in a known manner and dri ed.
A characteristic of the catal yst conponent ais a O/ transition-netal
ratio which is increased conpared with the prior art and, in the case
of reaction with TiC[err], an I nckezgged titaniumcontent, the content
of Ti[err] (Zr[err], 25 Hf[err]) not being reduced. This 1is connected
with an i ncrea in the mmol activity of the catalyst. The

additional inmmbilirzation of titaniun(lV) conpounds requires an
i-ncrease in the grafddhcahvprgapkgloniP@Ehgcohpound abniseefdrmlaangdrt hus an
I ncrease in the nean particle 30 di aneter and a broadeni ng of the

nol ecul ar wei ght distri- buti on. 5
AR X, (I1I)

in which R’ is an alkyl radical having 1 to 6 carbon
5 atoms, X is a halogen atom and p is a xiumber from
zero to 3, in the Mg : M : Al ratio of 1 : 0.05 to
10 : 0.01 to 4,
washing the solid with an inert solvent and reacting
the product with
10 a4) a metal halide of the formula IV

M1, (IV)

in which M’ is titanium, silicon or tin,
or BCl,, in the M' : M® ratio of from 1 : 0.2 to 100,
and washing the solid with an inert solvent, and

is5 b) a trialkylaluminum coﬁpound having 1 to 6 carbon
atoms in the alkyl radicals or the product of the
reaction of a trialkylaluminum compound or dialkyl-
aluminum hydride with isoprene.
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- 10 - The particle size distribution of the polyner is highly

“uni form The nol ecul ar wei ght of the polyolefins is regul ated
zefficiently by hydrogen. 5 The exanpl es below serve to illustrate the
.invention, The foll ow ng abbrevi ations are used: CTAerr]

reduced catal yst-time activity

Abstract of the disclosure

HOE 91/F 243

Process for the preparation of an ethylene (co)polymer

For the homopolymerization of ethylene or for the copoly-
merization of ethylene with other l-oclefins, a catalyst

is used which comprises a trialkylaluminum compound and

the entire product from the reaction of a magnesium
alkoxide which is dissolved, suspended or dispersed as a
gel in an inert solvent, with a tetravalent transition-

metal compound and an organocaluminum compound, washing

with an inert solvent and reacting with a halogenated

metal compound. A polymer having coarse particles and a

high bulk density

is obtained.
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.MFI 190/ 5 melt flow index in accordance with BOEAT0 LPos
DI N 53735, neasured at 190[err]C and a 10

| oad of 5
kg MFI 190/ 15 measured at 190[er n] Ca adof 15 -ar-
MFI 190/21.6 21.6 kg respectively NFRY IVFI . 190/ 15 /

M1 190/5 MFR 21.6/5 MFI 190/ 21. 6 # 157 o
dlerr] _ mean particle size, otit ai ned by si : 3%
fractionation BD bul k densjs y. T3¢ n-aécor dance
with DIN 53468 Clerr] a - 2iM 20 '-?-"V'N‘”‘ au
viscosity nunb rdance W th | SO / R 1191
Conpar at i ve Ex?e%cl}lﬁ%i% Preparation of the l:a ‘aky

talkysts ciérrfpanentm{[\pn]
114.4 g of NQ(OC[err]H[err])[err] and 1 dnferr] of diesel™ 6i 1 Were T ntro----

25  duced int @ybobsENERr kheepebparitide bV dthydlene’ ¢to) pbeYRBrs

The invention relates to a process for the {co)polymer-
ization of ethylene to give coarse pblymer particles
having a narrow particle size distribution and high bulk
density by using catalyst particles obtained by after-
treating Ti{III}-containing Ziegler-Natta catalysts whose

support component is a magnesium alkoxide with metal
10 halides, in particular TiCi,.

Processes are known for the preparation of Ti{III)-
containing Ziegler-Natta catalysts in which the support
component used is a suspended, dissolved or soluble
magnesiu_m' alkoxide or a gel dispersion of a magnesium

15  alkoxide (cf. EP 302 242, EP 398 167, DE 33 25 221 and
DE 40 17 661). In the (co)polymerization of ethylene,
these catalysts generally give ethylene (co)polymers
having a narrow molecular weight distribution.

The object was to find a simple process for the prepara- .
tion of catalysts which allow the preparation of polymers
having a large mean and uniform particle diameter and
high bulk density. These polymers should furthermore have
a moderate to broad molecular weight distribution (MFR
21.6/5 of greater than or equal to 11).

20

25 It has now been found that this cbject can be achieved if
a magnesium alkoxide is allowed to react with a transi-
tion-metal compound, in particular a titanium compound,
and then with an alumipum compound, the transition metal
is reduced to a lower oxidation state, and the reaction

30 product is then treated with a metal halide.
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meter and dropping funnel. 500 cnferr] of TiCl[err] were netered

i n at
90[err] C over the course of 6 hours. The white producl e Was
subsequent |y washed repeatedly until the Ti conteng{#:§ 55 er th_e"“"’q_spenm on
was | ess than 5 mmol/dn8. 80 cnferr] of. @ 1 30 nplar 5(1 n of
triethylal urri numin diesel oil were subsequéﬁ%ﬁg.g 5 the’
suspensi on, t he mxturet_x\@ 1 stirred at 120 errkC for 12 hours.
The br own- bl a & ovERfdon thus re ates £ &) HEAeEF S0 PL ahBe WRETRAF 3 our

times with 0.3k ecf] ai etbydene paliyimer haviny yei siniMprm Teoars@ = 1 .
0.065: 2.102; didd¥dld Tehepe]l ama hidh 9Bulk! [ty by lp8lymerizing

ethylene or ethylene with up to 10% by weight, based on

5 the total amount of the monomers, of a l-olefin of the
formula R®-CB=CH, in which R® is a straight-chain or
branched alkyl radical having 1 to 12 carbon atoms, in
suspension, in solution or in the gas phase, at a
temperature of from 20 to 120°C and at a pressure of from

10

2 to 60 bar, in the presence of a catalyst comprising the
product of the reaction of a.magnesium alkoxide with a
tetravalent titanium compound and an organocaluminum

compound, which comprises carrying out the polymerization
in the presence of a catalyst which comprises
15 a) the entire product from the reaction.

al) of a magnesium alkoxide of the formula I
Mg (OR') (OR?) (1)

in which R! and R* are identical and are an unbranched
or branched alkyl radical having 1 to 20 carbon atoms

20 or a -(CH,),OR’ radical where R® is an alkyl radical
having 1 to 4 carbon atoms and n is an integer from 2
to 6,
which is dissolved, suspended or dispersed as a gel in
an inert solvent, with
25 a2) a tetravalent transition-metal compound of the
formula IT '
MK, (OR*) yopy (11)
in which M' is titanium, zirconium or hafnium, R' is an
alkyl radical having 1 to 9 carbon atoms, X is a
30

halogen atom and m is an integer from zero to 4,
and

ald) an organoaluminum compound of the formula IYI
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5 Conpar ati ve Exanple B Pol ymeri zati on of ethyl ene Part of the
suspensi on from Conparati ve Exanpl e A was diluted with diesel oil to a
Ti concentration of 0.01 nol/dnferr]. 3 cnferr] of a 1 nolar
triethylalum num solution 10 and 1 cni err of the dilute suspension were
I ntroduced at 85C under a bl anket of “N[err] into a 1.5 dnferr] steel
aut ocl ave containing 750 cnferr] of diesel oil. The autoclave was then
flushed twi ce with hydrogen, and 2.15 B&R&8§-shydrogen and (IIX)4. 85 bar of
et hyl ene were injected. The overall pressure 15 of 7 bar was nai ntained

for 2 hours by repjenishi 5 onsuyned _et.hyl ene. The po ri zati on was
term nat ed by itg&:%%l?g%silﬁg @Slg"! e§,adé§8(it ﬁ@vbﬁgy?re*;xcgsc% QRat ed
of f fromthe di spertems, ¥ ifs at halegen satkbmiapidng. 1808 mumber fobm zero

pol yet hyl ene havi ngoam MApn 18865 1. #20/10,yM Bagld 23 12R NFRg21.8/5 of
10. 2 were fgrrred. Tgi;s'(go e‘%*)cindﬁgto a CTA?err] of ]2144|\6;}%r?r2mF§of
Ti.bar.h or¥a CA o} 12. % ’ PE/ g of conponent a. The powder had a
bulk density of washing the solid with an inert solvent and reacting

the product with

a4) a metal halide of the formula IV
M*Cl1, (IV)

10 in which M? is titanium, silicon or tin,
or BCl,, in the M' : M’ ratio of from 1 : 0.5 to 100,
and washing the solid with an inert solvent, and

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

15 a trialkylaluminum compound or dialkylaluminum hydride
with isoprene.

