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(57) The mvention relates to novel catalysts with a base
consisting of compounds of the rare earth metals,
comprising a compound of the rare earth metals, a
cyclopentadiene and an aluminium oxane. The invention
also relates to the use of the novel catalysts for
polymerising unsaturated compounds, especially
conjugated dienes. A considerably higher proportion of
laterally bonded vinyl groups can be obtaimned in the
polymer using the novel catalyst system.
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(54) Title: CATALYST WITH A BASE CONSISTING OF COMPOUNDS OF THE RARE EARTH METALS FOR POLYMERISING

UNSATURATED ORGANIC COMPOUNDS

(54) Bezeichnung: KATALYSATOR AUF BASIS VON VERBINDUNGEN DER SELTENEN ERDMETALLE FUR DIE POLYMERI- |
SATION VON UNGESATTIGTEN ORGANISCHEN VERBINDUNGEN

(57) Abstract

The invention relates to novel catalysts with a base consisting of compounds of the rare earth metals, comprising a compound of the
rare earth metals, a cyclopentadiene and an aluminium oxane. The invention also relates to the use of the novel catalysts for polymerising

unsaturated compounds, especially conjugated dienes. A considerably higher proportion of laterally bonded vinyl groups can be obtained

in the polymer using the novel catalyst system.

(87) Zusammenfassung

Die Erfindung betrifft neue Katalysatoren auf Basis von Verbindungen der Seltenen Erdmetalle bestehend aus einer Verbindung der
Seltenen Erdmetalle, einem Cyclopentadien und einem Alumoxan, sowie die Verwendung der neuen Katalysatoren filr die Polymerisation
von ungesdttigten Verbindungen, insbesondere von konjugierten Dienen. Mit dem neuen Katalysatorsystem gelingt es, bei der Polymerisation
von konjugierten Dienen einen wesentlich hdheren Anteil an seitenstindig gebundenen Vinylgruppen im Polymeren zu erhalten.
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Catalyst based on compounds of the rare earth metals for the polymerisation of
unsaturated organic compounds

The present invention relates to new catalysts based on compounds of the rare earth

metals as well as the use of the new catalysts for the polymerisation of unsaturated

compounds, in particular conjugated dienes.

The polymerisation of unsaturated organic compounds, in particular conjugated
dienes, 1n the presence of catalysts based on rare earth metals has been known for a
long time (see for example DE 28 33 721, US 4 429 089, EP 76 535, EP 92 270, EP
92 271, EP 207 558, WO 93/05083, US 5 627 119, EP 667 357, US 3 478 901, EP
637 589). In this connection the Ziegler-Natta catalysts based on the rare earth
metals have proved to be particularly suitable. For example, EP 11 184 proposes a
catalyst system based on the rare earth metals, in particular based on neodymium
compounds, which 1s particularly suitable for the polymerisation of conjugated
dienes, 1n particular butadiene. In the polymerisation of for example butadiene these
catalysts provide a polybutadiene in very good yields and with high selectivity,
which 1s characterised in particular by a high proportion of cis-1,4 units. However,
the disadvantage of the use of these catalysts for the polymerisation of conjugated
dienes 1s the small proportion of laterally bound vinyl groups (1,2 units) in the

polymer. The proportion of 1,2-double bonds in the polymer is thus often less than

1 %.

Catalysts based on structurally defined allyl complexes of the rare earth metals have
been described 1in WO 96/31 544, by means of which diene rubbers are obtained
containing a high proportion of 1,4-cis-double bonds and more than 1% of 1,2-
double bonds. A scrious disadvantage of the use of these catalysts 1s that, being
structurally defined allyl compounds, they are very difficult and expensive to
producc and arc thus not competiive with the generally more inexpensive Ziegler-

