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Description 

The  present  invention  relates  to  a  gas  fluidised  bed  process  for  the  production  of  copolymers  of 
ethylene,  propylene  and/or  1-butene  and  alpha-olefins  comprising  from  5  to  8  carbon  atoms,  these 

5  copolymers  having  a  density  between  0.900  and  0.935  and  having  excellent  mechanical  and  optical 
properties. 

It  is  known  that  low-density  polyethylene  (LDPE),  that  is  to  say  of  a  density  less  than  0.940,  obtained 
according  to  a  process  for  polymerising  ethylene  by  radical-forming  catalysis  under  high  pressure  and  at 
high  temperature,  possesses  good  optical  properties  such  as  good  transparency  for  a  slender  thickness, 

10  but  on  the  other  hand  has  comparatively  mediocre  mechanical  properties,  especially  as  regards  tearing 
strength,  perforation  and  impact  resistance,  making  it  difficult  to  obtain  finished  objects  with  a  very  thin 
wall,  such  as  film. 

It  is  further  known  that  copolymers  of  ethylene  and  propylene  and/or  1-butene  of  the  "linear  low 
density  polyethylene"  type  (LLDPE),  with  a  density  between  0.900  and  0.940,  obtained  by  the 

15  copolymerisation  of  ethylene  and  alpha-olefins  in  the  presence  of  a  catalyst  of  the  Ziegler-Natta  type, 
generally  possess  mechanical  properties  which  are  superior  to  those  of  the  LDPE's,  but  unfortunately  they 
have  mediocre  optical  properties. 

It  is  known  that  LLDPE  film  prepared  from  a  copolymer  of  ethylene  and  a  higher  alpha-olefin, 
comprising  from  5  to  18  carbon  atoms,  such  as  1-hexene,  4-methyl-1-pentene  or  1-octene  has  improved 

20  optical  properties  and  especially,  improved  transparency.  Such  an  LLDPE,  furthermore,  has  the  advantage 
of  having  tearing  strength,  perforation  and  impact  resistances  which  are  notably  superior  to  those  of  the 
LLDPE's  obtained  by  copolymerising  ethylene,  propylene  and/or  1-butene. 

It  is  also  known  that  copolymers  of  ethylene,  propylene,  and/or  1-butene  and  a  higher  alpha-olefin 
comprising  5  to  18  carbon  atoms,  with  a  density  comprised  between  0.900  and  0.940,  not  only  have 

25  excellent  optical  properties  when  these  copolymers  are  converted  into  film,  but  also  mechanical  properties 
which  are  as  good  as,  if  not  better  than  those  of  the  LLDPE's  obtained  by  copolymerising  ethylene  and  a 
higher  alpha-olefin  comprising  from  5  to  18  carbon  atoms. 

These  copolymers  can  be  produced  in  solution  in  a  solvent  medium  of  liquid  hydrocarbon.  The  process 
of  this  type,  according  to  which  the  copolymer  is  produced  in  the  form  of  a  solution  in  the  liquid 

30  hydrocarbon  medium,  involves  difficult  operations  for  recovering  the  said  copolymer  from  the  solution. 
Moreover,  a  substantial  part  of  the  copolymer  remains  dissolved  in  the  solvent,  which  renders  the  recovery 
and  purification  operations  of  the  said  solvent  difficult. 

It  is  also  possible  to  produce  in  the  gas  phase  copolymers  of  ethylene,  propylene  and/or  1-butene  and  a 
higher  alpha-olefin  comprising  5  to  12  carbon  atoms,  having  a  density  comprised  between  0.900  and  0.940. 

35  These  copolymers  are  obtained  by  means  of  a  copolymerisation  reaction  in  the  presence  of  a  catalyst 
system  comprising 

(a)  a  solid  catalyst  prepared  generally  by  grinding  magnesium  chloride  in  the  presence  of  titanium 
tetrachloride  and  possibly  a  halogenating  agent  or  an  electron  donor  agent,  and 

(b)  an  organoaluminium  compound  as  co-catalyst.  Catalysts  prepared  in  this  manner  occur  in  the  form 
40  of  a  powder  consisting  of  particles  with  a  broad  particle  size  distribution.  Hence  such  a  catalyst  cannot  be 

used  to  carry  out  fluidised  bed  polymerisation  reactions  except  at  relatively  low  fluidisation  speeds,  for 
example  of  less  than  3  times  the  minimum  fluidisation  speed,  in  order  to  avoid  any  substantial  loss  of 
particles  from  the  fluidised  bed  by  gas  entrainment. 

To  satisfactorily  remove  the  heat  of  reaction,  it  is  then  necessary  to  employ  a  system  of  mechanical 
45  agitation  and/or  a  device  for  introduction,  recovery  and  recycling  of  one  or  more  readily  volatile  liquids. 

Accordingly,  a  solid  catalyst  of  this  type  is  not  very  suitable  for  use  in  a  gas-phase  fluidised-bed 
copolymerisation  reactor  because  of  its  structure  and  composition.  In  point  of  fact  a  solid  catalyst  of  this 
kind,  prepared  in  the  absence  of  reducing  agent,  comprises  a  tetravalent  titanium  salt,  deposited  on  the 
surface  of  the  magnesium  chloride  support  in  a  relatively  small  quantity,  such  that  the  atomic  ratio  of  the 

so  quantity  of  magnesium  to  the  quantity  of  titanium  is  equal  or  superior  to  10.  The  result  is  that  as  soon  as 
this  solid  catalyst  is  introduced  into  the  fluidised  bed  reactor,  the  copolymerisation  reaction  starts  up  very 
abruptly,  creating  on  the  one  hand  localised  runaway  reactions  in  the  fluidised  bed,  and  on  the  other  hand 
the  bursting  of  the  solid  particles  of  catalyst,  the  particle  size  of  which  is  then  no  longer  controlled.  These 
localised  runaway  effects  in  the  reaction  produce  hot  spots  and  generally  lead  to  the  formation  of 

55  agglomerates  and  reactor  fouling. 
Producing  copolymers  such  as  those  described  above  in  the  gas  phase,  in  the  presence  of  a  catalyst 

system  comprising  in  particular  a  catalyst  associated  with  an  inorganic  granular  support  is  also  known. 
This  inorganic  granular  support  generally  consists  of  refractory  oxides  such  as  alumina  or  silica.  The 
catalyst  comprising  a  mixture  of  magnesium  chloride  and  titanium  tetrachloride,  previously  dissolved  in  a 

60  solvent  of  the  electron  donor  compound  type  such  as  tetrahydrofuran,  is  deposited  or  precipitated  on  this 
granular  support,  which  confers  on  the  said  catalyst  specific  and  interesting  properties  for  the  technique  of 
fluidised  bed  copolymerisation  connected  in  particular  with  the  particle  size  and  resistance  to  abrasion  of 
the  catalyst. 

But  it  is  likewise  known  that  the  dispersion  of  a  catalyst  on  a  granular  support  of  this  type  is 
85  accompanied  by  a  growth  in  the  catalytic  activity,  especially  at  the  start-up  of  the  copolymerisation 

2 
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reaction,  this  phenomenon  also  being  amplitiea  oy  tne  presence  in  me  polymerisation  meumm  ui 
comonomers,  such  as  for  example  1-butene  or  1-hexene.  The  result  is  localised  reaction  runaways,  and 
also  phenomena  of  bursting  of  the  catalyst  particles,  so  that  the  copolymer  obtained  occurs  in  the  form  of  a 
powder  consisting  of  particles  having  forms  reminescent  of  "orange  peel"  and  consequently  this  powder 

s  has  a  relatively  low  bulk  density.  This  drawback  may  be  partially  avoided  by  dispersing  the  catalyst  on  a 
sufficiently  large  quantity  of  support.  Unfortunately  the  copolymers  obtained  in  this  way  have 
comparatively  high  contents  of  inorganic  residues,  which  is  harmful  to  the  properties. 

Another  drawback  of  using  catalysts  of  this  type  in  gas-phase  copolymerisation,  especially  in  a 
fluidized  bed,  is  bound  up  with  the  fact  that  of  necessity  they  contain  considerable  quantities  of  an  electron 

'°  donor  agent  which  may  induce  "secondary"  copolymerisation  reactions,  particularly  in  the  presence  of 
heavy  comonomers  such  as  1-hexane,  4-methyl-1-pentene  and  1-octene,  leading  to  the  formation  of 
oligomers  and/or  copolymers  with  a  low  molecular  weight  and/or  a  high  content  of  comonomers,  of  a  very 
sticky  nature  favouring  the  formation  of  agglomerates  which  are  prejudicial  to  the  proper  operation  of  a 
fluidised  bed  reactor. 

