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Description 

The  present  invention  relates  to  a  catalyst  and  a  process  for  the  polymerization  of  olefins,  and  more particularly,  to  a  process  for  the  highly  stereoregular  polymerization  of  alpha-olefins 
9i  h  The.re,areusome  kn°wn  Processes  for  the  highly  stereoregular  polymerization  of  olefins,  particularly 
l t f \   n  *  9  tHree  °r  m°re  Carb0n  atoms'  by  usin9  a  solid  catalyst  component  composed 
trlnnll*  magnehSTf'  tltamUm'  ha'°gen'  3nd  an  eleCtron  donor  impound,  and  there  have  been 
?omnn  T ^   I  TV  J5  f°r  producmS  the  catalyst  component  used  for  the  polymerization.  The  catalyst 

w  coZounS  ?nH  T  ?6  P°lymerization  of  °lefins   ̂ usually  a  combination  of  an  organoaluminum 10  compound  and  an  electron  donor  compound. 
catalv^n*^'  some  attemPts  have  been  made  to  polymerize  olefins  by  using  a  catalyst  in  which  a  specific 
For  P v i m T T   'S  c°mbmed  Wlth  an  organoaluminum  compound  and  an  organosilicon  compound. 
S n ^ m   h  .  '  ^eue  V  6  dlsclosed  a  Drocess  that  employs  a  solid  catalyst  composed  of  titanium  halide  or titanium  haloalcoholate  supported  on  an  active  magnesium  halide  compound  and  esters  (EPA  45975)  a 

!   h  
employs  a  solid  product  obtained  by  contacting  a  hydrocarbon  solution  of  a  magnesium compound  with  a  liquid  titanium  compound  in  the  presence  of  an  electron  donor  (GB  2111066)  and  a 

c P E a h n a   hmP  T   c°  u ^ T   °btained  bV  reaCting  a  hydrocarbon-soluble  organomagnesium  with  a 
Srf  h  a  cirbow.  t"9  t6  n  

°nd'  aod  a  S°lid  C3talySt  comP°nent  obtained  by  contacting  a  titanium  halide 
20  ratelvs?  comnn^6  t  f ^ T   " ^   Laid-°Pen  No"  36203/1980).  The  process  that  employs  the  solid 20  catalyst  components  mentioned  above  is  not  necessarily  satisfactory  with  respect  to  catalytic  activity particularly  under  the  conditions  for  the  production  of  polymers  having  a  low  melt  flow  rate 

ooss  h'|Spatn  °n  ?  °f  V118.  inYent.i°nI  to  Provide  a  Process  for  the  polymerization  of  olefins  which  makes  it possible  to  produce  in  h>gh  yields  olefin  polymers  a  high  stereoregularity  and  high  bulk  density  In 
25  ob?aineSdebv?n  t  ;  °Pen  N°'  198503/1983'  common|y  a«»'Qnedf  there  is  disclosed  a  'catalyst  component 

electron  d i n 9   \   magnes!um  alkoxide'  a  silicon  compound  having  the  hydrogen-silicon  bond,  an 
one  to  nrnH?,/  T°hU  ',!  f  f*™™  comPound  with  °ne  mother,  said  catalyst  component  permitting one  to  produce  in  high  y.elds  olefin  polymers  having  a  high  stereoregularity  and  high  bulk  density.  It  has 
L i r i   >  

the  °bjej:t  of  this  invention  can  be  achieved  with  the  above-mentioned  catalyst 
,n  nThPP  h  t"  k,'S  C0™bined  Wlth  a  catalyst  comprising  an  organic  compound  of  a  metal  of  Group  I  to  III 30  in  the  Periodic  Table  and  an  organo-silicon  compound. 

DresInrp9nft<°afHhiSti7TtiOn  r8-Si-deS  '"  the  C3talySt  System  and  a  pmcess  for  Polymerizing  olefins  in  the presence  of  said  catalyst  comprising 
(A)  a  titanium-containing  component  obtaining  by  either  (i)  contacting  with  one  another 

«  carhnn  It  magne,S.1Um  dihydrocarbyloxide  in  which  the  hydrocarbon  group  is  cycloalkyl  having  3  to  20 
SxSnn  7 ? , n   3  KPY  °r  alkYl  h3Vm9  1  t0  2°  Carb0n  atOms'  aryl  navin9  6  t0  20  carbon  atoms  or  aralkyl naving  /  to  20  carbon  atoms;  and 

(b)  a  chlorosilane  having  at  least  one  hydrogen-silicon  bond  of  the  general  formula  H5R",  SiX'r  where 
or  r'cocC-Tr"  rb°n  gr0Up'  R ' " ° -   (R'"  =  hydrocarbon  group),  R^R^N-  (R*  and  ^hydrocarbon  groups), 

*n  1"  7~u   (  =hydrogen  atom  or  hydrocarbon  group);  X'  is  a  halogen  atom;  s  is  1  to  3;  0<r<4  and w  s+t+r=4,  the  groups  represented  by  R"  being  the  same  or  different  if  t=2  or  more- contacting  the  product  thereby  obtained  with 
(ii)  (c)  an  electron  donor,  and 
(iii)  contacting  the  reaction  product  therefrom  with 
(d)  a  tetravalent  titanium  halide  compound, 45  

h  h  
°f  bY  contac^in9  s,aid  magnesium  hydrocarbyloxide  (a),  said  chlorosilane  having  at  least  one hydrogen-silicon  bond  (b)  and  said  electron  donor  (c)  with  one  another  and  thereafter  contacting  the product  therefrom  with  said  tetravalent  titanium  halide  (d), (B)  an  organic  compound  of  a  metal  of  Groups  I  to  III  of  the  Periodic  Table  and 

m  c»mi  i  3h-  °r9an°^ilic01?  compound  represented  by  the  formula  RpSiXJOR')n  wherein  R  and  R'  are  the so  same  or  different  C,_20  hydrocarbon  groups,  X  is  a  halogen  atom  0<p<4,  0<m<4,  0<n<4,  p+m+n=4. 
The  catalyst  component 
belo^6  raW  mater'als  USed  f0r  the  PreParation  of  the  catalyst  component  in  this  invention  are  described 

55 
(A)  Magnesium  dihydrocarbyloxide 

m  /2wmB.?n8uUm  dihydrocarby|oxide  used  in  this  invention  is  one  which  is  represented  by  the  formula Mg(OR)(OR  ),  where  R  and  R'  are  alkyl.  alkenyl,  cycloalkyl,  aryl  or  aralkyl  groups,  the  alkenyl  groups  having i  to  20,  preferably  1  to  10,  carbon  atoms,  the  cycloalkyl  groups  having  3  to  20,  preferably  3  to  10  carbon eo  atoms,  the  aryl  groups  having  6  to  20  atoms,  the  aralkyl  groups  having  7  to  20,  preferably  7  to  10  carbon atoms  and  the  alkyl  group  having  1  to  20,  preferably  1  to  10  carbon  atoms.  R  and  R'  may  be  the  same  or different. 
These  compounds  include,  for  example 

Mg(0CH3)2,  Mg(OC2H5)2,  Mg(OCH3)(OC2H5),  Mg(0i—  C3H7)2, 65  Mg(OC3H7)2,  Mg(OC4H9)2,  Mg(Oi-C4H9)2,  Mg(OC4H9)(Oi-C4H9), 
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Mg(OC4H9)(Osec-C4H9),  Mg(OC6H13)2,  Mg(OC8H17)2,  MglOCeH,,^ 
Mg(OC6H5)2,  Mg(OC6H4CH3)2,  and  Mg(OCH2C6H5)2. 

These  magnesium  dihydrocarbyloxides  should  preferably  be  dried  before  use,  and  more  preferably  be dried  with  heating  under  reduced  pressure.  They  may  be  readily  obtained  commercially  or  may  be 5  synthesized  by  the  known  method. 
Prior  to  use,  the  magnesium  dihydrocarbyl  oxides  may  be  preliminarily  contacted  with  an  inorganic  or organic  inert  solid  substance. 
Suitable  examples  of  the  inorganic  solid  substance  include  metal  sulfate,  metal  hydroxide,  metal 

carbonate,  metal  phosphate,  and  metal  silicate,  such  as  Mg(OH)2,  BaCO3,  and  Ca3(PO4)2. ?o  Suitable  examples  of  the  organic  solid  substance  include  low-molecular  weight  compounds  such  as durene,  anthracene,  naphthalene,  diphenyl,  and  other  aromatic  hydrocarbons,  and  also  high-molecular weight  compounds  such  as  polyethylene,  polypropylene,  polyvinyltoluene,  polystyrene,  polymethyl methacrylate,  polyamide,  polyester,  and  polyvinyl  chloride. 