Natta catalysts, which arc morcecover available in any desired amounts.
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The aim of the present invention 1s accordingly to provide a catalyst system based on
the rare earth metals, by means of which in the polymerisation of conjugated dienes
a substantially higher proportion of laterally bound vinyl groups can be obtained in
the polymer. Polydienes with a high proportion of lateral 1,2-double bonds in
polymers have a great i;lﬂuence in particular with regard to their use as modifiers in
plastics, 1n order to improve for example the impact strength. Examples of such
rubber/plastics combinations are HIPS and ABS (Ullmann, 4th Edition, Vol. 19, p.
265 ft and p. 277 ff). It 1s furthermore desirable - for economic reasons - that the
catalysts can be used in readily available aliphatic solvents and that, with their use,
the 1,4-ci1s and 1,4-trans content in the polydienes can be controlled while at the

same time maintaining a uniform content of 1,2-double bonds in the polymer.

The present invention thus relates to a catalyst based on compounds of the rare earth

metals, comprising:

a) a compound of the rare earth metals,
b) a cyclopentadiene, and
C) an alumoxane,

thc molar ratio of the components (a): (b): (c) being in the range from 1:0.01 to

1.99:1 to 1000.

The molar ratio of the components (a):(b):(c) 1s preferably in the range from 1:0.2 to

[.8:3 to 500, particularly preferably in the range 1:0.5 to 1.5:5 to 100.

Compounds of the rarc earth metals (component (a)) that are particularly suitable are

those sclected from

an alcoholate of the rare earth metals.
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- a phosphonate, phosphinate and/or phosphate of the rare earth metals,

- a carboxylate of the rare earth metals,
- a complex compound of the rare earth metals with diketones and/or

- an addition compound of the halides of the rare earth metals with an oxygen

donor or nitrogen donor compound.

The aforementioned compounds of the rare earth metals are for example described in

more detail in EP 11 184.

The compounds of the rare earth metals are in particular based on the elements with

the atomic numbers 21, 39 and 57 to 71. Lanthanum, praseodymium or neodymium

or a mixture of elements of the rare earth metals that contains at least one of the
elements lanthanum, praseodymium or neodymium in an amount of at least 10 wt.%

are preferably used as rare earth metals. Lanthanum or neodymium are particularly
preferably used as rare earth metals, which again may be used mixed with other rare

carth metals. The proportion of lanthanum and/or neodymium in such a mixture is

particularly preferably at least 30 wt.%.

Suitable alcoholates, phosphonates, phosphinates and carboxylates of the rare earth
metals or suitable complex compounds of the rare earth metals with diketones are in

particular those 1n which the organic group contained in the compounds contains in
particular straight-chain or branched alkyl radicals with 1 to 20 carbon atoms,
preterably 1 to 15 carbon atoms, such as methyl, ethyl, n-propyl, n-butyl, n-penty],
1Isopropyl, isobutyl, tert.-butyl, 2-cthylhexyl, neo-pentyl, neo-octyl, neo-decyl or

nco-dodecyl radicals.
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As alcoholates of the rare earth metals there may for example be mentioned:

Neodymium(Ill) n-propanolate, neodymium(IIl) n-butanolate, neodymium(lIIl) n-
decanolate, neodymium(IIl) 1so-propanolate, neodymium(Ill) 2-ethyl-hexanolate,
praseodymium(11I) n-propanolate, prasecodymium(IITI) n-butanolate,
prasecodymium(III) | n-decanolate, praseodymium(III) 1SO-propanolate,
praseodymium(lll) 2-ethyl-hexanolate, lanthanum(IIl) n-propanolate, lanthanum(III)
n-butanolate, lanthanum(IIl) n-decanolate, lanthanum(III) 1so-propanolate,

lanthanum(lll) 2-ethyl-hexanolate, preferably neodymium(lll) n-butanolate,

- neodymium(III) n-decanolate, neodymium(IIl) 2-ethyl-hexanolate.