'5  EP  A  21  605  describes  heterogeneous  terpolymers  produced  by  a  gas  phase  process  in  the  presence 
of  a  specific  catalyst  different  from  the  catalyst  described  in  the  present  application.  More  particularly,  this 
specific  catalyst  is  supported  on  silica,  contains  a  large  amount  of  electron  donor  compound  and  is  not 
previously  subjected  to  a  prepolymerisation  step.  _ 

A  process  has  now  been  found  which  makes  it  possible  to  avoid  the  above  problems  and  to  obtain  by 
■°  gas-fluidised  bed  copolymerisation,  copolymers  of  (a)  ethylene  and  (b)  propylene  and/or  of  1-butene  and 

(c)  at  least  one  alpha-olefin,  comprising  5  to  8  carbon  atoms,  the  copolymers  having  a  density  comprised 
between  0.900  and  0.935,  and  having  improved  mechanical  and  optical  properties. 

The  present  invention  provides  a  gas  fluidised  bed  process  for  the  production  of  copolymers  having  a 
density  comprised  between  0.900  and  0.935,  this  process  being  characterised  in  that  it  comprises  a 

■5  copolymerisation  of  (a)  ethylene,  (b)  propylene  and/or  1-butene  and  (c)  alpha-olefins  comprising  from  5  to 
8  carbon  atoms  in  the  gaseous  state  in  admixture  with  an  inert  gas  and  optionally  hydrogen,  the  gaseous 
mixture  circulating  from  bottom  to  top  through  the  fluidised  bed  of  the  copolymer  in  course  of  formation, 
the  copolymerisation  being  effected  at  a  temperature  comprised  between  50°C  and  100°C  in  the  presence  of 
a  catalyst  system  comprising: 

»"  a  cocatalyst  consisting  of  at  least  one  organo  metallic  compound  of  a  metal  of  groups  II  and  III  of  the 
Periodic  Table  of  Elements,  and 

a  solid  catalyst  of  the  general  formula 

Mgm  Me„Ti  (ORn)p(R2)q  XrDs  ■ 

?s  in  such  proportions  that  the  atomic  ratio  of  the  quantity  of  the  said  metal  of  groups  II  and  III  in  the  cocatalyst 
to  the  quantity  of  titanium  in  the  catalyst  is  between  0.5  and  100  and  in  which  solid  catalyst  Me  is  an 
aluminium  and/or  zinc  atom,  is  an  alkyl  group  comprising  2  to  8  carbon  atoms,  R2  is  an  alkyl  group 
comprising  2  to  12  carbon  atoms,  X  is  a  chlorine  or  bromine  atom,  D  is  an  electron  donor  compound,  the 
titanium  being  in  a  valency  state  less  than  the  maximum,  where 

m  m  is  comprised  between  1  and  8,  preferably  between  2  and  5 
n  is  comprised  between  0  and  1,  preferably  between  0  and  0.5, 
p  is  comprised  between  0  and  2,  preferably  between  0.5  and  2 
q  is  comprised  between  0.01  and  1,  preferably  between  0.5  and  0.8, 
r  is  comprised  between  2  and  22,  preferably  between  6  and  12,  and 

f5  s  is  less  than  0.2,  preferably  equal  to  0; 
the  partial  pressures  (pp)  of  the  various  ingredients  of  the  gaseous  mixture  being  such  that: 

0.05«£pp  comonomer  (b)/pp  ethylene^0.4 
0.05sSpp  comonomer  (cjpp  ethylene<0.177 
O^pp  hydrogen/pp  ethylene«0.5 

so  0.2sSpp  inert  gas/total  pressure=£0.8  and 
0.01  MPasspp  comonomer  (c)=£0.1  MPa 

the  comonomer  (b)  being  propylene  or  1-butene  or  a  mixture  of  these  two  olefines,  the  comonomer  (c) 
being  an  alpha-olefin  comprising  5  to  8  carbon  atoms  of  a  mixture  of  these  alpha-olefins. 

A  catalyst  particularly  preferred  for  use  in  the  present  invention  is  prepared  by  reacting  at  between 
55  -20°C  and  150°C,  and  preferably  between  60°C  and  90°C,  magnesium  metal  with  an  alkyl  halide  R2X  and 

one  or  more  tetravalent  titanium  compounds  having  the  formula  TiX4_,  (OR,),,  wherein  R,  is  an  alkyl  group 
containing  2  to  8  carbon  atoms,  R2  is  an  alkyl  group  containing  2  to  12  carbon  atoms,  X  is  chlorine  or 
bromine  and  t  is  an  integer  or  fraction  from  0  to  3. 

In  this  case  the  reagents  are  preferably  employed  in  molar  ratios  such  that: 
60 

0.1=£Ti  X4_t  (OR^t/Mg^O.33 
and 

0.5=£(R2)X/Mgs;8 
and  preferably 

65  1.5=£(R2)X/Mg^5. 

o 
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Another  technique  of  preparing  a  solid  catalyst  suitable  for  use  in  the  invention  consists  in  reacting  an 
organomagnesium  compound  and  a  compound  of  titanium  at  its  maximum  valency.  Preferably  the  solid 
catalyst  in  this  case  is  formed  from  a  compound  obtained  by  reacting,  at  between  -20  and  150°C  and  more 
especially  between  60  and  90°C,  one  or  more  compounds  of  tetravalent  titanium,  of  the  formula  Ti  X4_t 

5  (OR,),  in  which  X  is  an  atom  of  chlorine  or  bromine,  R-,  is  an  alkyl  group  containing  2  to  8  carbon  atoms  and 
tis  an  integer  or  fraction  comprised  between  0  and  3,  and  an  organo  magnesium  compound  of  the  formula 
(R2)  Mg  X  or  the  formula  Mg  (R2)2  in  which  X  is  a  chlorine  or  bromine  atom  and  R2  is  an  alkyl  group 
comprising  2  to  12  carbon  atoms.  The  reaction  between  the  tetravalent  titanium  compound  or  compounds 
and  the  organo  magnesium  compound  is  advantageously  performed  in  the  presence  of  an  alkyl  halide  of 

10  the  formula  (R2)  X  in  which  R2  and  X  have  the  same  definitions  as  above,  these  various  compounds  being 
employed  in  molar  ratios  such  that: 

either  0.1  ̂ Ti  X4_,  (OR /̂IR-,)  Mg  X=£0.33 
and  1=£(R2)X/(R2)Mg  Xs=2 

75 
or  0.1=STiX4_t  (OR^t/MgiRaJ^O.SS 

.  and  2=S(R2)  X/Mg  (R2)2=S4 

20  Another  catalyst  suitable  for  use  in  the  process  of  the  present  invention  comprises  the  product 
obtained  by  precipitating  a  titanium  compound  on  particles  obtained  by  reacting  an  organomagnesium 
compound  and  a  chlorinated  organic  compound,  complying  with  the  following  conditions: 

the  organomagnesium  is  either  a  dialkylmagnesium  of  the  formula  R3  Mg  R4,  or  an  organomagnesium 
derivative  of  the  formula  R3Mg  R4,  x  AI(RS)3,  in  which  formula  R3  R4,  and  R5  are  identical  or  different  alkyl 

25  groups  having  2  to  12  carbon  atoms  and  x  is  a  number  comprised  between  0.01  and  1; 
the  chlorinated  organic  compound  is  an  alkyl  chloride  of  the  formula  R6CI,  in  which  R6  is  a  secondary  or 

preferably  tertiary  alkyl  group  having  3  to  12  carbon  atoms; 
the  reaction  is  performed  in  the  presence  of  an  electron  donor  compound  D,  which  is  an  organic 

compound  comprising  at  least  one  atom  of  oxygen,  sulphur,  nitrogen  or  phosphorus;  it  may  be  chosen 
30  from  amongst  a  wide  variety  of  products  such  as  the  amines,  amides,  phosphines,  sulphoxides,  sulphones 

or  the  aliphatic  ethers. 
Moreover,  the  various  reagents  used  for  preparing  such  a  support  may  be  employed  under  the 

following  conditions: 
the  molar  ratio  R6  CI/R3Mg  R4  is  comprised  between  1.5  and  2.5,  and  preferably  between  1.85  and  2; 

35  the  molar  ratio  R6  CI/R3Mg  R4,  x  Al  (R5)3  is  comprised  between  1.5  (1+3x/2)  and  2.5  (1+3x/2)  and 
preferably  between  1.85  (1+3x/2)  and  2  (1+3x/2); 

the  molar  ratio  between  the  electron  donor  compound  D  and  the  organomagnesium  (R3MgR4  or  R3  Mg 
R4,  x  Al  (R5)3)  is  comprised  between  0.01  and  1; 

the  reaction  between  the  organomagnesium  compound  and  the  chlorinated  organic  compound  takes 
40  place  with  stirring  in  a  liquid  hydrocarbon  at  a  temperature  comprised  between  5°C  and  80°C. 

