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Description 

The  present  invention  relates  to  a  catalyst  for  the  living  polymerization  of  olefins  such  as  propylene. 
The  present  inventors  had  previously  found  that  the  living  polymerization  proceeds  to  give  a  nearly  monodisperse 

5  polymer  when  propylene  is  polymerized  using  a  catalyst  composed  of  V(acetylacetonate)3  and  AI(C2Hs)2CI.  [Macromole- 
cules,  12,  814(1979)] 

This  catalyst,  however,  has  a  disadvantage  of  being  poor  in  polymerization  activity,  because  only  several  percent  of 
vanadium  in  the  catalyst  forms  the  active  site  for  polymerization  and  the  growth  reaction  of  polymer  chain  is  slow.  ^ 

It  is  an  object  of  the  present  invention  to  provide  a  vanadium-based  catalyst  for  the  polymerization  of  olefins  which  has  -£ 
10  a  high  polymerization  activity  per  unit  amount  of  vanadium.  >■" 

Summary  of  invention 

15  The  catalyst  component  of  the  invention  has  a  vanadium  compound  in  which  p-ketoaldehyde  is  a  chelate. 
Accordingly,  the  gist  of  this  invention  resides  in  a  catalyst  for  polymerization  of  olefins  which  comprised  a  vanadium 

compound  of  the  formula: 

20  I  H 

R  " ^  

R2  C 
^ C  

25 

(where  R1  is  an  alkyl  group  or  aryl  group  having  1  to  8  carbon  atoms;  and  R2  is  an  alkyl  group  or  aryl  group  having  1  to  8 
carbon  atoms,  or  hydrogen)  and  an  organoaluminum  compound.  The  formula  R2AIX  (where  R  is  a  hydrocarbon  group  ha- 

30  ving  1  to  8  carbon  atoms,  and  X  is  a  halogen  atom). 

Polymerization  catalyst 

35  The  polymerization  catalyst  of  this  invention  is  composed  of  a  p-ketoaldehyde  vanadium  chelate  (referred  to  as  the  vana- 
dium  compound  hereinafter)  of  the  formula  below: 

*   
/   ^   X   - «  

(where  R1  and  R2  are  defined  as  above)  and  an  aluminum  compound  of  the  formula  R2AIX  (where  R  and  X  are  defined  as 
50  above). 

Illustrative  examples  of  the  vanadium  compound  include  V(3-oxobutanalate)3,  V(2-methyl-3-oxobutanalate)3,  V(2- 
ethyl-3-oxopentanalate)3,  and  V(2-phenyi-3-oxobutanalate)3. 

Illustrative  examples  of  the  aluminum  compound  include  dimethyl  aluminum  chloride,  diethyl  aluminum  chloride,  die- 
thyl  aluminum  bromide,  and  diisobutyl  aluminum  chloride. 

55  The  polymerization  catalyst  of  this  invention  is  used  for  the  living  polymerization  of  olefins  and  preferably  propylene. 

Living  polymerization  of  olefins 

60  The  living  polymerization  is  performed  by  homopolymerizing  one  or  more  olefins  and  preferably  propylene  or  copolymeri- 
zing  propylene  with  other  olefins  in  the  presence  of  the  polymerization  catalyst  of  the  invention. 

Examples  of  the  olefin  include  ethylene,  and  alpha-olefins  such  as  1-butene,  1-pentene,  1-hexene,  and  4-methyl-1- 
pentene.  The  polymerization  catalyst  of  this  invention  is  especially  useful  for  the  homopolymerization  of  propylene  and  the 
copolymerization  of  propyiene  with  ethylene  or  an  alpha-olefin  other  than  propylene  (referred  to  as  the  comonomer  here- 

65  inafter). 
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The  copolymerization  of  propylene  with  a  comonomer  is  accomplished  by  random  copolymerization  of  propylene  and 
comonomer,  block  copolymerization  of  propylene  homopolymer  and  comonomer,  or  block  copolymerization  of  a  pro- 
pylene-comonomer  random  copolymer  and  comonomer. 