As suitable phosphonates, phosphinates and phosphates of the rare earth metals there
may for example be mentioned: neodymium(IIl) dibutyl phosphonate,
necodymium(IIl) dipentyl phosphonate, neodymium(lll) dihexyl phosphonate,
neodymium(IIl) diheptyl phosphonate, neodymium(lIl) dioctyl phosphonate,
neodymium(IIl) dinonyl phosphonate, neodymium(Ill) didodecyl phosphonate,
neodymium (IIl) dibutyl phosphinate, neodymium(IIl) dipentyl phosphinate,
necodymium(lll) dihexyl phosphinate, neodymium(IIl) diheptyl phosphinate,
neodymium(Ill) dioctyl phosphinate, neodymium(lll) dinonyl phosphinate,
neodymium(IIl) didodecyl phosphinate, and neodymium(IIl) phosphate, preferably

ncodymium(!II) dioctyl phosphonate and neodymium(IIl) dioctyl phosphinate.

Suitable carboxylates of the rare earth metals are:

Lanthanum(lIl) propionate, lanthanum(lll) diethylacetate, lanthanum(IIl) 2-
cthylhexanoate, lanthanum(Ill) stearate, lanthanum(Ill) benzoate, lanthanum(II])
cyclohexanecarboxylate,  lanthanum(IIl)  oleate, lanthanum(1IIl)  versatate,
lanthanum(Ill) naphthenate, prascodymium(IIl) propionate, prascodymium(IIl)
dicthylacctate. prascodymium(IIl) 2-ethylhexanoate, praseodymium(IIl) stearate,

prascodvmium(lIl) benzoate, prascodymium(1I]) cyclohexanccarboxylate,
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prascodymium(III) oleate, praseodymium(IIl) versatate, praseodymium(III)

naphthenate, neodymium(IIl) propionate, neodymium(Ill) diethylacetate,
neodymium(lll) 2-ethylhexanoate, neodymium(Ill) stearate, neodymium(lII)
benzoate, neodymium(IIl) cyclohexanecarboxylate, neodymium(IIl) oleate,
neodymium(IIl) versatate, neodymium(IIl) naphthenate, preferably neodymium(IIl)

2-cthylhexanoate, ne(‘)dymium(III) versatate, neodymium(IIl) naphthenate.

Neodymium versatate s particularly preferred.

As complex compounds of the rare earth metals with diketones, there may be

mentioned:

Lanthanum(Ill) acetylacetonate, praseodymium(III) acetylacetonate, neodymium(III)

acctylacetonate, preferably neodymium(III) acetylacetonate.

As addition compounds of the halides of the rare earth metals with an oxygen donor
or a nitrogen donor compound, there may for example be mentioned:

Lanthanum(IIl) chlonde with tributyl phosphate, lanthanum(Ill) chloride with
tetrahydrofuran, lanthanum(IIl) chloride with iso-propanol, lanthanum(IIl) chloride
with pyridine, lanthanum(IIl) chloride with 2-ethythexanol, lanthanum(III) chlonde
with  ethanol, praseodymium(Ill) chloride  with  tributyl  phosphate,
prascodymium(IIl) chlonide with tetrahydrofuran, praseodymium(III) chloride with
1so-propanol, prascodymium(III) chloride with pyridine, praseodymium(III) chloride
with 2-ethylhexanol, praseodymium(IIl) chloride with ethanol, neodymium(III)
chloride with tributyl phosphate, neodymium(Ill) chloride with tetrahydrofuran,
neodymium(ll) chlonde with 1so-propanol, neodymium(IIl) chloride with pyridine,
necodymium(ill)  chloride with 2-ethylhexanol, neodymium(IIl) chloride with
cthanol. lanthanum([Il) bromide with tributyl phosphate, lanthanum(IIl) bromide
with tetrahydrofuran, lanthanum(IIl) bromide with iso-propanol, lanthanum(IIl)
bromide with pynidine, lanthanum(IIl) bromide with 2-ethylhexanol, lanthanum(II])

