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Description 

This  invention  relates  to  a  process  for  the  preparation  of  catalyst  compositions  for  alkene  polymeriza- 
tion,  for  example  polymerization  of  propylene  or  co-polymerisation  of  ethylene  and  propylene.  British  patent 

5  specification  1  ,536,358  is  concerned  with  a  process  for  the  preparation  of  catalyst  compositions  for  alkene 
polymerization,  which  comprises  combining:  (a)  a  solid  catalyst  component,  comprising  a  magnesium- 
dihalide,  an  electron  donor  and  a  halide  of  tetravalent  titanium,  (b)  a  tri-alkylaluminium  compound,  (c)  an 
electron  donor,  and  (d)  a  di-alkylaluminium  halide.  Such  catalyst  compositions  are  prepared  by  simply 
adding  the  aforesaid  four  different  components  to  each  other;  various  orders  of  additions  have  been 

io  disclosed  in  the  aforesaid  patent  and  from  runs  10  in  Example  3,  it  is  concluded  that  the  best  performing 
catalyst,  in  terms  of  the  balance  of  production  of  isotactic  polymer  (xylene  solubles)  and  polymer  yield,  is 
first  introducing  component  (d),  then  adding  component  (a)  and  lastly  adding  a  mixture  of  components  (b) 
and  (c). 

Surprisingly,  the  Applicants  have  found  that  whilst  maintaining  an  attractive  balance  of  performance  in 
75  terms  of  xylene  solubles  and  polymer  yield,  the  performance  of  the  catalyst  compositions  is  remarkably 

improved  in  terms  of  production  of  polymer  having  an  attractive  bulk  density,  when  selecting  a  novel  order 
of  adding  the  four  catalyst-forming  components. 

The  present  invention  is  concerned  with  a  process  for  the  preparation  of  catalyst  compositions  for 
alkene  polymerization,  which  comprises  combining:  (a)  a  solid  catalyst  component,  comprising  a  magne- 

20  sium  dihalide,  an  electron  donor  and  a  halide  of  tetravalent  titanium,  (b)  a  tri-alkylaluminium  compound,  (c) 
an  electron  donor,  and  (d)  a  dialkylaluminium  halide,  characterized  in  that  the  catalyst  composition  is 
prepared  by  combining  the  components  in  the  following  order  of  addition:  first  introducing  component  (c), 
then  adding  a  reaction  product  of  components  (a)  and  (d),  and  lastly  adding  component  (b). 

In  the  solid  catalyst  component  (a)  the  preferred  magnesium  dihalide  is  magnesium  dichloride,  which 
25  can  be  prepared  by  methods  known  per  se  including  those  comprising  halogenating  a  magnesium 

dialkoxide,  for  example,  magnesium  diethoxide  or  a  magnesium  diaryloxide,  for  example,  magnesium 
diphenoxide,  by  reacting  with  a  halide  of  tetravalent  titanium,  for  example,  titanium  tetrachloride. 

Suitable  electron  donors  for  component  (a)  are  esters,  ketones,  phenols,  acylchlorides,  amines,  amides, 
phosphines  and  alcoholates  as  well  as  other  compounds  disclosed  in  British  patent  specification  1  ,389,890 

30  and  1,559,194.  Preferred  donors  are  alkylesters  of  aromatic  carboxylic  acids,  for  example,  ethyl-  and 
methylbenzoate,  p.methoxy-ethylbenzoate,  p.ethoxy-ethylbenzoate,  di-methylphthalate,  di-isobutylphthalate, 
and  di-n-propylphthalate. 

The  preferred  halide  of  tetravalent  titanium  is  titanium  tetrachloride.  Other  halides  are  di-alkoxytitanium 
dihalides  and  di-aryloxytitanium  dihalides,  alkoxytitanium  tri-halides  and  aryloxytitanium  tri-halides.  The  aryl 

35  group  in  such  compounds  may  carry  two  halogen  atoms  as  substituents  or  two  alkoxy-groups,  for  example, 
methoxy-  or  ethoxy-groups. 