The  polymerization  reaction  should  preferably  be  carried  out  in  a  solvent  which  is  inert  to  the  polymerization  reaction 
5  and  is  liquid  at  the  time  of  polymerization.  Examples  of  the  solvent  include  saturated  aliphatic  hydrocarbons  such  as  pro- 

pane,  butane,  pentane,  hexane,  and  heptane;  saturated  alicyclic  hydrocarbons  such  as  cyclopropane  and  cyclohexane; 
and  aromatic  hydrocarbons  such  as  benzene,  toluene,  and  xylene. 

The  homopolymerization  of  propylene  or  the  random  copolymerization  of  propylene  with  a  comonomer  should  prefer- 
ably  be  accomplished  by  adding  in  succession  a  solution  of  the  aluminum  compound  and  a  solution  of  the  vanadium  com- 

10  pound  to  a  solution  of  propylene  or  a  solution  of  propylene  and  comonomer  dissolved  in  a  solvent. 
In  the  homopolymerization  of  propylene  or  the  random  copolymerization  of  propylene  with  comonomer,  the  polymeri- 

zation  catalyst  is  used  in  such  an  amount  that  the  vanadium  compound  is  1  x  10"6  to  0.01)  mol,  preferably  5x10'  to  5  x 
10'3mol,  and  the  organoaluminum  compound  is  1  x10'4to0.1  mol,  preferably  5x10  to  0.01  mol,  for  1  mol  of  propylene 
or  1  mol  of  propylene  and  comonomer  in  combination.  In  addition,  the  amount  of  the  organoaluminum  compound  should 

15  be  10  to  1000  mol  for  1  mol  of  the  vanadium  compound. 
The  molecular  weight  and  yield  of  the  living  propylene  homopolymer  or  the  living  propylene  random  copolymer  may  be 

properly  adjusted  by  changing  the  reaction  temperature  and  reaction  time.  If  the  polymerization  temperature  is  low,  par- 
ticularly  below  -60°C,  the  resulting  polymer  has  a  molecular  weight  distribution_whjph  is  close  to  that  of  monodisperse 
polymer.  Polymerization  at  -65°C  or  below  affords  a  living  polymer  having  an  Mw/Mn  of  1.05  to  1.50  (where  Mw  is  the 

20  weight-average  molecular  weight  and  Mn  is  the  number-average  molecular  weight). 
The  polymerization  reaction  permits  the  use  of  a  reaction  accelerator  such  as  anisole,  water,  alcohols  (methanol,  etha- 

nol,  isopropanol,  and  esters  (ethyl  benzoate,  ethyl  acetate).  The  reaction  accelerator  is  used  usually  in  an  amount  of  0.1 
to  2  mol  for  1  mol  of  the  vanadium  compound. 

The  comonomer  in  the  living  random  copolymer  of  propylene  and  comonomer  usually  accounts  for  up  to  80  wt-%.  This 
25  amount  can  be  adjusted  by  changing  the  amount  of  comonomer  used  at  the  time  of  living  polymerization.  When  the 

amount  of  comonomer,  especially  ethylene,  is  increased,  the  resulting  copolymer  has  a  broad  molecular  weight  distribu- 
tion.  Where  a  living  copolymer  of  high  ethylene  content  with  a  narrow  molecular  weight  distribution  is  to  be  produced, 
polymerization  should  preferably  be  performed  in  the  following  manner.  That  is,  living  polymerization  for  a  very  small 
amount  of  propylene  should  be  performed  before  living  copolymerization  for  propylene  and  ethylene.  This  permits  the  in- 

30  troduction  of  a  large  amount  of  ethylene  into  the  copolymer,  while  keeping  the  molecular  weight  distribution  of  the  living 
copolymer  narrow.  This  polymerization  method  is  illustrated  with  an  example  below.  At  first,  propylene  alone  is  supplied  to 
the  polymerization  system  to  produce  living  polypropylene  having  a  number-average  molecular  weight  of  preferably  500  to 
2  000.  Then,  ethylene  is  supplied  in  the  presence  of  a  large  amount  of  unreacted  propylene  monomer  to  continue  living 
polymerization  until  the  random  copolymerization  of  ethylene  and  propylene  comes  to  an  end. 