bromide  with  ethanol, praseodymium(IIl) bromide with tributyl phosphate.
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praseodymium(III) bromide with tetrahydrofuran, praseodymium(Ill) bromide with
1so-propanol, praseodymium(IIl) bromide with pyridine, praseodymium(IIl) bromide
with 2-ethylhexanol, praseodymium(IIl) bromide with ethanol, neodymium(III)
bromide with tnibutyl phosphate, neodymium(Ill) bromide with tetrahydrofuran,
neodymium(Ill) bromide with 1so-propanol, neodymium(IIl) bromide with pyridine,
neodymium(III) bromide with 2-ethylhexanol, neodymium(IIl) bromide with
ethanol, preterably lanthanum(IIl) chlonde with tributyl phosphate, lanthanum(III)
chlonde with pyndine, lanthanum(IIl) chloride with 2-ethylhexanol,
praseodymium(III) chloridde with tnibutyl phosphate, praseodymium(III) chloride
with  2-ethylhexanol, neodymium(III) chloride with tributyl phosphate,
neodymium(IIl) chloride with tetrahydrofuran, neodymium(Ill) chloride with 2-
ethylhexanol, neodymium(lII) chlonde with pyridine, neodymium(III) chloride with

2-ethylhexanol, neodymium(IIl) chloride with ethanol.

Neodymium versatate, neodymium octanoate and/or neodymium naphthenate are

particularly preterably used as compounds of the rare earth metals.

The aforementioned compounds of the rare earth metals may be used individually as

well as in mixtures with one another. The most favourable mixing ratio can readily

be determined by appropnate preliminary tests.

As cyclopentadienes (component (b)), compounds of the formulae (1), (II) or (III)

H K] = RO
= ) - /\QA/Q
\ TN\
NS 02
/ \ C>/\/\r_<
z E = o

(1) (11) (I11)
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are used, in which R! to R? are the same or different or are optionally joined to one
another or are condensed on the cyclopentadiene of the formulae (I), (II) or (III), and
denote hydrogen, a C- to C3p- alkyl group, a Cg4- to Cy- aryl group, a C5- to Cyp-
alkylaryl group, a Cs3- to Csq- silyl group, wherein the alkyl groups may either be
saturated or singly or multiply unsaturated and may contain hetero atoms such as
oxygen, nitrogen or haliﬁes. In particular the radicals may denote hydrogen, methyl,
ethyl, n-propyl, i1sopropyl, n-butyl, isobutyl, tert.-butyl, phenyl, methylpheny],

cyclohexyl, benzyl, trimethylsilyl or trifluoromethyl.

Examples of cyclopentadienes are unsubstituted cyclopentadiene, methyl
cyclopentadiene, ethyl cyclopentadiene, n-butyl cyclopentadiene, tert.-butyl
cyclopentadiene, vinyl cyclopentadiene, benzyl cyclopentadiene, phenyl
cyclopentadicne, trimethylsilyl cyclopentadiene, 2-methoxyethyl cyclopentadiene,
1,2-dimethyl cyclopentadiene, 1,3-dimethyl cyclopentadiene, trimethyl
cyclopentadiene, tetramethyl cyclopentadiene, tetraphenyl cyclopentadiene,
tetrabenzyl  cyclopentadiene,  pentamethyl  cyclopentadiene, pentabenzyl
cyclopentadiene, ethyl-tetramethyl cyclopentadiene, trifluoromethyl-tetramethyl
cyclopentadiene, indene, 2-methylindenyl, trimethylindene, hexamethylindene,

heptamethylindene, 2-methyl-4-phenylindenyl, fluorene or methylfluorcne.

The cyclopentadienes may likewise be used either individually or mixed with one

another.

As alumoxanes (component (c)) aluminium-oxygen compounds arec used which, as
1s known to the person skilled in the art, are obtained by contacting aluminium
organyls with condensing components, for example water, and which contain non-
cyclic and/or cyclic compounds of the formula (-AI(R)O-),,, R being the same or
different and denoting a linear or branched C;- to Cp- alkyl group that may contain
hetero atoms such as oxygen or halogens. In particular R denotes methyl, ethyl, n-

propyl, 1so-propyl, n-butyl, 1so-butyl, tert.-butyl, n-octyl or iso-octyl, and
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4
particularly preferably methyl, ethyl, or iso-butyl. Examples of alumoxanes that
may be mentioned are: methyl alumoxane, ethyl alumoxane and iso-butyl

alumoxanc, methyl alumoxane and 1so-butyl alumoxane being preferred.

