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PATENT SPECIFICATION

(22) Filed 24 May 1976
(23) Complete Specification filed 11 May 1977
(44) Complete Specification published 12 Nov. 1980

(21) Application No. 21332/76

)
(51) INT CL? BO1J 31/38
(52) Index at acceptance
B1E
1500 1603 1741 DB

C3P 404 420 440 452 474 486 538 574 GR

C3W 216 217

(72) Inventor IAN ALASTAIR MATHESON

1129 1180 1257 1258 1263 1266 1298 1342 1372 1381

(11)

(54) POLYMERISATION CATALYST COMPONENT

(71) We, BP CHEMICALS LIM-
ITED, of Britannic House, Moor Lane,
London, EC2Y 9BU, a British company, do
hereby "declare the invention for which we
pray that a patent may be granted to us, and
the method by which it is to be performed
to be particularly described in and by the
following statement: —

The present invention relates to a process
for the production of a Ziegler catalyst com-
ponent and to the use of the catalyst compo-
nent in the polymerisation olefins.

It has long been known that 1-clefins, for
example, ethylene, can be polymerised by
contacting them under polymerisation condi-
tions with a catalyst component comprising
a transition metal compound, for example
titanfum tetrachloride and a co-catalyst or
activator, for example triethyl aluminium.
Catalysts of this type are generally referred
to as Ziegler catalysts and will be so-referred
to throughout this specification. It is also
known that Ziegler catalyst components can
comprise transition metal compounds deposi-
ted on support materials, for example silicon
carbide, calcium phosphate, and magnesium
carbonate, chloride or hydroxide.

UK patent specification 1,411,717 discloses
a catalyst suitable for polymerising 1-olefins
prepared by (a) reducing TiCl, with Mg
metal to give a double chloride TiCl(MgCl,),
where x is greater than O but not greater than
0.5, optionally in the presence of a support,
e.g. MgO, (b) complexing the double chloride
with a complexing agent, e.g. diisoamy! ether
and (c) treating the product with a vanadium
compound. The catalyst may be activated with
an organometallic compound.

The present invention provides a process

for making a Ziegler catalyst component com-

prising reacting together magnesium metal
and a halogen-containing titanium compound
in the presence of an alcohol.

The magnesium metal employed in the pre-
sent invention is suitably in the form of
particles or granules and ‘is preferably mag-
nesium powder. Preferably a magnesium

powder having a particle size in the range
50 to 240 mesh is employed. This corres-

‘ponds to a particle size of approximately

300—60u metres, (see British Standard
410:1969 Appendix C page 31).

The halogen-containing titanium compound |

is suitably any titanium compound having

. the general formula Ti(OR), X, wherein n

has a value from 4 to 1 inclusive and wherein
X is halogen, preferably chlorine and R is a
hydrocarbon group, preferably an alkyl group
having 1—6 carbon atoms. Examples of suit-
able titanium compounds are titanium tetra-
chloride, Ti(OEt);Cl and Ti(OiPr),Cl,. Titan-
ium tetrachloride is preferred.

The quantity of halogen-containing titan-
ium compound employed in the present
invention is suitably in the range from 3 to
0.5 moles per. gramme atom of magnesium
metal, and preferably 1.5 to 0.9 moles per
gramme atom. The presence of small amounts
of unreacted magnesium metal can be tolerated
in the catalyst of the present invention. The
alcohol employed in the present invention is
suitably a primary, secondary or tertiary ali-
phatic or aromatic alcohol. Preferred alcohols
are those containing 1 to 6 carbon atoms for
example ethanol or isopropanol. Particularly
preferred are primary or secondary aliphatic
alcohols. The quantity of alcohol employed
in the process of the present invention is
suitably 0.1 to 5, preferably 1 to 3 moles
per gramme atom of magnesium metal
employed.

.The reaction between the magnesium metal
and the halogen-containing titanium com-
pound in the presence of the alcohol can be
carried out merely by forming a mixture
of the starting materials -and, if necessary,
applying heating or cooling to control the
reaction rate. If desired, the reaction can be
carried out in the presence of an inert liquid
diluent, for example a liquid hydrocarbon
such as cyclohexane.

It is frequently found that the. produced
reaction ‘mixture contains free hydrogen
chloride. This is preferably removed from
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the reaction mixture (e.g. by distillation) or
neutralised (e.g. by adding MgO) or by suc-
cessive washing and decantation or filtration
employing hydrocarbon.

If the reaction product between the
halogen-containing titanjum compound and
the magnesium metal in the presence of the
alcohol contains any unreacted titanium com-
pound or hydrocarbon-soluble titanium com-
pound it is preferred to remove such
compounds. Removal of such compounds can
be accomplished for example by successive
washing with hydrocarbon, e.g. cyclohexane
or by vacuum distillation of any volatile un-
reacted titanium compounds. Any free alcohol
remaining in the reaction product is prefer-
ably removed before the product is employed
as a Ziegler catalyst. The removal can be
effected for example by the aforedescribed
distillation and/or washing techniques.