35  The  thus  obtained  living  homopolymer  of  propylene  or  living  random  copolymer  of  propylene  and  comonomer  is  made 
into  a  living  block  copolymer  by  living  polymerization  with  a  comonomer.  This  is  accomplished  by  supplying  a  comonomer 
(which  is  different  from  the  one  used  in  the  living  random  copolymerization  with  propylene)  to  the  system  in  which  the  liv- 
ing  homopolymer  or  living  random  copolymer  and  propylene  are  present,  and  performing  living  polymerization  in  the  same 
manner  as  mentioned  above.  Usually,  the  comonomer  accounts  for  up  to  50  wt-%  in  the  block  portion  of  the  block  co- 

40  polymer.  This  amount  can  be  adjusted  by  changing  the  amount  of  the  comonomer  used  at  the  time  of  block  copolymeriza- 
tion. 

According  to  the  above-mentioned  method,  it  is  possible  to  produce  a  living  propylene  polymer  having  a  number-aver- 
age  molecular  weight  (in  terms  of  propylene  [to  be  repeated  hereinafter)]  of  500  to  1  000  000  which  is  similar  to  that  of 
monodisperse  polymers. 

45 

Effect  of  the  invention 

The  polymerization  catalyst  of  this  invention,  when  used  for  living  polymerization  of  propylene,  exhibits  ten  times  to  seve- 
50  ral  tens  times  higher  polymerization  activity  than  the  conventional  V(acetylacetonate)3  catalyst. 

Examples 

55  The  invention  is  described  in  more  detail  with  reference  to  the  following  examples.  The  following  methods  were  applied  to 
characterize  the  resulting  polymers. 

Molecular  weight  and  molecular  weight  distribution:  Measured  by  the  use  of  GPC  (gel  permeation  chromatography), 
Model  150,  made  by  Waters  Co.,  Ltd.  The  solvent  was  trichlorobenzene.  Measuring  conditions:  135°C,  solvent  flow  rate  = 
1.0  ml/min,  and  sample  concentration  «  0.15  wt/vol-%.  The  column  was  GMH6  made  by  Toyo  Soda  Mfg.  Co.,  Ltd.  A  cali- 

60  bration  curve  for  polystyrene  was  made  for  the  standard  sample  of  monodisperse  polystyrene  available  from  Waters  Co., 
Ltd.  On  the  basis  of  this  calibration  curve,  a  calibration  curve  for  the  polypropylene  was  made  according  to  the  universal 
method. 

Stereoregularity  of  polymer:  Determined  by  means  of  13C  NMR  analysis.  Model  XL-200  with  PFT  (pulse  Fourier  trans- 
form  unit),  made  by  Varian  Co.,  Ltd.  Conditions:  50  MHz,  120°C,  pulse  width  8.2  us  je/3,  pulse  interval  4  seconds,  and  in- 

65  tegration  5  000  times.  The  sample  was  dissolved  in  a  2  :  1  mixed  solvent  of  trichlorobenzene  and  heavy  benzene. 
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Example  1 

In  a  200  ml  autoclave,  with  atmosphere  therein  completely  replaced  with  nitrogen  gas,  was  placed  toluene  as  a  solvent, 
followed  by  cooling  to  -70°C.  At  this  temperature,  35  g  (0.83  mol)  of  propylene  was  added  and  dissolved  in  the  toluene. 
Then,  20  mmol  of  AI(C2Hs)2CI  dissolved  in  toluene  and  0.05  mmol  of  V(2-methyl-3-oxobutanalate)3  dissolved  in  toluene 
were  added  to  start  polymerization  at  -70°C.  Three  hours  later,  the  reaction  solution  was  poured  into  cooled  ethanol  (- 
78°C)  to  precipitate  the  polymer.  The  resulting  polymer  was  washed  five  times  with  500  ml  of  ethanol,  followed  by  drying. 
The  polymer  (0.78  g}_thus  obtained  was  found  to  have  a  molecular  weight  and  molecular  weight  distribution  of 
Mn  «  1  7  000  and  Mw/Mn«  1  .3,  respectively.  It  was  a  nearly  mono-  disperse  polymer. 
The  examination  of  the  resulting  polymer  for  stereoregularity  indicated  that  the  syndiotactic  fraction  was  0.79,  which  is  al- 
most  equal  to  that  of  polymers  obtained  with  the  conventional  V(acetylacetonate)3. 