75  (B)  Chlorosilane 
Any  chlorosilane  having  at  least  one  hydrogen-silicon  bond  can  be  used  in  this  invention  provided  it  is represented  by  the  formula  HsR",SiX'r  where  R"  is  a  hydrocarbon  group,  R'"O—  (R'"=hydrocarbon 

group),  R  R  N—  (R2and  R3=hydrocarbon  groups),  or  R"COO—  (R4=hydrogen  atom  or  hydrocarbon  group); X'  is  a  chlorine  atom;  s  is  1  to  3;  0<r<4,  and  s+t+r=4.  The  groups  represented  by  R"  may  be  the  same  or 20  different  when  t  is  greater  than  1. 
The  hydrocarbon  groups  represented  by  R",  R'",  R2,  R3,  and  R4  include,  for  example,  alkyl,  alkenyl, cycloalkyl,  aryl,  and  aralkyl  of  carbon  number  1  to  16.  The  alkyl  group  includes  methyl,  ethyl,  propyl,  n- butyl,  isobutyl,  n-hexyl,  n-octyl,  2-ethylhexyl,  and  n-decyl.  The  alkenyl  group  includes  vinyl,  allyl, isopropenyl,  propenyl,  and  butenyl.  The  cycloalkyl  group  includes  cyclopentyl  and  cyclohexyl.  The  aryl 25  group  includes  phenyl,  tolyl,  and  xylyl.  The  aralkyl  group  includes  benzyl,  phenetyl,  and  phenylpropyl. Preferable  among  them  are  lower  alkyl  groups  such  as  methyl,  ethyl,  propyl,  isopropyl,  n-butyl, isobutyl,  and  t-butyl,  and  aryl  groups  such  as  phenyl  and  tolyl. 
Examples  of  the  silicon  compound  include: 

HSiCI3,  H2SiCI2,  H3SiCI,  HCH3SiCI2,  HC2H5SiCI2,  H(t—  C4H9)SiCI2, 30  HC6H5SiCI2,  H(CH3)2SiCI,  H(i-C3H7)2SiCI,  H2C2H5SiCI,  H2(n—  C4H9)SiCI,  H2(C6H4CH3)SiCI,  and 
HSiCI(C6H5)2. 

Additional  compounds  include  HSi(OCH2CH2CI)3.  Preferable  among  them  are  those  silicon  halide 
compound  in  which  R"  is  a  hydrocarbon,  t  is  0  to  2,  and  r  is  1  to  3,  as  exemplified  by 

HSiCI3,  H2SiCI2,  H3SiCI,  HCH3SiCI2,  HC2HsSiCI2,  H(t—  C4H9)SiCI2,  HC6H5SiCI2, 35  H(CH3)2SiCI,  H(i—  C3H7)2SiCI,  H2C2H5SiCI,  H2(n—  C4H9)SiCI,  H2(C6H4CH3)SiCI,  and  HSiCi(C6H5)2. Most  suitable  among  them  are  HSiCI3,  HCH3SiCI2,  H(CH3)2SiCI  and  especially  HSiCI3. 

(C)  Electron  donor  compound 
The  electron  donor  compound  used  in  this  invention  includes  carboxylic  acids,  carboxylic  acid 40  anhydrides,  carboxylate  esters,  carboxylic  acid  halides,  alcohols,  ethers,  ketones,  amines,  amides,  nitriles, 

aldehydes,  alcoholates,  phosphoamides,  thioethers,  thioesters,  carbonate  esters,  and  compounds  of 
phosphorus,  arsenic,  or  antimony  attached  to  an  organic  group  through  a  carbon  or  oxygen  atom. Preferable  among  them  are  carboxylic  acids,  carboxylic  acid  anhydrides,  carboxylate  esters,  halogenated 
carboxylic  acids,  alcohols,  and  ethers. 

45  Examples  of  the  carboxylic  acids  include  aliphatic  monocarboxylic  acids  such  as  formic  acid,  acetic 
acid,  propionic  acid,  butyric  acid,  isobutyric  acid,  valeric  acid,  caproic  acid,  pivalic  acid,  acrylic  acid, 
methacrylic  acid,  and  crotocic  acid;  aliphatic  dicarboxylic  acids  such  as  malonic  acid,  succinic  acid,  glutaric 
acid,  adipic  acid,  sebacic  acid,  maleic  acid,  and  fumaric  acid;  aliphatic  oxycarboxylic  acids  such  as  tartaric 
acid;  alicyclic  carboxylic  acids  such  as  cyclohexane  monocarboxylic  acid,  cyclohexene  monocarboxylic 

so  acid,  cis-1,2-cyclohexane  dicarboxylic  acid,  and  cis-4-methylcyclohexene-1,2-dicarboxylic  acid;  aromatic 
monocarboxylic  acids  such  as  benzoic  acid,  toluic  acid,  anisic  acid,  p-t-butylbenzoic  acid,  naphthoic  acid, 
and  cinnamic  acid;  and  aromatic  dicarboxylic  acids  such  as  phthalic  acid,  isophthalic  acid,  terephthalic 
acid,  and  naphthalic  acid. 

The  carboxylic  acid  anhydrides  are  the  acid  anhydrides  of  the  above-mentioned  carboxylic  acids. 
55  The  carboxylate  esters  that  can  be  used  are  mono-or  diesters  of  the  above-mentioned  carboxylic  acids. 

Examples  of  the  carboxylate  esters  include  butyl  formate,  ethyl  acetate,  butyl  acetate,  isobutyl  isobutyrate, 
propyl  pivalate,  isobutyl  pivalate,  ethyl  acrylate,  methyl  methacrylate,  ethyl  methacrylate,  isobutyl 
methacrylate,  diethyl  malonate,  diisobutyl  malonate,  diethyl  succinate,  dibutyl  succinate,  diisobutyl 
succinate,  diethyl  glutarate,  dibutyl  glutarate,  diisobutyl  glutarate,  diisobutyl  adipate,  dibutyl  sebacate,; 

60  diethyl  meleate,  dibubtyl  maleate,  diisobutyl  maleate,  monomethyl  fumarate,  diethyl  fumarate,  diisobutyl' 
fumarate,  diethyl  tartrate,  dibutyl  tartrate,  diisobutyl  tartrate,  ethyl  cyclohexane  carboxylate,  methyl 
benzoate,  ethyl  benzoate,  methyl  p-toluate,  ethyl  p-t-butylbenzoate,  ethyl  p-anisate,  ethyl  alpha- 
naphthoate,  isobutyl  alpha-naphthoate,  ethyl  cinnamate,  monomethyl  phthlate,  dibutyl  phthalate, 
diisobutyl  phthaiate,  dihexyl  phthalate,  dioctyl  phthalate,  di-2-ethylhexyl  phthalate,  diallyl  phthalate, 
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diphenyl  phthalate,  diethyl  isophthalate,  isobutyl  isophthalate,  diethyl  terephthalate,  dibutyl  terephthalate diethyl  naphthalate,  and  dibutyl  naphthalate. 
The  carboxylic  acid  halides  that  can  be  used  are  acid  halides  of  the  above-mentioned  carboxylic  acids Their  examples  include  acetic  acid  chloride,  acetic  acid  bromide,  acetic  acid  iodide,  propionic  acid  chloride butyric  acid  chloride,  butyric  acid  bromide,  butryic  acid  iodide,  pivalic  acid  chloride,  pivalic  acid  bromide' 

acrylic  acid  chloride,  acrylic  acid  bromide,  acrylic  acid  iodide,  methacrylic  acid  chloride,  methacrylic  acid bromide,  methacrylic  acid  iodide,  crotonic  acid  chloride,  malonic  acid  chloride,  malonic  acid  bromide succimc  acid  chloride,  succinic  acid  bromide,  glutaric  acid  chloride,  glutaric  acid  bromide,  adipic  acid chloride,  adipic  acid  bromide,  sebacic  acid  chloride,  sebacic  acid  bromide,  maleic  acid  chloride,  maleic  acid w  bromide,  fumaric  acid  chloride,  fumaric  acid  bromide,  tartaric  acid  chloride,  tartaric  acid  bromide cyclohexanecarboxyhc  acid  chloride,  cyclohexanecarboxylic  acid  bromide,  1-cyclohexenecarboxylic  acid' 
chloride,  cis-4-methylcyclohexenecarboxylic  acid  chloride,  cis-4-methylcyclohexenecarboxylic  acid bromide,  benzoyl  chloride,  benzoyl  bromide,  p-toluic  acid  chloride,  p-toluic  acid  bromide,  p-anisic  acid chloride,  p-anisic  acid  bromide,  alpha-naphthoic  acid  chloride,  cinnamic  acid  chloride,  cinnamic  acid is  bromide,  phthalic  acid  dichloride,  phthalic  acid  dibromide,  isophthalic  acid  dichloride,  isophthalic  acid d.bromide,  terephthalic  acid  dichloride,  and  naphthanlic  acid  dichloride.  Additional  examples  include oicarboxyhc  acid  monoalkylhalides  such  as  adipic  acid  monomethylchloride,  maleic  acid monoethylchloride,  and  maleic  acid  monomethylchloride. 

