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Description 

BACKGROUND  OF  THE  INVENTION 

5  Technical  field 

This  invention  relates  to  a  process  for  producing  propylene  block  copolymers  under  the  conditions 
where  substantially  no  solvent  is  used  in  an  improved  yield,  which  polymers  have  high  rigidity  and  high 
impact  strength  with  good  powder  flowability. 

70 
Related  art 

Crystalline  polypropylene,  while  having  excellent  characteristics  of  rigidity  and  heat  resistance,  had  on 
the  other  hand  the  problem  of  low  impact  strength,  particularly  low  impact  strength  at  a  low  temperature. 

75  As  the  method  for  improving  this  point,  there  have  been  already  known  a  method  of  forming  a  block 
copolymer  by  polymerizing  stepwise  propylene  and  ethylene  or  another  olefin  (Japanese  Patent  Publica- 
tions  Nos.  11230/1968,  16668/1969,  20621/1969,  24593/1974,  30264/1974,  Japanese  Laid-open  Patent 
Publications  Nos.  25781/1973,  115296/1975,  35789/1978  and  110072/1979). 

However,  when  propylene  and  ethylene  are  polymerized  in  two  stages  or  multiple  stages,  although 
20  impact  resistance  may  be  improved,  there  ensues  on  the  other  hand  the  problem  that  polymers  of  low 

crystallinity  are  formed  in  a  large  amount,  because  the  product  contains  copolymer  portions. 
Also,  for  improvement  of  impact  strength  of  a  block  copolymer,  it  has  been  generally  practiced  to 

increase  an  amount  of  a  rubbery  copolymer  formed  in  the  block  copolymerization.  However,  formation  of 
by-products  may  be  increased,  and  the  polymer  particles  tend  to  have  increased  tackiness  with  the 

25  increase  of  rubbery  copolymers,  whereby  sticking  between  polymer  particles  or  sticking  of  the  polymer 
particles  onto  the  device  inner  wall  may  occur,  whereby  it  becomes  frequently  difficult  to  perform  stable 
running  of  a  polymer  production  device  for  a  long  term. 

More  particularly,  poor  fluidity  of  the  polymer  particles  due  to  sticking  of  polymer  particles  will  present  a 
serious  problem  to  operation  of  a  process  wherein  no  solvent  is  used,  such  as,  e.g.  gas-phase  polymeriza- 

30  tion. 
Accordingly,  it  has  been  desired  to  develop  technology  by  which  sticking  of  polymer  particles  is 

prevented  when  the  content  of  a  rubbery  polymer  is  increased  thereby  to  increase  process  stability. 

SUMMARY  OF  THE  INVENTION 
35 

The  present  inventors  have  studied  intensively  in  order  to  solve  the  problems  as  mentioned  above,  and 
consequently  found  that  the  above  problems  can  be  solved  by  use  of  a  specific  catalyst  whereby  the 
present  invention  has  been  obtained. 

More  specifically,  the  present  invention  presents  a  process  for  producing  propylene  block  copolymers 
40  which  comprises  practicing  Polymerization  step  (1)  and  Polymerization  step  (2)  in  the  absence  of  a  solvent 

and  in  the  presence  of  a  catalyst  which  comprises  Catalyst  component  (A)  and  Catalyst  component  (B) 
thereby  to  produce  a  propylene  block  copolymer  which  contains  a  rubbery  copolymer  of  propylene  which  is 
a  fraction  of  the  propylene  block  copolymer  soluble  in  xylene  at  20°  C  in  a  quantity  of  10  to  70%  by  weight 
of  the  block  copolymer: 

45  Catalyst  component  (A)  being  a  contact  product  of  Sub-components  (i),  (ii)  and  (iii),  which  has  undergone 
contact  with  an  a-olefin  of  1  to  20  carbon  atoms  in  the  absence  of  an  organometal  compound  of  a  metal 
of  Groups  I  to  III  of  the  Periodic  Table; 

Sub-component  (i)  being  a  solid  catalyst  component  for  a  Ziegler  catalyst  comprising  titanium, 
magnesium  and  a  halogen  atom  as  essential  components, 

50  Sub-component  (ii)  being  a  silicon  compound  represented  by  a  formula 

R1RV„Si(OR3)n 

wherein  R1  indicates  a  branched  hydrocarbyl  group  of  3  to  20  carbon  atoms,  R2  which  may  be  the 
55  same  as  or  different  from  R1  indicates  a  hydrocarbyl  group  of  1  to  20  carbon  atoms,  R3  which  may  be 

the  same  as  or  different  from  R1  and/or  R2  indicates  a  hydrocarbyl  group  of  1  to  4  carbon  atoms,  and 
n  is  a  number  satisfying  an  equation  1   ̂ n   ̂ 3,  and 
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Sub-component  (iii)  being  an  organometal  compound  of  a  metal  of  the  Group  I  to  III  of  the  Periodic 
Table,  and 

Catalyst  component  (B)  being  an  organoaluminum  compound; 
Polymerization  step  (1)  being  a  process  where  propylene  or  a  mixture  of  propylene  with  ethylene  is 

5  polymerized  in  a  single  or  a  multiple  step  to  form  a  propylene  homopolymer  or  a  propylene  copolymer 
with  ethylene  of  an  ethylene  content  of  no  higher  than  7%  by  weight  in  a  quantity  of  10  to  90%  by 
weight  of  the  total  quantity  of  the  block  copolymer  produced;  and 
Polymerization  step  (2)  being  a  process  wherein  a  mixture  of  propylene  with  ethylene  is  polymerized  in  a 
single  or  multiple  step  in  the  presence  of  at  least  a  part  of  the  process  product  of  the  Polymerization 

io  step  (1)  to  form  a  rubbery  copolymer  of  propylene  with  ethylene  of  a  proportion  by  weight  of  propylene 
to  ethylene  of  90/10  to  10/90  in  a  quantity  of  90  to  10%  by  weight  of  the  total  quantity  of  the  block 
copolymer  produced. 

Polymerization  of  propylene  together  with  ethylene  into  a  block  copolymer  with  the  catalyst  according 
to  the  present  invention  in  the  substantial  absence  of  a  solvent  results  in  a  propylene  block  copolymer 

is  having  high  rigidity  and  high  impact  strength  in  a  high  yield  (per  catalyst  used). 
Also,  according  to  the  present  invention,  even  when  the  weight  of  rubbery  copolymer  components  may 

become  much  (e.g.  10%  by  weight  or  more),  tackiness  of  polymer  particles  is  little,  and  therefore  the 
trouble  in  running  operation  which  has  been  a  problem  in  the  prior  art  can  be  solved. 

Still  further,  the  catalyst  activity  during  the  step  where  a  rubbery  component  of  a  block  copolymer  is 
20  produced,  namely  the  polymerization  step  (2),  is  high.  Most  of  known  catalysts  may  suffer  from  reduced 

catalyst  activity  when  they  are  used  in  the  step  for  producing  a  rubbery  component  of  a  block  copolymer, 
and  the  catalyst  in  accordance  with  the  present  invention  which  is  free  of  this  disadvantage  is  advantageous 
for  use  in  commercial  production  of  block  copolymers. 

It  is  also  pointed  out  that  use  of  a  catalyst  in  accordance  with  the  present  invention  will  produce 
25  polymers  endowed  with  improved  powder  or  granulometric  characteristics.  Polymers  produced  by  the 

present  invention  may  have,  for  example,  a  bulk  density  of  0.45  g/cc  or  more,  or  0.50  g/cc  or  more  in 
sometime. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
30 

[I]  Catalyst 

The  catalyst  of  the  present  invention  comprises  a  combination  of  specific  components  (A)  and  (B). 
Here,  the  wording  "comprises"  does  not  mean  that  the  components  are  limited  only  to  those  mentioned 

35  (namely,  A  and  B),  and  does  not  exclude  presence  of  other  components  compatible  with  or  suited  for  the 
use  of  the  components  (A)  and  (B)  in  accordance  with  the  present  invention. 

Sub-component  (i) 

40  The  component  (A)  of  the  catalyst  of  the  present  invention  is  a  contact  product  with  an  a-olefin  in  the 
substantial  absence  of  an  organometal  compound  of  a  metal  of  Groups  I  to  III  of  the  Periodic  Table  of  a 
solid  component  obtained  by  contact  of  Sub-components  (i),  (ii)  and  (iii)  with  each  other.  Here,  the  wording 
"a  solid  component  obtained  by  contact  of  Sub-components  (i),  (ii)  and  (iii)  with  each  other"  includes  a  solid 
component  obtained  by  contact  solely  of  the  Sub-components  (i),  (ii)  and  (iii)  and  those  containing  any 

45  suitable  additional  components. 
The  Sub-component  (i)  of  the  catalyst  of  the  present  invention  is  a  solid  component  comprising 

titanium,  magnesium  and  a  halogen  as  the  essential  components.  Here,  the  wording  "comprising  as  the 
essential  components"  indicates  that  it  can  also  contain  other  elements  suited  for  the  purpose  than  the 
three  components  mentioned,  that  these  elements  can  exist  in  any  desired  compound  suited  for  the 

50  purpose  respectively,  and  also  that  these  elements  can  also  exist  in  the  form  mutually  bonded  together. 
Solid  components  comprising  titanium,  magnesium  and  a  halogen  are  known  per  se.  For  example,  those  as 
disclosed  in  Japanese  Laid-open  Patent  Publications  Nos.  45688/1978,  3894/1979,  31092/1979,  39483/1979, 
94591/1979,  118484/1979,  131589/1979,  75411/1980,  90510/1980,  90511/1980,  127405/1980,  147507/1980, 
155003/1980,  18609/1981,  70005/1981,  72001/1981,  86905/1981,  90807/1981,  155206/1981,  3803/1982, 

55  34103/1982,  92007/1982,  121003/1982  5309/1983,  5310/1983,  5311/1983,  8706/1983,  27732/1983, 
32604/1983,  32605/1983,  67703/1983,  117206/1983,  127708/1983,  183708/1983,  183709/1983,  149905/1984 
and  149906/1984  may  be  employed. 

4 
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As  the  magnesium  compound  which  is  the  magnesium  source  to  be  used  in  the  present  invention, 
magnesium  dihalides,  dialkoxymagnesiums,  alkoxymagnesium  halides,  magnesium  oxyhalides,  dialkylmag- 
nesiums,  magnesium  oxide,  magnesium  hydroxide,  carboxylates  of  magensium,  etc.  are  exemplified. 
Among  these  magnesium  compounds,  magnesium  dihalides,  particularly  MgCI2,  are  preferred. 