To prepare the mixed catalyst component to be employed

according to the invention, a magnesium alkoxide of the
formula (I)

20 " Mg(OR') (OR?) {I)

is used. In this formula, R' and R® are identical or
different and are an unbranched or branched alkyl radical
having 1 to 20 carbon atoms, preferably 2 to 10 carbon
atoms, or a -(CH,),0R® radical where R’ is a C,~- to C,~alkyl

25 radical, preferably a C,- to C,-alkyl radical, and n is an
integer from 2 to 6.

Examples of magnesium alkoxide of this type are

magnesium bismethoxide,
magnesium bisethoxide,

Thie (g the ranigcemen Snesl



360 g/dnferr] and contai ned 8% by wei ght of fine particles of
[err]m The nean particle size d[err] was.
Preparation of the catal yst conmponent a

t he suspension of the cata-
Exanpl e A were trans-

cnferr] of TicJ[err] were 30
at this tenpera-
with
<1 mol/dnferr]). magnesium
magnesium
magnesium
magnesium
magnesium
magnesium
magnesium
10 magnesium
magnesium
magnesium
magnesium
magnesium
15 magnesium
magnesium
magnesium
magnesium
magnesium
20 magnesium
magnesium
magnesium

ferred into a

< 100
197 [err]m 25 Exanple 1
153.8 cnB (10 mml of Ti) of
| yst coqgonent alerr] from Conparative
50 cnferr] reactor, and 8.8
added at 120[err]C. The m xture was stirred

magnegiamf bisSitprepexkte,subsequent |y washed six tines
200 cnf ealhnebidinebes~@Lprafoxier r] C (Ti in the nother |iquor

bis-n-butoxide,
methoxyethoxide,
ethoxy-n~-propoxide,
bis(2-methyl-l1-pentoxide),
big(2-methyl-l~hexoxide),
bis(2-methyl-1-heptoxide),
bis(2-ethyl-1l-pentoxide},
bis(2-ethyl-l-hexoxide},
bis(2-ethyl-l~-heptoxide},
bié(2-propy1-1-heptoxide),
bis(2-methoxy~i-ethoxide),
bis(3-methoxy-1-propoxide),
bis(4-methoxy~-1l-butoxide},
bis(6~-methoxy~1-hexoxide),
bis(2-ethoxy-l-ethoxide),
bis(3-ethoxy-1~-propoxide),
bis(4-ethoxy-1l-butoxide},
bis (6-ethoxy-1-hexoxide),
bispentoxide and '
bishexoxide.

Preference is given to the simple magnesium alkoxides
such as magnesium diethoxide, magnesium di-n-propoxide
and magnesium di-i-butoxide. Other magnesium alkoxides
which can be used are the products of the reaction of
magnesium metal, alkylmagnesium compounds or magnesium
alkoxides with alcohols ROH (R! as above). Of these
producte, preference is given to the product of the
reaction of a magnesium alkoxide with an alcohol R'OH in
the presence of 0.02 - 0.2 mol % of triethylaluminum (as
viscosity reducer) at from 100 toc 140°C.

25

30

The magnesium alkoxide is employed as a suspension,
solution or as a gel dispersion.
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- 12 - Analysis: Mg : Ti : O =1 : 0.108:2.253; Ti[err]/Ti[err] =

* 0.57; Cllerr]/Ti = 2.34. The pol yneri zati.on. of .ethylene was
carried out in accord- ance wi th Conparative Exdii ¢HBET 213 BERN
pol yet hyl ene 5 having an MFI 190/5 of 0_.92 g/ 10 n ange@ncohpR 21. 6/ 5 of
13.4 were obtained. This corresponds to aSCTA[err] R RD L ol of

Ti.bar.h or a CA of 20.7 kg of PE/ g of conponent a. The powder had a
bul k density ofThE60mygukes oum | alkoxidmdisodizshedeartbd wdithhta otetiae

particles. The mtlchram& ' Q.Lﬁe&hzecéﬁ Sihd V66 4 dimfuh® 11

Conpar ati ve Exanpl e (OEt)[err] from Ni ppon Soda and
1600 cnferr] of d| esel 0|I vvere d| spersed for 24 hours at room
t enper a- MX‘,(OR Yicm (XI)

in which M' is titanium, zirconium or hafnium, preferably

5 titanium or zirconium, R® is an alkyl radical having 1 to
9 carbon atoms, preferably 1 to 4 carbon atoms, X is a
halogen atom, preferably chlorlne, 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

10 electron donor, for example an ester, ether, ketone or
the like, is soluble in hydrocarbons.

Examples which may be mentioned are:
TiCl,, TiCl,(0C,Hs), TiCl,(OC.Hs), TiCL(OC,Hs);, Ti(OC.Hs),,
TiC1,(0C,H,),  TiCl,{OC.H;},,  TiCl(OC;H,);,  Ti{OCH;),,
15 TiCl,(0C,Hy),  TiCl,(OC.H),,  TiCl(OCHg}y,  Ti(OCHg),,
TiCl,{OCH;a) , TiCl,(OCgH;5),, TiCL{OCgHy3)3, TL(OCeHsa)ar
Ti(OCgH,q) s, TiBr,, TiBr;{OR’), TiBr,(OR%),, TiBr(OR%),, TiI,,
Tir,(OR’), TiI,(OR%),, TiI(OR%),, 2rCl,, 2rBr,, 2rI,,
Zr (OC,Hs),, 2X(OCsH;),, Zr(OC.Hg),, ZrCl,(0C;H,),, preferably
20 Ticl,, ZrCl,, Ti(OC.Hs),, Ti(OC.H,)., Zr{OC;H,),, Ti{OC.Hs),
and Zr(0C,Hg),. Particular preference is given to TiCl,.

The third reactant for the preparation of the catalyst

component a is an organoaluminum compound of the formula
IIIX

25 AIR' X, ,  (TIX)

in which R' is an alkyl radical having 1 to 6 carbon
atoms, preferably 1 to 4 carbon atoms, X is a halogen
atom, preferably chlorine, and p is a number from zeroc to
3, preferably 1 to 2, or the product of the reaction of

a trialkylaluminum compound or dialkylaluminum hydride
with a diene, preferably isoprene.