The alumimium oxanes can likewise eitther be used individually or mixed with one

another.

[t 1s also possible to add a further component (d) to the approved catalyst
components (a) to (¢). This component (d) may be a conjugated diene, which may
be the same dienc that 1s subsequently to be polymerised using the catalyst.

Butadicne and/or 1soprene are preferably used.

[f the component (d) i1s added to the catalyst, then the amount of (d) is preferably |
to 1000 mol, referred to 1 mol of the component (a), particularly preferably 1 to 100

mol. 1 to 50 mol of (d), referred to 1 mol of the component (a), are most particularly

preferably used.

The catalyst according to the invention i1s prepared by mixing the components (a) to
(d) together in any arbitrary scquence n an inert solvent and/or diluent. The
individual components may if desired be added without solvent to the solvent and/or

diluent 1n a vessel, or may be mixed with one another dissolved or suspended in a

suitable solvent and/or diluent.

The solvents and/or diluents may be the same or different to the solvent in which the
polymerisation takes place.  The catalyst 1s prepared at temperatures ranging
between the melting pomt and the boiling point of the solvents that are used.
Temperatures of -80 to 140°C arc suitable, temperatures of -40 to 100°C being
particularly suitable. The catalyst may be prepared in a separate stage or by adding

the catalyst components present individually or partially in the mixture. to the
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polymerisation batch, the addition of the monomer taking place before, during or

after the addition of the catalyst components.

Aromatic, aliphatic and cycloaliphatic hydrocarbons are suitable as inert solvents
and/or diluents, for example benzene, toluene, pentane, n-hexane, iso-hexane,
heptane and cyclohe‘xane, and/or halogenated hydrocarbons, for example
dichloromethane and chlorobenzene. The solvents may be the same or different for

all components and may also be used mixed with one another.

The catalysts according to the invention are suitable for polymerising unsaturated
organic compounds, n particular for polymensing conjugated dienes, for example
| .3-butadiene, 1soprene, 2-phenyl-1,3-butadiene, 1,3-pentadiene, 2-methyl-1,3-
pentadiene, 4-methyl-1,3-pentadienc and/or 2,4-hexadiene. Furthermore, in the
polymerisation of the dienes one or more 1-olefin(s) may optionally be added, for
example ethylene, propene, 1-butene, 1-hexene, 1-octene, styrene, methylstyrene. In
addition the polymerisation may of course also be carried out in the presence of

further compounds that may serve for example to regulate the molecular weight,

such as hydrogen or 1,2-butadiene.

The polymensation of the conjugated dienes, optionally in admixture with 1-olefins,
may be carried out 1n a conventional manner as described for example in EP 11 184.
The amount of optionally added 1-olefins 1s governed by, inter alia, the intended use

of the polydienes to be produced. The quantitative ratio can thercfore easily be

determined by appropriate preliminary experiments.

A particularly suitable procedure for producing the catalyst 1s to prepare the catalyst
scparately by mixing the catalyst components (a), (b), (¢) and (d) together in any
arbitrary scquence n a suitable solvent and/or diluent at temperatures of -40° to
S0°C, and then after a suitable reaction time to add the whole catalyst solution to the

polymenisation vessel. The preferred reaction time i1s governed by the temperature
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and may lie in the range from 1 minute to several days, an increase in the reaction

time having an adverse effect on the properties of the catalyst.

The sequence of the addition of the catalyst components has no effect on the
tormation of the catalyst. The addition of the components may take place

simultaneously or successively. A suitable procedure is for example to add the

components n the sequence: solvent - (d) - (a) - (b) - (c) or in the sequence: solvent -

(d) - (c) - (b) - (a).