5  As  the  titanium  compound  which  is  the  titanium  source,  compounds  represented  by  the  formula  Ti- 
(OR+)4-nXn  (wherein  R+  is  a  hydrocarbyl  group,  preferably  having  about  1  to  10  carbon  atoms,  X  represents 
a  halogen  atom  and  n  is  an  integer  of  0   ̂ n   ̂ 4)  and  polymers  of  a  titanium  tetraalkoxide.  Specific 
examples  may  include: 

titanium  tetrahalides  such  as  TiCk,  TiBr+  and  the  like; 
io  alkoxytitanium  halides  such  as 

Ti(OC2H5)CI3, 
Ti(OC2H5)2Cl2, 
Ti(OC2H5)3CI, 
Ti(0-iC3H7)CI3, 

w  Ti(0-nC+H9)CI3, 
Ti(0-nC+H9)2CI2, 
Ti(OC2H5)Br3, 
Ti(OC2H5)(OC+H9)2CI, 
Ti(0-nC+H9)3CI, 

20  Ti(0-CGH5)CI3, 
Ti(0-iC+H9)2CI2, 
Ti(OC5Hn)CI3, 
Ti(OCGHi3)CI3,  and  the  like; 

and  titanium  tetraalkoxides  such  as 
25  Ti(OC2H5)+, 

Ti(0-iC3H7)+, 
Ti(0-nC3H7)+, 
Ti(0-nC+H9)+, 
Ti(0-iC+H9)+, 

30  Ti(0-nC5Hii)+, 
Ti(0-nCGH13)+, 
Ti(0-nC7H15)4, 
Ti(0-nC8H17)+, 
Ti[OCH2CH(CH3)2]+, 

35  Ti[OCH2  CH(C2  H5  )C+  H9  ]+  ,  and  the  like. 
TiCU,  Ti(OEt)+,  Ti(OBu)+,  and  Ti(OBu)CI3  are  preferable. 

Polymers  of  a  titanium  tetraalkoxide  may  include  those  represented  by  the  following  formula: 

40 

R60 

45 

r   o r 7  

T i  

I 
OR£ 8 —  i  n 

Here,  RG  -  R9  represent  the  same  or  different  hydrocarbyl  groups,  preferably  aliphatic  hydrocarbyl 
group  having  1  to  10  carbon  atoms  or  aromatic  hydrocarbyl  groups,  particularly  aliphatic  hydrocarbyl 

50  groups  having  2  to  6  carbon  atoms,  n  represents  a  number  of  2  or  more,  particularly  a  number  up  to  20. 
The  value  of  n  should  be  desirably  selected  so  that  the  polytitanate  itself  or  as  a  solution  can  be  provided  in 
a  liquid  state  for  the  contact  step  with  other  components.  A  suitable  n  selected  in  view  of  ease  of  handling 
may  be  about  2  to  14,  preferably  2  to  10.  Specific  examples  of  such  polytitanates  may  include  n- 
butylpolytitanate  (n  =  2  to  10),  hexylpolytitanate  (n  =  2  to  10),  n-octylpolytitanate  (n  =  2  to  10),  and  the 

55  like.  Among  them,  n-butylpolytitanate  is  preferred. 
It  is  also  possible  to  use,  as  the  titanium  compound  for  the  titanium  source,  a  molecular  compound 

obtained  by  reacting  an  electron  donor  as  described  below  with  a  compound  TiXV  (where  X'  represents  a 
halogen).  Specific  examples  may  include: 

5 
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TiCI^CH3COC2H5, 
TiCI^CH3C02C2H5, 
TiCI^Ce  H5N02, 
TiCl4«CH3COCI, 

5  TiCI^CGH5COCI, 
TiCk«CG  H5C02C2H5, 
TiCl4«CICOC2H5, 
TiCI+«C+mO,  and  the  like. 

It  is  also  possible  to  use,  as  the  titanium  compound  for  the  titanium  source,  a  titanocene  compound,  for 
io  example  dicyclopentadienyldichloro  titanium,  dicyclopentadienyldimethyl  titanium,  bisindenyldich- 

lorotitanium,  and  the  like. 
Among  these  titanium  compounds,  preferable  are:  TiCk,  Ti(OEt)4,  Ti(OBu)4,  and  Ti(OBu)CI3.  TiCk  and 

Ti(OBu)4  are  more  prefered. 
As  to  the  halogen  source,  it  is  a  common  practice  to  supply  the  halogen  from  the  halide  compounds  of 

is  magnesium  and/or  titanium  as  described  above,  but  it  can  be  also  supplied  from  non  halogenating  agents 
such  as  halogen  compounds  of  aluminum,  halogen  compounds  of  silicon,  halogen  compounds  of  phos- 
phorus,  and  the  like. 

The  halogen  contained  in  the  catalyst  components  may  be  fluorine,  chlorine,  bromine,  iodine  or  a 
mixture  of  these,  particularly  preferably  chlorine. 

20  The  solid  component  to  be  used  in  the  present  invention  can  also  comprise,  in  addition  to  the  above 
essential  components:  a  silicon  compound  such  as  S\Ck,  CH3SiCI3,  and  the  like;  a  polymeric  silicon 
compound  which  will  be  shown  in  detail  hereinlater;  an  aluminum  compound  such  as  AI(OiC3H7)3,  AICI3, 
AIBr3,  AI(OC2H5)3,  AI(OCH3)2CI;  and  a  boron  compound  such  as  B(OCH3)3,  B(OC2H5)3,  B(OCGH5)3;  WCIG 
and  M0CI5. 

25  These  optional  compounds  may  remain  in  the  solid  component  as  the  components  of  silicon,  aluminum 
and  boron. 

Further,  in  preparing  the  solid  sub-component  (i),  use  can  also  be  made  of  an  electron  donor  as  what  is 
called  "an  inside  donor". 

Examples  of  the  electron  donor  or  the  inside  donor  which  can  be  used  for  preparation  of  the  solid 
30  component  may  include  oxygen-containing  electron  donors  such  as  alcohols,  phenols,  ketones,  aldehydes, 

carboxylic  acids,  esters  of  an  organic  acid  or  an  inorganic  acid,  ethers,  acid  amides,  acid  anhydrides,  and 
the  like;  and  nitrogen-containing  electron  donors  such  as  ammonia,  amines,  nitriles,  isocyanates,  and  the 
like. 

More  specifically,  there  may  be  included:  (a)  alcohols  having  1  to  18  carbon  atoms,  such  as  methanol, 
35  ethanol,  propanol,  pentanol,  hexanol,  octanol,  dodecanol,  octadecyl  alcohol,  benzyl  alcohol,  phenylethyl 

alcohol,  cumyl  alcohol,  isopropylbenzyl  alcohol  and  the  like;  (b)  phenols  having  6  to  25  carbon  atoms  which 
may  or  may  not  have  an  alkyl  group,  such  as  phenol,  cresol,  xylenol,  ethylphenol,  propylphenol,  cumyl- 
phenol,  nonylphenol,  naphthol  and  the  like;  (c)  ketones  having  3  to  15  carbon  atoms,  such  as  acetone, 
methyl  ethyl  ketone,  methyl  isobutyl  ketone,  acetophenone,  benzophenone  and  the  like;  (d)  aldehydes 

40  having  2  to  15  carbon  atoms,  such  as  acetaldehyde,  propionaldehyde,  octylaldehyde,  benzaldehyde, 
tolualdehyde,  naphthaldehyde  and  the  like;  (e)  organic  acid  esters  having  2  to  20  carbon  atoms,  such  as 
methyl  formate,  methyl  acetate,  ethyl  acetate,  vinyl  acetate,  propyl  acetate,  octyl  acetate,  cyclohexyl 
acetate,  ethyl  propionate,  methyl  butyrate,  ethyl  valerate,  ethyl  stearate,  methyl  chloroacetate,  ethyl 
dichloroacetate,  methyl  methacrylate,  ethyl  crotonate,  ethyl  cyclohexanecarboxylate,  methyl  benzoate,  ethyl 

45  benzoate,  propyl  benzoate,  butyl  benzoate,  octyl  benzoate,  cyclohexyl  benzoate,  phenyl  benzoate,  benzyl 
benzoate,  methyl  toluylate,  ethyl  toluylate,  amyl  toluylate,  ethyl  ethylbenzoate,  methyl  anisate,  ethyl  anisate, 
ethyl  ethoxybenzoate,  diethyl  phthalate,  dibutyl  phthalate,  diheptyl  phthalate,  7-butyrolactone,  a-valerolac- 
tone,  coumarine,  phthalide,  ethylene  carbonate,  cellosolve  ethyl  acetate,  cellosolve  isobutyrate  and  cel- 
losolve  ethyl  benzoate,  etc.;  (f)  inorganic  acid  esters,  such  as  silicates  and  borate  such  as  ethyl  silicate, 

50  butyl  silicate,  phenyltriethoxysilane,  methyl  borate,  ethyl  borate,  phenyl  borate,  etc.;  (g)  acid  halides  having 
2  to  15  carbon  atoms,  such  as  acetyl  chloride,  benzoyl  chloride,  toluyloic  chloride,  anisic  chloride,  phthaloyl 
chloride,  phthaloyl  isochloride  and  the  like;  (h)  ethers  having  2  to  20  carbon  atoms,  such  as  methyl  ether, 
ethyl  ether,  isopropyl  ether,  butyl  ether,  amyl  ether,  tetrahydrofuran,  anisole,  diphenyl  ether  and  the  like;  (i) 
acid  amides,  such  as  acetic  amide,  benzoic  amide,  toluyloic  amide  and  the  like;  (j)  amines,  such  as 

55  monomethylamine,  monoethylamine,  diethylamine,  tributylamine,  piperidine,  tribenzylamine,  aniline,  pyr- 
idine,  picoline,  tetramethylethylenediamine  and  the  like;  and  (k)  nitriles,  such  as  acetonitrile,  benzonitrile, 
tolunitrile  and  the  like.  One  or  more  of  these  electron  donors  can  be  used  in  preparing  the  solid  catalyst 
component.  Among  them,  preferred  are  organic  acid  esters,  inorganic  acid  esters  and  organic  acid  halides, 

6 
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particularly  preferably  phthalic  acid  esters,  silicates,  phthalic  acid  halides  and  cellosolve  acetate. 
The  amounts  of  the  above  respective  components  used  may  be  at  any  desired  level,  so  long  as  the 

advantages  inherent  in  the  present  invention  can  be  attained,  but,  generally  speaking,  the  following  ranges 
are  preferred. 

5  The  amount  of  the  titanium  compound  used  may  be  within  the  range  of  1  x  10_+  to  1000,  preferably 
0.01  to  10,  in  terms  of  molar  ratio  relative  to  the  amount  of  the  magnesium  compound  used.  When  a 
compound  as  the  halogen  source  is  used,  its  amount  used  may  be  within  the  range  of  1  x  10-2  to  1000, 
preferably  0.1  to  100,  in  terms  of  a  molar  ratio  relative  to  magnesium  used,  irrespectively  of  whether  the 
titanium  compound  and/or  the  magnesium  compound  may  contain  a  halogen  or  not. 

io  The  amount  of  the  silicon,  aluminum  or  boron  compound  used  may  be  within  the  range  of  1  x  10-3  to 
100,  preferably  0.01  to  1,  in  terms  of  a  molar  ratio  to  the  amount  of  the  above  magnesium  compound  used. 