The  precipitation  of  the  titanium  compound  on  the  solid  particles  may  be  carried  out  by  a  reduction 
reaction  of  a  titanium  compound  of  the  formula  TiX4_,  (OR,),  in  which  R1f  X  and  t  have  the  same  definitions 
as  above,  by  means  of  a  reducing  agent  chosen  from  among  organomagnesium  compounds  of  the  formula 
R3Mg  R4,  in  which  R3  and  R4  have  the  same  definitions  as  above,  organozinc  compounds  of  the  formula  Zn 

45  (R7)2-y  Xy,  in  which  R7  is  an  alkyl  group  having  2  to  12  carbon  atoms,  X  is  a  chlorine  or  bromine  atom  and  y 
is  an  integer  or  fraction  such  that  0=£ys£l,  and  organo-aluminium  compounds  of  the  formula  Al  (R8)3_ZXZ,  in 
which  R8  is  an  alkyl  group  having  2  to  12  carbon  atoms,  X  is  a  chlorine  or  bromine  atom  and  z  is  an  integer 
or  fraction  such  that  0s=z=s2; 

the  said  reduction  reaction  is  performed  in  the  presence  or  absence  of  an  electron  donor  compound  D 
so  as  defined  above; 

the  relative  quantities  of  the  various  compounds  (solid  particles,  titanium  compounds,  organo- 
magnesium  or  organozinc  or  organoaluminium  compounds,  electron  donor)  are  in  molar  ratios  such  that: 

magnesium  in  the  solid  particles:  titanium  compound  comprised  between  1  and  8  and  preferably 
between  2  and  5; 

55  organomagnesium  or  organozinc  or  organoaluminium  compound:  titanium  compound  less  than  2  and 
preferably  comprised  between  0.5  and  1.5; 

electron  donor  compound:  titanium  compound  comprised  between  0  and  1. 
The  precipitation  is  performed  at  a  temperature  comprised  between  <-30°C  and  100°C  with  stirring  in  a 

liquid  hydrocarbon  medium. 
so  After  the  evaporation  of  the  liquid  hydrocarbon  medium  in  which  they  have  been  prepared,  the  solid 

catalysts  are  ready  to  be  used  for  the  copolymerisation  of  ethylene  in  the  process  according  to  the 
invention. 

The  copolymerisation  is  performed  using  as  cocatalyst  an  organometallic  compound  of  a  metal  of 
groups  II  or  III  of  the  Periodic  Table  of  Elements,  preferably  an  organoaluminium  or  halogen- 

65  organoaluminium  compound.  The  ingredients  of  the  catalyst  system  must  be  employed  in  proportion  such 

4 
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that  the  atomic  ratio  of  the  quantity  of  metal  of  groups  II  and  III  in  the  cocatalyst  to  the  quantity  ot  titanium 
in  the  catalyst  is  comprised  between  0.5  and  100,  preferably  between  1  and  30. 

The  catalyst  systems  are  employed  as  such  or  preferably  after  undergoing  a  prepolymensation 
operation.  This  prepolymerisation  operation,  which  leads  to  prepolymer  particles  of  a  form  more  or  less 

5  identical  to  that  of  the  initial  catalyst,  but  of  greater  dimensions,  consists  in  bringing  the  catalyst  and 
cocatalyst  into  contact  with  ethylene,  possibly  in  admixture  with  propylene  and/or  1-butene  and/or  an 
alpha-olefin  containing  5  to  8  carbon  atoms.  The  prepolymerisation  may  advantageously  be  performed  in 
two  (or  more)  stages  as  described  below.  The  commencement  of  the  prepolymerisation  reaction,  or  the 
first  stage  of  this  reaction  when  operated  in  two  distinct  stages,  is  performed  in  suspension  in  an  inert 

o  liquid  medium  such  as  a  liquid  hydrocarbon.  This  technique  makes  it  possible  to  control  the  activity  of  the 
catalyst  system,  especially  in  the  initial  phase  of  the  reaction,  and  to  avoid  reaction  runaways  or  the 
bursting  of  catalyst  particles. 

In  the  case  that  the  prepolymerisation  is  carried  out  in  two  stages,  the  first  prepolymerisation  stage  is 
continued  until  the  prepolymer  comprises  from  0.1  to  10  g  of  polyethylene  or  copolymer  of  ethylene  per 

5  milligram  atoms  of  titanium.  The  prepolymerisation  may  then  be  continued  either  in  suspension  in  a  liquid 
hydrocarbon  medium,  or  in  the  gas  phase;  generally  speaking  it  may  be  continued  until  10  to  300  g  of 
polyethylene  or  copolymer  of  ethylene  per  milligram  atom  of  titanium  are  obtained,  whilst  preserving  a 
suitable  level  of  activity  in  the  catalyst  system. 

The  prepolymers  obtained  by  this  process  occur  in  the  form  of  catalytic  products  particularly  suited  to 
•o  the  copolymerisation  of  (a)  ethylene,  (b)  propylene  and/or  1-butene  and  (c)  alpha-olefins  comprising  from  5 

to  8  carbon  atoms,  in  the  gas  phase  by  means  of  a  fluidised  bed:  these  prepolymers  possess  dimensions 
and  a  reactivity  which  are  adapted  to  this  mode  of  copolymerisation,  making  it  possible  to  obtain 
copolymers  of  a  homogeneous  nature  in  the  form  of  non-sticking  powders,  which  are  free  in  particular 
from  the  liquid  oligomers  or  copolymers  with  a  low  melting  point,  and  consisting  of  unburst  particles. 

(5  The  gas-phase  copolymerisation  by  means  of  a  fluidised  bed  may  be  performed  according  to  the 
current  techniques  of  polymerisation  or  copolymerisation  in  a  fluidised  bed.  However,  the  gas  mixture 
providing  fluidisation  comprises,  in  addition  to  ethylene  and  the  comonomers  propylene  and/or  1-butene 
and  alpha-olefins  comprising  5  to  8  carbon  atoms,  an  inert  gas  such  as  nitrogen,  methane  or  ethane  and 
optionally  hydrogen,  the  latter  being  to  provide  control  of  the  molecular  weights  of  the  copolymers 

w  produced.  The  presence  of  an  inert  gas  in  this  gaseous  mixture  appreciably  improves  the  elimination  of  the 
heat  of  reaction  and  favourably  modifies  the  kinetics  of  copolymerisation.  The  speed  of  fluidisation  in  the 
fluidised  bed  reactor  is  preferably  sufficiently  high  to  assure  homogenisation  of  the  fluidised  bed  and  to 
eliminate  effectively  the  heat  evolved  by  the  copolymerisation  without  having  recours  to  other  means  of 
homogenisation,  especially  mechanical  or  involving  the  use  of  a  readily  volatile  liquid.  The  speed  of 

is  fluidisation  is  preferably  between  6  and  10  times  the  minimum  speed  of  fluidisation,  that  is  to  say  generally 
between  about  40  and  80  cm/sec.  In  passing  through  the  fluidised  bed,  only  a  part  of  the  ethylene  and  the 
comonomers  is  polymerised  in  contact  with  the  particles  of  copolymer  in  course  of  growth.  The  gaseous 
mixture  containing  the  unreacted  fraction  of  ethylene  and  comonomers  leaves  the  fluidised  bed  and  passes 
through  cooling  system  intended  to  eliminate  the  heat  produced  during  the  reaction  before  being  recycled 

to  into  the  fluidised  bed  by  means  of  a  compressor. 
The  copolymerisation  is  performed  at  a  temperature  comprised  between  50°C  and  100°C,  preferably 

between  70°C  and  90°C  under  a  total  pressure  generally  between  0.5  and  4  MPa.  The  copolymerisation  is 
advantageously  stopped  when  the  copolymer  contains  per  gram  les  than  5x10  4  milligram  atoms  of 
titanium  and  preferably  less  than  4x10-4  milligram  atoms  of  titanium. 

45  As  comonomer  (c),  preference  is  given  to  4-methyl-1-pentene,  1-hexene  or  1-octene. 
The  invention  also  concerns  copolymers  of  (a)  ethylene,  (b)  propylene  and/or  1-butene  and  (c) 

alpha-olefins  comprising  5  to  8  carbon  atoms,  these  copolymers: 
having  a  density  comprised  between  0.900  and  0.935, 
containing  approximately  4  to  15%  by  weight  of  the  total  of  the  units  derived  from  comonomers  (b) 

so  and  (c),  and  . 
containing  units  derived  from  comonomers  (b)  and  (c)  in  a  quantity  such  that  the  ratio  by  weight  of  the 

quantity  of  comonomer  (c)  to  the  quantity  of  comonomer  (b)  is  comprised  between  0.1  and  1.5,  preferably 
between  0.25  and  1. 

It  has  surprisingly  been  found  that  by  a  synergic  effect,  the  density  of  the  ethylene  copolymers 
55  containing  the  two  comonomers  (b)  and  (c)  is  reduced  as  compared  with  that  of  a  copolymer  containing 

only  one  of  these  two  comonomers,  in  a  quantity  by  weight  equivalent  to  that  of  the  two  comonomers  (b) 
and  (c)  involved  simultaneously.  The  advantageous  result  is  that  a  copolymer  of  a  given  density  prepared 
according  to  the  invention  has  a  content  by  weight  of  comonomers  (b)  and  (c)  lower  than  that  of  a 
copolymer  of  identical  density  which  contains  only  one  of  these  two  comonomers.  The  synergic  effect 

60  observed  in  the  simultaneous  use  of  the  two  comonomers  (b)  and  (c)  is  particularly  remarkable  when  the 
copolymer  contains  these  two  comonomers  in  a  quantity  such  that  the  ratio  by  weight  of  the  quantity  of 
comonomer  (c)  to  the  quantity  of  comonomer  (b)  is  comprised  between  0.1  and  1.5,  preferably  between 
0.25  and  1. 