10 

Comparative  Example  1 

The  polymerization  of  propylene  was  performed  in  the  same  manner  as  in  Example  1  ,^xcept  that  the  V(2;methyl-3-oxo- 
butanalate)3  was  replaced  by  V(acetylacetonate)3.  The  yield  of  the  polymer  was  0.08  g,  Mn  =  30  000,  and  Mw/Mn  =  1  .2. 

Examples  2  to  6 

The  polymerization  of  propylene  was  performed  in  the  same  manner  as  in  Example  1,  except  that  the  polymerization  time 
and  the  amount  of  polymerization  catalyst  were  changed  as  shown  in  Table  1  and  the  polymerization  temperature  was 
changed  to  -78°C.  The  results  are  shown  in  Table  1. 

Table  1 

15 

20 

25 

Polymer-  Catalyst 
ization  Yield 

Example  time  (h)  Al  (mmol)  V(mmol)  (g)  Mn  Mw/f 

2  3  5.0  0.5  0.21  6  700  1.3 
3  6  5.0  0.5  3.07  73  000  1.3 
4  32  5.0  0.05  0.70  13  000  1.2 
5  6  20.0  0.1  0.42  17  000  1.2 
6  6  5.0  0.1  0.14  9  800  1.5 

30 

35 

Example  7 

The  polymerization  of  propylene  was  performed  in  the  same  manner  as  in  Example  5,  except  _that_0.05  mmol  of  anisol 
was  added  to  the  polymerization  system.  The  yield  of  the  polymer  was  0.58  g,  Mn  -  1  7  000,  and  Mw/Mn  =  1  .2. 

Example  8 

The  polymerization  of  propylene  was  performed  in  the  same  manner  as  in  Example  6,  except  that  0.05  mmol  qfjvater  was 
added  to  the  polymerization  system.  There  was  obtained  0.24  g  of  polypropylene  having  Mn  =  15  000  and  Mw/Mn  =  1  .3. 

Example  9 

The  polymerization  of  propylene  was  performed  for  22  hours  in  the  same  manner  as  in  Example  6,  except  that  V(3-oxo- 
butanalatefe  was  used  as  the  vanadium  compound.  There  was  obtained  1.4  g  of  polypropylene  having  Mn  =  71  000  and 
Mw/Mn  =  1  .3. 

40 

45 

50 

Claims 

1  .  A  catalyst  system  comprising  a  vanadium  chelate  of  the  formula: 
55 

H 60 

65 
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wherein  R1  is  an  alkyl  or  aryi  group  having  1  to  8  carbon  atoms  and  R2  is  an  alkyl  or  aryl  group  having  from  1  to  8  carbon 
atoms  or  hydrogen  and  an  organoaluminum  compound,  represented  by  the  formula  R2AIX  wherein  R  is  a  hydrocarbyl 
group  having  from  1  to  8  carbon  atoms  and  X  is  a  halogen. 

5  2.  The  catalyst  system  of  claim  1  wherein  the  vanadium  chelate  is  on  of  V(2-methyl-3-oxobutanalate)3,  V(3-oxobutanala- 
te)3,  V(2-methyl-3-oxopentanalate)3  and  V(2-phenyl-3-oxobutanalate)3. 

3.  The  catalyst  system  in  accordance  with  claim  1  wherein  the  organoaluminum  compound  is  one  of  dimethyl  aluminum 
chloride,  diethyl  aluminum  chloride,  diethyl  aluminum  bromide  and  diisobutyl  aluminum  chloride. 

10 
4.  The  catalyst  system  of  claim  1  wherein  the  range  of  organoaluminum  compound  to  vanadium  chelate  is  in  the  range  of 
10-1  000  :  1  on  a  mol  basis. 