The  amount  of  the  electron  donor  compound  used  may  be  within  the  range  of  1  x  10-3  to  10, 
preferably  0.01  to  5,  in  terms  of  a  molar  ratio  relative  to  the  amount  of  the  above  magnesium  compound 
used. 

is  The  solid  Sub-component  (i)  for  preparing  the  component  (A)  may  be  prepared  from  the  titanium 
source,  the  magnesium  source  and  the  halogen  source,  and  further  optionally  other  components  such  as  an 
electron  donor  according  to  methods  mentioned  below. 

(a)  A  method  in  which  a  magnesium  halide  optionally  together  with  an  electron  donor  is  contacted  with  a 
titanium  compound. 

20  (b)  A  method  in  which  alumina  or  magnesia  is  treated  with  a  phosphorus  halide  compound,  and  the 
product  is  contacted  with  a  magnesium  halide,  an  electron  donor,  and  a  titanium  compound  containing  a 
halogen. 
(c)  A  method  in  which  the  solid  component  obtained  by  contacting  a  magnesium  halide  with  a  titanium 
tetraalkoxide  and  a  polymeric  silicon  compound  is  contacted  with  a  titanium  halide  compound  and/or  a 

25  silicon  halide  compound. 
As  the  polymeric  silicon  compound,  those  represented  by  the  following  formula  are  suitable: 

H 

30 

I 
R 

35 
wherein  R  is  a  hydrocarbyl  group  having  about  1  to  10  carbon  atoms,  n  is  a  degree  of  polymerization 
such  that  the  viscosity  of  the  polymeric  silicon  compound  may  be  1  to  100  centistokes. 

Among  them,  methylhydrogenpolysiloxane,  1  ,3,5,7-tetramethylcyclotetrasiloxane,  1  ,3,5,7,9-pen- 
tamethylcyclopentacycloxane,  ethylhydrogenpolysiloxane,  phenylhydrogenpolysiloxane,  and  cyclohexyl- 

40  hydrogenpolysiloxane  are  preferred. 
(d)  A  method  in  which  a  magnesium  compound  is  dissolved  in  a  titanium  tetraalkoxide  and  an  electron 
donor,  and  the  solid  component  precipitated  from  the  solution  upon  addition  thereto  of  a  halogenating 
agent  or  a  titanium  halide  compound  is  contacted  with  a  titanium  compound.  Examples  of  halogenating 
agents  include  silicon  halides,  aluminium  halides  and  halogen  compounds  of  phosphorus. 

45  (e)  A  method  in  which  an  organomagnesium  compound  such  as  Grignard  reagent,  etc.  is  reacted  with  a 
halogenating  agent,  a  reducing  agent,  etc.,  and  then  the  reaction  product  is  contacted  with  an  electron 
donor  and  a  titanium  compound. 
(f)  A  method  in  which  an  alkoxy  magnesium  compound  is  contacted  with  a  halogenating  agent  and/or  a 
titanium  compound  in  the  presence  or  absence  of  an  electron  donor. 

50  (g)  A  method  in  which  a  magnesium  dihalide  and  a  titanium  tetraalkoxide  and/or  a  polymer  thereof  are 
contacted,  and  subsequently  contacted  with  a  polymeric  silicon  compound  is  contacted. 
Among  these  methods,  methods  (c)  and  (d)  are  preferable. 
Contact  of  the  three  components  can  be  effected  in  the  presence  of  a  dispersing  medium.  As  the 

dispersing  medium  in  that  case,  hydrocarbons,  halogenated  hydrocarbons,  dialkylsiloxanes,  etc.  may  be 
55  exemplified.  Examples  of  hydrocarbons  may  include  hexane,  heptane,  toluene,  cyclohexane  and  the  like; 

examples  of  halogenated  hydrocarbons  include  n-butyl  chloride,  1  ,2-dichloroethylene,  carbon  tetrachloride, 
chlorobenzene,  etc.;  and  examples  of  dialkylpolysiloxane  include  dimethylpolysiloxane,  methylphenyl- 
polysiloxane  and  the  like. 
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Sub-component  (ii) 

Sub-component  (ii)  for  preparing  the  Component  (A)  is  a  silicon  compound  expressed  by  a  formula 

5  R1R23-nSi(OR3)n 

10 

15 

20 

25 

30 

wherein  R1  is  a  branched  hydrocarbyl  group,  R2  is  a  hydrocarbyl  group  which  is  the  same  as  or  different 
from  R1,  R3  is  a  hydrocarbyl  group  which  is  the  same  as  or  different  from  R1  and/or  R2,  and  n  is  a  number 
satisfying  an  equation  1   ̂ n   ̂ 3. 

It  is  preferable  that  R1  has  a  branch  at  the  carbon  atom  adjacent  to  the  silicon  atom.  The  branch  may 
preferably  be  an  alkyl  group  and  cycloalkyl  group.  More  preferably,  the  carbon  atom  adjacent  to  the  silicon 
atom,  namely  a-carbon  atom,  is  a  secondary  or  tertiary  carbon  atom.  Most  preferably,  the  carbon  atom 
connected  with  the  silicon  atom  is  a  tertiary  carbon  atom. 

R1  may  have  3  to  20,  preferably  4  to  10,  carbon  atoms. 
R2  may  have  1  to  20,  preferably  1  to  10,  most  preferably  1  to  4,  carbon  atoms  and  may  be  in  a 

branched  or  straight  configuration. 
R3  may  be  an  aliphatic  hydrocarbyl  group,  and  preferably  is  a  linear  aliphatic  hydrocarbyl  group  of  1  to 

4  carbon  atoms. 
Specific  examples  may  include: 

35 

S i (OC2H5)3   , 

S i (CH3)   (OC2H5)2  , 

S i (CH3)   (OCH3)2  , 

(CH3)3CSi(CH3)(OCH3)2, 
(CH3)3CSi(HC(CH3)2)(OCH3)2, 

40  (CH3)3CSi(CH3)(OC2H5)2, 
(C2H5)3CSi(CH3)(OCH3)2, 
(CH3)(C2H5)CHSi(CH3)(OCH3)2, 
((CH3)2CHCH2)2Si(OCH3)2, 
(C2H5)(CH3)2CSi(CH3)(OCH3)2, 

45  (C2H5)(CH3)2CSi(CH3)(OC2H5)2, 

50 

55 
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5 

S i (OCH3)3   , 

75 

(CH3)3CSi(OCH3)3, 
(CH3)3CSi(OC2H5)3, 

20  (C2H5)3CSi(OC2H5)3, 
(CH3)(C2H5)CHSi(OCH3)3, 
(C2H5)(CH3)2CSi(OCH3)3, 
(C2H5)(CH3)2CSi(OC2H5)3. 

The  preferable  are  those  having  R1  which  is  a  branched  chain  hydrocarbyl  group  of  3  to  20  carbon 
25  atoms  whose  a-carbon  is  secondary  or  tertiary,  more  preferably  those  having  R1  which  is  a  branched 

hydrocarbyl  group  of  4  to  10  carbon  atoms  whose  a-carbon  is  tertiary. 

Sub-component  (iii) 

30  Sub-component  (iii)  for  preparing  a  solid  catalyst  component  (A)  in  accordance  with  the  present 
invention  is  an  organometal  compound  of  a  metal  of  the  Group  I  to  III  of  the  Periodic  Table. 

The  compounds  are  organometal  compounds  and  thus  have  at  least  one  organic  radical-metal  bonding. 
The  organic  radical  may  typically  be  a  hydrocarbyl  group  of  1  to  10  carbon  atoms,  preferably  1  to  6  carbon 
atoms. 

35  The  remaining  valence  of  the  metal  in  question  other  than  those  satisfied  by  an  organic  radical,  if  any, 
can  be  satisfied  by  a  hydrogen  atom,  a  halogen  atom,  hydrocarbyloxy  group  of  1  to  10,  preferably  1  to  6, 
carbon  atoms,  or  the  metal  itself  with  an  oxygen  bridge  such  as 

R 

when  the  compounds  are  alkylaluminoxanes  where  R  is  a  lower  alkyl. 
45  Specific  examples  of  such  organometal  compounds  may  include:  (a)  organolithium  compounds,  e.g. 

methyllithium,  n-butyllithium,  sec-butyllithium,  tert-butyllithium  and  the  like;  (b)  organomagnesium  com- 
pounds,  e.g.  diethylmagnesium,  ethylbutylmagnesium,  dibutylmagnesium,  dihexylmagnesium,  hexylethyl- 
magnesium,  ethylmagnesium  chloride,  ethylmagnesium  bromide,  butylmagnesium  chloride,  tert-butylmag- 
nesium  bromide,  and  the  like;  (c)  organozinc  compounds,  e.g.  diethylzinc,  dimethylzinc,  dibutylzinc,  and  the 

50  like;  (d)  organoaluminum  compounds,  e.g.  trimethylaluminum,  triethylaluminum,  triisobutylaluminum,  tri-n- 
hexylaluminum,  diethylaluminum  chloride,  diethylaluminum  hydride,  diethylaluminum  ethoxide, 
ethylaluminum  sesquichloride,  ethylaluminum  dichloride,  methylaluminoxane,  and  the  like. 

Among  these,  organoaluminum  compounds  including  alkylaluminoxanes  are  preferable.  Further  exam- 
ples  of  organoaluminum  compounds  may  be  found  in  the  examples  of  organoaluminum  compounds  as  the 

55  Component  (B)  which  will  be  given  hereinbelow. 
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Preparation  of  the  Component  (A) 

The  contacting  conditions  of  the  Sub-components  (i)-(iii)  and  proportions  can  be  as  desired,  so  long  as 
the  advantages  inherent  in  the  present  invention  can  be  attained,  but  generally  the  following  conditions  are 

5  preferred. 
The  quantitative  ratio  of  the  Sub-components  (i)  to  (iii)  can  be  any  desired  one,  so  long  as  the 

advantages  inherent  in  the  present  invention  can  be  attained,  but  generally  preferred  to  be  within  the 
following  ranges. 