Furthermore,  it  is  found  that  the  copolymers  which  have  a  density  equal  to  or  greater  than  0.918  have  a 
65  content  of  copolymers  soluble  in  n-hexane  at  50°C  less  than  or  equal  to  2.0%  by  weight,  a  content  which  is 
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substantially  lower  than  that  of  copolymers  of  ethylene  and  comonomer  (c)  of  identical  density.  It  has  also 
been  found  that  in  the  fraction  of  the  copolymers  which  is  soluble  in  boiling  n-hexane,  the  total  content  in 
comonomers  (b)  and  (c)  does  not  exceed  the  total  content  in  comonomers  (b)  and  (c)  of  the  fraction  of  the 
copolymers  which  is  insoluble  in  boiling  n-heptane  by  more  than  1  5%.  This  characteristic  is  shown  in  detail 

5  in  the  Examples  and  in  Tables  1  and  3. 
Due  to  these  characteristics,  the  copolymers  of  the  invention  can  be  manufactured  by  fluidised  bed 

copolymerisation  without  difficulty,  thanks  particularly  to  the  relatively  low  partial  pressure  of  the 
comonomers  (c)  and  to  the  non-sticky  character  of  the  copolymer  articles.  The  non-sticky  character  of  the 
particles  also  allows  an  easy  handling  of  the  copolymers. 

10  The  density  of  the  copolymers  is  not  limited  to  values  equal  to  or  greater  than  0.918,  it  being  possible 
to  obtain  without  difficulty  and  with  high  yield  copolymer  of  a  lower  density. 

Moreover,  the  copolymer  powders  prepared  according  to  the  invention  consist  substantially  of  unburst 
particles;  they  are  easy  to  handle  and  have  a  relatively  high  bulk  density  comprised  between  0.30  and  0.45 
g/cm3  and  which  in  particular  is  independent  of  the  yield  of  copolymer  by  the  reaction  in  relation  to  the 

15  catalyst.  Furthermore,  these  powders  comprise  less  than  350  ppm,  preferably  less  than  150  ppm  of 
inorganic  residues  which  are  totally  free  from  mineral  compounds  based  on  refractory  oxides  of  the 
alumina  and/or  silica  type. 

By  differential  scanning  calorimetric  analysis,  after  stoving  at  200°C,  cooling  at  a  rate  of  16°C  per 
minute,  and  heating  at  a  rate  of  16°C  per  minute,  the  copolymers  prepared  according  to  the  invention  show 

20  a  single  melting  point  at  a  temperature  comprised  between  116  and  128°C,  the  melting  point  diagram 
characteristically  showing  a  single  peak  at  this  temperature,  which  corresponds  to  a  special  distribution  of 
the  dimensions  of  the  crystallites.  The  fusion  enthalpy  of  these  copolymers  corresponds  to  a  crystallinity 
comprised  between  about  25  and  50%. 

The  copolymers  of  the  invention  have  a  flow  parameter  n  comprised  between  20  and  40,  calculated  by 
25  the  ratio  of  the  melt  index  (Ml21  6)  measured  under  21.6  kg  to  the  melt  index  (Ml2  16)  measured  under  2.16 

kg. 
The  copolymers  of  the  invention  also  possess  a  relatively  narrow  molecular  weight  distribution,  such 

that  the  ratio  of  the  weight  average  molecular  weight,  Mw,  to  the  number  average  molecular  weight,  Mn, 
determined  by  gel  permeation  chromatography,  is  comprised  between  3  and  5.5  and  more  especially 

30  comprised  between  4  and  5. 
These  copolymers  are  also  characterised  by  a  very  low  level  of  ethylenic  unsaturation  of  the  vinyl, 

vinylene  and  vinyiidene  type,  less  than  0.2  ethylenic  double  bond  per  1000  atoms  of  carbon,  which  confers 
on  these  copolymers  an  excellent  stability.  Moreover,  according  to  the  carbon  13  nuclear  magnetic 
resonance  analysis  (NMR)  the  molecular  structure  of  the  copolymers  of  the  invention  is  such  that  the  units 

35  derived  from  comonomers  (b)  and  (c)  are  distributed  randomly  along  the  copolymer  chain,  at  least  95%  of 
these  units  being  isolated  from  each  other,  and  separated  by  more  than  one  unit  derived  from  ethylene. 

The  structure  of  the  copolymers  according  to  the  invention  is  characterised  in  addition  by  a  very  low 
level  of  long  chain  branching  (g*)  which  is  expressed  by  a  value  g*=(n,)/(n.i)  0.90,  (n.)  being  the  intrinsic 
viscosity  of  a  given  copolymer  and  (n.i)  being  the  intrinsic  viscosity  of  a  linear  polyethylene  having  the 

to  same  weight  average  molecular  weight  as  that  of  the  said  copolymer. 
These  copolymers,  whose  fluidity  index  measured  under  2.16  kg  may  vary  between  0.1  and  30  g  per  10 

minutes,  find  numerous  applications  in  the  production  of  finished  objects  by  injection  moulding  or 
rotational  moulding  techniques,  or  extrusion  forming  or  blowing  extrusion  techniques,  and  particularly 
applications  which  are  of  interest  in  the  production  of  films  with  a  high  mechanical  strength. 

45  The  following  Examples  illustrate  the  invention. 

Example  1 
Preparation  of  the  catalyst 

so  Into  a  1  -litre  glass  flask,  provided  with  a  stirrer  system  and  a  heating  and  cooling  device,  there  are 
introduced  under  an  atmosphere  of  nitrogen  at  20°C,  500  ml  of  n-heptane,  8.8  g  of  magnesium  in  powder 
form  and  1.2  g  of  iodine  successively.  With  stirring,  the  reaction  mixture  is  heated  to  80°C  and  there  are 
rapidly  introduced  9.1  g  of  titanium  tetrachloride  and  13.7  g  of  tetrapropyltitanate,then  slowly  over  4  hours 
74.5  g  of  n-butyl  chloride.  At  the  end  of  this  period  the  reaction  mixture  thus  obtained  is  maintained  for  2 

55  hours  with  stirring  and  at  80°C,  then  it  is  cooled  to  ambient  temperature  (20°C).  The  precipitate  obtained  is 
then  washed  3  times  with  n-hexane  to  give  the  solid  catalyst  (A)  ready  for  use.  Analysis  of  the  catalyst  (A) 
obtained  shows  that  it  contains  per  gram  atom  of  total  titanium; 

0.9  gram  atom  of  trivalent  titanium, 
0.1  gram  atom  of  tetravalent  titanium, 

60  3.7  gram  atoms  of  magnesium  and 
7.7  gram  atoms  of  chlorine 

and  that  the  composition  of  the  catalyst  (A)  corresponds  to  the  general  formula: 

65  Mg3.3  Ti  (OC3H7)2  (C4H9)0.7CI7.7 

6 



P  U  1D4  £\X>  B l  

Preparation  of  the  prepolymer 
Into  a  5-litre  stainless  steel  reactor,  provided  with  a  stirrer  system  rotating  at  750  revolutions  per 

minute,  there  are  introduced  under  nitrogen  3  litres  of  n-hexane  which  is  heated  to  70°C,  25  millilitres  of  a 
molar  solution  of  tri-n-octyl  aluminium  (TnOA)  in  n-hexane  and  a  quantity  of  catalyst  (A)  prepared  before 
hand  containing  12.5  milligram  atoms  of  titanium.  The  reactor  is  then  closed  and  there  are  introduced 

hydrogen  up  to  a  pressure  of  0.05  MPa  and  ethylene  at  a  throughput  of  160  g/hr  for  3  hours.  The 

prepolymer  obtained  (B)  is  then  dried  in  a  rotating  evaporator  under  vacuum  and  preserved  under 

nitrogen.  It  contains  0.026  milligram  atoms  of  titanium  per  gram. 