The polymerisation 1s carried out by adding the catalyst together with a solution of
the monomer 1n a suitable solvent. The amount of catalyst employed referred to 100
g of monomer 1s 1n the range from 0.01 to 10 mmol of component (a), preferably in
the range from 0.02 to 1 mmol of component (a). The solvents used should be inert
with respect to the catalyst. Suitable solvents are for example aromatic, aliphatic
and cycloaliphatic hydrocarbons, such as benzene, toluene, pentane, n-hexane, iso-
hexane, heptane and/or cyclohexane. The polymerisation is carried out at

temperatures of O to 150°C, preferably 20 to 130°C.

In a conventional proéedure the catalyst system 1s added to a mixture of 100 parts by
weight of solvent with 5 to 50 parts by weight, preferably 8 to 40 parts by weight of
monomer. The polymerisation starts immediately, as is recognisable by the
evolution of heat. After the desired conversion has been achieved the catalyst is
deactivated by adding small amounts of suitable deactivators, for example water,
carboxylic acids or alcohols. Suitable stabilisers, for example sterically hindered
phenols or aromatic amines, are added in the conventional amounts to the polymer
solution before 1t 1s worked up. The polymers are isolated in a manner known per
s¢, tor example by evaporating the polymer solution or precipitating the polymer
with a non-solvent, for example methanol, ethanol or acetone, or by steam

distiflation of the solvent. Drying 1s carried out by conventional methods, for

example in a drying cabinet or in a screw-conveyor dryer.
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It 1s also possible to carry out the polymerisation of diolefins with the described
catalysts without the addition of solvents. The polymerisation may be carried out in

liquid monomers or, if the catalyst is suitably supported, also in the gaseous phase.

The new catalyst system 1s particularly characterised by the fact that it is easy to

prepare, and that 1t 1s possible to control the ratios of cis-trans double bonds in a
wide range by the nature of the cyclopentadienes that are used as well as by the
conduct of the reaction. Irrespective of the reaction conditions, the content of lateral
vinyl groups remains almost unaltered in the range from about 3 to 15%, preferably

In the narrower range from 5 to 12%, and can be selectively influenced by the nature

of the cyclopentadienes used.

The tollowing examples are intended to illustrate the present invention without

however restricting the latter thereto.
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Examples

The examples were carried out with purtfied solvents (n-hexane and toluene) and
monomers (1,3-butadiene) with the exclusion of air and moisture and under an argon
atmospherc. The solution polymerisations were carried out under argon in 0.5 litre
flasks scaled with a.septum. The determination of the selectivity of the

polybutadicne (1,4-cis, 1.4-trans and 1,2-double bonds) was carried out by means of

IR spcctroscopy.

Examples 1 to 9

Ageing

0.23 ml (2 mmol) of indene, 36.1 ml of a 1.66 molar solution of MAO (methy]
alumoxanc) 1n toluene and 5.33 g of |,3-butadiene were added under argon to a
solution of 2 mmol of NDV (ncodymium(IIl) versatate) in 5.7 ml of n-hexane at
25°C mn a 20 ml shaker vessel, and the resultant mixture was madc up to a total
volume of 50 ml with toluene. The catalyst solution was stirred with a magnetic

stirrer, and the reaction temperature was adjusted by means of an outer bath. The

temperatures and the ageing times are given in Tables 1 and 2.

Polymerisation

The polymenisation took place in a 0.5 litre flask provided with a crown cork with
intcgrated septum. 150 ml of n-hexane was placed under argon in the flask, the flask
was then scaled with a septum, the specified amount of 1.3-butadienc was added
continuously through a cannula, and the specified amount of the aged catalyst
solution was next added using a syringe. During the polymerisation the temperature
was adjusted by a water bath. The polymer was 1solated after the specified reaction

time by precipitating the polymer solution in methanol/BKF and dried for 1 day in a
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vacuum drying -cabinet at 60°C. The batch sizes, reaction conditions and the

properties of the polymer obtained are given in Tables 1 and 2.
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Examples 1 to 5

l—‘m | | Example-l
Ageing
| Temperature -20°C
Reaction time 4 h'
Polymerisation
| Catalyst solution 5 ml