The  quantitative  ratio  of  the  Sub-component  (i)  to  (ii)  may  be  within  the  range  of  0.01  to  1000, 
io  preferably  0.1  to  100,  in  terms  of  the  atomic  ratio  (silicon/titanium)  of  the  silicon  of  the  Sub-component  (ii)  to 

the  titanium  component  constituting  the  Sub-component  (i). 
The  Sub-component  (iii)  is  used  in  an  amount  within  the  range  of  0.01  to  100,  preferably  0.1  to  30,  in 

terms  of  the  atomic  ratio  of  the  metals  {metal  in  the  organometal  compound  (Sub-component  (iii)/titanium- 
(Sub-component  (i)}. 

is  The  contacting  order  and  the  contacting  time  of  the  Sub-components  (i)  to  (iii)  in  preparing  the 
component  (A)  of  the  present  invention  may  be  any  desired  one,  so  long  as  the  advantages  inherent  in  the 
present  invention  are  attained. 

Specific  orders  of  such  contact  may  include  those  as  shown  below,  where  the  symbol  "  +  "  indicates  a 
contact  between  the  components  flanking  the  symbol,  and  a  washing  or  rinsing  processing  can  be 

20  interposed  between  the  contacts. 
(a)  {Sub-component  (i)  +  Sub-component  (ii)}  +  Sub-component  (iii); 
(b)  {Sub-component  (i)  +  Sub-component  (iii)}  +  Sub-component  (ii); 
(c)  Sub-component  (i)  +  {(Sub-component  (ii)  +  Sub-component  (iii)}  +  {Sub-component  (ii)  +  Sub- 
component  (iii)}; 

25  (d)  {(Sub-component  (ii)  +  Sub-component  (iii)}  +  Sub-component  (i);  and 
(e)  Sub-component  (i)  +  Sub-component  (ii)  +  Sub-component  (iii). 
The  contact  temperature  may  be  about  -50  to  200  °C,  preferably  0  to  100°C.  As  the  contacting  method, 

there  may  be  employed  a  mechanical  method  wherein  a  rotating  ball  mill,  a  vibrating  ball  mill,  a  jet  mill,  a 
medium  stirring  pulverizer  or  the  like  is  used  and  the  method  in  which  contact  is  effected  with  stirring  under 

30  the  presence  of  an  inert  diluent.  As  the  inert  diluent  to  be  used,  aliphatic  or  aromatic  hydrocarbons  and 
halohydrocarbons,  polysiloxane,  etc.  may  be  exemplified.  The  contact  can  be  effected  in  the  presence  of 
any  additional  compounds,  provided  that  the  advantages  inherent  in  the  present  invention  are  not  impaired, 
such  as  methylhydrogen  polysiloxane,  ethyl  borate,  aluminum  triisopropoxide,  aluminum  trichloride,  silicon 
tetrachloride,  a  titanium  compound  of  a  formula: 

35  Ti(OR)4_nXn  wherein  n  is  a  number  of  an  equation  0   ̂ n   ̂ 4,  R  is  a  hydrocarbyl  group  and  X  indicates  a 
halogen  atom,  a  tri-valent  titanium  compound,  wolfram  hexachloride,  molybdenum  pentachloride  and  the 
like. 

The  catalyst  component  (A)  in  accordance  with  the  present  invention  is  such  that  the  product  of  contact 
of  the  Sub-components  (i),  (ii)  and  (iii)  has  undergone  contact  with  an  a-olefin,  in  the  substantial  absence  of 

40  an  organometal  compound  of  a  metal  of  Group  I  to  III  of  the  Periodic  Table.  The  expression  "in  the 
substantial  absence"  indicates  that  the  contact  product  of  Sub-components  (i),  (ii)  and  (iii)  is  washed  with  an 
inert  solvent  such  as  hydrocarbon  repeatedly  so  that  the  washings  will  show  no  free  organometal  compound 
detected  therein. 

When  a  titanium-containing  solid  catalyst  component  is  contacted  with  an  a-olefin  to  carry  out  the 
45  preliminary  polymerization,  it  is  a  conventional  practice  to  perform  the  preliminary  polymerization  in  the 

presence  of  an  organometal  compound  of  a  metal  of  Group  I  to  III  of  the  Periodic  Table. 
In  the  present  invention,  however,  the  advantages  inherent  in  the  present  invention  would  not  be 

obtained  at  all  if  the  preliminary  polymerization  is  carried  out  in  the  presence  of  the  organometal  compound 
as  evidenced  in  the  Comparative  Example  given  hereinlater. 

50  The  reason  why  Component  (A)  which  is  obtained  through  the  contact  of  the  contact  product  of  Sub- 
components  (i)-(iii)  with  an  a-olefin  in  the  substantial  absence  of  an  organometal  compound  is  advantageous 
in  the  present  invention  has  not  yet  been  fully  elucidated,  but  analysis  of  Component  (A)  so  obtained 
showed  that  Component  (A)  has  a  lower  bulk  density,  a  larger  specific  surface  area  upon  determination  by 
means  of  a  porosimeter  and  a  larger  pore  volume  than  similar  prior  solid  products  produced  in  the  same 

55  way  except  for  the  contact  with  an  a-olefin  in  the  presence  of  a  free  organometal  compound,  whereby  it  is 
shown  that  Component  (A)  is  porous  in  comparison  with  the  prior  solid  products,  and  this  nature  of 
Component  (A)  is  assumed  to  be  one  of  the  reasons  for  the  advantage  inherent  in  the  present  invention. 
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Reaction  conditions  for  the  contact  of  the  contact  product  of  the  Sub-components  (i)-(iii)  with  an  a-olefin 
may  be  any  suitable  ones  as  long  as  the  advantages  inherent  in  the  present  invention  are  attained,  but 
following  is  preferable. 

The  temperature  may  be  -5  to  +200°C,  preferably  0  to  100°C. 
5  The  contact  may  be  performed  in  the  absence  or  presence  of  an  inert  diluent  such  as  an  aliphatic  or 

aromatic  hydrocarbon  under  stirring. 
Examples  of  the  a-olefin  include  those  having  2  to  20  carbon  atoms,  preferably  2  to  10  carbon  atoms, 

such  as  ethylene,  propylene  1-butene,  1-pentene,  3-methyl-1-butene,  1-hexene,  4-methyl-1-pentene,  1- 
octene,  1-decene. 

io  The  quantity  of  the  a-olefin  polymerized  may  be  0.001  to  500  grams,  preferably  0.1  to  50  grams,  per  1 
gram  of  the  contact  product  of  the  sub-components  (i)  to  (iii). 

Component  (B) 

is  The  component  (B)  is  an  organoaluminum  compound.  Specific  examples  may  include  those  repre- 
sented  by  R53_nAIXn  or  RG3-mAI(OR7)m  wherein  R5  and  RG,  which  may  be  the  same  or  different,  are  each 
hydrocarbyl  groups  having  about  1  to  20  carbon  atoms  or  hydrogen  atom,  R7  is  a  hydrocarbyl  group,  X  is  a 
halogen  atom,  n  and  m  are  respectively  numbers  of  0   ̂ n  <  3,  0  <  m  <  3). 

Specifically,  there  may  be  included  (a)  trialkylaluminums  such  as  trimethylaluminum,  triethylaluminum, 
20  triisobutylaluminum,  trihexylaluminum,  trioctylaluminum,  tridecylaluminum,  and  the  like;  (b)  alkylaluminum 

halides  such  as  diethylaluminum  monochloride,  diisobutylaluminum  monochloride,  ethylaluminum  sesquich- 
loride,  ethylaluminum  dichloride,  and  the  like;  (c)  dialkylaluminum  hydrides  such  as  diethylaluminum 
hydride,  diisobutylaluminum  hydride  and  the  like;  (d)  aluminum  alkoxides  such  as  diethylaluminum  ethoxide, 
diethylaluminum  phenoxide,  and  the  like. 

25  The  organoaluminum  compounds  of  (a)  to  (c)  can  be  used  in  combination  with  alkylaluminum  alkoxides, 
such  as,  for  example,  alkylaluminum  alkoxides  represented  by  the  formula:  R83-aAI(OR9)a  (wherein  1   ̂ a  ^ 
3,  R8  and  R9  ,  which  may  be  either  the  same  or  different,  are  each  hydrocarbyl  groups  having  about  1  to  20 
carbon  atoms).  For  example,  there  may  be  included  combinations  of  triethylaluminum  with  diethylaluminum 
ethoxide;  of  diethylaluminum  monochloride  with  diethylaluminum  ethoxide;  of  ethylaluminum  dichloride  with 

30  ethylaluminum  diethoxide;  and  of  triethylaluminum,  diethylaluminum  ethoxide  and  diethylaluminum  chloride. 
The  amount  of  the  component  (B)  used  may  be  0.1  to  1000,  preferably  1  to  100,  in  terms  of  weight 

ratio  of  the  component  (B)/component  (A). 

Component  (C)  (optional) 
35 

The  catalyst  in  accordance  with  the  present  invention  comprises  Component  (A)  and  Component  (B), 
and  can  contain  another  component  which  is  compatible  with  the  present  invention  as  described 
hereinabove. 

One  of  such  a  compatible  component  is  a  boron  alkoxide  having  a  bond  of  the  formula  B-OR10,  R10 
40  being  an  aliphatic  or  aromatic  hydrocarbyl  group  having  about  1  to  20,  preferably  about  1  to  8  carbon 

atoms.  The  balance  of  the  valence  of  boron  is  preferably  satisfied  with  the  same  or  different  OR10  group,  an 
alkyl  group  (preferably  about  Ci  to  C10),  a  halogen  atom  (preferably  chlorine),  or  a  cyclic  hydrocarbyl  group 
of  about  Cg  to  Ci  o  ■ 

Specific  examples  of  such  boron  compounds  may  include: 
45  B(OCH3)3, 

B(OC2H5)3, 
B(OC3H7)3, 
B(OiC3H7)3, 
B(0-nC+H9)3, 

50  B(OCGH13)3, 
B(OCgH5)3, 
B(OCgH+(CH3))3, 
B(OC2H5)2CI, 
B(OCH3)2CI, 

55  (C2H5)B(OC2H5)2, 
B(CgH5)(OCH3)2, 
B(OC+H9)CI2,  and  the  like. 

Among  them,  preferable  are  B(OCH3)3,  B(OC2H5)3  and  B(0-nC+H9)3. 
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The  amount  of  the  component  (C)  used  may  be  within  the  range  of  0.1  to  40,  preferably  1  to  20,  in 
terms  of  molar  ratio  relative  to  the  titanium  constituting  the  component  (A).  The  optional  component  (C)  can 
be  used  in  such  a  way  that  it  is  added  to  polymerization. 