'  Copolymerisation 
Into  a  fluidised  bed  reactor  with  a  diameter  of  90  cm,  operating  with  a  rising  gas  mixture  propelled  at  a 

speed  of  45  cm/sec  and  under  partial  pressures  (pp)  of: 

p  hydrogen:  u.Ubi  wira, 
p  ethylene:  0.46  MPa, 
p  1-butene:  0.1.1  MPa, 
p  4-methyl-1-pentene:  0.028  MPa  and 
p  nitrogen:  0.96  MPa, 

at  a  temperature  of  80°C,  there  are  mtroaucea  jou  Kg  ot  an  annywuus  yuiycmyiouc  Hv,»»u=.  u»  ~..-.a~ 
0  powder,  then  in  sequence  96  g  of  prepolymer  (B)  every  5  minutes.  By  sequenced  withdrawal  90  1  kg  per 

hour  of  a  copolymer  powder  collected,  whilst  maintaining  constant  the  height  of  the  fluidised  bed.  After  12 
hours  of  copolymerisation  under  these  conditions,  the  charge  powder  is  practically  completely  eliminated 
and  a  copolymer  powder  (C)  is  obtained  having  the  following  characteristics: 

density  of  the  copolymer:  0.918; 
5  content  of  units  derived  from  the  comonomer  (b)  (1-butene);  5.5%  by  weight; 

content  of  units  derived  from  comonomer  (c)  (4-methyl-1-pentene):  2.5%  by  weight; 
melt  index  (Ml216):  1.0  g/10  minutes; 
titanium  content:  3.3x10~4  milligram  atoms  of  titanium  per  gram; 

•  bulk  density:  0.37  g/cm3; 
■o  ethylenic  unsaturation  level:  0.15  ethylenic  double  bond  per  1000  carbon  atoms; 

melting  point:  123°C; 
fusion  enthalpy  (Delta  Hf):  100  J/g; 
long  branching  level  (g*):  0.93; 
molecular  weight  distribution  (Mw/Mn):  4.0; 

is  content  of  copolymers  soluble  in  n-hexane  at  50°C:  1.7%  by  weight; 
The  values  of  these  characteristics  are  summarized  in  Table  1. 
On  an  RCB  granulator®,  granulates  are  prepared  from  the  copolymer  powder  (C)  by  mixing: 
98.8%  by  weight  of  this  polymer, 
0.1%  by  weight  of  calcium  stearate,  ,n-je»® 

to  0.02%  by  weight  of  a  phenolic  compound  sold  by  Ciba-Geigy  under  the  trade  name  Irganox  1076  u, 

0.08%  by  weight  of  an  organopnospnorus  compounu  s>oiu  uy  _ 
Ciba-Geigy  under  the  trade  name  "Irgafos  168"®.  These  pellets  are  then  converted  into  a  film  with  a 

:hickness  of  35  urn  by  means  of  a  "Semivex  ESY  45"  extruder  under  the  following  conditions: 

The  mechanical  and  optical  properties  ot  xnese  mms  are  ueiemimeu  uy  uicaouiiuy  u.c  ^a,»,y 
perforation  strengths  of  the  said  films,  and  also  their  transparency  and  gloss.  Results  of  these 
measurements  are  given  in  Table  2. 

Example  2 
Copolymerisation  . .  

This  is  identical  to  that  of  Example  1,  except  for  the  fact  that  instead  of  using  a  gas  mixture  containing 
0.051  MPa  of  hydrogen,  0.46  MPa  of  ethylene,  0.1  1  MPa  of  1-butene,  0.028  MPa  of  4-methyl-1-pentene  and 
0.96  MPa  of  nitrogen,  a  gas  mixture  is  used  the  various  ingredients  of  which  have  the  following  partial 
pressures  (pp): 

and 

t5 —  air  gap  on  the  die:  <£.u  mm; 
—  swelling  index:  2; 
—  temperature:  225°C; 
—  throughput:  15  kg/hr 

50 

PP 
PP 
PP 
PP 
PP 

hydrogen:  u.usa  ivira, 
ethylene:  0.50  MPa, 
1-butene:  0.096  MPa, 

65 
4-methyl-1-pentene:  u.uso  ivira  ana 
nitrogen:  0.90  MPa. 

/ 
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After  12  hours  of  copolymerisation,  a  copolymer  powder  (D)  is  obtained  the  characteristics  of  which  are 
given  in  Table  1. 

This  copolymer  powder  is  converted  into  pellets,  then  into  films,  under  conditions  identical  to  those  of 
Example  1,  except  for  the  fact  that  instead  of  using  the  powder  of  copolymer  (C),  the  powder  of  copolymer 
(D)  is  employed.  The  films  thus  obtained  have  very  good  mechanical  and  optical  properties,  as  is  shown  by 
the  results  of  the  measurements,  given  in  Table  2. 

Example  3  (comparative) 
Copolymerisation 

This  is  identical  to  that  of  Example  1,  except  for  the  fact  that  instead  of  using  a  gas  mixture  containing 
0.051  MPa  of  hydrogen,  0.46  MPa  of  ethylene,  0.11  MPa  of  1-butene,  0.028  MPa  of  4-methyl-1-pentene  and 
0.96  MPa  of  nitrogen,  a  gas  mixture  is  used  the  various  ingredients  of  which  have  the  following  pressures 
(PP). 

pp  hydrogen:  0.08  MPa, 
pp  ethylene:  0.46  MPa 
pp  1-butene:  0.16  MPa 
pp  nitrogen:  0.90  MPa. 

After  12  hours  of  copolymerisation,  a  copolymer  powder  (E)  is  obtained  the  characteristics  of  which  are 
given  in  Table  1.  An  examination  of  this  Table  shows  in  particular  that,  compared  to  copolymers  (C)  and  (D) 
containing  ethylene,  1-butene  and  4-methyl-1-pentene,  copolymer  (E)  which  contains  similar  total 
quantities  of  ethylene  and  1-butene,  exhibit  mechanical  and  optical  properties  substantially  lower  than 
those  of  the  films  obtained  from  the  powders  of  copolymers  (C)  and  (D),  as  is  shown  by  the  results  of 
measurements  given  in  Table  2. 

This  copolymer  powder  is  converted  into  pellets,  then  into  films,  under  conditions  identical  to  those  of 
Example  1  ,  except  for  the  fact  that  instead  using  the  powder  of  copolymer  (C),  the  powder  of  copolymer  (E) 
is  employed.  The  films  thus  obtained  have  considerably  poorer  mechanical  and  optical  properties  than 
those  of  the  films  obtained  from  the  powders  of  copolymers  (C)  and  (D),  as  is  shown  by  the  results  of 
measurements  given  in  Table  2. 

Example  4  (comparative) 
Copolymerisation 

This  is  identical  to  that  of  Example  1,,  except  for  the  fact  that  instead  of  using  a  gas  mixture  containing 
0.051  MPa  of  hydrogen,  0.46  MPa  of  ethylene,  0.11  MPa  of  1-butene,  0.028  MPa  of  4-methyl-1  -pentene  and 
0.96  MPa  of  nitrogen,  a  gas  mixture  is  employed  the  various  ingredients  of  which  have  the  following  partial 
pressures  (pp): 

pp  hydrogen:  0.11  MPa, 
pp  ethylene:  0.338  MPa 
pp  4-methyl-1  -pentene:  0.074  MPa,  and 
pp  nitrogen:  1.078  MPa. 

After  12  hours  of  copolymerisation,  a  copolymer  powder  (F)  is  obtained  consisting  of  relatively  sticky 
particles  which  are  difficult  to  handle.  The  characteristics  of  this  powder  are  given  in  Table  1.  An 
examination  of  this  table  shows  in  particular  that  as  compared  with  copolymers  (C)  and  (D)  of  ethylene, 
1-butene  and  4-methyl-1  -pentene,  the  copolymer  (F)  of  ethylene  and  4-methyl-1  -pentene  has  for  an 
equivalent  density,  a  substantially  higher  content  by  weight  of  comonomer,  and  also  a  distinctly  larger 
content  of  copolymers  soluble  in  n-hexane  at  50°C. 

This  copolymer  powder  is  converted  into  pellets,  then  into  films  under  conditions  identical  to  those  of 
Example  1  ,  except  for  the  fact  that  instead  of  using  the  powder  of  copolymer  (C),  the  powder  of  copolymers 
(F)  is  employed.  The  films  thus  obtained  have  mechanical  properties  slightly  inferior  to  those  of  the  films 
obtained  from  the  powder  of  copolymers  (C)  and  (D),  as  is  shown  by  the  results  of  the  measurements  given 
in  Table  2. 

Example  5  (comparative) 
Copolymerisation 

This  is  identical  to  that  of  Example  1  ,  except  for  the  fact  that  instead  of  using  a  gas  mixture  containing 
0.051  MPa  of  hydrogen,  0.46  MPa  of  ethylene,  0.1  1  MPa  of  1-butene,  0.028  MPa  of  4-methyl-1  -pentene  and 
0.96  MPa  of  nitrogen,  a  gas  mixture  is  employed  the  various  ingredients  of  which  have  the  following  partial 
pressures  (pp): 

pp  hydrogen:  0.04  MPa, 
pp  ethylene:  0.45  MPa, 
pp  1-butene:  0.07  MPa, 
pp  4-methyl-1  -pentene:  0.08  MPa,  and 
pp  nitrogen:  0.96  MPa. 