In  component  (a)  the  electron  donor  is  usually  present  in  a  molar  amount,  calculated  on  magnesium 
atoms,  of  from  0.01  to  10,  preferably  from  0.1  to  3.0.  The  titanium  compound  is  present  in  the  solid  catalyst 
component  in  a  molar  amount,  calculated  on  magnesium  atoms,  of  from  0.02  to  2.0,  preferably  of  from  0.05 

40  to  1  .5. 
In  component  (b)  the  preferred  tri-alkylaluminium  compounds  are  those  in  which  each  of  the  alkyl 

groups  has  from  1  to  8  carbon  atoms,  for  example,  tri-methylaluminium,  tri-ethylaluminium,  tri-n-pro- 
pylaluminium,  tri-isobutylaluminium,  tri-amylaluminium  and  methyl  di-isobutylaluminium.  In  the  final  catalyst 
composition  this  compound  is  preferably  present  in  a  molar  amount,  calculated  on  titanium  atoms,  selected 

45  within  the  range  of  from  20:1  to  200:1,  preferably  from  30:1  to  80:1. 
The  electron  donors  used  as  components  (c)  of  the  catalyst  composition  of  this  invention  can  be  the 

same  or  different  as  those  contained  in  component  (a).  Other  suitable  electron  donors  that  may  be  used  in 
component  (c)  are  organic  silicon  compounds,  including  alkoxy-silanes  and  acyloxy-silanes  of  which 
specific  examples  include  tri-methylmethoxy-silane,  tri-phenylethoxy-silane,  di-methyl-di-methoxy-silane  and 

50  phenyl-tri-methoxy-silane.  Preferred  electron  donors  are  alkyl  esters  of  aromatic  carboxylic  acids,  such  as 
p.methoxyethylbenzoate  and  p.ethoxyethylbenzoate.  Other  preferred  electron  donors  are  phenyl-tri-ethoxy- 
silane  and  diphenyl-di-methoxy-silane. 

Preferred  proportions  of  electron  donor  to  be  used  as  component  (c)  in  the  catalyst  compositions  of  this 
invention,  calculated  on  component  (b),  are  selected  within  the  range  of  from  0.01:1  to  2.0:1,  preferably 

55  from  0.1:1  to  0.8:1;  preferred  proportions  of  electron  donor  contained  in  catalyst  component  (a),  calculated 
on  a  molar  basis  in  respect  of  magnesium  atoms  contained  in  component  (a),  are  suitably  selected  from  the 
range  of  from  0.01:1  to  1:1  and  preferably  from  0.05:1  to  0.3:1. 
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Preferred  components  (d)  are  dialkylaluminium  chlorides  in  which  each  of  the  alkyl  groups  have  from  1 
to  6  carbon  atoms,  for  example  di-methylaluminium  chloride,  di-ethylaluminium  chloride  and  di- 
isobutylaluminium  chloride.  Preferred  molar  amounts  of  component  (d),  calculated  on  titanium  atoms 
contained  in  solid  catalyst  component  (a),  are  selected  within  the  range  of  from  5:1  to  50:1,  preferably  from 

5  10:1  to  30:1. 
By  definition  the  reaction  between  component  (a)  and  component  (d)  in  accordance  with  the  invention  is 

effected  in  the  absence  of  components  (c)  and  (b).  The  relevant  reaction  may  be  carried  out  in  the 
presence  of  a  hydrocarbon  diluent  such  as  pentane,  heptane  or  iso-octane  or  in  the  presence  of  the 
monomer  to  be  used  in  the  subsequent  polymerization  reaction,  for  example,  propylene.  The  temperature  at 

io  which  this  reaction  is  carried  out  is  not  of  critical  importance;  preferred  temperatures  are  those  lying  in 
between  20  and  50  °C.  The  reaction  period  will  generally  be  selected  within  the  range  of  from  2  min.  to 
200  min.,  preferably  from  5  min.  to  20  min.  It  is  likewise  not  of  critical  importance  whether  the  aforesaid 
components  of  the  catalysts  are  added  to  the  polymerization  reactor  or  whether  the  formation  of  the  catalyst 
composition  by  addition  of  the  various  components  is  effected  in  a  storage  vessel  or  in  a  supply  line 

is  connected  to  the  polymerization  reactor. 
The  present  invention  is  also  concerned  with  a  process  for  polymerizing  an  alkene,  preferably  a  1- 

alkene,  such  as  butylene  or  more  preferably  propylene.  These  polymerizations  may  be  carried  out  by  any 
of  the  conventional  techniques,  for  example  slurry  polymerization  using  liquid  monomer  or  an  inert 
hydrocarbon  diluent  as  liquid  medium.  Polymerization  can  be  both  homo-polymerization  or  co-polymeriza- 