30
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ture under a blanket of argon in a 4 dnferr] reactor using a 15

hi gh-speed stirrer (Utra-Turrax fromIKA). 180 cnferr] of the 1.11
‘mol ar solution were reacted at 85C for 4 hours with 200 cnferr] of a
0.3 nolar Tic[err] solution in diesel oi§ - and at 110[err]C for 2
hours wth 200 cnferr] of a 0.8 nolar Alferr]Et[err]C[err] solution

in diesel oil. tch_was subse- |y stirred at 110[err]C for a
further 1 hour Smﬁ:al?ﬁe %rgagggxg,‘nbﬁ%cm{mﬂou d%’i FéEfed at 110[err] C and

washed four Al (Colels Wi BR(AM) SHer Iﬁ]lzfﬁzﬂhm‘ﬂd& edel (GQHL).CIEhe ARGl Hr own
product was tamrwga,) D &Qchmiygéléj fé@g&,q GLg seJl(elﬁ,)cl' £ AL, napal ytlcal

et TP IR PN AT = T e K R

of Herr] &nd d.l.halzaelyar off Cheioys] exorposhlic.quol yﬁ'eomzath:nm regsadg,s and

‘the amount éife:.f‘éi‘k:% 13! g30enCRE3RE] (t5h, U8 AlF aSeY,), D Table 3.
Conparative Exarrpl

The catalyst caomponent a is formed by the following
possible routes, it also being possible to employ each
reactant as a plurality of similar compounds.

10 1) The solution of the transition-metal compound is
added to a solution, dispersion or suspension of the
magnesium alkoxide, and the resultant solid is then

reacted with an organcaluminum compound of the formula
III.

15 ii)} The solution or dispersion of a magnesium
alkoxide and the solution of the transition-metal
compound are added simultaneously to an dinitially
introduced solvent, and the resultant suspension is

reacted with an organocaluminum compound of the formula
20 XIIX.

iii) The solution or dispersion of a magnesium
alkoxide, the solution of the tramsition-metal compound
and an organocaluminum compound of the formula III are

reacted with one another simultaneously in an initially
25  introduced dispersant.

iv} The solution of the transition-metal compound is
added to a solution, dispersion or suspension of the
magnesium alkoxide, and the resultant solid is washed and

then reacted with an organocaluminum compound of the
30 formula IIT.

v} The solution or dispersion of a magnesium
alkoxide and the solution of the transition-metal

v ...l' 5-5
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30 228.8 g of Mg(OEt)[err] and 1600 cnferr] of diesel oi |l were
di spersed for 20 hours at roomtenperature under a bl anket of argon
in a4 dnerr] reactor using a high-speed

- 13 - stirrer (Utra-Turrax fromIKA). 180 cnierr] of the 1.11 nol ar
solution were reacted at 85[err]C for 4 hours with 220 cnferr] of a 0.3
nmolar TiC[err] solution in diesel oil and at 130[err] C for 2 hours
wi th 200 cnfer cpmpbuady. 8reol added] esihEltarediler rfo st ilgntimlly
?' etSﬁl o I-h Th@.n;}%i‘toﬁh s s81heRe ,ued}{dt hléh%tféﬁﬁgt?ﬁt EHfier E%Qvashed Ié?{d480
urt her our . e suspensi on, was en was .l ve i nes

crierr] of di ed®e%h; Feaggﬁ[w\ﬁ% &P RARGR L DU tﬁ%ﬁ’“ﬁ’gdﬂﬁ "&?&‘s t aken
up in 200 cni erfivemwladiIddel oil. The anal ytical results are shown in
Tabl e 2.

5 Tt is furthermore possible to carry out the preparation

by combination of methods i) to v}.

The reaction of the magnesium alkoxide with the tetra-
valent transition~metal compound is carried out at a
temperature of from ~50 to 150°C, preferably at from -20

10 to 120°C, for from 0.1 to 12 hours, preferably from 0.13
to 6 hours.

The reaction with the organcaluminum compound is carried

out at a temperature'of from -50 to 150°C, preferably at

" from -20 to 130°C, particularly preferably at from 20 to

15 120°C, for a periocd of from 0.1 to 10 hours, preferably
for from 0.25 to 4 hours.

Suitable inert solvents for said reactions are aliphatic
and cycloaliphatic hydrocarbons, such as butane, pentane,
hexane, heptane, cyclobexane and isooctane, and aromatic
20 hydrocarbons, such as benzene and xylene. It is also
possible to employ gasoline and hydrogenated diesel oil

fractions which have been carefully freed from oxygen,
sulfur compounds and moisture.

The magnesium alkoxide, the tetravalent transition-metal
25 compound (M') and the organcaluminum compound of the
formula IIY are reacted in an Mg : M' : Al ratio of from .

1 : 0.05 to 10 : 0.01 to 4, preferably from 1 : 0.08 to
4 : 0.02 to 3.

After the reaction, the suspension of the solid is
30 stirred for from 0 to 48 hours, preferably for from 0.5
to 16 hours, at from 80 to 150°C, preferably at from 100

to 120°C, and then washed until the supernatant mother
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10  The polynerization of ethylene was carried out in accord- ance

with Conparative Exanple B, but at- 2 bar of Herr] and 5 bar of
Cerr]Herr]. The polynerization results and the anount of catal yst
and cocatal yst used are shown in Table 3. ¢ Conpar ative Exanple E 15
800 cnferr] of a 0.5 nolar solution of magne5| um 2- net hyl - pent oxi de
in diesel oil, 400 cnferr] of a 0.3 nolar solution of TiCl[err] in

di esel oil and A®8UEH| é?r%r%? trop £lemsh Tdol(gEr oBE) - of

Alferr]Et[err]dJferr] in d| esel oil were nmetered sinultaneously at

zoler]C over iecoie ol MM PO hell & Sl 11 0

atc was su grr[err]
of diesel oil, H@&P@Hn§0°ilbteaﬁmf@ﬂ¢r at this tenperature for 2
hours. The suspensi on was filtered at 100[err]C, and the red-brown
product was washed twice with 800 E”F%ﬁrzr] of hot di eseh&{ | . The
anal ytical 25 results are shown in Ta :

5 in which M®* is Ti, Si or 8n,
or BCl,, in an M : M* (or B) ratic of from 1 : 0.2 to
100, preferably from 1 : 1 to 50, in particular from
1 : 1.5 to 20, and the mixture is stirred at a temper-
ature of from 50 to 150°.C for from 0.1 to 100 hours,
10 preferably for from 0 to 48 hours, in particular for from
1 to 30 hours. The resultant catalyst component a is

subsequently washed repeatedly in order to remove scluble
compounds.

The catalyst component b is a trialkylaluminum compound
- 15 having 1 to 6 carbon atoms in the alkyl radicals, such
' as, for example, triethylaluminum, triiscbutylaluminum,
triischexylaluminum or the product of the reaction of a
trialkylaluminum compound or of a dialkylaluminum hydride
with isoprene, which is known as isoprenylaluminum.

20 Preference is given to triethylaluminum and isoprenyl-
aluminum, '

It is possible to preactivate the catalyst component a
by means of a trialkylaluminum compound. This improves
the shelf life of the component before polymerization and

25 increases the polymerization activity. The actual activa-
tion with component b then takes plaée at the beginning
of the polymerization.

Thé polymerization is carxied out in one or two steps,
preferably as suspension polymerization, in an inert
30 dispersant. Suitable dispersants are the same organic
solvents described for the preparation of the catalyst
component a. However, polymerization in the gas phase is

This is the replacemerr sheet
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The pol ynerization of ethylene was carried out in accord-

ance with
Conparative Exanple B, but at 2 bar of Herr] and 5 bar of
Cerr]Herr]. The polynerization results and the anount of catal yst
and cocatal yst used are shown in Table 3. 30 Conpar ati ve Exanple F
1500 cnferr] of a 0.4 nolar solution of n@gmesi um 2- et hyl - pent oxi de
in diesel oil, 500 cnferr] of a 0.36 nolar solution

also possible.

The polymerization temperature is f£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. '

If the reaction is carried out in two steps, the mixing

ratic between the polyclefins formed in steps 1 and 2 is
in the range from 30 : 70 to 70 : 30.