The  alcohols  are  represented  by  the  formula  RSOH,  where  R5  is  an  alkyl,  alkenyl,  cycloalkyl  aryl  or 20  aralkyl  group  of  carbon  number  1  to  12.  Exavples  of  the  alcohols  include  methanol,  ethanol,  p'ropanol, 
isopropanol,  butanol,  isobutanol,  pentanol,  hexanol,  octanol,  2-ethylhexanol,  cyclohexanol,  benzyl  alcohol and  allyl  alcohol,  phenol,  cresol,  xylenol,  ethylphenol,  isopropylphenol,  p-t-butylphenol  and  n-octylphenol' 

The  ethers  are  represented  by  the  formula  R6OR7,  where  R6  and  R7  are  alkyl,  alkenyl,  cycloalkyl  aryl  or aralkyl  groups  of  carbon  number  1  to  12,  and  R6  and  R7  may  be  the  same  or  different.  Their  examples 25  include  diethyl  ether,  diisopropyl  ether,  dibutyl  ether,  diisobutyl  ether,  diisoamyl  ether,  di-2-ethylhexyl ether,  diallyl  ether,  ethylallyl  ether,  butylallyl  ether,  diphenyl  ether,  anisole,  and  ethylphenyl  ether. 
(D)  Titanium  compound 

The  titanium  compound  used  in  this  invention  is  a  tetravalent  titanium  halide.  Examples  of  these 30  S S " " h !   l>  -?-tairm  tetrachloride'  titanium  tetrabromide,  trichloroethoxytitanium, 
tnchlorobutoxyt1tanium,dichlorodiethoxytitanium,dichlorodibutoxytitanium,dichlorodiphenoxytitanium ch  orotnethoxytitan.um  and  chlorotributoxytitanim.  Preferable  among  them  are  tetravalent  titanium 
h-  Li  J u   aS  

•  
tltamum  tetrachloride,  trichloroethoxytitanium,  dichlorodibutoxytitanium,  and oicnlorodiphenoxytitanium.  Particularly  preferable  is  titanium  tetrachloride. 

Preparation  of  catalyst  component 
The  catalyst  component  used  in  this  invention  can  be  obtained  by  contacting  the  magnesium dihydrocarbyl  ox.de  (Component  A),  the  chlorosilane  compound  having  the  hydrogen-silicon  bond component  B),  the  electron  donor  compound  (component  C)  and  the  tetravalent  titanium  halide 40  (component  D)  with  one  another  in  two  different  ways.  The  contacting  of  the  four  components  can  be accomplished  by  (1)  contacting  component  A  and  component  B  with  each  other,  contacting  the  resultinq contact  product  with  component  C,  and  finally  contacting  the  resulting  contact  product  with  component  D or  by  (2)  contacting  components  A,  B,  and  C  with  one  another  simultaneously  and  then  contacting  the 

45  S o w 9   C°ntaCt  product  with  component  D.  Method  (1  )  is  most  suitable.  Methods  (1  )  and  (2)  are  described 

Method  (1) 
[1]  Reaction  of  magnesium  dihydrocarbyl  oxide  with  chlorosilane  compound The  reaction  of  the  magnesium  dihydrocarbyl  oxide  (Component  A)  with  the  chlorosilane  compound so  (component  B)  is  accomplished  by  contacting  them  with  each  other.  The  reaction  should  preferably  be accomplished  by  mixing  and  sticring  them  in  the  presence  of  a  hydrocarbon. The  preferred  hydrocarbon  is  a  saturated  aliphatic,  saturated  alicyclic,  and  aromatic  hydrocarbon  of carbon  number  6  to  12  such  as  hexane,  heptane,  octane,  cyclohexane,  benzene,  toluene,  and  xylene One  mol  of  component  A  is  contacted  with  0.5  to  10  mol,  preferably  1  to  5  mol,  of  component  B  The 55  contacting  is  carried  out  at  0  to  200°C  for  0.5  to  100  hours.  Either  component  A  and  component  B  may contain  more  than  one  kind  of  compound. 

The  hydrocarbon  may  be  used  in  any  amount;  but  preferably,  an  amount  less  than  100  ml  should  be used  for  1  g  of  component  A. 
A  gas  will  evolve  upon  contact  of  component  B  with  component  A,  indicating  that  the  reaction  is 60  proceeding.  The  composition  of  the  gas  and  the  analysis  of  the  reaction  product  indicates  that  the  reaction torms  a  compound  containing  the  silicon  atom,  said  compound  being  insoluble  in  an  inert  solvent particularly  n-hexane  or  n-heptane,  at  65°C. 
The  contact  product  of  component  A  and  component  B  is  separated  from  the  reaction  system  and  used tor  the  subsequent  contacting.  It  may  be  washed  with  an  inert  hydrocarbon  like  the  one  used  in  the 65  contacting  of  component  A  and  component  B.  The  washing  may  be  carried  out  with  heating. 

15 
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[2]  Contacting  with  electron  donor  compound 
The  reaction  product  obtained  in  the  above  [1]  is  then  contacted  with  electron  donor  compound (component  C).  The  contacting  is  accomplished  by  mixing  and  stirring  them  together  or  by  mechanically 

copulverizing  them  in  the  presence  or  absence  of  an  inert  hydrocarbon.  The  preferred  hydrocarbons  are 5  hexane,  heptane,  octane,  cyclohexane,  benzene,  toluene,  and  xylene. 
The  contacting  by  mechanical  copulverizing  is  carried  out  at  0  to  100°C  for  0.1  to  100  hours.  The 

contacting  by  mere  stirringsis  carried  out  at  0  to  150°C  for  0.5  to  10  hours. 
Component  C  should  preferably  be  used  in  an  amount  of  0.005  to  10  gram  mol,  preferably  0.01  to  1 

gram  mol,  for  1  gram  atom  of  magnesium  in  the  contact  product  of  magnesium  alkoxide  and  silicon io  compound. 

[3]  Contacting  with  titanium  halide 
The  contact  product  obtained  in  the  above  step  [2]  (designated  as  contact  product  1)  is  subsequently contacted  with  the  tetravalent  titanium  halide  (component  D).  The  contact  product  1  may  be  washed  with  a '5  proper  cleaning  agent  such  as  the  above-mentioned  inert  hydrocarbon  before  it  is  contacted  with 

component  D. 
The  contacting  of  contact  product  1  and  component  D  may  be  achieved  by  simply  bringing  them  into 

contact  with  each  other;  but  it  is  preferable  to  mix  and  stir  both  of  them  in  the  presence  of  a  hydrocarbon such  as  hexane,  heptane,  octane,  cyclohexane,  benzene,  toluene,  and  xylene. 20  Component  D  should  be  used  in  an  amount  of  0.1  gram  mol  or  above,  preferably  1  to  50  gram  mol,  for 1  gram  atom  of  magnesium  in  the  contact  product  1. 
The  contacting  in  the  presence  of  a  hydrocarbon  should  be  carried  out  at  0  to  200°C  for  0.5  to  20  hours 

preferably  at  60  to  150°C  for  1  to  5  hours. 
The  contacting  with  component  D  should  preferably  be  performed  more  than  once.  The  second  contact 25  may  be  performed  in  the  same  way  as  mentioned  above;  but,  in  the  case  where  the  first  contact  is performed  in  the  presence  of  a  hydrocarbon,  the  second  contact  should  preferably  be  performed  after  the 

separation  of  the  hydrocarbon. 

Method  (2) 
30  [1  ]  Contacting  of  magnesium  dihydrocarbyl  oxide  chlorosilane  compound,  and  electron  donor  compound A  magnesium  alkoxide  (component  A),  a  chlorosilane  compound  (component  B),  and  an  electron donor  compound  (component  C)  may  be  contacted  with  one  another  simultaneously.  This  contacting should  preferably  be  performed  by  mixing  and  stirring  in  the  presence  of  an  inert  hydrocarbon  such  as hexane,  heptane,  octane,  cyclohexane,  benzene,  toluene,  and  xylene.  Contacting  by  mechanical 35  copulverizing  may  also  be  employed. 

The  contacting  of  components  A,  B,  and  C  should  be  performed  in  the  ratio  of  1  mol  of  component  A, 0.5  to  10  mol,  preferably  1  to  5  mol,  of  component  B,  and  0.005  to  10  mol,  preferably  0.05  to  1  mol,  of 
component  C.  The  contacting  of  the  three  components  is  performed  at  0  to  200°C  for  0.1  to  100  hours.  Each 
component  may  contain  more  than  one  kind  of  compound. "o  The  hydrocarbon  may  be  used  in  any  amount;  but  it  is  usually  100  ml  or  less  for  1  g  of  component  A. The  contact  product  of  the  three  components  is  used  for  the  subsequent  contacting  after  separation,  or without  separation,  from  the  reaction  system.  Prior  to  the  subsequent  contacting,  the  contact  product  may be  washed,  as  required,  with  such  an  inert  hydrocarbon  as  used  in  the  contacting  of  the  three  components. Washing  may  be  performed  with  heating. 

45 
[2]  Contacting  the  titanium  halide 

The  contact  product  obtained  in  the  above  step  [1]  is  then  contacted  with  a  titanium  compound (component  D).  This  contacting  is  accomplished  in  the  same  way  as  mentioned  in  step  [3]  of  method  (1). The  solid  product  obtained  in  the  above  method  (1)  or  (2)  is  washed,  as  required,  with  an  inert so  hydrocarbon  such  as  hexane,  heptane,  octane,  cyclohexane,  benzene,  toluene,  and  xylene,  followed  by 
drying.  Thus  there  is  obtained  the  catalyst  component  used  in  this  invention. 

Catalyst  for  polymerization  of  olefin 
The  catalyst  component  obtained  as  mentioned  above  is  made  into  the  polymerization  catalyst  used  in 

55  this  invention  by  combining  it  with  a  cocatalyst  comprising  an  organic  compound  of  a  Group  I  to  III  metal 
and  a  defined  organosilicon  compound. 