The reaction of the present invention and
the subsequent handling of the produced cata-
lyst component is preferably carried out in
the absence of oxygen or moisture.

The present invention further provides a

~ process for polymerising 1-olefins comprising
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contacting the monomer under polymerisation
conditions with the Ziegler catalyst component
of the present invention in the presence of
a Ziegler catalyst activator.

The polymerisation process according to
the present invention can be applied to the
polymerisation of 1-olefins e.g. ethylene or
propylene or mixtures of olefins, e.g. ethylene
with other 1-olefins, for example, propylene,
1-butene, 1-pentene, 1-hexene, 4-methyl
pentene-1, 1—3-butadiene or isoprene. The
process is particularly suitable for the poly-
merisation of ethylene or copolymerisation
of ethylene with up to 40 weight % (based
on total monomer) of comonomers i.e. one
or more other 1-olefins.

Ziegler catalyst activators and the methods
by which they are used to activate Ziegler
catalyst are well-known. Examples of Ziegler
catalyst activators are organic derivatives or
hydrides of metals of Groups I, II, III and
IV of the Periodic Table. Particularly pre-
ferred are the trialkyl aluminiums, e.g. tri-
ethyl or tri-n-butyl aluminium, or alkyl alu-
minium halides.

The polymerisation catalyst of the present

invention is a solid material (insoluble in

" hydrocarbons) and is employed in the poly-
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merisation process of the invention as a solid
powder. ‘

The polymerisation conditions employed
can be in accordance with known techniques
used in so-called supported Ziegler polymeri-
sation processes. The polymerisation can be
carried out in the gaseous phase or in the
presence of a dispersion medium in which
the monomer is soluble. As a liquid dispersion
medium use can be made of an inert hydro-

65 carbon which is liquid under the polymerisation

conditions, or of the monomer or monomers
themselves maintained in the liquid state
under their saturation pressure. The poly-
merisation can, if desired, be carried out in
the presence of hydrogen gas or other chain
transfer agent to vary the molecular weight
of the produced polymer.

The polymerisation is preferably carried
out under conditions wherein the activated
supported Ziegler catalyst is suspended in a
liquid diluent so that the polymer is formed
as solid particles suspended in the liquid
diluent. Suitable diluents are, for example,
selected from paraffins and cycloparaffins
having from 3—30 carbon atoms per molecule.
Examples of diluents include isopentane, iso-
butane, and cyclohexane. Isobutane is
preferred. ‘ _

The polymerisation can be carried out
under continuous or batch conditions.

Methods of recovering the product poly-
olefin are well-known in the art.

The polymerisation catalyst of the present
invention can be used to make high density
ethylene polymers and copolymers at high
productivity having properties which render
them particularly suitable for injection mould-
ing. However, polyethylenes ranging in mole-
cular weight from a melt index too low to be
measured to a melt index of several hundred
can be made.

The invention is illustrated by the following
examples: — '

In the Examples the melt index (Ml.,)
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and high load melt index (MI,; ) were deter- 100

mined according to ASTM method 1238
using 2.16 kg and 21.6 kg loads respectively;-
the units are grammes 10 minutes. “MIR”
is the melt index ratioc MI, /M.

Example 1.

Mg powder (6.03g) was added to cyclo-
hexane (150ml), stirred under an atmosphere
of dry nitrogen. Isopropanol (57ml) was added,
followed by the dropwise addition of titanium

105

tetrachloride (36.4ml). The mixture turned 110

blue after addition of about Sml of the
TiCl, and deep grey-brown after addition’
of a further 20ml of TiCl,. The viscosity
of the mixture increased as the TiCl, was

added. The slurry was heated under reflux 1135

for 11 hours and the solids washed of excess
titanium by successive centrifuging, decanting
and -addition of dry cyclohexane. The catalyst
component was handled as a slurry in cyclo-
hexane (300ml) with a solids content of
63.5mg/ml. Analysis of the catalyst compo-
nent showed a magnesiuh metal content of
16.3% by weight. This was separated by dis-
solution: of the catalyst in water, elemental

120

magnesium being insoluble. Analysis of the 125

water  soluble portion yielded (w/w)—
Ti 163%, Mg 8.3%, Cl 33.8%, organic
residue 41.6%.
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residue 42.3%.

‘ Example 2. -

Mg powder. (6.03g) was added to cyclo-
hexane (150ml), stirred under an atmosphere
of dry nitrogen. Isopropanol (28.5ml) was
added, followed by the dropwise addition

. of titanium tetrachloride (18.2ml). After addi-

tion of about 5ml of the TiCl, the mixture
turned blue and, as the last few millilitres
were .added, it turned deep grey-brown as in
Example 1. The slurry was washed twice by
centrifuging, decanting and addition of dry
cyclohexane. The catalyst component was
handled as a slurry in cyclohexane (500ml)
with a solids content of 31mg/ml. The mag-
nesium metal content of the catalyst compo-
nent was 9.19% by weight. Analysis of the
water soluble portion yielded (w/w)—
Ti 17.7%, Mg 6.5%, Cl 33.5%, organic

- Example 3.