The catalyst system used according to the invention is
used to polymerize ethylene or ethylene with up to 10% by
10 weight, based on the total amount of monomers, of a 1-
olefin of the formula R’-CH=CH, in which R’ is a straight-
chain or branched alkyl radical having 1 to 12 carbon
atoms, preferably 1 to 10 carbon atoms. Examples are
propylene, l-butene, l-pentene, l-hexene, l-octene and 4-
15 methyl-l-pentene. Preference is given to propylene, 1~
butene and l-hexene. The. comonomer is preferably intro-

duced in the first step, in which a polymer of relatively
high molecular weight is formed.

The entire polymér from the second step is separated off
20 from the dispersant in a known manner and dried.

A characteristic of the catalyst component a is a Cl/
transition~metal ratio which is increased compared with
the prior art and, in the case of reaction with TiCl,, an
increased titanium content, the content of Ti* (zr*,
25 Hf*) not being reduced. This is connected with an
increase in the mmol activity of the catalyst. The
additional immobilization of titanium(IV) compounds
requires an increase in the gram activity (kg of PE/g of
component a), and thus an increase in the mean particle

diameter and a broadening of the molecular weight distri~
bution. |

30
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of TiC[err] in diesel oil and 500 cnferr] of a 0.96 nolar sol u- tion
rjC[err] in diesel oil were netered sinultane- ously at

of Al[err]Et[er
25[err] C over t

he course of 1 hour into 1000 cnierr] of diesel oil in a
4 dnferr] reactor. The mi xture was subse- g _quently diluted with 300
cnferr] of diesel oil, heated to 120fL rr]C and stirred at this
tenperature for 3 hours. The | suspension was filtered at 100[err]C, and
the red-brown The pastibelensizeadirlr iy tconyiath thedpodymerofishbighilyse
oil and t akRpfopmin 1.5 dnferr] of diesel oil. The analytical results
10 are shown in Table 2. The pol ynerization of ethyl ene was
carried out in accord- ance with Conparative Exanple B, but at 2 bar
of Herr] and The maimeudiar ] eeiqhi epf] thrheppbyghefinmt ion nemliatedand
t he amount eg&igggﬁ{;ﬁtbyngy&ﬂg?é,ﬁl yst used are shown in Table 3. 15
Exanples 2 to 15 Preparati on of conmponent a

5

10

i5

20

25

30

The examples below serve to illustrate the invention.

The following abbreviations are used:

CTA, o4 : reduced catalyst-time activity
MFI 190/5 melt flow index in accordance with

DIN 53735, measured at 190°C and 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

MFR 21.6/5 MFI 190/21.6 / MFI 130/5

dse mean particle size, obtained by sieve
fractionation

BD bulk density, measured in accordance
with DIN 53468

Cl oxc. Cl - 2 Mg

VN viscosity number in accordance with

ISO / R 1191

Comparative Example A
Preparation of the catalyst component a,

114.4 g of Mg(OCH;), and 1 dm® of diesel oil were intro-
duced into a 2 dm® reactor fitted with stirrer, thermo-.
meter and dropping funnel. 500 com’ of TiCl, were metered
in at 90°C over the course of 6 hours. The white product
was subsequently washed repeatedly until the Ti content
of the suspension was less than 5 mmol/dm’. 80 cm® of a 1
molar solution of triethylaluminum in diesel oil were
subsequently added to the suspension, and the mixture was
stirred at 120°C for 12 hours. The brown-black solid was

This is the replacement sheet
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~ Conponent a was prepared anal ogously to Exanple 1. The

type and anount

of the initially introduced conponent aferr], the anount of Tid[err]
or hal ogenating agent and the tine 20 and tenperature at which the .
reacti on took place are shown in Tahblye-l. The analytical results are
listed in Tabl e 2 and the polyneri-zation results in Table 3.

- 15 - Table 1

T[4 t [h]

separated off %%Q’rﬁ?g'ﬁdfcf% tai[n(laererlgl:’Ltb 0.5 &Blﬁggik E{i%nse(af

50 mmol of Ti Cdider] 120 2

10

15

20

25

30

Analysis: Mg : Ti : €1 =1 : 0.065: 2.102; Ti*/mi* =

. 0.98; Cl,,. /Ti = 1.57.

Comparative EScample B
Polymerization of ethylene

Part of the suspension from Comparative Example A was
diluted with diesel o0il to a Ti concentration of
0.01 mol/dm®*. 3 cm’ of a 1 molar triethylaluminum solution
and 1 em® of the dilute suspension were introduced at 85°C
under a blanket of N, into a 1.5 dm® steel autoclave
containing 750 cm® of diesel oil. The autoclave was then
flushed twice with hydrogen, and 2.15 bar of hydrogen and
4.85 bar of ethylene were injected. The overall pressure
of 7 bar was maintained for 2 hours by replenishing
consumed ethylene. The polymerization was terminated by
decompressing the gases, and the polymer was separated
off from the dispersant by filtration and drying. 208 g
of polyethylene having an MFI 190/5 of 1.1 g/10 min and
an MFR 21.6/5 of 10.2 were formed. This corresponds to a
CTA. . of 2144 g/mmol of Ti.bar.h or a CA of 12.6 kg of

.PE/g of component a. The powder had a bulk density of

360 g/dm’ and contained 8% by weight of fine particles of
< 100 gm. The mean particle size d; was. 197 pm.

Example 1

Preparation of the catalyst component a

153.8 cm® (10 mmol of Ti}) of the suspension of the cata-
lyst component a, from Comparative Example A were trans-
ferred intoc a 250 cm® reactor, and 8.8 cm® of TiCl, were
added at 120°C. The mixture was stirred at this tempera-
ture for 5 hours and subsequently washed six times with

200 o’ of diesel oil at 70°C (Ti in the mother liguor
< 1 mmol/dm®).

This is the replacemern sheet

hed "-’
Date: 3 0 N0V %



5 Ex. 3 Conp. F | 100 mmol of Tid[err] 120 2 Ex.

4 Comp. D 50 mmol of TidJ[err] 120 2 Ex. 5
Conp. C 100 mol of Tid 4 120 2 Ex. 6 Conp. C
50 mmol of TidJ[err] 120 22 - Px..7 Comp. E 20 mol
of Tid[err] 85 1 10 Ex. 8 Comp. E 50 nmmol of
Tid [err] 85 L1 EX, _ Comp.. E . s 39Q 0l Of
Tid[err] — gpalysisgMg: Th c%o‘ 1@%’.“’5'2'253' Tiy 8imﬁ§|°b$7'
Tid[err] Fleor:. /TL 2= 2.34Ex. 11  Conp. D 50 mmol of
TiC[err] 85 2 Ex. 12 Comp. C 100 mmol of

Ti Cl[ err] 8 2 15 _.Ex. 13 . D . 7Q Mol o

Ti Cl[err] 8 5'?he polyn?rl.zatxgyl o% fth:%egge. was carried °u%56nnﬁﬁ?°’6‘;'
TiCllerr] 85ance wikh Compg&xative EGample (B. 215 g of0poikyethplene

Tid[err] 5 BRaving ard MFI 190/5 of 0.92 g/10 min and an MFR 21.67518¢"

13.4 were obtained. This corresponds to a CTA_, of 2257
g/mmol of Ti.bar.h or a CA of 20.7 kg of PE/g of
component a. The powder had a bulk demsity of 360 g/dm’

and contained 4% by weight of fine particles. The mean
16 particle size dy; was 237 um..