Nd component 0.2 mmol
n-hexane 150 mli
[,3-butadicne 21.63 ¢
Temperature 60°C
Reaction time 3.5h
Polymer

BR* 6.16 g
cis/trans/1,2 1n %  43/52/5

- 14 -

Example 2

4°C
I h

5 ml

0.2 mmol
150 ml
[9.86 g
60°C
3.5h

10.65 ¢
41/54/5

Example 3

Tl

30°C
1 h

5> ml

0.2 mmol
150 mi
20.71 g

60°C

3.5h

13.60 ¢

48/49/4

Example 4

30°C
4 h

5 ml

0.2 mmol
150 ml
21.53 ¢
60°C
3.5h

20.43 ¢
39/57/4

Example 5

50°C
[ h

5 ml

0.2 mmol
150 ml
24.14 ¢
60°C
3.5h

21.04 ¢
40/56/4

Nl

- dberv-v-wmmdy b s

* butadiene rubber
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Examples 6 to 9

Ageing
Temperature

' Reaction time

| Polymerisation

Catalyst solution
Nd component
n-hexane
,3-butadiene
Tempcrature
Reaction time

Polymer

| BR

cis/trans/1,2 1n %

- 15 -

Example 6

50°C
2 h

> ml

0.2 mmol
150 ml
19.68 ¢
60°C

l h

20.04 ¢
39/56/5

Example 7

50°C
2.59h

2 ml

0.08 mmol
150 ml
21.05 g
60°C

[ h

17.10 ¢
51/45/4

50°C
24 h

| ml

0.04 mmol
150 ml
24.60 ¢
60°C

I h

20.06 ¢
60/35/5

50°C
24 h

| mi

0.04 mmol
150 ml
21.79 g
600°C

0.5 h

10.98 ¢
74/21/5

Exarﬁple 8 Example9 ,
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Examples 10 to-19

Ageing

In each case 2 mmol of the cyclopentadienes specified in Table 3, 36.1 ml of a 1.66
molar solution of MAd (methyl alumoxane) in toluene and 5.33 g of 1,3-butadiene
were added under argon to a solution of 2 mmol of NDV (neodymium(III) versatate)
in 5.7 ml of n-hexane at 25°C 1n a 20 ml shaker vessel, and the resultant mixture was
made up with toluene to a total volume of 50 ml. The catalyst solution was stirred
with a magnetic stirrer, and the reaction temperature was adjusted by means of an

outer bath. The temperatures and the ageing times are given in Tables 3 and 4.

Polymerisation

The polymerisation was carried out in the same way as described for Examples 1 to

9. The batch sizes, reaction conditions and the properties of the polymer obtained

are shown 1n Tables 3 and 4.
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Table 3

Example 10

Cyclopentadiene

Ageing
Temperature

Reaction time

Polymerisation

Catalyst solution
Nd component
n-hexane

], 3-butadiene
Temperature
Reaction time

Polymer

BR*

cis/trans/1,2 in %

- 17 -

Examples 10 to 14

Example 11

Pentamethylcyclopentadiene

50°¢
2 h

5 ml

0.2 mmol
150 mi
19.50 g
60°C

l h

1933 ¢
21/70/9

50°C
I h

I mi

0.04 mmol
150 mi
21.73 ¢
60°C

l h

19.89 o
43/47/10

Example 14

Tetramethylcyclopentadiene

Example 12 Example 13
30°C 30°C

4 h 4 h

0.5 mi 5ml .
0.08 mmol 0.2 mmol
150 mi 150 mi
2248 ¢ 2319 ¢
40°C 60°C

] h | h

1.66 ¢ 23.04 ¢
76/13/11 32/61/6

dr-reshiur

— e AP

aaasan

50°C
] h

I ml

0.04 mmol
150 ml
20.03 ¢
60°C

I h

18.14 ¢
45/50/6

*butadiene rubber
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Examples 15 to 19