5  [II]  Polymerization  process 

The  polymerization  process  conducted  in  the  presence  of  the  above-described  catalyst  components, 
Components  (A),  (B)  and  (C),  Component  (C)  being  optional,  is  conducted  in  multi-steps,  and  at  least  two 
steps,  i.e.  step  (1)  and  step  (2),  two  steps  being  preferred,  and  the  order  of  step  (1)  and  then  step  (2)  being 

io  preferred. 
Both  the  steps  (1)  and  (2)  are  conducted  in  the  substantial  absence  of  a  solvent,  and  in  such  a  way,  as 

is  found  in  the  conventional  block  copolymer  production,  that  the  later  step  (2)  is  conducted  in  the  presence 
of  at  least  a  part  of  the  process  product  of  the  former  step  (1). 

is  Making  up  of  a  catalyst 

The  catalysts  in  accordance  with  the  present  invention  may  be  made  up  by  contacting  Components  (A) 
and  (B)  or  (A),  (B)  and  (C)  each  other  at  once,  or  step-wisely  or  portion-wisely,  within  or  outside  a 
polymerization  vessel. 

20  Components  (A)  and  (B),  and  (C)  when  used,  can  be  supplemented  during  polymerization  and/or  to  one 
or  each  of  the  steps  (i)  and  (ii).  This  is  especially  true  to  Component  (B),  and  it  can  be  supplemented  at  the 
step  (ii). 

Step  (1)  polymerization 
25 

The  step  (1)  polymerization  is  a  process  wherein  propylene  as  it  is  or  in  admixture  with  a  small  quantity 
of  ethylene  is  contacted  with  a  catalyst  comprising  Components  (A)  and  (B)  or  Components  (A),  (B)  and  (C) 
at  once,  or  step-wisely  or  portion-wisely,  thereby  to  produce  a  homopolymer  of  propylene  or  a  copolymer  of 
propylene  with  ethylene  of  an  ethylene  content  of  no  higher  than  7%  by  weight,  preferably  no  higher  than 

30  3.0%  by  weight,  more  preferably  no  higher  than  0.5%  by  weight,  in  a  quantity  of  10  to  90%  by  weight, 
preferably  20  to  80%  by  weight,  of  the  total  polymer  produced. 

The  polymers  produced  in  the  step  (1)  which  contain  ethylene  in  excess  of  7%  by  weight  will  result  in 
the  total  copolymers  produced  such  that  the  bulk  density  is  undesirably  low  and  quantity  of  low  crystalline 
by-product  polymers  is  considerably  high.  When  the  polymers  produced  in  the  step  (1)  comprise  less  than 

35  10%  by  weight  of  the  total  polymer  produced,  quantity  of  the  low  crystalline  by-product  polymers  in  the 
final  copolymer  is  increased,  too.  When  the  polymers  produced  in  the  step  (1)  comprise  more  than  90%  by 
weight  of  the  total  polymer  produced,  on  the  other  hand,  no  advantage  inherent  in  the  present  invention 
such  as  improvement  in  impact  strength  of  the  polymer  produced  inherent  in  block  copolymers  of  this 
nature  nor  improvement  in  the  spiral  flow  of  the  polymers  produced  which  is  inherent  in  the  present 

40  invention  will  be  attainable. 
The  step  (1)  of  polymerization  in  accordance  with  the  present  invention  may  be  conducted  at  a 

temperature  of  e.g.  30  to  95  °C,  preferably  50  to  85  °C,  and  under  a  pressure  of  1  to  50  kg/cm2*  G.  It  is 
preferable  to  conduct  the  step  (1)  in  the  presence  of  hydrogen  gas  or  another  molecular  weight  controlling 
agent  so  as  to  obtain  the  final  polymer  of  a  higher  melt  flow  rate. 

45 
Step  (2)  polymerization 

The  later  step  polymerization  is  conducted,  according  to  conventional  production  of  propylene  block 
copolymers,  in  the  presence  of  at  least  portion  of  or  preferably  all  of  the  product  produced  in  the  former 

50  step  polymerization. 
More  particularly  and  typically,  a  mixture  of  propylene  with  ethylene  is  further  introduced  in  a  single 

batch  or  portion-wisely  into  the  polymerization  vessel  in  which  the  step  (1)  polymerization  has  taken  place 
or  into  another  polymerization  vessel  to  which  the  process  product  of  the  step  (1)  has  been  transferred, 
thereby  to  produce  propylene/ethylene  copolymers  of  the  propylene/ethylene  ratio  by  weight  of  90/10  to 

55  10/90,  preferably  70/30  to  30/70.  The  copolymers  produced  in  the  step  (2)  of  polymerization  comprise  the 
rest  of  the  total  polymer  produced,  namely  90  to  10%  by  weight,  preferably  80  to  20%  by  weight,  of  the 
total  polymer  produced. 

12 
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The  step  (2)  polymerization  is  designed  for  producing  elastomeric  polymers,  and  another  a-olefin  such 
as  1-butene,  1-pentene  or  1-hexene  can  optionally  and  additionally  be  copolymerized. 

The  step  (2)  polymerization  may  be  conducted  at  a  temperature  of  e.g.  30  to  90  °C,  preferably  50  to 
80  °C,  and  under  a  pressure  of  e.g.  1  to  50  kg/cm2*  G. 

5  It  is  preferable  to  operate  the  former  step  (1)  polymerization  and  the  later  step  polymerization  so  that 
the  gaseous  components  present  at  the  end  of  the  former  step  polymerization  such  as  propylene  gas  or 
propylene/ethylene  gas  and  hydrogen  if  used  are  purged  from  the  polymerization  before  the  later  step 
polymerization  is  initiated. 

The  later  step  polymerization  is  conducted  in  the  presence  of  at  least  a  portion  of  the  product  produced 
io  in  the  former  step  polymerization,  which  is  still  catalytically  active,  and  the  catalyst  used  for  the  former  step 

polymerization  is  used  for  continuing  polymerization  in  the  later  step  polymerization.  It  is,  however,  possible 
to  supplement  Component  (A),  (B)  and/or  (C)  upon  necessity. 

The  later  step  polymerization  may  be  conducted  in  the  absence  of  hydrogen  or  another  molecular 
weight  controlling  agent,  but  it  is  possible  to  use  such. 

15 
Polymerization  mode 

The  process  for  producing  the  copolymer  according  to  the  present  invention  can  be  practiced  according 
to  any  of  the  batch-wise  mode,  the  continuous  mode  and  the  semibatch-wise  mode.  These  polymerization 

20  modes  may  be  practiced  by  a  method  in  which  polymerization  is  carried  out  with  the  monomer  used  itself 
as  a  polymerization  medium  or  dispersant,  a  method  in  which  polymerization  is  carried  out  in  gaseous 
monomers  without  use  of  any  polymerization  medium  added,  or  a  method  in  which  polymerization  is  carried 
out  in  combination  of  these. 

A  preferable  polymerization  method  is  such  that  polymerization  is  carried  out  in  the  atmosphere  of 
25  gaseous  monomers  wherein  a  fluidized  bed  of  the  particles  of  the  polymer  produced  is  utilized  or  the 

particles  of  the  polymer  produced  are  agitated  in  the  polymerization  vessel. 

[III]  Propylene  block  copolymers  produced 

30  The  propylene  block  copolymers  produced  in  the  substantial  absence  of  a  solvent  in  accordance  with 
the  present  invention  comprise  a  rubbery  polymer  of  propylene  in  a  quantity  of  10  to  70%  by  weight, 
preferably  20  to  70%  by  weight,  more  preferably  35  to  60%  by  weight.  The  "rubbery  polymer  of 
propylene"  means  a  fraction  of  polymer  (of  the  block  copolymer)  which  is  soluble  in  xylene  at  20  °C. 

The  present  invention  is  concerned  with  production  of  propylene  block  copolymers.  It  should  be 
35  understood  that  the  wording  "block  copolymer"  does  not  necessarily  mean  (a)  a  block  copolymer  of  an 

ideal  state  such  that  the  block  formed  in  the  step  (1)  and  the  block  formed  in  the  step  (2)  are  in  the  same 
and  common  molecule  chain,  but  include  as  is  conventional  in  the  art  those  which  are  (b)  mixtures  of  the 
polymers  formed  in  each  step  and  those  which  are  mixtures  in  any  proportion  of  the  ideal  block  copolymer 
(a)  and  the  mixture  of  the  polymers  (b). 

40 
[IV]  Experimental  Examples 

Example-1 

45  [Preparation  of  component  (A)] 

Into  a  flask  thoroughly  purged  with  nitrogen  was  introduced  200  ml  of  dehydrated  and  deoxygenated  n- 
heptane,  and  subsequently  0.1  mol  of  MgCb  and  0.2  mol  of  ^(O-nC+Hg)  ̂ and  the  reaction  was  carried  at 
95  °C  for  2  hours.  After  completion  of  the  reaction,  the  temperature  was  lowered  to  40  °C,  followed  by 

50  addition  of  12  ml  of  methylhydropolysiloxane  (of  20.  10_G  m2/s  (20  centistokes))  and  the  reaction  was 
carried  out  for  3  hours.  The  solid  product  formed  was  washed  with  n-heptane. 

Subsequently  into  a  flask  thoroughly  purged  with  nitrogen  was  introduced  50  ml  of  n-heptane  purified 
similarly  as  described  above,  and  the  solid  product  synthesized  above  was  introduced  in  an  amount  of  0.03 
mol  as  calculated  on  Mg  atom.  Then,  a  mixture  of  25  ml  of  n-heptane  with  0.05  mol  of  S\Ck  was  introduced 

55  into  the  flask  at  30  °C  over  30  minutes,  and  the  reaction  was  carried  out  at  70  °C  for  3  hours.  After 
completion  of  the  reaction,  the  product  was  washed  with  n-heptane. 

A  mixture  of  25  ml  of  n-heptane  with  0.003  mole  of  phthaloyl  chloride  was  added  to  the  flask  at  90  °  C 
for  30  minutes,  and  the  reaction  was  carried  out  at  95  °C  for  1  hour.  After  the  reaction,  the  solid  product 
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was  washed  with  n-heptane,  and  5  ml  of  S\Ck  and  80  ml  of  n-heptane  were  then  added  thereto  and  the 
reaction  was  carried  out  at  90  °C  for  4  hours.  After  the  reaction,  the  solid  product  was  washed  with  n- 
heptane.  The  solid  thus  obtained  was  found  to  contain  1.78%  by  weight  of  titanium.  This  was  used  as  the 
Sub-component  (i). 