Organic  compound  of  Group  I  —  III  metals 
According  to  this  invention,  an  organic  compound  of  lithium,  magnesium,  calcium,  zinc,  or  aluminum 

60  can  be  used.  The  preferred  organometallic  is  an  organoaluminum  compound  represented  by  the  formula 
R8wAIX'"3_w.  where  R8  is  an  alkyl  or  aryl  group;  X'"  is  a  halogen  atom,  alkoxyl  group,  or  hydrogen  atom; and  w  is  any  number  in  the  range  of  1<w<3.  Preferred  organoaluminum  compounds  are  alkyl  aluminum 
compounds  and  a  mixture  thereof  or  complex  thereof  having  1  to  18  carbon  atoms,  preferably  2  to  6  carbon 
atoms,  such  as  trialkyl  aluminum,  dialkyl  aluminum  monohalide,  monoalkyl  aluminum  dihalide,  alkyl 

65  aluminum  sesquihalide,  dialkyl  aluminum  monoalkoxide,  and  dialkyl  aluminum  monohydride.  Examples 

25 
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of  such  compounds  include  trialkyl  aluminum  such  as  trimethyl  aluminum,  triethyl  aluminum,  tripropyl 
aluminum,  triisobutyl  aluminum,  and  trihexyl  aluminum;  dialkyl  aluminum  monohalide  such  as  dimethyl aluminum  chloride,  diethyl  aluminum  chloride,  diethyl  aluminum  bromide,  diethyl  aluminum  iodide,  and 
diisobutyl  aluminum  chloride;  monoalkyl  aluminum  dihalide  such  as  methyl  aluminum  dichloride,  ethyl 5  aluminum  dichloride,  methyl  aluminum  dibromide,  ethyl  aluminum  dibromide,  ethyl  aluminum  diiodide, and  isobutyl  aluminum  dichloride;  alkyl  aluminum  sesquihalide  such  as  ethyl  aluminum  sisquichloride; dialkyl  aluminum  monoalkoxide  such  as  dimethyl  aluminum  methoxide,  diethyl  aluminum  ethoxide, diethyl  aluminum  phenoxide,  dipropyl  aluminum  ethoxide,  diisobutyl  aluminum  ethoxide,  and  diisobutyl aluminum  phenoxide;  and  dialkyl  aluminum  hydride  such  as  dimethyl  aluminum  hydride,  diethyl w  aluminum  hydride,  dipropyl  aluminum  hydride,  and  diisobutyl  aluminum  hydride. 

Preferable  among  them  are  trialkyl  aluminums,  and  most  suitable  among  them  are  triethyl  aluminum and  triisobutyl  aluminum.  These  trialkyl  aluminums  may  be  used  in  combination  with  other 
organoaluminum  compounds  such  as  commercially  available  diethyl  aluminum  chloride,  ethyl  aluminum 
dichloride,  ethyl  aluminum  sesquichloride,  diethyl  aluminum  ethoxide,  or  diethyl  aluminum  hydride,  or  a 15  mixture  or  a  complex  thereof. 

According  to  this  invention,  it  is  also  possible  to  use  an  organoaluminum  compound  in  which  two  or more  aluminum  atoms  are  bonded  through  an  oxygen  atom  or  a  nitrogen  atom.  Examples  of  such 
compounds  include  those  which  are  represented  by  the  formulas 

20  (C2H5)2AIOAI(C2H5)2,  (C4H9)2AIOAI(C4H9)2,  (C2H5)2AIC2H5NAI(C2H5)2. 

Organic  compounds  of  other  metals  than  aluminum  include,  for  example,  diethyl  magnesium  ethyl 
magnesium  chloride,  diethyl  zinc,  LiAI(C2H5)4,  and  LiAI(C7H15)4. 

The  organometal  compound  is  desirably  used  in  an  amount  of  1  to  2000  gram  mol,  preferably  70  to  700 25  gram  mol,  for  1  gram  atom  of  titanium  in  the  catalyst  component. 

Organosilicon  compound 
The  organosilicon  compound  used  as  one  component  of  the  polymerization  catalyst  is  one  which  is 

represented  by  the  formula  RpSiXm(OR')n,  where  R  and  R'  are  the  same  or  different  C,  to  C20  hydrocarbon 30  groups,  X  is  a  halogen  atom,  0<p<4,  0<m<4,  0<n<4,  and  p+m  +  n=4.  The  hydrocarbon  groups  include alkyl,  alkenyl,  cycloalkyl,  aryl,  and  aralkyl  groups.  If  q  is  2  or  above,  R9  may  denote  hydrocarbon  groups  of different  kind.  The  halogen  atom  represented  by  X  should  preferably  be  a  chlorine  atom. 
Examples  of  the  organosilicon  compound  include  tetramethoxysilane,  tetraethoxysilane, 

tetrabutoxysilane,  tetraisobutoxysilane,  tetraphenoxysilane,  tetra(p-methylphenoxy)silane, 35  tetrabenzyloxysilane,  methyltrimethoxysilane,  methyltriethoxysilane,  methyltributoxysilane, 
methyltriphenoxysilane,  ethyltriethoxysilane,  ethyltriisobutoxysilane,  ethyltriphenoxysilane, butyltrimethoxysilane,  butyltriethoxysilane,  butyltributoxysilane,  butyltriphenoxysilane, 
isobutyltriisobutoxysilane,  vinyltriethoxysilane,  allyltrimethoxysilane,  phenyltrimethoxysilane, 
phenyltriethoxysilane,  benzyltriphenoxysilane,  methyltriallyloxysilane,  dimethyldimethoxysilane, 40  dimethyldiethoxysilane,  dimethyldiisopropoxysilane,  dimethyldibutoxysilane,  dimethyldihexyloxysilane, 
dimethyidiphenoxysilane,  diethyldiethoxysilane,  diethyldiisobutoxysilane,  diethyldiphenoxysilane, 
dibutyldiisopropoxysilane,  dibutyldibutoxysilane,  dibutyldiphenoxysilane,  diisobutyldiethoxysilane, 
diisobutyldiisobutoxysilane,  diphenyldimethoxysilane,  diphenyldiethoxysilane,  diphenyldibutoxysilane, 
dibenzyldiethoxysilane,  divinyldiphenoxysilane,  diallyldipropoxysilane,  diphenyldiallyloxysilane, 

45  methylphenyldimethoxysilane,  phenyltrimethoxysilane,  phenyltriethoxysilane,  diphenyldimethoxysilane, 
methylphenyldimethoxysilane,  and  chlorophenyldiethoxysilane. 

The  silicon  compound  is  desirably  used  in  an  amount  of  0.02  to  2.0  gram  mol,  preferably  0.05  to  0.8 
gram  mol,  for  1  gram  atom  of  metal  in  the  organometallic  compound. 

The  silicon  compounds  of  more  than  one  kind  may  be  used  in  combination  with  one  another.  It  also 
so  may  be  combined  with  an  electron  donor  compound  to  give  a  polymer  which  is  improved  in 

stereoregularity.  The  electron  donor  compound  used  for  this  purpose  may  be  any  one  which  is  used  for  the 
preparation  of  the  catalyst  component  used  in  this  invention.  The  preferred  ones  are  carboxylate  esters, alcohols,  ethers,  and  ketones.  The  electron  donor  compound  is  desirably  used  in  an  amount  of  0.005  to  1.0 
gram  mol,  preferably  0.01  to  0.5  gram  mol,  for  1  gram  atom  of  metal  in  the  organometallic  compound. 

55  The  silicon  compound  and  the  electron  donor  compound  which  is  used  as  required  may  be  combined with  the  organometallic  compound  and  the  catalyst  component  simultaneously  or  may  be  used  after  being 
previously  contacted  with  the  organometallic  compound. 

Polymerization  of  olefin 
60  The  polymerization  catalyst  as  mentioned  above  is  used  for  homopolymerization  of  monoolefins  or 

copolymerization  of  a  monoolefin  with  other  monoolefin  or  diolefin.  It  is  particularly  suitable  for 
homopolymerization  of  alpha-olefins,  particularly  alpha-olefins  of  carbon  number  3  to  10  such  as 
propylene,  1-butene,  4-methyl-1-pentene,  and  1-hexene.  It  is  also  suitable  for  random  stereoregular 
copolymerization  of  alpha-olefins  or  an  alpha-olefin  and  ethylene. 

65  The  polymerization  may  be  performed  either  in  gas  phase  or  liquid  phase.  The  liquid  phase 

40 
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polymerization  may  be  accomplished  in  an  inert  hydrocarbon  such  as  n-butane,  isobutane,  n-pentane, 
isopentane,  hexane,  heptane,  octane,  cyclohexane,  benzene,  toluene,  and  xylene,  or  in  the  liquid 
monomer.  The  polymerization  temperature  is  usually  -80°C  to  +150°C,  preferably  40  to  120°C.  The 
polymerization  pressure  is  0.1  to  6  MPa  (1  to  60  atm).  The  molecular  weight  modification  of  the  resulting 

5  polymer  is  accomplished  in  the  presence  of  hydrogen  or  other  known  molecular  weight  modifiers.  In  the 
copolymerization  of  olefin,  the  quantity  of  other  olefin  to  be  copolymerized  is  usually  less  than  30  wt%, 
particularly  0.3  to  1  5  wt%,  based  on  the  olefin.  The  polymerization  with  the  catalyst  system  of  this  invention 
may  be  performed  continuously  or  batchwise  under  the  commonly  used  conditions. 

io  Effect  of  invention 
The  polymerization  catalyst  constructed  as  mentioned  above  provides  in  high  yields  olefin  polymers 

having  high  stereoregularity  and  high  bulk  density  and  exhibits  a  high  catalytic  activity  over  a  long  period of  time. 