8 '  
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After  12  hours  of  copolymerisation  a  copolymer  powder  (Ca)  is  obtained,  wnicn  consists  ot  panicies  navmg 
a  relatively  sticky  character  and  which  are  difficult  to  handle.  The  characteristics  of  this  powder  are  given  in 
Table  1.  This  Table  shows,  in  particular,  that  compared  to  copolymers  (C)  and  (D),  copolymer  (G)  has  a 
content  in  4-methyl-1  -pentene  substantially  higher  than  its  content  in  1-butene.  The  fraction  of  copolymer 

f  (G)  which  is  soluble  in  n-hexane  at  50°C  is  also  substantially  higher  than  for  copolymers  (C)  and  (D). 
This  copolymer  powder  is  converted  into  pellets,  then  into  films,  under  conditions  identical  to  those  for  _ 

Example  1,  except  for  the  fact  that  instead  of  using  the  copolymer  (C),  copolymer  powder  (G)  is  employed. 
The  films  thus  obtained  have  mechanical  and  optical  properties,  which  are  not  as  good  as  those  measured 
on  the  films  obtained  from  the  powders  of  copolymers  (C)  and  (D),  as  is  shown  in  Table  2. 

o 
Example  6 
Copolymerisation 

This  is  identical  to  that  of  Example  1,  except  for  the  fact  that  instead  of  using  a  gas  mixture  containing 
0.051  MPa  of  hydrogen,  0.46  MPa  of  ethylene,  0.1  1  MPa  of  1-butene,  0.028  MPa  of  4-methyl-1  -pentene  and 

5  0.96  MPa  of  nitrogen,  a  gas  mixture  is  employed  the  various  ingredients  of  which  have  the  following  partial 
pressures  (pp): 

pp  hydrogen:  0.045  MPa, 
pp  ethylene:  0.465  MPa, 

20  pp  1-butene:  0.12  MPa, 
pp  4-methyl-1  -pentene:  0.07  MPa,  and 
pp  nitrogen:  0.90  MPa. 

After  12  hours  of  copolymerisation,  a  copolymer  powder  (H)  is  obtained  tne  cnaractenstics  ot  wnicn  are 
25  given  in  Table  3.  This  copolymer,  despite  a  comparatively  low  density,  occurs  in  the  form  of  a  powder 

consisting  of  non-sticky  particles,  having  a  low  content  of  copolymers  soluble  in  n-hexane  at  50°C. 
This  copolymer  powder  is  converted  into  pellets,  then  into  film  under  conditions  identical  to  those  of 

Example  1  ,  except  for  the  fact  that  instead  of  using  the  copolymer  powder  (C),  the  copolymer  powder  (H)  is 
utilised.  The  films  thus  obtained  have  excellent  mechanical  and  optical  properties  as  is  shown  by  the 

jo  results  of  the  measurements  given  in  Table  4. 

Example  7 
Copolymerisation 

This  is  identical  to  that  of  Example  1,  except  for  the  fact  that  instead  of  using  a  gas  mixture  containing 
35  0.051  MPa  of  hydrogen,  0.46  MPa  of  ethylene,  0.1  1  MPa  of  1-butene,  0.028  MPa  of  4-methy  1-1  -pentene  and 

0.96  MPa  of  nitrogen,  a  gas  mixture  is  employed  the  various  ingredients  of  which  have  the  following  partial 
pressures  (pp): 

Dp  hydrogen:  0.09  MPa, 
Dp  ethylene:  0.44  MPa, 
pp  1-butene:  0.013  MPa, 
pp  4-methyl-1  -pentene:  0.04  MPa,  and 
pp  nitrogen:  0.90  MPa. 

45  After  12  hours  of  copolymerisation  a  copolymer  powder  (l)  is  obtained,  tne  cnaractenstics  ot  wnicn  are 
given  in  Table  3.  An  examination  of  this  Table  shows  in  particular  that  the  copolymer  (I)  has  a  particularly 
low  density,  despite  a  fairly  low  content  by  weight  of  comonomers. 

This  comonomer  powder  is  converted  into  pellets,  then  into  films,  under  conditions  identical  to  those 
of  Example  1  ,  except  for  the  fact  that  instead  of  using  the  copolymer  (C)  copolymer  powder  (I)  is  employed. 

50  The  films  thus  obtained  have  particularly  remarkable  mechanical  and  optical  properties,  bearing  in  mind 
the  low  density  of  the  copolymer,  as  shown  by  the  results  of  the  measurements  given  in  Table  4. 

Example  8 
S5  Copolymerisation 

This  is  identical  to  that  of  Example  1,  except  for  the  fact  that  instead  of  using  a  gas  mixture  containing 
0.051  MPa  of  hydrogen,  0.46  MPa  of  ethylene,  0.1  1  MPa  of  1-butene,  0.028  MPa  of  4-methyl-1  -pentene  and 
0.96  MPa  of  nitrogen,  a  gas  mixture  is  employed  the  various  ingredients  of  which  have  the  following  partial 
pressures  (pp): 

60 
pp  hydrogen:  0.06  MPa 
pp  ethylene:  0.49  MPa 
pp  1-butene:  0.08  MPa 
pp  4-methyl-1-pentene:  0.05  MPa  and, 

65  pp  nitrogen:  0.92  MPa. 

PP 
PP 
PP 
PP 

9 
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After  12  hours  of  copolymerisation,  a  copolymer  powder  (J)  is  obtained  the  characteristics  of  which  are 
given  in  Table  3. 

This  copolymer  powder  is  converted  into  pellets,  then  into  films,  under  conditions  identical  to  those  of 
Example  1,  except  for  the  fact  that  instead  of  using  copolymer  powder  (C),  copolymer  powder  (J)  is 

5  employed.  The  films  thus  obtained  have  good  mechanical  and  optical  properties,  as  is  shown  by  the  results 
of  the  measurements  given  in  Table  4. 

Example  9  (comparative) 
Copolymerisation 

10  This  is  identical  to  that  of  Example  1  ,  except  for  the  fact  that  instead  of  using  a  gas  mixture  containing 
0.051  MPa  of  hydrogen,  0.46  MPa  of  ethylene,  0.1  1  MPa  of  1-butene,  0.028  MPa  of  4-methyl-1  -pentene  and 
0.96  of  nitrogen,  a  gas  mixture  is  employed  the  various  ingredients  of  which  have  the  following  partial 
pressures  (pp): 

is  pp  hydrogen:  0.10  MPa 
pp  ethylene:  0.45  MPa 
pp  1-butene:  0.14  MPa 
pp  nitrogen:  0.91  MPa 

20  After  12  hours  of  copolymerisation  a  copolymer  powder  (K)  is  obtained,  the  characteristics  of  which  are 
given  in  Table  3.  An  example  of  this  Table  shows  in  particular  that,  as  compared  with  copolymer  (J)  of 
ethylene,  1-butene  and  4-methyl-1  -pentene,  copolymer  (K)  of  ethylene  and  1-butene  has,  for  a  similar 
content  by  weight  of  comonomer,  an  identical  density. 

This  copolymer  powder  is  converted  into  pellets,  then  into  films,  under  conditions  identical  to  those  of 
25  Example  1,  except  for  the  fact  that  instead  of  using  copolymer  powder  (C),  copolymer  powder  (K)  is 

employed.  The  films  thus  obtained  have  relatively  lower  mechanical  and  optical  properties  than  those  of 
the  films  obtained  from  copolymer  powder  (K),  as  is  shown  by  the  results  of  the  measurements  given  in 
Table  4. 

30  Measurement  of  the  molecular  weight  distribution 
The  molecular  weight  distribution  of  the  copolymer  is  calculated  according  to  the  ratio  of  the  weight 

average  molecular  weight,  Mw,  to  the  number  average  molecular  weight,  Mn,  of  the  copolymer,  from  a 
distribution  curve  for  the  molecular  weights  obtained  by  means  of  a  gel  permeation  chromatograph  of  the 
"DuPonf'Type  860  make  (high  temperature  size  exclusion  chromatograph),  provided  with  a  pump  of  "Du 

35  Pont"  type  870,  the  operating  conditions  being  as  follows: 
—  solvent:  trichloro-1  ,2,4-benzene 
—  throughput  of  solvent:  0.8  ml/minute 
—  three  columns  of  the  Du  Pont  type  with  a  "Zorbax"  packing,  the  particle  of  which  having  a  of  size  6 

urn  and  a  porosity  of  6  nm  (60A),  100  nm  (1000A)  and  400  nm  (4000A)  respectively 
40  —temperature:  150°C 

—  concentration  of  sample:  0.15%  by  weight 
—  injection  volume:  300  ml 
—  detection  by  infrared,  at  a  wave  length  of  3.425  urn,  by  means  of  a  cell  1  mm  thick 
—  standardisation  by  means  of  a  high  density  polyethylene  sold  by  BP  Chimie  SA  under  the  trade  name 

43  "Natene  6055"(R):  Mw=70  000  and  Mw:Mn=3.8 

Method  for  determining  the  level  of  long  branching,  g* 
In  the  formula  g*=(n)/(n)v  the  intrinsic  viscosity  (n.)  of  the  copolymer  is  measured  in  trichlorobenzene 

at  135°C.  For  its  part  the  intrinsic  viscosity  (nJi  of  the  linear  polyethylene  having  the  same  weight  average 
50  molecular  weight,  Mw,  as  the  said  copolymer,  is  calculated  according  to  the  following  Mark-Houwink 

equation:  (n,)i  equals  6.02x10_4x(Mw)0,69;  the  weight  average  molecular  weight,  Mw  of  the  copolymer  is 
determined  by  gel  permeation  chromatography,  the  fractionation  columns  being  standardised  by  means  of 
linear  polyethylene. 