5  Into  a  flask  amply  purged  with  nitrogen  was  introduced  80  ml  of  amply  purified  n-heptane,  and  then  5  g 
of  the  solid  product  obtained  above,  Sub-component  (i),  was  introduced.  Next,  2.0  ml  of  (CH3)3CSi(CH3)- 
(OCH3)2  as  the  Sub-component  (ii),  and  4.5  g  of  triethylaluminum  as  the  Sub-component  (iii)  were 
respectively  introduced  and  contacted  at  30  °  C  for  2  hours.  After  completion  of  the  contact,  the  product  was 
amply  washed  with  n-heptane  to  provide  a  solid  product.  The  washing  with  n-heptane  was  conducted  so 

io  that  no  free  organoaluminum  compound  was  detected  in  the  washings. 
The  solid  product  obtained  was  then  subjected  to  contact  with  propylene.  Into  a  vessel  of  capacity  of 

1  .5  liter  equipped  with  agitation  means  were  added  400  ml  of  amply  purified  n-heptane,  the  solid  product 
and  then  60  ml  of  hydrogen  gas.  Introduction  into  the  vessel  of  propylene  was  started  at  20  °  C  and  stopped 
after  1  hour.  The  solid  product  thus  obtained  was  amply  washed  with  n-heptane  to  give  the  Component  (A). 

is  The  quantity  of  propylene  polymerized  was  10.3  g  per  1  g  of  the  solid  product. 

[Copolymerization  of  propylene] 

According  to  the  process  disclosed  in  Japanese  Patent  Publication  No.  33721/1986,  copolymerization  of 
20  propylene  was  carried  out  wherein  a  horizontal  biaxial  gas  phase  polymerization  vessel  of  13-liter  volume 

was  used. 
After  replacement  of  the  polymerization  vessel  inside  with  amply  purified  nitrogen,  400  g  of  an  amply 

dehydrated  and  deoxygenated  polymer  carrier  was  added.  Subsequently,  500  mg  of  triethylaluminum  as 
the  component  (B)  and  820  mg  of  the  above  synthesized  component  (A)  were  introduced.  In  the 

25  polymerization  step  (1),  after  introduction  of  1000  ml  of  hydrogen,  at  a  temperature  controlled  to  75  °C, 
propylene  was  introduced  at  a  constant  rate  of  1.3  g/min.  The  stirring  rotation  of  the  polymerization  vessel 
was  350  r.p.m.  The  polymerization  temperature  was  maintained  at  75  °C  and,  after  3  hours  and  40  minutes, 
introduction  of  propylene  was  stopped.  Polymerization  was  continued  at  75  °C,  and  when  the  polymerization 
pressure  became  1  Kg/cm2G,  a  small  amount  of  the  polymer  sample  was  collected. 

30  Then,  500  ml  of  H2  was  added  to  initiate  the  second  stage  polymerization.  The  second  stage 
polymerization  (the  polymerization  step  (2))  was  carried  out  by  introducing  0.59  g/min.  of  propylene  and 
0.40  g/min.  of  ethylene  respectively  at  constant  rates  at  70  °C  for  1  hour  and  36  minutes.  Introduction  of 
propylene  and  ethylene  was  stopped,  and  polymerization  under  the  residual  pressure  was  carried  out  until 
the  polymerization  pressure  became  1  Kg/cm2G.  After  completion  of  polymerization,  the  polymer  was  taken 

35  out  after  purging  to  give  381  g  of  a  polymer.  The  polymer  formed  had  an  MFR  of  8.2  g/10  min.,  a  polymer 
bulk  density  (B.D.)  of  0.43  g/cc,  and  a  polymer  falling  speed  of  5.7  sec.  The  weight  of  the  rubbery 
copolymer  was  23.6%  by  weight.  No  polymer  adhesion  to  the  polymerization  vessel  was  found,  and  the 
intermediate  polymer  sampled  had  an  MFR  of  18.3  g/10  min. 

The  "polymer  falling  speed"  means  a  time  required  for  dropping  50  g  of  a  polymer  powder  from  an 
40  opening  of  1  .0  cm2. 

Example-2 

[Preparation  of  component  (A)] 
45 

As  in  Example-1,  MgCb,  ^(O-nC+Hg)  ̂ and  methylhydropolysiloxane  were  caused  to  react  to  form  a 
solid  product,  which  was  washed  with  n-heptane. 

Into  a  flask  purged  with  nitrogen  gas  were  added  50  ml  of  n-heptane  similarly  purified  and  0.03  mole  of 
the  above  solid  product.  A  mixture  of  25  ml  of  n-heptane  with  1  1  .6  ml  of  S\Ck  was  added  to  the  flask  at 

50  30  °C  over  30  minutes,  and  caused  to  react  at  90  °C  for  1  hour.  After  the  reaction,  the  solid  product 
obtained  was  washed  with  n-heptane. 

To  the  solid  product  obtained  in  the  flask  were  then  added  2.4  ml  of  (CH3)3CSi(CH3)(OCH3)2  as  the 
Sub-component  (ii)  and  6.0  g  of  triethylaluminum  as  the  Sub-component  (iii)  for  contact  at  30  °C  for  2 
hours.  After  the  contact,  the  solid  product  formed  was  amply  washed  with  n-heptane.  The  washing  with  n- 

55  heptane  was  conducted  so  that  no  free  organoaluminum  compound  was  detected  in  the  washings. 
The  solid  product  thus  obtained  was  subjected  to  contact  with  propylene  as  in  Example-1  .  The  contact 

temperature  was,  however,  changed  from  20  °C  to  30  °C.  The  quantity  of  propylene  polymerized  was  10.8  g 
per  1  g  of  the  solid  product. 

14 
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[Copolymerization  of  propylene] 

The  procedure  as  set  forth  in  Example-1  for  copolymerization  of  propylene  was  followed  except  for  the 
polymerization  times  for  the  steps  (1)  and  (2)  were  changed  respectively  to  3  hours  and  10  minutes  and  1 

5  hour  and  50  minutes.  380  g  of  a  polymer  were  obtained,  which  had  MFR  of  7.3  g/10  min,  bulk  density  of 
0.44  g/cc,  polymer  falling  speed  of  6.2  sec,  and  rubbery  copolymer  content  of  35.2%  by  weight.  No 
polymer  adhesion  to  the  polymerization  vessel  was  found. 

Example-3 
10 

[Preparation  of  Component  (A)] 

As  in  Example-1  ,  the  sub-components  (i)  to  (iii)  were  caused  to  contact  to  form  a  solid  product,  which 
was  subjected  as  in  Example-1  to  contact  with  propylene  to  provide  Component  (A)  which  had  propylene 

is  polymerized  in  a  quantity  of  1  1  .3  g  per  1  g  of  the  solid  product. 

[Copolymerization  of  propylene] 

The  procedure  as  set  forth  in  Example-1  for  copolymerization  of  propylene  was  followed  except  for  the 
20  polymerization  times  for  the  steps  (1)  and  (2)  were  changed  respectively  to  1  hour  and  58  minutes  and  3 

hours  and  49  minutes  and  77  mg  of  B(OCH3)3  were  added  at  the  beginning  of  the  step  (2).  381  g  of  a 
polymer  were  obtained,  which  had  MFR  of  6.1  g/10  min,  bulk  density  of  0.43  g/cc,  polymer  falling  speed  of 
5.5  sec,  and  rubbery  copolymer  content  of  57.8%  by  weight.  No  polymer  adhesion  to  the  polymerization 
vessel  was  found. 

25 
Example-4 

[Preparation  of  Component  (A)] 

30  As  in  Example-2,  the  Sub-components  (i)  to  (iii)  were  caused  to  contact  to  form  a  solid  product,  which 
was  subjected  as  in  Example-2  to  contact  with  ethylene  to  provide  Component  (A)  which  had  ethylene 
polymerized  in  a  quantity  of  9.7  g  per  1  g  of  the  solid  product. 

[Copolymerization  of  propylene] 
35 

The  procedure  as  set  forth  in  Example-1  for  copolymerization  of  propylene  was  followed.  379  g  of  a 
polymer  were  obtained,  which  had  MFR  of  7.9  g/10  min,  bulk  density  of  0.41  g/cc,  polymer  falling  speed  of 
6.1  sec,  and  rubbery  copolymer  content  of  23.8%  by  weight.  No  polymer  adhesion  to  the  polymerization 
vessel  was  found. 

40 
Comparative  Example-1 

[Preparation  of  Component  (A)] 

45  As  in  Example-1  ,  the  Sub-components  (i)  to  (iii)  were  caused  to  contact  to  form  a  solid  product,  which 
was  subjected  to  contact  with  propylene  as  in  Example-1  except  for  the  use  of  1  .5  g  of  triethylaluminum  at 
the  contact  to  provide  Component  (A). 

[Copolymerization  of  propylene] 
50 

The  procedure  as  set  forth  in  Example-1  for  copolymerization  of  propylene  was  followed.  380  g  of  a 
polymer  were  obtained,  which  had  MFR  of  9.9  g/10  min,  bulk  density  of  0.25  g/cc,  and  rubbery  copolymer 
content  of  23.5%  by  weight.  No  determination  of  polymer  falling  speed  was  possible  since  no  falling  took 
place.  Remarkable  polymer  adhesion  to  the  polymerization  vessel  was  found. 

15 
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Examples  5  to  7 

The  procedure  for  preparing  Component  (A)  set  forth  in  Example-1  was  followed  except  for  the  quantity 
of  propylene  polymerized  at  the  preliminary  polymerization  step  changed  to  those  set  forth  in  Table-1  given 
hereinbelow.  The  procedure  for  the  copolymerization  of  propylene  set  forth  in  Example-1  was  followed 
except  for  the  polymerization  time  which  was  changed,  in  Examples  6  and  7,  to  3  hours  and  30  minutes  for 
the  step(1)  and  to  1  hour  and  50  minutes  for  the  step  (2). 
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The  results  obtained  are  set  forth  in  Table  -1  . 
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Example  8 

The  procedure  for  preparing  Component  (A)  set  forth  in  Example-2  was  followed  except  for  the  quantity 
of  propylene  polymerized  at  the  preliminary  polymerization  step  changed  to  0.003  g  per  g  of  the  solid 

5  component.  The  procedure  for  polymerization  of  propylene  was  followed  except  for  the  polymerization  time 
changed  to  2  hours  and  56  minutes  for  the  step  (1)  and  to  2  hours  and  33  minutes  for  the  step  (2). 

383  g  of  a  polymer  was  obtained,  which  had  MFR  of  6.9  g/10  min.,  a  polymer  bulk  density  (B.D.)  of 
0.  43  g/cc,  and  polymer  falling  speed  of  6.1  sec.  The  quantity  of  a  rubbery  polymer  was  39.9  %  by  weight. 

io  Comparative  Example-2 

The  procedure  for  preparing  Component  (A)  set  forth  in  Example-1  was  followed  except  for  the 
preliminary  polymerization  which  was  not  conducted.  The  procedure  of  copolymerization  of  propylene  set 
forth  in  Example-1  was  followed. 

is  380  g  of  a  polymer  was  obtained,  which  had  MFR  of  8.4  g/10  min.,  a  polymer  B.D.  of  0.38  g/cc,  and  a 
polymer  falling  speed  of  7.9  sec.  The  quantity  of  a  rubbery  polymer  was  24.4  %  by  weight. 