Comparative Example C

228.8 g of Mg(OEt), from Nippon Soda and 1600 cm® of
diesel oil were dispersed for 24 hours at room tempera—-
ture under a blanket of argon in a 4 dm’ reactor using a

15 high-speed stirrer (Ultra-Turrax from IKA). 180 cm’ of
the 1.11 molar solution were reacted at 85°C for 4 hours
with 200 cm® of a 0.3 molar TiCl, solution in diesel oil
and at 110°C for 2 hours with 200 cm’® of a 0.8 molar
Aletacis solution in diesel oil. The batch was subse-

.20  guently stirred at 110°C for a further 1 hour. The
suspension was then filtered at 110°C and washed four
times with 400 om® of hot diesel oil. The red-brown
product was taken up in 200 cm® of cold diesel oil, The
analytical results are shown in Table 2.

25 The polymerization of ethylene was carried out in accord-
ance with Comparative Example B, but at 2 bar of H, and
5 bar of C;H,. The polymerization results and the amount.
of catalyst and cocatalyst used are shown in Table 3.

Comparative Example D

30 228.8 g of Mg{OEt), and 1600 cm’ of diesel oil were
dispersed for 20 hours at room temperature under a
blanket of argon in a 4 dm’ reactor using a high-speed
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Table 2 Anal ytical results for the washed conponent a[err] or a

Conponent M : Ti : d Clerr]/Ti nmml of Ti/g alerr] or a
obs. (theor.) calcul ated 5 Comp. C 1:0.317:2.540 1.70 (3
2.10 Conp. D 1:0.336:2.656 1. 9%3 (3) 2. 60 Conp.
E 1:0.266:2.406 1.52 (3) 1.62 Conp.” F
1:0.261:2.345 1,33 (3 1.58 I 1:0.722;:3.78
2.47 (3.64) Stlrreé. @%‘T“Efaﬁpf’é% IKA}y. g.ésgg‘!‘gf’%gthe ol <A mp3ax,y
2.58 Exanpseldtion wdkr83Battbl at2856C £d 67 hours with3230 cm® of
Exampl e 5

1:0.797: 3. 94 5 %: (512?'?%9%-8 Ti%1988°£'§5’§‘§% in dieéfé%%g anad a‘fﬁ?ﬁ?&ﬁ;‘fg%e

2.68 (3.54) 2 houré.satésl"m EBeife ag 0. 8 m%@sgl@teqls splytions ing)

2. 60 Esanpligefel 0110. 4%d: Baldh wals OSubdequidhtly stirred 4% 110°C

Exanpl e 10 L Qbfrwé :éuzg’é?er 21 %%ur(.?"rég)suspensionzwgg then washed five
times with 400 cm® of diesel oil at 25°C and the dark
brown product was taken up in 200 cm® of diesel oil. The
analytical results are shown in Table 2.

10 The polymerization of ethylene was carried out in accord-
ance with Comparative Example B, but at 2 bar of H, and
5 bar of C,H,. The polymerization results and the amount
of catalyst and cocatalyst used are shown in Table 3.
Comparative Example E
15 800 cm’ of a 0.5 molar solution of magnesium 2-methyl-
pentoxide in diesel oil, 400 cm® of a 0.3 molar solution
of TiCl, in diesel oil and 400 cm® of a 0.8 molar solution
of Al,Et,Cl; in diesel oil were metered simultaneously at
25°C over the course of 1 hour intc 800 cm® of diesel oil
in a 4 dm® reactor. The batch was subsequently diluted
with 400 cm® of diesel oil, heated to 110°C and stirred
at this temperature for 2 hours. The suspension was
filtgred at 100°C, and the red-brown product was washed

twice with 800 cm® of hot diesel oil. The analytical
25 results are shown in Table 2.

20

The polymerization of ethylene was carried out in accord-
ance with Comparative Example B, but at 2 bar of H, and
5 bar of C,H,. The polymerization results and the amount
of catalyst and cocatalyst used are shown in Table 3.

30 Comparative Example F

1500 cr® of a 0.4 molar solution of magnesium 2~methyl-
pentoxide in diesel oil, 500 cm’ of a 0.36 molar solution

This is the replacemert sheet
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Exanple 11  1:0.693:3.49 2.14 (3.61) 3.08

Exanpl e 12
1:0.639: 3.64 2.56 (3.50) 3.04 20 Exanpl e 13 1:0.737:3.773
2.41 (3.54) 3.16 Exampl e 14 1: 0. 286: 2.83 2.90 (3)
2.02 Exanpl e 15 1:0.312:2.850 2.734 (3) 2.20
- 17 - Table 3

of TiCl, in diesel oil and 500 cm® of a 0.96 molar solu~
tion of Al,Ety,Cl, in diesel oil were metered simultane-
ously at 25°C over the course of 1 hour into 1000 cm® of
diesel o0il in a 4 dm' reactor. The mixture was subse-
5 gquently diluted with 300 cm’ of diesel oil, heated to
120°C and stirred at this temperature for 3 hours. The
suspension was filtered at 100°C, and the red-brown
product was washed twice with 1 dm’ of hot diesel oil and

taken up in 1.5 dm’ of diesel oil. The analytical results
10 are shown in Table 2.

The polymerization of ethylene was carried ocut in accord-
ance with Comparative Example B, but at 2 bar of H, and
5 bar of C,H,. The polymerization results and the amount
of catalyst and cocatalyst used are shown in Table 3.

15 Examples 2 to 15
Preparation of component a

Component a was prepared analogously to Example 1. The
type and amount of the initially introduced component a,,
the amount of TiCl, or halogenating agent and the time
and temperature at which the reaction took place are
shown in Table 1. The analytical results are listed in
Table 2 and the polymerization results in Table 3.

20
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Test polynerizations: 2 h, 85[err]C, 2 bar of Herr], 5 bar of (Jerr]Herr]

* Conp. Conp. CA CA M 190/5 MR d[err] < 100 BD aferr]/
a b ' [err]m5 nmol

nmrol * ** dg/ mn # [errlm %ogf{gnferr] 0.01 Comp.C 5
1PRA 19.7 41.4 1.20 9.3 289 1.4 0.31 0.01 3 TEA

9.5 19.9 1.40 0. 6 223 2.4 0.31 0.01 Conp.D 5 IPRA 22.7

58.9 2.10 165 1.2 0.34 0.01 3 TEA 10.5 27.3
1.94 9.3 306 1.9 0.34 10 0.02 conp E 5I1PRA12.2 19.8 2.38

8.7 349 2.1 0. bmp. a()dsﬁp, a Efeid2 & 20.4 qa 3@ N ihg 361
1.2 0.29 0.01 Conp. F R 11 5 18 3 0.79 4§ 542 0.34
0.01 3 TEA 10.8 1?@? 10.5 256 0.7 0.30 0. 005

Ex. 2 5 |PRA 2E% 28 2Comp.6E 12 056 1¢mol lof T, 15 120.01 Egp. 3
5 | PRA 21.8 536 :gx_@nc ). @ 421 01 5.1 PRA
Y 308 fhof of wich Oz o fo, 22')

20.5 67.7 3.1 37 1.4 0.31
59.3 1.08 12‘3"9' zf‘% 031 B0 gamoof gricCly |PRA297.3 58. 3
0.51 13.8 474 Ex0.% o.:m:mp. ¢ 0. 005 ERO fMmol Sof PRANX0.7 126.6 0293
11.6 582 1.0 0.8, 6  comp. C 50 mmol of TiCl, 120 22
Ex. 7 Comp. E 20 mmol of TiCl, -85 1
10  EBx. 8 Comp. E 50 mm:l of TiCl, 85 1
Ex. 9 Comp. E 50 mmol of TiCl, 85 2
Ex. 10 Comp. F 100 mmol of TiCl, 85 2
Ex. 11 Comp. D 50 mmol of TiCl, 85 2
Ex. 12 Comp. C 100 mmol of TiCl, 85 2
18  Ex. 13 Comp. D 570 mmol of TiCl, 85 2
Ex. 14 Comp. E 50 mmol of TicCl, 85 2
Ex. 15 Comp. D 500 mmol of TiCi, 85 1