Examples 
'5  The  invention  is  described  in  more  detail,  though  only  by  way  of  illustration,  with  reference  to  the 

following  examples. 
Percent  (%)  in  the  examples  means  wt%,  unless  otherwise  indicated. 
The  polymerization  activity  Kc  is  the  quantity  (g)  of  polymer  formed  per  gram  of  the  catalyst 

component,  and  Kt  is  the  quantity  (kg)  of  polymer  formed  per  gram  of  titanium  in  the  catalyst  component. 20  The  heptane  insolubles  (abbreviated  as  H.I.)  that  indicates  the  ratio  of  crystalline  fraction  in  the 
polymer  is  the  quantity  of  polymer  that  remains  undissolved  when  extracted  with  boiling  n-heptane  for  6 
hours  by  using  a  Soxhiet  extractor  of  improved  type.  The  melt  flow  rate  (MFR)  was  measured  according  to 
ASTM  D-1238,  and  the  bulk  density  was  measured  according  to  ASTM  D-1  895-69. 

25  Example  1 
Preparation  of  catalyst  component 

Into  a  500-ml  glass  reactor  equipped  with  a  reflux  condenser,  dropping  funnel,  the  stirrer,  with  the 
atmosphere  replaced  with  nitrogen,  were  charged  35  g  (0.31  mol)  of  commercial  magnesium  diethoxide 
and  100  ml  of  n-heptane.  While  stirring  at  room  temperature,  a  mixture  of  104  g  (0.77  mol)  of  trichlorosilane 

30  and  30  ml  of  n-heptane  was  dropped  from  the  dropping  funnel  over  45  minutes.  Stirring  was  continued  at 
70°C  for  6  hours.  During  this  period,  the  reactants  gave  off  a  gas,  which  was  found  to  contain  ethyl  chloride, 
ethylene,  hydrogen,  and  ethane.  The  solid  thus  obtained  was  filtered  off  at  70°C  and  washed  with  five  300- 
ml  portions  of  n-hexane  at  65°C,  followed  by  drying  at  60°C  for  30  minutes  under  reduced  pressure.  Thus 
there  was  obtained  solid  component  (I). 

35  Fifteen  grams  of  solid  component  (I)  was  placed  under  the  nitrogen  gas  atmosphere  in  a  300-ml 
stainless  steel  (SUS  316)  balls,  12  mm  in  diameter.  Then,  3'.8  g  of  ethyl  benzoate  was  added  to  the  mill  pot. The  mill  pot  was  vibrated  on  a  vibrator  for  1  hour  to  carry  out  contacting.  Thus  there  was  obtained  solid 
component  (II). 

10.1  g  of  the  solid  component  (II)  was  placed  under  the  nitrogen  gas  atmosphere  in  a  200-ml  glass 
40  reactor  equipped  with  a  stirrer.  Then,  40  ml  of  toluene  and  60  ml  of  titanium  tetrachloride  were  added  to  the 

reactor,  followed  by  stirring  at  90°C  for  2  hours.  After  removal  of  the  supernatant  liquid  by  decantation,  40 
ml  of  toluene  and  60  ml  of  titanium  tetrachloride  were  added,  followed  by  stirring  at  90°C  for  2  hours.  After 
removal  of  the  supernatant  liquid  by  decantation,  40  ml  of  toluene  and  60  ml  of  titanium  tetrachloride  were 
added,  followed  by  stirring  at  90°C  for  2  hours.  The  resulting  solid  substance  was  filtered  off  at  90°C  and 

45  washed  with  seven  100-ml  portions  of  n-hexane  at  65°C,  followed  by  drying  at  60°C  for  30  minutes  under 
reduced  pressure.  Thus  there  was  obtained  7.0  g  of  catalyst  component  containing  3.0%  of  titanium. 

Polymerization  of  propylene 
Into  a  1.5-liter  stainless  steel  (SUS  32)  autoclave  equipped  with  a  stirrer  was  charged  under  the 

50  nitrogen  gas  atmosphere  a  mixture  composed  of  (1)  11.2  mg  of  the  catalyst  component  obtained  as 
mentioned  above,  (2)  3.7  ml  of  n-heptane  solution  containing  1  mol  of  triethyl  aluminum  (abbreviated  as 
TEAL)  in  1  liter  of  n-heptane  (this  quantity  corresponds  to  150  gram  atom  of  aluminum  for  1  gram  atom  of 
titanium  in  the  catalyst  component),  and  (3)  2.10  ml  of  heptane  solution  containing  0.05  mol  of 
phenyltriethoxysilane  in  1  liter  of  heptane  (this  quantity  corresponds  to  0.10  gram  mol  for  1  gram  atom  of 

55  aluminum  in  the  TEAL).  The  mixture  was  allowed  to  stand  for  5  minutes  prior  to  charging.  Then  100  ml  of 
hydrogen  gas  as  the  molecular  weight  modifier  and  1  liter  of  liquefied  propylene  were  forced  in.  The 
reaction  system  was  heated  to  70°C  and  the  polymerization  of  propylene  was  carried  out  for  1  hour. 

When  polymerization  was  complete,  unreacted  propylene  was  purged,  and  there  was  obtained  140  g of  white  polypropylene  powder  having  an  HI  of  95.5%,  an  MFR  of  2.6,  and  a  bulk  density  of  0.38  g/cm3. 
eo  Kc  was  12,500  and  Kt  was  417. 

A  second  polymerization  of  propylene  was  performed  for  2  hours  obtaining  the  following  results. 
HI=95.0%,  MFR=2.8,  bulk  density=0.39  g/cm3,  Kc=23,100,  and  Kt=770. 

Examples  2  to  18 
65  Catalyst  components  were  prepared  in  the  same  way  as  in  Example  1  except  that  the  ethyl  benzoate 
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with  which  catalyst  component  (I)  was  brought  into  contact  was  replaced  by  the  electron  donor  compound as  shown  in  Table  1.  The  catalyst  components  thus  prepared  were  used  for  the  polymerization  of  propylene in  the  same  way  as  in  Example  1.  The  results  are  shown  in  Table  1. 

TABLE  1 
Electron  Polymer-  Bu,k donor  Titanium  ization  Kc  Kt  HI  density  MFR jK-nple  compound  omen,  !%)  ,ime  lh)  (g/g,a,,  (kg£Ti.  £',  ? " $   ^ ^  

2  
~   

46  I  £ 2 2   £88  £   SS  S  

3  
s t a r   "   

i  j k s   s   s   s   s  

5  Phthalic  acid  4.8  1  12,100  252  97  1  0  37  3  2 ChlOnde  2  21.800  454  96.5  0V  34 
6  Phthalic  acid  4.7  1  14,200  429  96  4  0  ^   dfi 

cmh=ethyl  2  26'°°°  »   S   0388  H  

7  s : r   5-°  j  a s   -   s   s   „  

8  
»   

3-5  i  i s j s   s   k   a   a  

9  
c h S e   3'8  J  "'500  303  94-9  °"35  1-8 ChlOnde  2  21,600  -  569  94.5  0.35  2.0 

10  Ethyl  3-1  1  12,000  387  94.8  0  36  2  0 Cmnamate  2  22,200  716  94.5  0.37  Z4 
11  Eth)"h  2-8  1  12,100  432  95.1  0  38  2  4 

~ T e e   2  22'7°°  812  94'7  °-37  «  

12  Tartaric  3.8  1  10,200  268  94.3  0.37  15 2  19,400  510  94.0  0.38  2.1 
13  nJr2 l   3'2  1  13'2°°  413  95-6  °-35  3.2 tatrate  2  23,000  719  95.0  0.36  4.1 
14  m°PfhUtVl  ..  

3"3  1  13'8°°  418  94"8  0.35  4.8 methacrylate  2  24,800  753  94.0  0.36  5.2 
15  Phthalic  3.9  1  14,100  362  95.8  0.35  3  8 aCld  2  '  26,000  667  95.4  0.35  4.0 
16  Benzoic  3.8  1  n,500  303  94.8  0.33  4  8 aCld  2  21,300  560  94.5  0.33  4̂ 9 
17  Di-n-butyl  3.5  1  l5,100  431  95.8  0.38  4.1 maleate  2  27,900  798  95.7  0.39  4.5 
18  Diisobutyl  3.0  1  14,800  493  96.1  0.39  4  3 Sebacate  2  26,600  888  95.8  0.39  4.6 
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Examples  19  and  20 
The  catalyst  component  was  prepared  in  the  same  way  as  in  Example  1  except  that  the  trichlorosilane 

with  which  magnesium  diethoxysilane  was  brought  into  contact  was  replaced  by  methyl  dichlorosilane 
(Example  19)  or  dimethyl  chlorosilane  (Example  20).  The  resulting  catalysts  were  used  for  the 

5  polymerization  of  propylene.  The  results  are  shown  in  Table  2. 

Example  21 
The  catalyst  component  was  prepared  in  the  same  way  as  in  Example  1  except  that  magnesium diethoxide  was  replaced  by  magnesium  diisopropoxide.  The  resulting  catalyst  was  used  for  the 

io  polymerization  of  propylene  in  the  same  was  as  in  Example  1.  The  results  are  shown  in  Table  2. 