Comparative  Example-3 

20  The  procedure  for  preparing  Component  (A)  set  forth  in  Example-1  except  for  the  quantity  of 
triethylaluminum  for  the  preliminary  polymerization  changed  to  2.5  g.  The  quantity  of  polypropylene  at  the 
preliminary  polymerization  was  0.11  g  per  g  of  the  solid  component.  The  procedure  for  copolymerization  of 
propylene  set  forth  in  Example-1  was  followed. 

377  g  of  a  polymer  was  obtained,  which  had  MFR  of  10.1  g/10min.,  a  polymer  B.D.  of  0.28  g/cc  and  a 
25  polymer  falling  speed  which  was  not  determinable  due  to  non-falling. 

Claims 

1.  A  process  for  producing  propylene  block  copolymers  which  comprises  practicing  Polymerization  step 
30  (1)  and  Polymerization  step  (2)  in  the  absence  of  a  solvent  and  in  the  presence  of  a  catalyst  which 

comprises  Catalyst  component  (A)  and  Catalyst  component  (B)  thereby  to  produce  a  propylene  block 
copolymer  which  contains  a  rubbery  copolymer  of  propylene  which  is  a  fraction  of  the  propylene  block 
copolymer  soluble  in  xylene  at  20°  C  in  a  quantity  of  10  to  70%  by  weight  of  the  block  copolymer: 

Catalyst  component  (A)  being  a  contact  product  of  Sub-components  (i),  (ii)  and  (iii),  which  has 
35  undergone  contact  with  an  a-olefin  of  1  to  20  carbon  atoms  in  the  absence  of  an  organometal 

compound  of  a  metal  of  Groups  I  to  III  of  the  Periodic  Table; 
Sub-component  (i)  being  a  solid  catalyst  component  for  a  Ziegler  catalyst  comprising  titanium, 
magnesium  and  a  halogen  atom  as  essential  components, 
Sub-component  (ii)  being  a  silicon  compound  represented  by  a  formula 

40 
R1RVnSi(OR3)n 

wherein  R1  indicates  a  branched  hydrocarbyl  group  of  3  to  20  carbon  atoms,  R2  which  may  be 
the  same  as  or  different  from  R1  indicates  a  hydrocarbyl  group  of  1  to  20  carbon  atoms,  R3  which 

45  may  be  the  same  as  or  different  from  R1  and/or  R2  indicates  a  hydrocarbyl  group  of  1  to  4  carbon 
atoms,  and  n  is  a  number  satisfying  an  equation  1   ̂ n   ̂ 3,  and 
Sub-component  (iii)  being  an  organometal  compound  of  a  metal  of  the  Group  I  to  III  of  the 
Periodic  Table,  and 

Catalyst  component  (B)  being  an  organoaluminum  compound; 
50  Polymerization  step  (1)  being  a  process  where  propylene  or  a  mixture  of  propylene  with  ethylene  is 

polymerized  in  a  single  or  a  multiple  step  to  form  a  propylene  homopolymer  or  a  propylene 
copolymer  with  ethylene  of  an  ethylene  content  of  no  higher  than  7%  by  weight  in  a  quantity  of  10 
to  90%  by  weight  of  the  total  quantity  of  the  block  copolymer  produced;  and 
Polymerization  step  (2)  being  a  process  wherein  a  mixture  of  propylene  with  ethylene  is  polymerized 

55  in  a  single  or  multiple  step  in  the  presence  of  at  least  a  part  of  the  process  product  of  the 
Polymerization  step  (1)  to  form  a  rubbery  copolymer  of  propylene  with  ethylene  of  a  proportion  by 
weight  of  propylene  to  ethylene  of  90/10  to  10/90  in  a  quantity  of  90  to  10%  by  weight  of  the  total 
quantity  of  the  block  copolymer  produced. 
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2.  The  process  as  claimed  in  claim  1,  wherein  Sub-component  (i)  further  comprises  silicon  introduced 
thereinto  as  a  polymeric  silicon  compound  represented  by  a  formula: 

H 
I 

4 "   ^ —   o - } - n  
I 
R 

10 

wherein  R  is  a  hydrocarbyl  group  having  about  1  to  10  carbon  atoms,  and  n  is  a  degree  of 
polymerization  such  that  the  viscosity  of  the  polymeric  silicon  compound  is  1  to  100*10_G  m2/s  (1  to 
100  centistokes). 

15 
3.  The  process  as  claimed  in  claim  1,  wherein  Sub-component  (i)  further  comprises  an  electron  donor 

compound  introduced  thereinto  when  it  is  prepared. 

4.  The  process  as  claimed  in  claim  1,  2  or  3,  wherein  Sub-component  (ii)  is  the  silicon  compound  of  the 
20  formula  where  the  substituent  R1  is  a  hydrocarbyl  group  of  4  to  10  carbon  atoms  of  a  secondary  or 

tertiary  nature. 

5.  The  process  as  claimed  in  claim  1,  2  or  3,  wherein  Sub-component  (ii)  is  the  silicon  compound  of  the 
formula  where  the  substituents  R2  and  R3  are  each  of  1  to  4  carbon  atoms. 

25 
6.  The  process  as  claimed  in  claim  1,  2,  3,  4  or  5,  wherein  Sub-component  (iii)  is  an  organoaluminum 

compound  having  a  hydrocarbyl  substituent  of  1  to  6  carbon  atoms. 

7.  The  process  as  claimed  in  claim  1,  2,  3,  4  or  5,  wherein  Sub-component  (iii)  is  an  alkylaluminoxane 
30  where  the  alkyl  is  a  lower  alkyl. 

8.  The  process  as  claimed  in  any  of  claims  1  to  7,  wherein  the  catalyst  also  comprises  Component  (C) 
which  is  a  boron  alkoxide  having  a  bond  of  the  formula  B-OR10  wherein  R10  represents  an  aliphatic  or 
aromatic  hydrocarbyl  group  having  1  to  20  carbon  atoms. 

35 
9.  The  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  the  a-olefin  which  is  contacted 

with  the  contact  product  of  Sub-components  (i),  (ii)  and  (iii)  is  an  a-olefin  of  2  to  10  carbon  atoms  and 
the  quantity  of  the  a-olefin  polymerized  is  0.001  to  500  g  per  g  of  the  contact  product  of  Sub- 
components  (i),  (ii)  and  (iii). 

40 
10.  The  process  as  claimed  in  any  one  of  the  preceding  claims,  wherein  quantities  of  the  polymers 

produced  at  the  step  (1)  and  the  step  (2)  are  20  to  80%  by  weight  and  80  to  20%  by  weight, 
respectively,  of  the  total  quantity  of  the  block  copolymer  produced. 

45  Patentanspruche 

1.  Verfahren  zur  Herstellung  von  Propylen-Blockcopolymeren,  umfassend  die  Durchfuhrung  einer  Polyme- 
risationsstufe  (1)  sowie  einer  Polymerisationsstufe  (2)  in  Abwesenheit  eines  Losungsmittels  und  in 
Gegenwart  eines  Katalysators,  der  eine  Katalysatorkomponente  (A)  und  eine  Katalysatorkomponente  (B) 

50  umfaBt,  wobei  ein  Propylen-Blockcopolymeres  gebildet  wird,  das  ein  kautschukartiges  Copolymeres 
von  Propylen  enthalt,  bei  dem  es  sich  urn  eine  Fraktion  des  Propylen-Blockcopolymeren  handelt,  die  in 
Xylol  bei  20  °C  in  einer  Menge  von  10  bis  70  Gew.-%  des  Blockcopolymeren  loslich  ist; 

wobei  es  sich  bei  der  Katalysatorkomponente  (A)  urn  ein  Kontaktierungsprodukt  von  Unterkompo- 
nenten  (i),  (ii)  und  (iii)  handelt,  das  mit  einem  a-Olefin  mit  1  bis  20  Kohlenstoffatomen  in  Abwesenheit 

55  einer  Organometallverbindung  eines  Metalls  der  Gruppen  I  bis  III  des  Periodensystems  in  Kontakt 
gebracht  worden  ist; 

wobei  es  sich  bei  der  Unterkomponente  (i)  urn  eine  feste  Katalysatorkomponente  fur  einen  Ziegler- 
Katalysator  mit  einem  Gehalt  an  Titan,  Magnesium  und  einem  Halogenatom  als  wesentlichen  Kompo- 
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nenten  handelt; 
wobei  es  sich  bei  der  Unterkomponente  (ii)  urn  eine  Siliciumverbindung  der  Formel  R1R23-nSi- 

(OR3)n  handelt,  worin  R1  einen  verzweigten  Hydrocarbylrest  mit  3  bis  20  Kohlenstoffatomen  bedeutet, 
R2  die  gleiche  oder  eine  unterschiedliche  Bedeutung  wie  R1  haben  kann  und  einen  Hydrocarbylrest  mit 

5  1  bis  20  Kohlenstoffatomen  bedeutet,  R3  die  gleiche  oder  eine  unterschiedliche  Bedeutung  wie  R1 
und/oder  R2  haben  kann  und  einen  Hydrocarbylrest  mit  1  bis  4  Kohlenstoffatomen  bedeutet  und  n  eine 
ganze  Zahl  ist,  die  der  Gleichung  1   ̂ n   ̂ 3  genugt,  und 

wobei  es  sich  bei  der  Unterkomponente  (iii)  urn  eine  Organometallverbindung  eines  Metalls  der 
Gruppen  I  bis  III  des  Periodensystems  handelt  und 

io  wobei  es  sich  bei  der  Katalysatorkomponente  (B)  urn  eine  Organoaluminiumverbindung  handelt, 
wobei  es  sich  bei  der  Polymerisationsstufe  (1)  urn  ein  Verfahren  handelt,  bei  dem  Propylen  oder 

ein  Gemisch  aus  Propylen  und  Ethylen  in  einem  einstufigen  oder  in  einem  mehrstufigen  Verfahren 
unter  Bildung  eines  Propylen-Homopolymeren  oder  eines  Propylen-Copolymeren  mit  Ethylen  bei  einem 
Ethylengehalt  von  nicht  mehr  als  7  Gew.-%  in  einer  Menge  von  10-90  Gew.-%  der  Gesamtmenge  des 

is  gebildeten  Blockcopolymeren  polymerisiert  wird,  und 
wobei  es  sich  bei  der  Polymerisationsstufe  (2)  urn  ein  Verfahren  handelt,  bei  dem  ein  Gemisch  aus 

Propylen  und  Ethylen  in  einem  einstufigen  oder  mehrstufigen  Verfahren  in  Gegenwart  von  mindestens 
einem  Teil  des  Verfahrensprodukts  der  Polymersisationsstufe  (1)  polymerisiert  wird,  wobei  ein  kaut- 
schukartiges  Copolymeres  aus  Propylen  und  Ethylen  bei  einem  Gewichtsverhaltnis  von  Propylen  zu 

20  Ethylen  von  90/10  bis  10/90  in  einer  Menge  von  90  bis  10  Gew.%  der  Gesamtmenge  des  gebildeten 
Blockcopolymeren  gebildet  wird. 