20 0.005 Ex. 8 2 I PRA 39.8 103.5 1.35 12. 2 642 0.5 0.32

0.005 Ex. 9 2 |PRA 44.8 107.5 1.58 11.7 569 0.5 0.32 0. 005
Ex. 10 2 IPRA 37.0 88.8 0. 85 12. 2 537 0.6 0.33 0.01 Ex. 11
5 IPRA 20.1 61.9 0.76 12. 4 368 1. Q031 0.01 Ex. 12 5 IPRA
21.3 64.8 1. 36 12.9 446 0.7 0.33 25 0.005 Ex. 13 2 IPRA 24.0
75.8 0.81 .ﬁéeS?g 2.2 0.30 0.005 Ex. 14 2 IPRA 34.7 70.1
1.92 . 10.2 47 0.7 0.32 0.01 3 TEA 15.7 31.7 1.89
10. 7 310 0.9 0.30 0.01 Ex. 15 5 IPRA 24.3 53.5 1.79 10. 4

404 1.3 0.31 Analytidall results f£3rTtHe wdsled dbmponeht64, or 0. 5 330
1.5 0.31

Component Mg : Ti : C1 Cl1_, /Ti mmol of Ti/g
a, or a obs. (theor.) calculated

5  Comp. C 1:0.3172:2.540 1.70 (3) 2.10
Comp. D 1:0.336:2.656 1.95 (3) 2.60
Comp. E 1:0.266:2.406 1.52 (3) 1.62
Comp. F 1:0.261:2.345 1.33 (3) - 1.58
Example 2  1:0.722:3.78  2.47 (3.64) 2.58

10 Example 3 1:0.723:3.79 2.47 (3.64) 2.58
Example 4 1:0.823:4.11 2.56 (3.67) 3.30
Example 5 1:0.755:4.03 2.68 (3.58) 3.23
Example 6 1:0.797:3.94 2.44 (3.58) 3.26
Example 7 1:0.580:3.56 2.68 (3.54) 2.53

15 Example 8 1:0.537:3.61 3.01 (3.53) 2.60
Example 9 1:0.471:3.226 2.69 (3.39) 2.40
Example 10 1:0.474:3.336 2.82 (3.45) 2.40
Example 11 1:0.693:3.49 2.14 (3.61) 3.08
Example 12 1:0.639:3.64 2.56 (3.50) 3.04

20 Example 13 1:0.737:3.773 2.41 (3.54) 3.16
Example 14 1:0.286:2.83 2.90 (3) 2.02
Example 15 1:0.312:2.850 2.73 (3) | 2.20
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Tabl e 3 (continuation)

Herr],

CTAl err]

84
0. 27

10

15

20

25

VN

*

Test pol yneri zati ons:

2 bar of Jerr]Herr].

d[err] <100 BD
cnerr]/g [err]m [err]m
168 12.5 0.29

Tahle 3

0.

Conp.
nmol
g/cnerr] 5
01 Ex.
of Ti
- 17 -

a Comp. b CA

nmol g/ nmol

0.01 Ex.

14 5 I PRA 8670
CA (kg of PE / mmol

(Zr, Hf)]

2 h, 85[err]C, 5 bar of

* k% %

10 5 I PRA 8650 2163

2168 71

195 16.5

Test polymerizations: 2 h, 85°C, 2 bar of H,, 5 bar of C,H,

Comp.
aola

mmo 1

0.01 Comp.C
0.01

0.01 Comp.D
0.01

0.02 Comp.E
0.02

0.01 Comp.F
0.01

0.005 Ex. 2
0.01 Ex. 3
0.01 Ex. 4
0.01 Ex. §
0.01 Ex. 6
0.005 Bx. 7
0.005 Ex. 8
0.005 Ex. 9
0.005 Ex.10
0.01 Ex. 11
0.01 Ex. 12
0.005 Ex. 13
0.005 Ex. 14
0.01

0.01 Ex. 15
0.01

Comp.

b

mmol

5
3
5
3
5
3
5
3
5
5
5
5
5
5
2
2
2
5
5
2
2
3
5
3

IPRA
TEA

IPRA
TEA

TPRA
TEA

IPRA
TEA

IPRA
IPRA
IPRA
IPRA
IPRA
IPRA
IPRA
IPRA
IPRA
IPRA
IPRA
IPRA
IPRA
TEA

IPRA
TEA

Ca

*

19.7

9.5
22.7
10.5
12.2
12.6
11.5
10.8
22.5
21.8
20.5
18.4
17.3
30.7
39.8
44.8
37.0
20.1
21.3
24.0
34.7
15.7
24.3

8.3

CA

* &

£1.4
19.9
58.9
27.3
19.8
20.4
18.3
17.1
58.2
56.2
67.7
58,3
56.3
77.6
103.5
107.5
88.8
61.9
64.8
75.8
70.1
31.7
53.5
18.2

MFI '190/5 MFR d,, < 100 BD

dg/min

1.20
1.40
2.10
1.94
2.38
3.14
0.7%
1.21
0.62
8.72
6.72
1.08
0.51
6.93
1.35
1.58
0.85
0.76
1.36
0.81
1.92
1.69
1.79
1.64

# Bm

9.3 289
10.6 223
10.0 374

9.3 306

8.7 348

9.6 361

8.9 242
10.5 256
12.0 514
12.0 421
13.1 375
12.9 479
13.8 474
11.6 582
12.2 642
11.7 569
12.2 537
12.4 368
12.9 446
12.5 359
10.2 477
10.7 310
10.4 404
10.5 330

pm
%

[ ] * L ]
> b

O N e = N
L ]
w th N O 0N

-}
»
it

o =
- .
N

0.5
1.0
0.5
0.5
0.6
1.0
0.7
2.2
0.7
.9
1.3
1.5

g/ex®

0.31
0.31
0.34
0.34
0.30
0.29
0.34
0.30
0.31
0.33
0.31
0.31
0.30
0.35
0.32
0.32
0.33
0.31
0.33
0.30
0.32
0.30
0.31
0.31

o
]
©
=3
W
=
o
=
@
X33
9
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CA [kg of PE/ g of component aerr] or aj *** g/ mol . h.
# MFR 21.6 /5 - 19 -
16 100 dnferr] of diesel oil were introduced into a 150 dnfer
reactor, which was flushed four tines wth 2 bar of hydr ogen

of isoprenylalumnum and 5.9 cnferr] 5 (0.5 mmol of Ti) of t

di spersion of conponent b

bar of hydro-

10

bar 10
Exanpl e
r]

50 mol

he

(Exanple 9) were then introduced, and 0.75
gen was injected. Ethylene was introduced at a rate of

- 18 ~

Table 3 (continuation)

Test polymerizations: 2 h, 85°C, 5§ bar of H;» 2 bar of C,H,.

Comp. a

mmol

0.01 Ex. 10

0.01

Ex. 14

CA (kg
CA (kg

g/mmol.
MFR 21.