5.  A  living  polymerization  process  comprising  polymerizing  one  or  more  olefins  in  the  presence  of  a  catalyst  system  as 
15  claimed  in  any  of  claims  1  to  4. 

Patentanspriiche 

20  1  .  Katalysatorsystem,  das  ein  Vanadinchelat  der  Formel 

r t   =  o  25 
R2  r" 

^ c   o  

30 
worin  R1  eine  Alkyl-  oder  Arylgruppe  mit  1  bis  8  Kohlenstoffatomen  und  R  eine  Alkyl-  oder  Arylgruppe  mit  1  bis  8  Kohlen- 
stoffatomen  oder  Wasserstoff  ist,  und  eine  Organoaluminiumverbindung  umfaGt,  die  durch  die  Formel  R2AIX  wieder- 
gegeben  ist,  worin  R  eine  Hydrocarbylgruppe  mit  1  bis  8  Kohlenstoffatomen  und  X  ein  Halogen  ist. 

35  2.  Katalysatorsystem  nach  Anspruch  1  ,  bei  dem  das  Vanadinchelat  eines  von  V(2-Methyl-3-oxobutanalat)3,  V(3-Oxobut- 
analat)3,  V(2-methyl-3-oxopentanalat)3  und  V(2-Phenyl-3-oxobutanalat)3  ist. 

3.  Katalysatorsystem  nach  Anspruch  1,  bei  dem  die  Organoaluminiumverbindung  eine  von  Dimethylaluminiumchlorid, 
Diethylaluminiumchlorid,  Diethylaluminiumbromid  und  Diisobutylaluminiumchlorid  ist. 

40 
4.  Katalysatorsystem  nach  Anspruch  1,  bei  dem  der  Bereich  von  Organoaluminiumverbindung  zu  Vanadinchelat  auf  Mol- 
basis  im  Bereich  von  1  0  bis  1  00  :  1  liegt. 

5.  Lebendes  Polymerisationsverfahren,  bei  dem  ein  oder  mehrere  Olefine  in  Gegenwart  eines  Katalysatorsystems  poly- 
45  merisiert  werden,  wie  es  in  einem  der  Anspruche  1  bis  4  beansprucht  wird. 

Revendications 

50  1  .  Catalyseur  comprenant  un  chelate  de  vanadium  de  formule: 

55  ,  
J >   -  °  -».* 
**>C  O  - ^  

60 

dans  laquelle  R1  est  un  groupe  alkyle  ou  aryle  ayant  1  a  8  atomes  de  carbone  et  R2  est  un  groupe  alkyle  ou  aryle  ayant  1 
a  8  atomes  de  carbone  ou  I'hydrogene,  et  un  compose  organique  d'aluminium  represents  par  la  formule  R2AIX  dans  la- 
quelle  R  est  un  groupe  hydrocarbyle  ayant  1  a  8  atomes  de  carbone  et  X  est  un  halogene. 

65 
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2.  Catalyseur  suivant  la  revendication  1,  dans  lequel  le  chelate  de  vanadium  est  I'un  des  composes  V(2-methyl-3-oxobut- 
analate)3,  V(3-oxobutanalate)3,  V(2-6thyl-3-oxopentanalate)3  et  V(2-ph6nyl-3-oxobutanalate)3. 

3.  Caialyseur  suivant  la  revendication  1  ,  dans  lequel  le  compose  organique  d'aluminium  est  I'un  des  composes  chlorure 
5  de  dimethylaluminium,  chlorure  de  diethylaluminium,  bromure  de  diethylaluminium  et  chlorure  de  diisobutylaluminium. 

4.  Catalyseur  suivant  la  revendication  1,  dans  lequel  le  rapport  du  compose  organique  d'aluminium  au  cheJate  de  vanadi- 
um  se  situe  dans  la  plage  de  10-1  000  :  1  sur  base  molaire. 

10  5.  Precede  de  polymerisation  vive,  qui  consiste  a  polyme>iser  une  ou  plusieurs  defines  en  presence  d'un  catalyseur  sui- 
vant  I'une  quelconque  des  revendications  1  a  4. 
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