Engnple 15 Example 16 | Examﬁlé 17 Example 18 E;ampleT]
[ C yclopentadiene  Di(tert-butyl)cyclo- Cyclopenta- Methyl Fluorene |
’ pentadiene diene cyclo- |
| pentadiene

Ageing

Temperature 50°C 50°C 50°C 25°C 25°C

Recaction time I h 19 h 2 h 12 h 12 h

Polymerisation

Catalyst solution 5 ml | mi 5 mli 5 ml 5 ml

Nd component 0.2 mmol 0.04 mmol 0.2 mmol 0.2 mmol 0.2 mmol

n-hexane 150 m] 150 ml 150 ml 150 ml 150 ml

I,3-butadiene 2432 ¢ 24.13 ¢ 21.04 ¢ 17.07 ¢ 17.07 g

Temperature 60°C 60°C 60°C 60°C 60°C

Reaction time | h I h I h [ h  h

Polymer

BR 8.44 ¢ 8.48 ¢ 21.02 ¢ 15.40 ¢ 942 ¢

cis/trans/1.21n %  19/76/9 45/50/5 25/68/6 43/54/4 68/27/4
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A
gompariso‘n Example 20

The polymerisation took place in a 0.5 litre flask provided with a crown cork with
integrated septum. Solutions of 0.12 mmol of neodymium(IIl) versatate in 0.342 ml
of n-hexane, 4.0 mmol of di(iso-butyl) aluminium hydride in 2 ml of n-hexane and
0.24 mmol of ethyl alu.minium sesquichloride in 0.24 ml of n-hexane were added
successively under argon to a solution of 24.1 g of 1,3-butadiene in 150 ml of n-
hexane (molar amounts of di(iso-butyl) aluminium hydride and ethyl aluminium
sesquichloride referred to aluminium). The reaction solution was kept for 1 hour at
60°C, and the polymer was then isolated by precipitating the polymer solution in
methanol/BKF and was dried for 1 day in a vacuum drying cabinet at 60°C. 20.4 g

of polybutadiene were obtained having a selectivity distribution of 92.5% 1,4-cis-,

7% of 1,4-trans- and 0.5% 1,2-double bonds.




'

[
wr

Le A 32 662 - Foreighi™

02306220 2000-04-14

\

Patent Claims
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0.

Catalyst based on compounds of the rare earth metals. comprising:

a) a compound of the rare earth metals.
b) a cyclopentadiene. and
C) an alumoxane.

the molar ratio of the components (a):(b):(c) being in the range from 1:0.1 to

1.99:0.1 to 1000.

Catalyst according to claim 1. characterised 1n that the molar ratio of the

components (a):(b):(c) 1s in the range from 1:0.2 to 1.8:1 to 500.

Catalyst according to claim 1. characterised n that the molar ratio of the

components (a):(b):(c) 1s in the range from 1:0.5 to 1.5:5 to 100.

Catalyst according to claims | to 3, characterised in that as compounds of the
rar¢ carth metals there arc used their alcoholates and carboxylates as well as
the complex compounds of the rare carth metals with diketones and/or the

addition compounds of the halides of the rare earth metals with an oxygen

donor or nitrogen donor compound.

Catalyst according to claims 1 to 4. characterised in that neodymium
versatate, neodymium octanate and/or neodymium naphthenate are used as

compounds ot the rare carth metals.

alvw

Catalvst according to claims 1 to 3. characterised 1in that as additional
component (d) a conjugated diene 1s used 1 an amount of T to 1000 mol.

reterred to 1 mol of the component (a).
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3.

=721 -
A
Process tor preparing the catalyst according to claim 1, characterised in that

the components (a), (b) and (c), and optionally (d). are mixed with one

another 1n any arbitrary order in an inert solvent and/or diluent.

Use of the catalyst according to claim 1 for the polymerisation of unsaturated

4

organic compounds, 1n particular conjugated dienes, optionally in

conjunction with 1-olefins.
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