Comp. b Ca CTA,.s VN ds, <100 BRD
mmol g/mmol **+ cm’/g am um g/cm®

5 IPRA 8650 2163 84 168 12.5 0.29
5 YPRA 8670 21€8 71 195 16.5 0.27

of PE / mmol of Ti (Zr, Hf)]

of PE / g of component a, or a]
h.bar

6 /5
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6 kg/h and at a tenperature of 85[err]C Sufficient hydrogen
- subsequently netered in so that the Herr] content in the 10 gas space
was 30% by volume during the entire pol ymeri zation. After 315
m nutes and a final pressure of 8.2 Dbar, the polynerization was
term nated by deconpr essi on. The susfiemsion was filtered, and the
pol yet hyl ene powder was dried by neans of a stream of hot 15 ni trogen.
31.6 kg of pol yekbwpgaeibaving a density of 0.958 g/cnferr] wer e
obtained. This corresponds to a catalyst activity of 151. 7 kg of '
pol yet hyl ene/ g of conponent a or 1319 kg of :3ng| yet hyl ene/g of Ti. The

pol yet hyl ene po@8r dmid o Q@eseNFbJ-lQGl@Q)flmt uced MRt 186/ B0 A%, 5, a
Ful k] denilh ty rea@fto%O Wit eal FGhehelPaonar Likks Widhet2r pak &P
errJm The

tent of. fine art cles of <10 mvvasl sg than 1%
Exanpl e 17 %Pat F‘B‘ﬁ a?'?‘?%’ae qé%% S éxﬁﬁ‘pl el
25 using EO m"(ml Sofmmﬁl-coﬁt aTti) ng:fsuthensdnﬂpérmmorqfar aomponent b

(Example 9) were then intrxoduced, and 0.75 bar of hydro-
gen was injected. Ethylene was introduced at a rate of
6 kg/h and at a temperature of 85°C. Sufficient hydrogen
was subsequently metered in so that the H, content in the
10 gas space was 30% by vVolume during the entire
polymerization. After 315 minutes and a final pressure of
8.2 Dbaxr, the polymerization -was terminated by
decompression. The suspension was filtered, and the

polyethylene powder was dried by means of a stream of hot
15 nitrogen.

was

31.6 kg of polyethylene having a denalty of 0.958 g/cm®
were obtained. This corresponds to a catalyst activity of
151.7 kg of polyethylene/qg of component a or 1319 kg of
polyethylene/g of Ti. The polyethylene powder had an
20 MFI 190/5 of 0.86, an MFR 21.6/5 of 14.5, a bulk density
of 340 g/dm® and a mean particle diameter of 610 um. The
content of fine particleé of <100 um was less than 1l%.

Example 17

The preparation was carried out analogously to Example 1
using 10 mmol of Ti-containing suspension from Compara-
tive Example C and 50 mmol of TiCl, over the course of
2 hours at a temperature of 80°C.

Analysis: Mg : Ti : C1 = 1 : 0.565 : 3.485

Ti¥*/ri% = 0,53; Cl,.. /Ti = 2.63.

25

30 Copblymerization of ethylene with l-butene

100 dm’ of diesel oil were introduced into a 150 dm’
reactor, which was flushed four times with 2 bar of
hydrogen. 50 mmol of isoprenylaluminum and 7.2 cm®

(0.6 mmol of Ti} of the dispersion of component a were

This is the replacement sheet
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Daite:



tive Exanple C and 50 mmol of TiC[err] over the course of. 2 hours at

"a tenperature of 80[err]C Analysis: My : Ti : O =11: 0.565: 3.485
Ti[err]/Ti[err] = 0.53; dferr]/Ti = 2.63. 30 Copol yreri zati on of
et hylene with 1-butene 100 dnferr] of diesel oil were introduced into
a 150 dnferr] reactor, which was flushed four times with 2 bar of
hydr ogen. 50 mmol of isoprenylalum num and 7.2 cnjerr] - (0.6 nmol

of Ti) of the dispersion of conponent a were

- 20 -

introduced, and 0.75 bar of hydrogen was injected. At a
temperature of 80°C, 100 cm® of l-butene were introduced
and ethylene was passed in at a rate of 6 kg/h. Suffi-
cient hydrogen was subsequently metered in so that the H,
content in the gas space was 30% by volume during the
entire polymerization. An additional 1100 cm® of butene
were introduced  over the course of 2 hours. After
165 minutes and a final pressure of 8.5 bar, the
polymerization was terminated by decompression. The
10 suspension was filtered, and the polyethylene powder was
dried by means of a stream of hot nitrogen.
17.2 kg of polyethylene were obtained. This corresponds
to a catalyst activity of 598 kg of polyethylene/qg of Ti.
The polyethylene powder had an MFI - 190/5 of
15 3.28 dg/min, an MFR 21.6/5 of 11.0, a bulk density of
360 g/dm® and a mean particle diameter of 430 um. The

proportion of fine particles of <100 pm was less than 2%.
The density was 0.951 g/cm®.

This is the replacemerrt sheet
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~ 20 - lﬁhl%tgh‘é@t‘l—i‘a%%eeﬁﬁﬂp ol D bar of hydrogen was injected. At a

t enper at ure of crr[ err] of 1-butene were introduced and
et hyl ene was Fr)rég rate of 6 kg/h. Suffi- ci ent hydrogen was
subsequent |y hat the Herr] 5 content: wrﬁmH%mg ace was
30% by vol ume during the entire polyperization AvHEETiHASoBETN Eloo
cnferr] of butene were introduced over the course BEPIACRDUrs. After

165 m nutes aﬂg ressure of 8.5 bar, the  ~porymerizatien was
term nated by eeg})grrpérlgéslsn?on The 10 suspension was filtered, and the

pol yet hyl ene powder was dried by nmeans of a stream of hot nitrogen.
17.2 kg of palyet hylprecs Eopbtied rtioﬁ%fee&pw@lene polgment al yst
LTV O 29 K Y RRRHLER Ul Haesgpe Ripnd SERSERERS e 201
density of dens:.ty by polymerizing ethylene or ethylene with up
5 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,
in soclution or in the gas phase, at a temperature of
10 from 20 to 120°C and at a pressure of from 2 to
60 baxr, in the presence of a catalyst comprising the
product of the reaction of a magnesium alkoxide with
a tetravalent <transition~metal compound and an
" organcaluminum compound} which comprises carrying

15 out the polymerization in the presénce of a catalyst
which comprises
a) the entire product from the reaction
al) of a magnesium alkoxide of the formula I
Mg (OR) (OR?) . (I)

20 in which R' and R’ are identical and are an un-
branched or branched alkyl radical having 1 to 20
carbon atoms or a ~(CH,},OR’ radical where R’ is an
alkyl radical having 1 toc 4 carbon atoms and n is an
integexr from 2 to 6,

25 which is dissolved, suspended or dispersed as a gel
in an inert solvent, with
a2) a tetravalent transition-metal compound of the
formula II
M'X, (OR*), o (II)
30

in which M! is titanium, zirconium or hafnium, R* is
an alkyl radical having 1 to 9 carbon atoms, X is a
halogen atom and m is an integer from zero to 4,

-qf?:-iﬁ :".:: .',-5.;&.' ;«a;-_;ggr;ew?ﬁfﬂ Q“;@E'f

2

L S BN A .';'v\r
IREITC TR B 1R F N b o6

R 00RO



360 g/dnferr] and a mean particle diameter of 430 [err]m The

proportion of fine particles of <100 [err]mwas | ess than 2% The
density was 0.951 g/cnferr]. - 21
- Patent claim 1. A process for the preparation of an ethyl ene
pol ynmer havi ng a uni form coarse particle shape and hi gh bul k

density by polynerizing ethylene or ethylene with up

- 322 -

and

a3) an organcaluminum compound of the formula IIIX
AIR® X, (I11)

in which R’ is an alkyl radical having 1 to 6 carbon

5 atoms, X is a halogen atom and p is a number fraom
zero to 3, in the Mg : M* : Al ratio of 1 ¢ 0.05 to
10 : 0.01 to 4,
washing the solid with an inert solvent and reacting
the product with
10 a4) a metal halide of the formula IV
Micl, ' (IV)
in which M’ is titanium, silicon or tin,
or BCl;, in the K' : M® ratio of from 1 : 0.2 to 100,
and washing the solid with an inert solvent, and
15