Example  22 
Preparation  of  catalyst  component 

Into  a  500-ml  glass  reactor  equipped  with  a  reflux  condenser,  dropping  funnel,  and  stirrer,  with  the 
is  atmosphere  replaced  with  nitrogen,  were  charged  30  g  (0.26  mol)  of  commercial  magnesium  diethoxide, 173  ml  of  n-heptane,  and  15.0  g  of  diisobutyl  phthalate.  Whie  stirring  at  room  temperature,  a  mixture  of  89 

g  (0.66  mol)  of  trichlorosilane  and  60  ml  of  n-heptane  was  dropped  from  the  dropping  funnel  over  45 
minutes.  Stirring  was  continued  at  70°C  for  8  hours.  During  this  period,  the  reactants  gave  off  a  gas,  which 
was  found  to  contain  ethyl  chloride,  ethylene,  hydrogen,  and  ethane.  The  solid  thus  obtained  was  filtered 

20  off  at  70°C  and  washed  with  five  300-ml  portions  of  n-hexane  at  65°C,  followed  by  drying  at  60°C  for  30 
minutes  under  reduced  pressure.  Thus  there  was  obtained  45.1  g  of  solid  component.  This  solid 
component  was  contacted  with  titanium  tetrachloride  in  the  same  way  as  in  Example  1  to  give  the  catalyst 
component. 

25  Polymerization  of  propylene 
The  resulting  catalyst  was  used  for  the  polymerization  of  propylene  in  the  same  was  as  in  Example  1. The  results  are  shown  in  Table  2. 

Example  23 
30  Polymerization  of  propylene  was  carried  out  in  the  same  way  as  in  Example  2  except  that  the  quantity of  hydrogen  was  changed  to  750  ml.  The  results  are  shown  in  Table  2. 

15 

20 

Example  24 
Polymerization  of  propylene  was  carried  out  in  the  same  way  as  in  Example  2  except  that  the  quantity of  TEAL  was  changed  to  such  an  amount  that  corresponds  to  50  gram  atom  of  aluminum  for  1  gram  atom of  titanium  in  the  catalyst.  The  results  are  shown  in  Table  2. 

Examples  25  and  26 
Polymerization  of  propylene  was  carried  out  in  the  same  way  as  in  Example  2  except  that  the  quantity of  phenyltriethoxysilane  was  changed  to  such  an  amount  that  corresponds  to  0.20  gram  mol  (Example  25) 

or  0.05  gram  mol  (Example  26)  for  1  gram  atom  of  aluminum  in  TEAL.  The  results  are  shown  in  Table  2. 

Examples  27  to  29 
Polymerization  of  propylene  was  carried  out  for  1  hour  in  the  same  way  as  in  Example  2  except  that  the 

phenyltriethoxysilane  was  replaced  by  the  organosilicon  compounds  shown  in  Table  3  and  the  quantity  of 
hydrogen  was  changed  as  shown  in  Table  3.  The  results  are  shown  in  Table  3. 

35 
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TABLE  3 

Organo- 
silicon 

Example  compound 

50 Bulk 
density  MFR 
(g/cm3)  (g/10  min) 

Quantity  of 
hydrogen  (ml) 

Kc 
(g/g-cat.) 

Kt 
(kg/g-Ti) 

HI 
(%) 

27  Diphenyl-  750  17,600  391  96.4  0.38  4.2 
55  dimethyl- 

silane 

28  Phenyltri-  100  14,800  329  96.1  0.35  2.8 
methoxy- 

60  silane 

29  Ethyltri-  100  14,000  311  96.4  0.35  3.5 
ethoxy- 
silane 
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Example  30 
Polymerization  of  propylene  was  carried  out  in  the  same  way  as  in  Example  2  except  that  TEAL  was replaced  by  a  mixture  of  TEAL  and  diethylaluminum  chloride  in  the  4:1  molar  ratio.  The  results  are  shown in  Table  2. 

5 
Comparative  Example  1 

Polymerization  of  propylene  was  carried  out  in  the  same  way  as  in  Example  2  except  that 
phenyltriethoxysilane  was  replaced  by  ethyl  p-anisate  in  an  amount  of  0.30  gram  mol  for  1  gram  atom  of aluminum  in  TEAL.  The  results  are  shown  in  Table  2. 

10 
Comparative  Example  2 
Preparation  of  catalyst  component 

Into  a  300-ml  stainless  steel  (SUS  316)  mill  pot  containing  100  pieces  of  stainless  steel  (SUS  316)  balls 12  mm  in  diameter  were  charged,  under  the  nitrogen  gas  atmosphere,  24.3  of  anhydrous  magnesium 15  chloride  (containing  less  than  1  %  of  water)  and  then  8.1  g  of  diisobutyl  phthalate.  This  mill  pot  was  vibrated on  a  vibrator  for  20  hours.  Thus  there  was  obtained  a  solid  component. 10.2  g  of  the  solid  component  was  placed,  under  the  nitrogen  gas  atmosphere,  in  a  200-ml  glass reactor  equipped  with  a  stirrer,  and  then  90  ml  of  titanium  tetrachloride  was  added,  followed  by  stirring  at 80°C  for  2  hours.  The  resulting  solid  substance  was  filtered  off  at  80°C  and  washed  with  seven  100-ml 20  portions  of  n-hexane  at  65°c,  followed  by  drying  at  60°C  for  30  minutes  under  reduced  pressure.  Thus  there was  obtained  a  catalyst  component  containing  3.8%  of  titanium. 

Polymerization  of  propylene 
The  catalyst  component  was  used  for  the  polymerization  of  propylene  in  the  same  way  as  in  Example 25  23.  The  results  are  shown  in  Table  2. 

Comparative  Example  3 
Preparation  of  catalyst  component 

Into  a  300-ml  glass  reactor  equipped  with  a  reflux  condenser,  dropping  funnel,  and  stirrer  with  the 30  atmosphere  replaced  with  nitrogen,  where  charged  100  ml  of  10%  butylethyl  magnesium  solution  in  n- heptane.  While  stirring  at  room  temperature,  a  mixture  of  18.2  g  of  2-ethylhexanol  and  30  ml  of  n-heptane was  dropped  from  the  dropping  funnel  over  15  minutes.  Stirring  was  continued  at  80°C  for  2  hours.  After 
cooling  to  room  temperature,  1.3  g  of  phthalic  anhydride  was  added  and  treatment  was  carried  out  at  100°C for  1  hour.  After  cooling  to  room  temperature,  there  was  obtained  a  uniform  solution  (A). 35  The  uniform  solution  (A)  was  added  dropwise  to  a  500-ml  glass  reactor  equipped  with  a  reflux condenser  and  a  stirrer,  with  the  atmosphere  replaced  with  nitrogen,  to  which  200  ml  of  titanium tetrachloride  had  been  added  and  which  had  been  cooled  to  -20°C.  The  dropwise  addition  was  performed over  1  hour  with  stirring  at  -20°C.  The  reaction  system  was  heated  to  100°C,  and  3.9  ml  of  diisobutyl phthalate  was  added.  Reaction  was  carried  out  at  1  05°C  for  2  hours.  The  supernatant  liquid  was  removed  by 40  decantation  and  200  ml  of  titanium  tetrachloride  was  added.  Reaction  was  performed  at  1  05°C  for  2  hours. After  the  completion  of  reaction,  the  resulting  solid  substance  was  filtered  off  at  105°C  and  washed  with 
seven  250-ml  portions  of  n-hexane  at  65°C,  followed  by  drying  at  60°C  for  30  minutes  under  reduced 
pressure.  Thus  there  was  obtained  a  catalyst  component  containing  3.0%  of  titanium. 

45  Polymerization  of  propylene 
The  catalyst  component  thus  obtained  was  used  for  polymerization  of  propylene  in  the  same  way  as  in 

Example  23.  The  results  are  shown  in  Table  2. 