2.  Verfahren  nach  Anspruch  1,  wobei  die  Unterkomponente  (i)  ferner  Silicium  umfaBt,  das  als  eine 
polymere  Siliciumverbindung  der  nachstehenden  Formel  eingefuhrt  worden  ist: 

25 

30 

H 
! 
Si-   o  
I 
R 

n 

worin  R  einen  Hydrocarbylrest  mit  etwa  1  bis  10  Kohlenstoffatomen  bedeutet  und  n  einen  solchen 
Polymerisationsgrad  bedeutet,  dal3  die  Viskositat  der  polymeren  Siliciumverbindung  1  bis  100  x  10_G 

35  m2/s  (1  bis  100  Centistoke)  betragt. 

3.  Verfahren  nach  Anspruch  1,  wobei  die  Unterkomponente  (i)  ferner  eine  Elektronendonatorverbindung 
umfaBt,  die  bei  ihrer  Herstellung  eingefuhrt  worden  ist. 

40  4.  Verfahren  nach  Anspruch  1  ,  2  oder  3,  wobei  es  sich  bei  der  Unterkomponente  (ii)  urn  die  Siliciumver- 
bindung  der  angegebenen  Formel  handelt,  wobei  der  Substituent  R1  einen  Hydrocarbylrest  mit  4  bis  10 
Kohlenstoffatomen  von  sekundarer  oder  tertiarer  Art  bedeutet. 

5.  Verfahren  nach  Anspruch  1  ,  2  oder  3,  wobei  es  sich  bei  der  Unterkomponente  (ii)  urn  die  Siliciumver- 
45  bindung  der  angegebenen  Formel  handelt,  wobei  die  Substituenten  R2  und  R3  jeweils  1  bis  4 

Kohlenstoffatome  aufweisen. 

6.  Verfahren  nach  Anspruch  1,  2,  3,  4  oder  5,  wobei  es  sich  bei  der  Unterkomponente  (iii)  urn  eine 
Organoaluminiumverbindung  mit  einem  Hydrocarbylsubstituenten  mit  1  bis  6  Kohlenstoffatomen  han- 

50  delt. 

7.  Verfahren  nach  Anspruch  1,  2,  3,  4  oder  5,  wobei  es  sich  bei  der  Unterkomponente  (iii)  urn  ein 
Alkylaluminoxan  handelt,  wobei  es  sich  beim  Alkylrest  urn  einen  niederen  Alkylrest  handelt. 

55  8.  Verfahren  nach  einem  der  Anspruche  1  bis  7,  wobei  der  Katalysator  ferner  eine  Komponente  (C) 
umfaBt,  bei  der  es  sich  urn  ein  Boralkoxid  mit  einer  Bindung  der  Formel  B-OR10  handelt,  wobei  R10 
einen  aliphatischen  oder  aromatischen  Hydrocarbylrest  mit  1  bis  20  Kohlenstoffatomen  bedeutet. 
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9.  Verfahren  nach  einem  der  vorstehenden  Anspruche,  wobei  es  sich  bei  dem  a-Olefin,  das  mit  dem 
Kontaktierungsprodukt  der  Unterkomponenten  (i),  (ii)  und  (iii)  in  Kontakt  gebracht  wird,  urn  ein  a-Olefin 
mit  2  bis  10  Kohlenstoffatomen  handelt  und  die  Menge  des  polymerisierten  a-Olefins  0,001-500  g  pro 
Gramm  des  Kontaktierungsprodukts  der  Unterkomponenten  (i),  (ii)  und  (iii)  betragt. 

5 
10.  Verfahren  nach  einem  der  vorstehenden  Anspruche,  wobei  die  Mengen  der  in  der  Stufe  (1)  und  der 

Stufe  (2)  gebildeten  Polymeren  20  bis  80  Gew.-%  bzw.  80  bis  20  Gew.-%  der  Gesamtmenge  des 
gebildeten  Blockcopolymeren  betragt. 

w  Revendicatlons 

1.  Procede  de  preparation  de  copolymeres  sequences  du  polypropylene  qui  comprend  le  fait  d'effectuer 
le  stade  de  Polymerisation  (1)  et  le  stade  de  Polymerisation  (2)  en  I'absence  d'un  solvant  et  en 
presence  d'un  catalyseur  qui  comprend  le  constituant  de  Catalyseur  (A)  et  le  constituant  de  Catalyseur 

is  (B),  pour  produire  un  copolymere  sequence  du  propylene  contenant  un  copolymere  caoutchouteux  du 
propylene  qui  est  une  fraction  du  copolymere  sequence  du  propylene  soluble  dans  le  xylene  a  20  °  C 
dans  une  proportion  de  10  a  70  %  en  poids  du  copolymere  sequence  : 

le  constituant  de  Catalyseur  (A)  etant  un  produit  de  contact  des  Sous-constituants  (i),  (ii)  et  (iii)  qui 
a  subi  un  contact  avec  une  a-olefine  en  Ci  a  C20  en  I'absence  d'un  compose  organo-metallique  d'un 

20  metal  des  Groupes  I  a  III  de  la  Classification  Periodique  ; 
le  Sous-constituant  (i)  etant  un  constituant  de  catalyseur  solide  pour  un  catalyseur  de  Ziegler 

comprenant  du  titane,  du  magnesium  et  un  atome  d'halogene  comme  constituants  essentiels  ; 
le  Sous-constituant  (ii)  etant  un  compose  du  silicium  represente  par  la  formule  : 

25  R1R23-nSi(OR3)n 

dans  laquelle  R1  represente  un  groupe  hydrocarbyle  en  C3  a  C20,  R2  qui  peut  etre  identique  a  R1 
ou  different  de  celui-ci  represente  un  groupe  hydrocarbyle  en  Ci  a  C20,  R3  qui  peut  etre  identique  a  R1 
et/ou  R2  ou  different  de  celui-ci  represente  un  groupe  hydrocarbyle  en  Ci  a  C4  et  n  est  un  nombre 

30  satisfaisant  a  I'equation   ̂ n   ̂ 3,  et 
le  Sous-constituant  (iii)  etant  un  compose  organo-metallique  d'un  metal  des  Groupes  I  a  III  de  la 

Classification  Periodique,  et 
le  constituant  de  Catalyseur  (B)  etant  un  compose  organique  de  I'aluminium  ; 
le  stade  de  Polymerisation  (1)  etant  une  operation  dans  laquelle  du  propylene  ou  un  melange  de 

35  propylene  et  d'ethylene  est  polymerise  dans  un  stade  unique  ou  multiple  pour  former  un  homopolyme- 
re  du  propylene  ou  un  copolymere  du  propylene  avec  I'ethylene  ayant  une  teneur  en  ethylene  non 
superieure  a  7  %  en  poids  dans  une  proportion  de  10  a  90  %  en  poids  de  la  quantite  totale  du 
copolymere  sequence  produit  ;  et 

le  stade  de  Polymerisation  (2)  etant  une  operation  dans  laquelle  un  melange  de  propylene  et 
40  d'ethylene  est  polymerise  dans  un  stade  unique  ou  multiple  en  presence  d'au  moins  une  partie  du 

produit  de  I'operation  du  stade  de  polymerisation  (1)  pour  former  un  copolymere  caoutchouteux  du 
propylene  avec  I'ethylene  contenant  une  proportion  en  poids  de  propylene  a  I'ethylene  de  90/10  a 
10/90  dans  une  quantite  de  90  a  10  %  en  poids  de  la  quantite  totale  du  copolymere  sequence  produite. 

45  2.  Procede  selon  la  revendication  1,  dans  lequel  le  Sous-constituant  (i)  comprend  en  outre  du  silicium 
introduit  dans  celui-ci  sous  la  forme  d'un  compose  polymere  du  silicium  repondant  a  la  formule  : 

H 

50 

R 

55 
dans  laquelle  R  est  un  groupe  hydrocarbyle  ayant  environ  1  a  10  atomes  de  carbone  et  n  est  un 

degre  de  polymerisation  tel  que  la  viscosite  du  compose  polymere  du  silicium  soit  de  1  a  100  x  10_G 
m2/s  (1  a  100  centistokes). 
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.  Procede  selon  la  revendication  1,  dans  lequel  le  Sous-constituant  (i)  comprend  en  outre  un  compose 
donneur  d'electrons  qui  est  introduit  lorsqu'il  est  prepare. 

.  Procede  selon  les  revendications  1,  2  ou  3,  dans  lequel  le  Sous-constituant  (ii)  est  un  compose  du 
silicium  repondant  a  la  formule  dans  laquelle  le  substituant  R1  est  un  groupe  hydrocarbyle  contenant  4 
a  10  atomes  de  carbone  secondaire  ou  tertiaire. 

.  Procede  selon  les  revendications  1,  2  ou  3,  dans  lequel  le  Sous-constituant  (ii)  est  un  compose  du 
silicium  repondant  a  la  formule  dans  laquelle  les  substituants  R2  et  R3  ont  chacun  1  a  4  atomes  de 
carbone. 

.  Procede  selon  les  revendications  1  ,  2,  3,  4  ou  5,  dans  lequel  le  Sous-constituant  (iii)  est  un  compose 
organique  de  I'aluminium  ayant  un  substituant  hydrocarbyle  en  Ci  a  Cg. 

.  Procede  selon  les  revendications  1,  2,  3,  4  ou  5,  dans  lequel  le  Sous-constituant  (iii)  est  un 
alkylaluminoxane  dans  lequel  le  groupe  alkyle  est  un  groupe  alkyle  inferieur. 

.  Procede  selon  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  le  catalyseur  comprend 
egalement  un  Constituant  (C)  qui  est  un  alcoolate  de  bore  ayant  une  liaison  repondant  a  la  formule  B- 
OR10  dans  laquelle  R10  represente  un  groupe  hydrocarbyle  aliphatique  ou  aromatique  en  Ci  a  C2o- 

.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  I'  a-olefine  mise  en 
contact  avec  le  produit  de  contact  des  Sous-constituants  (i),  (ii)  et  (iii)  est  une  a-olefine  en  C2  a  Ci  0  et 
la  quantite  de  I'a-olefine  polymerisee  est  de  0,001  a  500  g  par  g  du  produit  de  contact  des  Sous- 
constituants  (i),  (ii)  et  (iii). 

0.  Procede  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  les  quantites  des 
polymeres  produites  au  stade  (1)  et  au  stade  (2)  sont  de  20  a  80  %  en  poids,  et  de  80  a  20  %  en 
poids,  respectivement,  de  la  quantite  totale  du  copolymere  sequence  produit. 
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