20  tion  of  different  alkenes,  as  an  example  thereof  reference  may  be  made  to  two-stage  polymerization 
reactions  of  which  the  first  stage  comprises  the  production  of  a  homo-polymer  of  propylene  and  the  second 
stage  comprises  the  production  of  a  co-polymer  of  ethylene  and  propylene. 

The  performance  of  the  catalyst  system  of  this  invention  can  be  further  improved  by  employing  solid 
catalyst  components  as  component  (a)  which  have  been  subjected  to  a  morphology  control  treatment,  such 

25  as  spray-drying  or  mechanical  grinding  or  attrition  under  the  action  of  a  high-shear  pump.  An  additional 
further  improvement  of  the  bulk  density  of  the  polymer  can  be  obtained  when  combining  the  use  of 
morphology-controlled  solid  catalyst  components  with  pre-polymerization  techniques,  which  are  known  per 
se.  Preferably  such  pre-polymerization  includes  the  polymerization  at  temperatures  of  less  than  60  °  C.  The 
amount  of  pre-polymer  to  be  produced  therein  is  preferably  selected  within  the  range  of  from  0.05  to  5.0% 

30  weight  of  the  polymer  to  be  produced  in  the  subsequent  main  polymerization  reaction.  The  latter  will 
normally  be  carried  out  at  temperatures  above  60  °  C,  preferably  at  temperatures  within  the  range  of  from 
63  to  85  °  C. 

The  invention  is  further  illustrated  by  working  examples. 

35  Example  1 

Magnesium  ethoxide  (5.72  g,  50  mmol)  was  stirred  at  room  temperature  with  ethyl  benzoate  (2.4  ml, 
16.7  mmol)  and  75  ml  of  a  50:50  v  toluene/chlorobenzene  mixture  as  titanium  tetrachloride  (75  ml,  680 
mmol)  was  added  over  the  course  of  10  mins.  The  mixture  was  brought  to  110  °C  and  stirred  for  60  mins. 

40  then  filtered  hot.  The  resulting  solid  was  washed  for  10  minutes  each  with  two  60  ml  portions  of  TiCk  at  110 
°C,  filtered  hot  and  then  washed  at  room  temperature  with  six  150  ml  portions  of  isopentane. 

To  the  slurry  of  solid  product  in  isooctane  diethylaluminium  chloride  was  added  in  an  amount  of  20  mol 
per  mol  of  titanium  compound  contained  in  the  solid  product.  The  resulting  reaction  mixture  was  kept  under 
stirring  during  10  minutes  at  20  °C.  The  solid  catalyst  component  contained  in  the  suspension  is  referred 

45  herein  as  component  a.d. 
Propylene  was  polymerized  in  a  liquid  bulk  system  using  the  following  standard  conditions: 

-  component  (b):  triethylaluminium,  AI:Ti  ratio  80:1  mol. 
-  component  (c):  p.ethoxy  ethylbenzoate,  Ahester  ratio  1.8:1  mol. 
-  pressure:  2900  kPa. 

50  -  temperature:  67  °  C. 
-  H2  concentration:  1.5%  vol  in  gas  cap. 
-  Ti  concentration:  0.27  mg  Ti/I. 
-  time:  1  hour. 

Employing  the  solid  catalyst  component  prepared  as  herein  disclosed  (=  component  a.d.),  the  order  of 
55  adding  components  (b)  and  (c)  was  varied  over  runs  A,  B,  C  and  D,  the  latter  three  serving  as  reference.  In 

run  A  the  addition  order  was:  first  component  (c),  then  components  (a.d.),  then  component  (b).  The  order  in 
runs  B  to  D  was  respectively,  first  (a.d.),  then  (b),  then  (c),  first  (b),  then  (c),  then  (a.d.),  first  (a.d.),  then 
mixture  of  (b)  and  (c). 