55  Measurement  of  the  melt  indices  (Ml2.16)  and  (Ml21.6). 
The  melt  index  (Ml2.16)  is  measured  under  a  load  of  2.16  kg  at  190°C  by  the  ASTM  D-1238  method 

condition  (E). 
The  melt  index  (Ml21.6)  is  measured  under  a  load  of  21.6  kg  at  190°C,  by  the  ASTM  D-1238  method, 

condition  F. 
60 

Measurement  of  the  liquid  oligomer  content 
The  liquid  oligomer  content  is  the  percentage  of  the  weight  of  the  fraction  of  the  copolymers  which  is 

dissolved  in  ethyl  ether  at  20°C  after  24  hours.  The  lower  limit  of  the  measurement  is  of  0.05%  by  weight. 
The  nature  of  the  liquid  oligomers  is  determined  by  gas  chromatography;  they  generally  correspond  to 

55  hydrocarbons  comprising  less  than  25  carbon  atoms. 

10 
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Measurement  of  the  content  of  copolymers  soluble  in  n-nexane  at  ou  u 
This  measurement  corresponds  to  the  method  used  for  FDA  standards  in  the  case  of  polyethylene 

films  for  food  stuff  packaging.  According  to  this  method,  a  sample  of  a  film  having  a  thickness  of  100  urn 
and  the  shape  of  a  square  of  25x25  mm  is  dipped  in  300  ml  of  n-hexane  at  50°C  and  maintained  under 

5  agitation  during  2  hours.  The  film  is  then  dried  and  weighed.  The  content  of  copolymers  soluble  is 
expressed  according  to  the  difference  in  the  weights  of  the  film  before  and  after  the  treatment. 

Measurement  of  the  content  of  copolymers  soluble  in  boiling  n-hexane 
This  measurement  is  made  in  the  same  manner  as  for  measuring  the  content  of  copolymers  soluble  in 

10  n-hexane  at  50°C,  except  for  the  n-hexane  is  maintained  at  its  boiling  temperature. 

Measurement  of  the  content  of  copolymers  soluble  in  boiling  n-heptane 
This  measurement  is  made  in  the  same  manner  as  for  measuring  the  content  of  copolymers  soluble  in 

boiling  n-hexane,  except  that  n-heptane  is  used  instead  of  n-hexane. 
15 

Measurements  on  film 
—tearing  strengths  (in  machine  direction  and  transverse  direction)  measured  according  to  standard 

ASTM  D-1922; 
—perforation  strength,  measured  according  to  standard  ASTM  D-781; 

20  —perforation  strength  ("Dart  test")  measured  according  to  standard  ASTM  D-1709; 
—Transparency  (or  "Haze")  measured  according  to  standard  ASTM  D-1003; 
—brilliancy  ("Gloss")  measured  according  to  standard  ASTM  D-2457. 

25 

30 

35 

40 

45 

50 

55 

60 

65 
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TABLE 

3  4  5 
(compara-  (compara-  (compara- 

5  Example  1  2  tive)  tive)  tive) 

Density  (at  20°C)  0.918  0.918  0.919  0.918  0.918 

Content  (%  by 
10  weight  of  units  (b)  5.5  4.0  7.8  —  3 

derived  from  the 
comonomers  (c)  2.5  3.8  —  11.0  6.9 

Ml2.16  (g/10  mins)  1.0  0.9  1.0  1.0  1 
/5  —  

Content  of  titanium  3.3x10~4  3.3x10"4  3.8x10~4  4.2x10"4  4.2x10~4 
(mg.  at.  Ti/g) 

Bulk  density  (g/cm3)  0.37  0.36  0.37  0.31  0.32 
20 

Level  of  ethylenic 
unsaturation/1000  0.15  0.17  0.14  0.18  0.17 
carbon  atoms 

25  Melting  point  (°C)  123  123  123  124  124 

Fusion  enthalpy,  100  93.3  96.3  103  101 
delta  Hf  (J/g) 

30  Long  branching  0.93  0.95  0.96  0.91  0.92 
level,  g* 

Mw/Mn  4.0  4.0  4.4  4.3  3.0 

35  Flow  parameter,  n  25  28  34  32  33 

Content  of  copolymers 
soluble  in  n-hexane  1.7  1.8  1.5  4.5  4.4 
at  50°C  (%  by  weight) 

40  |  1  : 
Soluble  b,  9  7.9  17.0  —  6.2 
in  boiling 

Weight  n-hexane  C,  8.4  8.9  —  27.0  19.0 
content  (%) 

45  of  units  Soluble  in  b2  7.2  7.2  10.9  —  4.8 
derived  from  boiling 
comonomers  (b)  n-heptane  c2  5.5  5.8  —  21.0  12.0 
and  (c),  in 
the  fractions  Insoluble  b3  3.7  3.6  3.9  —  2.5 

50  which  are:  in  boiling 
n-heptane  c3  2.0  3.4  —  5.6  4.3 

Total  B^,—  b2  5.3  4.3  13.1  —  3.7 
difference  C=c,—c3  6.4  5.5  —  21.4  14.7 

55  in  monomer 
content  B+C  11.7  9.8  13.1  21.4  18.4 

60- 

12 
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TABLE  2 

3  4  5 
compara-  (compara-  (compara- 

Example  1  2  tive)  tive)  tive) 

Copolymer  C  D  E  F  G 

Density  (at  20°C)  0.918  0.918  0.919  0.918  0.918 

Content  (%  by 
weight  of  units  (b)  5.5  4.0  7.8  —  J 
derived  from  ■  „  „  ^ he  comonomers  (c)  2.5  3.8  -   11.0  6.9 

Machine 
fearing  strength  direction  3.43  3.72  1.27  2.45  2.07 
according  to 
standard  ASTM  Transverse 
D  1922  (N)  direction  4.90  6.47  3.92  >10  10 

Perforation  strength 
according  to  standard  21  20  14  16  15 
ASTM  D  781  (dJ) 

Perforation  strength 
according  to  1-52  1.42  1.07  1.37  1.25 
standard  ASTM  D  1709 
("Dart  Test")  (N) 

Haze  17  14  16  17  17 
Optical  properties  - 

Gloss  47  46  40  45  43 

IS 

to 

t5 

50 

55 

60 

lo 
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TABLE  3 

9 
(compara- 

5  Example  6  7  8  tive) 

Density  (at  20°C)  0.914  0.915  0.922  0.922 

Content  (%  by  weight  (b)  4.8  6.5  3.3  6.8 
10  of  units  derived  from 

the  comonomers  (c)  6.2  3.5  3.6  — 

Ml2  .  16  (g/10  mins)  1.7  0.8  1.0  0.9 

w  Content  of  titanium  (mg.  at.  Ti/g)  3.0x10-4  3.5x10~4  3.3x10~4  3.7X10"4 

Bulk  density  (g/cm3)  0.32  0.33  0.38  0.37 

Level  of  ethylenic  unsatura-  0.16  0.15  0.17  0.15 
20  tion/1000  carbon  atoms 

Melting  point  (°C)  123  123  123  124 

Fusion  enthalpy,  delta  Hf  (J/g)  90.4  94.2  103.0  109.7 
25 

Long  branching  level,  g*  0.92  0.95  0.94  0.96 

Mw/Mn  5.0  4.7  4.1  4.4 

30  Flow  parameter,  n  35  34  28  32 

Content  of  copolymers  soluble  in  2.5  2.4  1.4  1.2 
n-hexane  at  50°C  (%  by  weight) 

35  Weight  Soluble  b,  8.4  10.3  8.1  15.2 
content  (%)  in  boiling 
of  units  n-hexane  a,  13.1  8.1  8.8  — 
derived  from 
comonomers  (b)  Soluble  in  b2  7.4  8.4  6.0  10.1 

40  and  (c),  in  boiling 
the  fractions  n-heptane  c2  8.1  5.3  5.5  — 
which  are: 

Insoluble  b3  3.9  3.8  2.9  3.2 
in  boiling 

45  n-heptane  c3  3.8  3.3  3.3  — 

Total  B=b1—  b2  4.5  6.5  5.2  12.0 
difference  C=c,  —  c3  9.4  4.8  5.5  — 
in  monomer 

50  content  B+C  13.9  11.3  10.7  12.0 

55 

60 

14 



;P  0  164  z i b   b i  

ABLt  4 

9 
(compara- 

•  Example  6  7  8  tive) 

Copolymer  H  1  J  K 

Density  (at  20°C)  0.914  0.915  0.922  0.922 

°  
Content  (%  by  weight)  (b)  4.8  6.5  3.3  6.8 
of  units  derived 
from  the  comonomers  (c)  6.2  3.5  3.6 

5  Machine 
Tearing  strength  direction  >5  4.90  1.56  0.88 
according  to  standard 
ASTM  D  1922  (N)  Transverse 

direction  >5  7.15  5.39  3.92 

0 
Perforation  strength  according 
to  standard  ASTM  D  781  (dJ)  24  23  15  n  

Perforation  strength  according 
5  to  standard  ASTM  D  1709  2.05  2.01  1.17  0.58 