Mg powder (6.03g) and cyclohexane
(100ml) were stirred under an atmosphere of
dry nitrogen. 10g of Merck Maglite D (regis-
tered Trade Mark) -magnesium oxide, pre-
dried for 2 hours at 150°C under vacuum,
were washed in with a further 50ml cyclo-
hexane. 68.6m! isopropanol were added, fol-

lowed by the dropwise addition 55.0ml of
TiCl,. The colour changed through purple
to brown. After addition of all the TiCl,, a
further 100m! of cyclohexane was added and
the reactants heated under reflux for 1 hour.
The catalyst component was washed by de-

cantation and .addition of dry cyclohexane -

and handled as a slurry with a solids content

“of 45.5mg/ml. Analysis of the catalyst com-

ponent yielded (w/w)—Ti

10.43%, CI
37.53%, Mg (total) 22.06%.

- Polymerisation

The polymerisations were carried out in a
2.3 litre stainless steel stirred autoclave. The
reactor was purged with nitrogen, heated to
70°C, and then the required quantity of cata-
lyst component shurry added with a syringe.
This was followed by the triethyl aluminium
co-catalyst in isobutane (1 litre). The tem-

perature was raised to 85°C. The required -
~ pressure of hydrogen was added, followed by

ethylene to bring the total pressure of the

- reatcor contents to 41.4 bar. Ethylene was

added continuously to maintain this pressure
during the reaction. Polymerisation and poly-
mer property data are shown in the Table.
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WHAT WE CLAIM IS:—

1. A process for making a Ziegler catalyst
component comprising reacting together mag-
nesium metal and a halogen-containing
titanium compound in the presence of an
alcohol. -

2. A process as claimed in Claim 1 wherein
the magnesium metal employed is'in the form
of a powder having a particle size in the
range 50—240 mesh.

3. A process as claimed in Claim 1 or 2
wherein the titanium compound has the gen-
eral formula Ti(OR),..X, wherein n has a
value from 4 to 1 inclusive, X is halogen
and R is a hydrocarbon group.

4. A process as claimed i Claim 3 wherein
the halogen is chlorine.

5. A process as claimed in Claim 3 or 4
wherein the hydrocarbon group R is an alkyl
group having 1—6 carbon atoms.

6. A process as claimed in Claim 3 wherein
the titanium compound is titanium
tetrachloride.

7. A process as claimed in Claim 3 wherein
the titanium compound is Ti(OEt),Cl or
Ti(OiPr),Cl,.

8. A process as claimed in any preceding
claim wherein the quantity of titanium com-
pound employed is in the range 3 to 0.5
moles per gramme atom of magnesium metal.

9. A process as claimed in any preceding
claim wherein the quantity of titanium com-
pound employed is in the range 1.5 to 0.9

‘moles per gramme atom of magnesium metal.

10. A process as claimed in any preceding

claim” wherein the alcohol employed is an -

alcohol containing 1 to 6 carbon atoms.

11. A process as claimed in Claim 10
wherein the alcohol containing 1 to 6 carbon
atoms is ethanol or isopropanol.

12. A process as claimed in any preceding
claim wherein the quantity of alcohol em-
ployed is in the range 0.1 to 5.0 moles per
gramme atom of magnesium metal.

13. A process as claimed in Claim 12
wherein the quantity of alcohol employed is
in the range 1.0 to 3.0 moles per gramme
atom of magnesium metal.

14. A process as claimed in any preceding

claim wherein the reaction product is washed
with hydrocarbon solvent to remove any un-
reacted titanium compound and/or free alco-
hol before the product is employed as a
Ziegler catalyst.

15. A process for making a Ziegler catalyst
component substantially as described in
Example 1 or 2.

16. A process for making a Ziegler catalyst
component substantially as described in
Example 3. ,

17. The Ziegler catalyst component pre-
pared by the process claimed in any pre-
ceding claim.

18. A process for polymerising 1-olefins
comprising contacting the monomer with the
catalyst component claimed in Claim 17 in
the presence of a Ziegler catalyst activator
under polymerisation conditions.

19. A process as claimed in Claim 18
wherein the monomer is ethylene or a mixture
of ethylene with up to 409% by weight (based
on total monomer) of one or more other
1-olefins. o

20. A process as claimed in Claim 18 or
19 wherein the catalyst activator is a trialkyl
aluminium. _

21. A process as claimed in Claim 20
wherein the trialkyl aluminium is triethyl
aluminium.

22. A process as climed in any one of
Claims 18—21 wherein the polymerisation
conditions are such that the activated cata-
lyst is suspended in liquid diluent and the
polymer is formed as solid particles suspended
in the liquid diluent.

23. A process as claimed in Claim 22
wherein the liquid diluent is isobutane.

24. A process for polymerising ethylene
substantially as described in any one of the
Examples.

25. Polyolefins prepared by the process.
‘claimed in any one of Claims 18--24.

J. HARRY,
Agent for the Applicants.

Printed for Her Majesty’s Stationery Office by the Courier Press, Leamington Spa, 1980.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.
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