3 
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Table  I  marks  the  relevant  data: 

TABLE  I 

Polymer  Yield,  kg/g  Xylene  Solubles,  %  Bulk  Density,  g.ml  1 

run  A  20.5  3.8  0.43 
run  B  20.7  4.6  0.35 
run  C  19.6  4.0  0.38 
run  D  20.1  5.3  0.35 

Example  2 

Catalyst  components  (a.d.),  referred  to  in  Example  1,  was  suspended  in  mineral  oil  and  the  slurry  was 
subjected  to  grinding  in  a  planetary  ball  mill  (Fritsch  Pulverisette,  position  7)  during  10  minutes.  Observing 
the  order  of  addition  of  run  A  in  Example  1  ,  the  catalyst  components  were  introduced  into  the  polymeriza- 
tion  reactor  at  the  same  conditions  as  set  out  in  Example  1,  except  temperature  of  the  liquid  propylene 
monomer  which  was  now  kept  at  35  °C  to  effect  prepolymerization.  After  5  minutes  the  temperature  was 
raised  to  67  °  C  over  a  period  of  5  minutes.  Bulk  density  of  the  polypropylene  so  produced  after  1  hour 
polymerization  was  now  0.46  g.ml-1;  neither  the  hourly  polymerization  rate,  nor  the  xylene  solubles 
percentage  were  adversely  affected. 

Claims 
25 

1.  A  process  for  the  preparation  of  a  catalyst  composition  for  alkene  polymerization  which  comprises 
containing: 

(a)  a  solid  catalyst  component  comprising  a  magnesium  dihalide,  an  electron  donor  and  a  halide  of 
tetravalent  titanium, 30 (b)  a  tri-alkylaluminium  compound, 
(c)  an  electron  donor,  and 
(d)  a  di-alkylaluminium  halide,  characterized  in  that  the  catalyst  composition  is  prepared  by 
combining  the  components  in  the  following  order  of  addition: 

-  first  introducing  component  (c), 
-  then  adding  a  reaction  product  of  components  (a)  and  (d),  and 
-  lastly  adding  component  (b). 

2.  A  process  as  claimed  in  claim  1  ,  wherein  the  titanium  halide  is  titanium  tetrachloride. 

40 3.  A  process  as  claimed  in  claim  1  or  2,  wherein  the  electron  donor  in  components  (a)  and  (c)  are  the 
same  or  different  alkylesters  of  aromatic  carboxylic  acids. 

4.  A  process  as  claimed  in  any  one  of  claims  1  to  3,  wherein  component  (d)  is  di-ethylaluminium  chloride. 

45 5.  A  process  as  claimed  in  any  one  of  claims  1  to  4,  wherein  component  (a)  has  been  subjected  to  a 
treatment  to  control  its  morphology. 

6.  A  process  for  the  polymerization  of  alkenes  in  the  presence  of  a  catalyst  composition  prepared  by  a 

5o  process  as  claimed  in  any  one  of  claims  1  to  5. 

7.  A  process  as  claimed  in  claim  6,  which  is  preceded  by  a  prepolymerization  at  a  temperature  below  60 
°  C,  employing  a  catalyst  composition  prepared  by  the  process  as  claimed  in  claim  5. 

Patentanspruche 

1.  Ein  Verfahren  zur  Herstellung  einer  Katalysatorzusammensetzung  fur  Alkenpolymerisierung,  umfassend 
das  Kombinieren  von: 

4 



EP  0  366  204  B1 

(a)  einer  festen  Katalysatorkomponente,  umfassend  ein  Magnesiumdihalogenid,  einen  Elektronendo- 
nator  und  ein  Halogenid  von  vierwertigem  Titan, 
(b)  einer  Trialkylaluminiumverbindung, 
(c)  einem  Elektronendonator,  und 

5  (d)  einem  Dialkylaluminiumhalogenid,  dadurch  gekennzeichnet,  dal3  die  Katalysatorzusammenset- 
zung  durch  Kombinieren  der  Komponenten  in  der  folgenden  Zuspeisungsreihenfolge  hergestellt 
wird: 

-  zunachst  Einfuhren  der  Komponente  (c) 
-  dann  Zuspeisen  eines  Reaktionsprodukts  aus  den  Komponenten  (a)  und  (d),  und 

io  -  schlieBlich  Zuspeisen  der  Komponente  (b). 