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

R O TR O Tris s tho roplacemer sheet
* l € l L !!l [ |* I
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5 to 10% by wei ght, based on the total anmount of the
nononers, of a l-olef in of the formuta Rlerr]-CH=CH err] in

which R err] is a straight-chain or branched al kyl radi cal having
1 to 12 carbon atons, in suspension, in solution or in the gas
phase, at a tenperature of 10 from20 to 120[err]C and at a pressure
of from2 to 60 bar, in the presence of a catalyst conprising the
product of the reaction of a nagnesi & al koxi de with a
tetraval ent transition-netal conpound and an or ganoal um num
conpound, which conprises carrying 15 out the polynerization in the
presence of a catal yst : ~ which conprises a) the
entire product fromthe reaction al) of a magnesi um al koxi de of
the formula I . My (OR[err]) (ORerr])

(1) 20 Abstracthiath tHecdisaddsRrerr] are identical or different and
are an

Process for the preparation of an ethylene (co)polymer

For the homopolymerization of ethylene or for the copoly-
merization of ethylene with other 1l-olefins, a catalyst
is used which comprises a trialkylaluminum compound and
the entire product from the reaction of a magnesium
alkoxide which is dissolved, suspended or dispersed as a
gel in an inert solvent, with a tetravalent transition-
metal compound and an organoaluminum compound, washing
with an inert solvent and reacting with a halogenated

metal compound. A polymer having coarse particles and a
high bulk demsity is obtained.

This i6 the replacemem sheel
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unbranched or branched al kyl radical having 1 t@ %p

-(CH err])[err]OR err] radical where R3 is: a
haV|ng1to4carbon atons and n is an v

whi ch_ig dissolved, suspended or dispersed as a: ge :

sol vept, with a2) a tetraval ent . tranSItion n‘etatﬁ
t he formula I ;

Merr]Xerr] (ORerr])[err] (II) 30 g |{_n \mjfct_[h&

titanium zirconiumor hafnium Rerr] is '
having 1 to 9 CAfbdRVENSHER Xhpg felates to a PrﬁﬁFBﬁe?P’ét’iﬂﬁ ATEPAES an

i nteger from zéden oofl, 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

al kyl

-
5

S 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, in solution or in the gas phase, at a
teﬁperature of from 20 to 120°C and at a pressure of from

10

2 to 60 bar, in the presence of a catalyst comprising the
product of the reaction of a magnesium alkoxide with a
tetravalent titanium compound and an organcaluminum
compound, which comprises carrying out the polymerization
in the presence of a catalyst which comprises

15 a) the entire product from the reaction

al) of a magnesium alkoxide of the formula X
Mg (OR') (OR®} (1)

in which R' and R? are identical or different and are an

unbranched or branched alkyl having 1 to 20 carbon
20 atoms or a -(CH,),OR® radical where R*® is an alkyl

radical having 1 to 4 carbon atoms and n is an integer

from 2 to 6,

which is dissolved, suspended or dispersed as a gel in

an in_grt solvent, with

25 a2) a tetravalent transition-metal compound of the
formula IX

M'(,(OR“} 4on (I1)

- in which M'.is titanium, zirconium or hafnium, R' is an
alkyl radical having 1 to 9 carbon atoms, X is a,

halogen atom and m is an integer from zero to 4,
and

<

a3d) an organcaluminum compound of the formula XXX

This is the replacement sheet
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- 22 - and a3) an .organoal um num conpound of the
formula 111

_ _ AlRl err] X err] ' (rer)

in which Rlerr] is an alkyl radical having 1 to 6 carbon 5 atons, X
is a hal-ogen atomand p is a nunber from zeroto 3, inthe My :
Merr]:: Al ratioof 1 : 0.05to 10 : 0.01 to 4,

washing the solid with an inert sol vent ~aBd-reacting t he product
with 10 a4) a netal halide of the fornmula IV

The magnesium alkoxide is first reacted with a tetra-
valent transition-metal compound of the formula II

] , ) M'X, (OR®) 4y (1I)

in which M! is titanium, zirconium or hafnium, preferably
titanium or zirconium, R*® is an alkyl radical having 1 to
9 carbon atoms, preferably 1 to 4 carbon atoms, X is a

halogen atom, preferably chlorine, and m is zexoc to 4,

preferably 2 to 4. The tetravalent transition-metal

compound of the formula II or an adduct thereof with an

10 electron donor, for example an ester, ether, ketone or

the like, is soluble in hydrocarbons.

Examples which may be mentioned are:
TiCl,, TiCl,(OC,Hs), TiCl,(OC,Hs},, TiCL(OC,H;);, Ti(OC,Hs),,
TiCl,(OCsH,},  TiCL,(OC,H,),,  TiCl(OCH,;};,  Ti{OCzH,},,
15  TiCl;{OCHy),  TiCl,(OCHg),, TiCl(OC.Hg)s,  Ti(OCHg),
TiCl,{OCgH;3), TiCl,(OCeH,3),, TiCl(OCgH;3)3, TL(OCeHy)4s
Ti(OCgHyg)s, TiBr,, TiBr;{OR’), TiBr,(OR%),, TiBr(OR’);, Til,,
TiI4(OR’), TiI,(OR%),, TiX(OR%),, 32rCl,, G%rBr,, ZrI,,
Zx (0C,Hs),, 2xr(OC,H,;),, Zr(OCHg),, ZrCl,(0C;H,),, preferably
20 Ticl,, %rCl,, Ti(OC,Hs),, Ti(OCsH,)., Zr{OCH,),, Ti{OC.Hg},
and Zr(OC,By),. Particular preference is given to TiCl,.

The third reactant for the preparation of the catalyst

component a is an organoaluminum compound of the formula

III
25 AlR X5, (ITII)
in which R* is an alkyl radical having 1 to 6 carbon
atoms, preferably 1 to 4 carbon atoms, X is a halogen
- atom, preferably chlorine, and p is a number from zerc to
- i, preferably 1 to 2, or tHe-product of the reaction of
30

a trialkylaluminum compound or dialkylaluminum hydride
with isoprene.
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Merr]Cd[err] (1v) in which Merr] is titanium
silicon or tin, or BCl[err], in the Merr] : Merr] ratio of from
1: 0.2 to 100,

15

atoms in the alkyl radicals or the product of the
trial kyl al um num conpound or di al kyl -

| sopr ene.

10

15

and washing the solid with an inert solvent,

b) a trial kyl al um num conpound having 1 to 6 carbon

- 21 -

Patent claim

l.

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 carboun atoms, in suspension,
in solution or in the gas phase, at a temperature of
from 20 to 120°C and at a pressure of from 2 to
60 bax, in the presence of a catalyst comprising the
product of the reaction of a magnesium alkoxide with
a tetravalent ¢transition-metal compound and an
organcaluminum compound, which comprises carrying

out the polymerization in the presénce of a catalyst
which comprises

a) the entire product from the reaction
al} of a magnesium alkoxide of the formula I

Mg (OR*) (OR*) (I}

and

reaction of a
al um num hydride with

20 in which R® and R® are identical or different and are
unbranched or branched alkyl radical having 1 to
carbon atoms or a -{(CH,}),OR’ radical where R® is

alkyl radical having 1 to 4 carbon atoms and n is

an
20
an

arn

25

30

integer from 2 to 6,

which is dissolved, suspended or dispersed as a gel
in an inert golvent, with

a2) a tetravalent transition-metal compound of the
formula II

-

MY (ORY 0y - (II)

in which M* is titanjum, zirconium or hafnium, R* is
an alkyl radical having 1 to 9 carbon atoms, X is a

halogen atom and m is an integer from zero to 4,
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