Examples  31  to  36 
so  Polymerization  of  propylene  was  carried  out  in  the  same  way  as  in  Examples  2,  4,  6,  12,  17,  and  18, 

respectively,  except  that  phenyltriethoxysilane  was  replaced  by  0.08  gram  mol  of  phenyltriethoxysilane and  0.02  gram  mol  of  ethyl  p-anisate  for  1  gram  atom  of  aluminum  in  TEAL.  The  results  are  shown  in  Table 

55  Example  37 
Polymerization  of  propylene  was  carried  out  in  the  same  way  as  in  Example  31  except  that  ethyl  anisate 

was  replaced  by  0.02  gram  mol  of  ethyl  benzoate.  The  results  are  shown  in  Table  2. 
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TABLE  2 

Polymer-  Bulk Titanium  ization  kc  Kt  HI  density  MFR Example  content  (%)  time  (h)  (g/g-cat.)  (kg/g-Ti)  (%)  (g/cm3)  (g/10  min) 
19  4-1  1  16,200  421  96.7  0.40  4  2 

2  29,200  711  96.0  0.40  3.9 
20  3-8  1  16,000  421  96.7  0.40  4  2 

2  28,800  758  96.1  0.42  4.5 
21  4-4  1  17,100  389  96.4  0.37  4  4 2  31,600  718  95.8  0.38  4.8 
22  4'2  1  16,500  393  96.4  0.38  3  8 

2  29,900  712  96.0  0.38  3.9 
23  4-5  1  23,000  511  96.0  0.38  27 2  46,000  1022  95.9  0.40  31 
24  4'5  1  14,700  327  95.3  0.32  1.8 
25  4-5  1  16,500  367  97.0  0.40  2.6 
26  4'5  1  17,500  389  95.0  0.39  2.9 
30  4-5  1  16,800  373  97.2  0.40  2.0 
31  4-5  1  16,800  373  98.0  0.40  4  0 2  31,000  689  97.6  0.40  4.1 
32  5-°  1  14,000  280  97.0  0.37  4  1 2  26,500  530  96.5  0.37  4.3 
33  4-7  1  13,800  294  97.5  0.39  4  3 2  24,000  511  96.4  0.39  4.5 
34  3-8  1  9,900  261  95.7  0.37  2  5 

2  18,500  487  95.1  0.39  3.1 
35  3-5  1  15,500  443  96.8  0.38  4  2 

2  28,100  803  96.3  0.39  4.8 
36  3-°  1  14,500  483  97.1  0.39  4.8 

2  26,800  893  96.8  0.40  4.9 
37  4-5  1  16,500  367  97.1  0.40  3  8 

2  30,500  678  96.9  0.40  4.0 
1*  4-5  1  6,500  144  93.0  0.34  4.5 

2  9,100  202  92.0  0.36  6.5 
2*  3-8  1  9,800  258  95.0  0.35  59 

2  16,000  421  93.0  0.36  50 
3*  3-°  1  4,000  133  94.2  0.347  21 

2  6,800  227  93.7  0.38  24 
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Claims 

1.  A  catalyst  for  polymerizing  olefins,  said  comprising 
(A)  a  titanium-containing  component  obtaining  by  either  (i)  contacting  with  one  another 5  (a)  a  magnesium  dihydrocarbyloxide  in  which  the  hydrocarbon  group  is  cycloalkyl  having  3  to  20 carbon  atoms,  alkenyl  or  alkyl  having  1  to  20  carbon  atoms,  aryl  having  6  to  20  carbon  atoms  or  aralkyl having  7  to  20  carbon  atoms;  and 
(b)  a  chlorosilane  having  at  least  one  hydrogen-silicon  bond  of  the  general  formula  HSR".  SiX'  where 

oS4^dr°£a4rb0n  gr0Up<  R'"°~  <R"'=hydrocarbon  group),  R2R3N-  (R2  and  R3=hydrocarbon  groups), w  or  R  COO—  (R  =hydrogen  atom  or  hydrocarbon  group);  X'  is  a  halogen  atom;  s  is  1  to  3-  0<r<4  and 
l+t+[~4'uthe  gr0Ups  rePresented  fay  R"  being  the  same  or  different  if  t=2  or  more;  contacting  the  product thereby  obtained  with 

(ii)  (c)  an  electron  donor,  and 
(iii)  contacting  the  reaction  product  therefrom  with  (d)  a  tetravalent  titanium  halide  compound  or  by 75  KOm??u*n9  Sa'd  masnesium  hydrocarbyloxide  (a),  said  chlorosilane  having  at  least  one  hydrogen-silicon bond  (b)  and  said  electron  donor  (c)  with  one  another  and  thereafter  contacting  the  product  therefrom  with said  tetravalent  titanium  halide  (d), 
(B)  an  organic  compound  of  a  metal  of  Groups  I  to  III  of  the  Periodic  Table  and (C)  an  i  organosilicon  compound  represented  by  the  formula  RDSiXm(OR')n  wherein  R  and  R'  are  the 20  same  or  different  C,_20  hydrocarbon  groups,  X  is  a  halogen  atom  0<p<4,  0<m<4,  0<n<4  p+m+n=4 2.  A  catalyst  according  to  Claim  1  wherein  the  magnesium  dihydrocarbyloxide  and  the  chlorosilane naving  the  hydrogen-silicon  bond  are  reacted  together  prior  to  contact  with  the  electron  donor  and  the titanium  halide. 
3.  A  catalyst  according  to  either  of  Claims  1  and  2  wherein  the  chlorosilane  is  unsubstituted 25  tnchlorosilane  and  the  magnesium  dihydrocarbyloxide  is  magnesium  diethoxide. 4.  A  catalyst  according  to  any  one  of  the  preceding  Claims  wherein  the  organic  compound  is  an organoaluminium  compound  represented  by  the  formula  R8AIX'"3_W  wherein  R8  is  an  alkyl  or  aryl  group, a  is  a  halogen  atom,  alkoxyl  group,  or  hydrogen  atom  and  w  is  any  number  in  the  range  of  1<w<3. 5.  A  catalyst  according  to  Claim  4  wherein  the  organoaluminium  compound  is  an  aluminium  trialkyl 30  6.  A  catalyst  according  to  Claim  5  wherein  the  aluminium  trialkyl  is  triethyl  aluminium  or  triisobutyl aluminium.  ' 
7.  A  catalyst  according  to  any  one  of  the  preceding  Claims  wherein  the  organo  silicon  compound  is selected  from  ethyl  triethyoxy  silane,  vinyl  triethoxy  silane,  phenyl  trimethoxy  silane,  phenyl  triethoxy silane,  diphenyl  dimethoxy  silane,  methyl  phenyl  dimethoxy  silane  and  chlorophenyl  diethoxy  silane. 35  8.  A  catalyst  according  to  any  one  of  the  preceding  Claims  wherein  the  electron  donor  is  selected  from carboxylic  acids,  carboxylic  acid  anhydrides,  carboxylate  esters,  carboxylic  acid  halides,  alcohols  ethers ketones,  amines,  amides,  nitriles,  aldehydes,  alcoholates,  phosphoamides,  thioethers,  thioesters carbonate  esters  and  compounds  of  phosphorus,  arsenic  or  antimony  attached  to  an  organic  group through  a  carbon  or  oxygen  atom. 

40  9.  a  catalyst  according  to  Claim  8  wherein  the  electron  donor  is  ethyl  benzoate. 10.  A  catalyst  according  to  any  one  of  the  preceding  Claims  wherein  the  titanium  compound  is  TiCI4 11.  A  process  for  polymerizing  alpha-olefins  or  copolymerizing  alpha-olefins  or  an  alpha  olefin  and etnylene,  which  comprises  polymerizing  or  copolymerizing  said  olefin(s)  at  a  polymerisation  pressure  of 0.1  to  6  MPa  (1  to  60  atm.)  in  the  presence  of  the  catalyst  according  to  any  one  of  the  preceding  Claims. 

Patentanspruche 

1.  Katalysator  zur  Polymerisation  von  Olefinen,  enthaltend 
so  (A)  eine  titanhaltige  Komponente,  erhaltlich  durch  entweder  (i)  durch  Inkontaktbringen  von (a)  einem  Magnesiumdihydrocarbyloxid,  worin  die  Kohlenwasserstoff-Gruppe  ein  Cycloalkyl  mit  3  bis 20  Kohlenstoffatomen,  ein  Alkenyl  Oder  Alkyl  mit  1  bis  20  Kohlenstoffatomen,  ein  Aryl  mit  6  bis  20 Kohlenstoffatomen  oder  ein  Aralkyl  mit  7  bis  20  Kohlenstoffatomen  ist;  und 

(b)  einem  Chlorsilan  mit  mindestens  einer  Wasserstoff-Silicium-bindung  der  allgemeinen  Formel 
55  HsR",SiX'r  worin  R"  eine  Kohlenwasserstoffgruppe  ist,  R"'0(R"'=Kohlenwasserstoffgruppe),  R2R3N—  (R2 und  R  =  Kohlenwasserstoffgruppen),  oder  R4COO—  (R4=Wasserstoffatom  oder  Kohlenwasserstoffgruppe) ist;  X'  ein  Halogenatom  ist;  s  1  bis  3  ist;  0<r<4,  und  s+t+r=4,  wobei  die  Gruppen,  entsprechend  R"  gleich Oder  verschieden  sind,  wenn  t=2  oder  mehr  ist;  Inkontaktbringen  des  dadurch  erhaltenen  Produktes  mit (ii)  (c)  einem  Elektronendonor,  und 
60  .  

'"')  Inkontaktbringen  des  Reaktionsproduktes  daraus  mit  (d)  einer  tetravalenten 
Titanhalogenidverbindung,  oder  durch  in  Kontakt  bringen  des  Magnesiumhydrocarbyloxids  (a),  des Chlorsilans  mit  mindestens  einer  Wasserstoff-Siliciumbindung  (b)  und  des  Elektronendonors  (c)  und 
anschlielSend  Inkontaktbringen  des  Produktes  daraus  mit  dem  tetravalenten  Titanhalogenid  (d), (B)  einer  organischen  Verbindung  eines  Metalls  der  Gruppen  I  bis  III  des  Periodischen  Systems  und 

55  (C)  einer  Organosiliciumverbindung  entsprechend  der  Formel  RpSiXm(OR')n,  worin  R  und  R'  gleiche 
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Oder  verchiedene  (V-jo-Kohlenwasserstoffgruppen  sind,  X  ein  Halogenatom  und  ist  0<p<4,  0<m<4, 
0<n<4,  p+m+n=4. 