2.  Ein  Verfahren  wie  in  Anspruch  1  beansprucht,  in  dem  das  Titanhalogenid  Titantetrachlorid  ist. 

3.  Ein  Verfahren  wie  in  Anspruch  1  oder  2  beansprucht,  in  dem  der  Elektronendonator  in  den  Komponen- 
15  ten  (a)  und  (c)  die  gleichen  oder  unterschiedliche  Alkylester  von  aromatischen  Carbonsauren  sind. 

4.  Ein  Verfahren,  wie  in  einem  der  Anspruche  1  bis  3  beansprucht,  in  dem  Komponente  (d)  Diethylalumi- 
niumchlorid  ist. 

20  5.  Ein  Verfahren,  wie  in  einem  der  Anspruche  1  bis  4  beansprucht,  in  dem  Komponente  (a)  einer 
Behandlung  unterworfen  worden  ist,  urn  ihre  Morphologie  zu  kontrollieren. 

6.  Ein  Verfahren  zur  Polymerisierung  von  Alkenen  in  Gegenwart  einer  Katalysatorzusammensetzung, 
hergestellt  durch  ein  Verfahren  wie  in  einem  der  Anspruche  1  bis  5  beansprucht. 

25 
7.  Ein  Verfahren  wie  in  Anspruch  6  beansprucht,  welchem  eine  Vorpolymerisierung  bei  einer  Temperatur 

unter  60  °C  vorausgeht,  wobei  eine  Katalysatorzusammensetzung  eingesetzt  wird,  welche  durch  das 
Verfahren  wie  in  Anspruch  5  beansprucht  hergestellt  wurde. 

30  Revendicatlons 

1.  Un  procede  pour  la  preparation  de  compositions  de  catalyseur  pour  la  polymerisation  des  alcenes, 
procede  selon  lequel  on  combine  : 

(a)  un  composant  de  catalyseur  solide  comportant  un  di-halogenure  de  magnesium,  un  donneur 
35  d'electrons  et  un  halogenure  de  titane  tetravalent, 

(b)  un  compose  de  tri-alkylaluminium, 
(c)  un  donneur  d'electrons,  et 
(d)  un  halogenure  de  di-alkyl-aluminium,  caracterise  en  ce  que  la  composition  catalytique  est 
preparee  en  combinant  les  composants  dans  I'ordre  suivant  d'addition  : 

40  -  en  introduisant  d'abord  le  composant  (c), 
-  en  ajoutant  ensuite  un  produit  de  la  reaction  entre  les  composants  (a)  et  (d),  et 
-  en  ajoutant  plus  tard  le  composant  (b). 

2.  Un  procede  tel  que  revendique  dans  la  revendication  1,  dans  lequel  I'halogenure  de  titane  est  le 
45  tetrachlorure  de  titane. 

3.  Un  procede  tel  que  revendique  dans  la  revendication  1  ou  2,  dans  lequel  le  donneur  d'electrons  dans 
les  composants  (a)  et  (c)  sont  des  esters  alkyliques,  identiques  ou  differents  d'acides  carboxyliques 
aromatiques. 

50 
4.  Un  procede  tel  que  revendique  dans  une  quelconque  des  revendications  1  a  3,  dans  lequel  le 

composant  (d)  est  du  chlorure  de  di-ethylaluminium. 

5.  Un  procede  tel  que  revendique  dans  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  le 
55  composant  (a)  a  ete  soumis  a  un  traitement  pour  le  controle  de  sa  morphologie. 

6.  Un  procede  pour  la  polymerisation  d'alcenes  en  presence  d'une  composition  de  catalyseur,  preparee 
par  un  procede  tel  que  revendique  dans  I'une  quelconque  des  revendications  1  a  5. 

5 
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Un  procede  tel  que  revendique  dans  la  revendication  6,  qui  est  precede  par  une  pre-polymerisation  a 
une  temperature  inferieure  a  60  °C,  en  utilisant  une  composition  de  catalyseurs  preparee  par  le 
procede  tel  que  revendique  dans  la  revendication  5. 
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