2.  Kataiysator  nach  Anspruch  1,  worin  das  Magnesiumdihydrocarbyloxid  und  das  Chlorsilan  mit  der 
Wasserstoff-Siliciumbindung  miteinander  vor  Kontakt  mit  dem  Elektronendonor  und  dem  Titanhaiogenid 5  umgesetzt  werden. 

3.  Kataiysator  nach  einem  der  Anspruche  1  und  2,  worin  das  Chlorsilan  ein  unsubstituiertes 
Trichlorsilan  und  das  Magnesiumdihydrocarbyloxid  Magnesiumdiethoxid  ist. 

4.  Kataiysator  nach  einem  der  vorhergehenden  Anspruche,  worin  die  organische  Verbindung  eine 
Organoaluminiumverbindung  entsprechend  der  Formel  R8AIX'"3_W  ist,  worin  R8  eine  Alkyl-  oder 'o  Arylgruppe,  X'"  ein  Halogenatom,  eine  Alkoxylgruppe  oder  ein  Wasserstoffatom  ist  und  w  eine  Zahl  im Bereich  von  1<w<3  ist. 

5.  Kataiysator  nach  Anspruch  4,  worin  die  Organoaluminiumverbindung  eine 
Aluminiumtrialkylverbindung  ist. 

6.  Kataiysator  nach  Anspruch  5,  worin  das  Aluminiumtrialkyl  Triethylaluminium  oder '5  Triisobutylaluminium  ist. 
7.  Kataiysator  nach  einem  der  vorhergehenden  Anspruche,  worin  die  Organosiliciumverbindung  aus Ethyltriethoxysilan,  Vinyltriethoxysilan,  Phenyltrimethoxysilan,  Phenyltriethoxysilan,  Diphenyldimethoxy- 

silan,  Methylphenyldimethoxysilan  und  Chlorphenyldiethoxysilan  ausgewahlt  ist. 
8.  Kataiysator  nach  einem  der  vorhergehenden  Anspruche,  worin  der  Elektronendonor  aus 20  Carbonsauren,  Carbonsaureanhydriden,  Carboxylatestem,  Carbonsaurehalogeniden,  Alkoholen,  Ether, Ketone,  Amine,  Amide,  Nitrile,  Aldehyde,  Alkoholate,  Phosphoamide,  Thioether,  Thioester,  Carbonatester und  Verbindungen  von  Phosphor,  Arsen  oder  Antimon,  gebunden  an  eine  organische  Gruppe  Ciber  ein Kohlenstoff-  oder  Sauerstoffatom,  ausgewahlt  ist. 
9.  Kataiysator  nach  Anspruch  8,  worin  der  Elektronendonor  Ethylbenzoat  ist. 

25  10.  Kataiysator  nach  einem  der  vorhergehenden  Anspruche,  worin  die  Titanverbindung  TiCI4  ist. 
11.  Verfahren  zur  Polymerisation  von  alpha-Olefinen  oder  Copolymerisation  von  alpha-Olefinen  oder 

einem  alpha-Olefin  und  Ethylen  bei  dem  man  das  (die)  Olefin(e)  bei  einem  Polymerisationsdruck  von  0,1 bis  6  MPa  (1  bis  60  atm)  in  Gegenwart  eines  Katalysators  nach  einem  der  vorhergehenden  Anspruche 
polymerisiert. 

30 

Revendications 

1.  Catalyseur  de  polymerisation  d'olefines,  comprenant 35  (A)  un  composant  contenant  du  titane  obtenu  par  fi)  mise  en  contact 
(a)  d'un  dihydrocarbylate  de  magnesium  dont  le  groupe  hydrocarbone  est  un  groupe  cycloalkyle  ayant 3  a  20  atomes  de  carbone,  alcenyle  ou  alkyle  ayant  1  a  20  atomes  de  carbone,  aryle  ayant  6  a  20  atomes  de 

carbone  ou  aralkyle  ayant  7  a  20  atomes  de  carbone;  avec 
(b)  un  chlorosilane  ayant  au  moins  une  liaison  hydrogene-silicium,  de  formule  generaie  HsR",SiX'r 40  dans  laquelle  Ft"  est  un  groupe  hydrocarbone,  un  groupe  R'"O  —  (R'"=groupe  hydrocarbone),  un  groupe R  R3N—  (R2  et  R3=groupes  hydrocarbones)  ou  un  groupe  R"COO—  (R"=atome  d'hydrogene  ou  groupe hydrocarbone);  X'  est  un  atome  d'halogene;  s  a  une  valeur  de  1  a  3;  rva  d'une  valeur  superieure  ou  egale  a 0  a  une  valeur  inferieure  a  4  et  la  somme  s+t+r  est  egale  a  4,  les  groupes  represents  par  R"  etant 

identiques  ou  differents  si  t  est  egal  ou  superieur  a  2;  mise  en  contact  du  produit  ainsi  obtenu  avec  • "5  (ii)  (c)  un  donneur  d'electrons,  et 
(iii)  mise  en  contact  du  produit  de  reaction  qui  en  resulte  avec  (d)  un  halogenure  de  titane  tetravalent, 

ou  par  mise  en  contact  dudit  hydrocarbylate  de  magnesium  (a),  dudit  chlorosilane  ayant  au  moins  une liaison  hydrogene-silicium  (b)  et  dudit  compose  donneur  d'electrons  (c)  les  uns  avec  les  autres,  puis  mise 
en  contact  du  produit  qui  en  resulte  avec  ledit  halogenure  de  titane  tetravalent  (d), 

so  (B)  un  compose  organique  d'un  metal  des  Groupes  I  a  III  du  Tableau  Periodique  et 
(C)  un  compose  organique  de  silicium  represente  par  la  formule  RpSiXm(OR')n  dans  laquelle  R  et  R' 

sont  des  groupes  hydrocarbones  en  C,  a  C20  identiques  ou  differents,  X  est  un  halogene.p  va  d'une  valeur 
superieure  ou  egale  a  0  a  une  valeur  inferieure  a  4,  m  va  d'une  valeur  superieure  ou  egale  a  0  a  une  valeur 
inferieure  a  4,  n  va  d'une  valeur  superieure  a  0  a  une  valeur  inferieure  a  4  et  la  somme  p+m+n  est  egale  a  4. 

55  2.  Catalyseur  suivant  la  revendication  1,  dans  lequel  le  dihydrocarbylate  de  magnesium  et  le 
chlorosilane  ayant  la  liaison  hydrogene-silicium  sont  mis  en  reaction  ensemble  avant  la  mise  en  contact 
avec  le  donneur  d'electrons  et  I'halogenure  de  titane. 

3.  Catalyseur  suivant  les  revendications  1  et  2,  dans  lequel  le  chlorosilane  est  du  trichlorosilane  non substitute  et  le  dihydrocarbylate  de  magnesium  est  ie  diethylate  de  magnesium. 
60  4.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  compose 

organique  est  un  compose  organique  d'aluminium  represente  par  la  formule  R8AIX"'3_W  dans  laquelle  R8 
est  un  groupe  alkyle  ou  aryle,  X'"  est  un  atome  d'halogene,  un  groupe  alkoxyle  ou  un  atome  d'hydrogene 
et  w  est  un  nombre  quelconque  dans  I'intervalle  1<w<3. 

5.  Catalyseur  suivant  la  revendication  4,  dans  lequel  le  compose  organique  d'aluminium  est  un 
65  aluminiumtrialkyle. 
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6.  Compose  suivant  la  revendication  5,  dans  lequel  I'aluminium-trialkyle  est  letriethylaluminium  ou  le 
triisobutylaluminium. 

7.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  compose organique  de  silicium  est  choisi  entre  I'ethyltriethoxysilane,  le  vinyltriethoxysilane,  le 5  phenyltrimethoxysilane,  le  phenyltriethoxysilane,  le  diphenyldimethoxysilane,  le  methylphenyl- dimethoxysilane  et  le  chlorophenyldiethoxysilane. 
8.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  donneur d  electrons  est  choisi  entre  des  acides  carboxyliques,  des  anhydrides  d'acides  carboxyliques,  des  esters d'acides  carboxyliques,  des  halogenures  d'acides  carboxyliques,  des  alcools,  des  ethers,  des  c'etones,  des io  amines,  des  amides,  des  nitriles,  des  aldehydes,  des  alcoolates,  des  phosphamides,  des  thioethers,  des thioesters,  des  esters  d'acide  carbonique  et  des  composes  contenant  du  phosphore,  de  I'arsenic  ou  de I  antimoine  attache  a  un  groupe  organique  par  un  atome  de  carbone  ou  d'oxygene. 9.  Catalyseur  suivant  la  revendication  8,  dans  lequel  le  donneur  d'electrons  est  le  benzoate  d'ethyle. 10.  Catalyseur  suivant  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  compose  de '5  titane  est  TiCI4. 
11.  Procede  de  polymerisation  d'alpha-olefines  ou  de  copolymerisation  d'alpha-olefines  ou  d'une alpha-olefme  et  d'ethylene,  qui  consiste  a  polymeriser  ou  a  copolymeriser  I'olefine  ou  les  olefines  a  une pression  de  polymerisation  de  0,1  a  6  MPa  (1  a  60  atm)  en  presence  du  catalyseur  suivant  I'une  quelconque des  revendications  precedentes. 
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