("Dart  Test")  (N) 

Haze  13  16  19  20 
Optical  properties 

o  Gloss  50  47  42  40 

Claims 

!5  1.  A  gas  fluidised  bed  process  for  the  production  of  copolymers  having  a  density  comprised  between 
0.900  and  0.935,  the  process  being  characterised  in  that  it  comprises  a  copolymerisation  of  (a)  ethylene,  (b) 
propylene  and/or  1-butene,  and  (c)  alpha  olefins  comprising  comprising  5  to  8  carbon  atoms  in  the  gaseous 
state  in  admixture  with  an  inert  gas  and  optionally  hydrogen,  the  gas  mixture  circulating  from  bottom  to 
top  through  the  fluidised  bed  of  the  copolymer  in  course  of  formation,  the  copolymerisation  being  effected 

to  at  a  temperature  comprised  between  50°C  and  100°C  in  the  presence  of  a  catalyst  system  comprising: 
—a  cocatalyst  consisting  of  at  least  one  organometallic  compound  of  a  metal  of  Groups  II  and  III  of  the 

Periodic  Table  of  Elements,  and 
—a  solid  catalyst  of  the  general  formula 

t5  Mgm  Men  Ti  (OR,),,  (R2)q  Xr  Ds 

in  such  proportions  that  the  atomic  ratio  of  the  quantity  of  the  said  metal  of  groups  II  and  III  in  the  cocatalyst 
to  the  quantity  of  titanium  in  the  catalyst  is  between  0.5  and  100  and  in  which  solid  catalyst  Me  is  an 
aluminium  and/or  zinc  atom,  R-,  is  an  alkyl  group  comprising  2  to  8  carbon  atoms,  R2  is  an  alkyl  group 

50  comprising  2  to  12  carbon  atoms,  X  is  a  chlorine  or  bromine  atom,  D  is  an  electron  donor  compound,  the 
titanium  being  in  a  valency  state  less  than  the  maximum,  where 

m  is  comprised  between  1  and  8, 
n  is  comprised  between  0  and  1, 
p  is  comprised  between  0  and  2, 

S5  q  is  comprised  between  0.01  and  1, 
r  is  comprised  between  2  and  22  and 
s  is  less  than  0.2, 

the  partial  pressures  (pp)  of  the  various  ingredients  of  the  gas  mixture  being  such  that: 

60 
0.05=Spp  comonomer  (b):  pp  ethylenes£0.4 
0.05s=pp  comonomer  (c):  pp  ethylene<0.177 
0=£pp  hydrogen:  pp  ethylene  =S0.5 
0.2=spp  inert  gas:  total  pressure  =£0.8,  and 

65  0.01  MPa=£pp  comonomer  (c)=s0.1  MPa 

ID 
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comonomer  (b)  being  propylene  or  1-butene  or  a  mixture  of  these  two  olefins,  comonomer  (c)  being  an 
alpha-olefin  comprising  5  to  8  carbon  atoms  or  a  mixture  of  these  alpha  olefins. 

2.  Process  in  accordance  with  claim  1,  characterised  in  that  the  solid  catalyst  is  obtained  by  reacting  at 
between  -20°C  and  150°C  magnesium  metal  with  an  alkyl  halide  R2X  and  one  or  more  tetravalent  titanium 

5  compounds  having  the  formula  TiX4_,  (OR,),  wherein  t  is  an  integer  or  a  fraction  from  0  to  3  and  R,  and  R2 
have  the  same  meaning  as  defined  in  Claim  1. 

3.  Process  in  accordance  with  claim  1,  characterised  in  that  the  electron  donor  compound  D  is  an 
organic  compound  comprising  at  least  1  atom  of  oxygen,  sulphur,  nitrogen  or  phosphorus. 

4.  Process  in  accordance  with  claim  1,  characterised  in  that  before  performing  the  said 
10  copolymerisation,  the  catalyst  system  is  subjected  to  prepolymerisation  during  which  the  catalyst  and 

cocatalyst  are  brought  into  contact  with  ethylene,  optionally  in  admixture  with  propylene  and/or  1-butene 
and/or  an  alpha  olefin  containing  from  5  to  8  carbon  atoms,  so  as  to  obtain  from  0.1  to  300  g  of  polymer  or 
copolymer  per  milligramme  atom  of  titanium. 

5.  Process  in  accordance  with  claim  4,  characterised  in  that  the  commencement  of  prepolymerisation  is 
15  carried  out  in  suspension  in  a  liquid  hydrocarbon  medium. 

6.  Process  in  accordance  with  claim  4,  characterised  in  that  the  prepolymerisation  is  carried  out  in  two 
stages,  the  first  stage  being  performed  in  suspension  in  a  liquid  hydrocarbon  medium,  so  as  to  obtain  from 
0.1  to  10  g  of  polymer  or  copolymer  per  milligramme  atom  of  titanium,  the  second  stage  being  performed 
either  in  suspension  in  a  liquid  hydrocarbon  medium  or  in  the  gas  phase. 

20  7.  Process  in  accordance  with  claim  4,  characterised  in  that  the  conditions  of  copolymerisation  in  a 
fluidised  bed  are  such  that  the  particles  of  prepolymer  of  copolymer  in  course  of  formation  are  maintained 
in  the  fluidised  state  solely  by  the  means  of  gaseous  mixture  circulating  from  bottom  to  top  through  the 
fluidised  bed  at  a  speed  comprised  between  40  and  80  cm/sec. 

8.  A  copolymer  of  ethylene  and  comonomers  (b)  and  (c)  which  can  be  obtained  by  the  process 
25  according  to  claim  1,  comonomer  (b)  being  propylene  or  1-butene  or  a  mixture  of  these  two  olefins, 

comonomer  (c)  being  an  alpha  olefin  comprising  5  to  8  carbon  atoms  or  a  mixture  of  these  alpha  olefins, 
characterised  in  that  it  has: 

(a)  a  density  comprised  between  0.900  and  0.935, 
(b)  a  total  content  of  units  derived  from  comonomers  (b)  and  (c)  comprised  between  4  and  15%  by 

30  weight, 
(c)  contents  of  units  derived  from  comonomers  (b)  and  (c)  such  that  the  ratio  by  weight  of  the  quantity 

of  comonomer  (c)  to  the  quantity  of  comonomer  (b)  is  comprised  between  0.1  and  1.5, 
(d)  a  melt  index  (Ml2.16)  measured  under  2.16  kg  comprised  between  0.1  and  30  g/10  minutes, 
(e)  a  flow  parameter  comprised  between  20  and  40,  calculated  by  the  ratio  of  the  melt  index  (MI21.6) 

35  measured  under  21.6  kg  to  the  melt  index  (Ml2.16)  measured  under  2.16  kg, 
(f)  a  content  of  copolymers  soluble  in  n-hexane  at  50°C  less  than  or  equal  to  2.0%  by  weight,  when  the 

copolymer  has  a  density  equal  to  or  greater  than  0.918, 
(g)  a  total  content  in  comonomers  (b)  and  (c)  present  in  the  fraction  of  the  copolymers  which  is  soluble 

in  boiling  n-hexane  which  does  not  exceed  by  more  than  15%  the  total  content  in  comonomers  (b)  and  (c) 
40  present  in  the  fraction  of  the  copolymer  which  is  insoluble  in  boiling  n-heptane, 

(h)  an  ethylenic  unsaturation  level  of  the  vinyl,  vinylene  and  vinylidene  type  of  less  0.2  ethylenic  double 
bond  per  1000  carbon  atoms, 

(i)  a  single  melting  point  comprised  between  116°  and  128°C,  determined  by  scanning  differential 
calorimetric  analysis  after  stoving  at  200°C,  cooling  at  a  speed  of  16°C  per  minute  and  heating  at  a  speed  of 

45  16°C  per  minute, 
(j)  a  structure  with  a  low  level  of  long  branchings,  such  that  g*3=0.90,  g*=(n,):(n,i),  (n)  being  the  intrinsic 

viscosity  of  the  copolymer  and  (n̂ )  being  the  intrinsic  viscosity  of  a  linear  polyethylene  having  the  same 
weight  average  molecular  weight  as  that  of  the  said  copolymer, 

(k)  a  titanium  content  less  than  5x10-4  milligram  atom  of  titanium  per  gram  of  the  copolymer, 
so  (I)  a  bulk  density  comprised  between  0.30  and  0.45  g/cm3  and 

(m)  an  inorganic  residue  content  less  than  350  ppm. 
9.  A  copolymer  according  to  8,  characterised  in  that  its  molecular  structure,  determined  by  carbon  13 

nuclear  magnetic  resonsance  (NMR)  is  such  that  the  units  derived  from  comonomers  (b)  and  (c)  are 
distributed  along  the  copolymer  chain,  at  least  95%  of  these  units  being  completely  isolated  from  each 

55  other,  separated  by  more  than  one  unit  derived  from  ethylene. 
10.  Application  of  the  copolymer  according  to  claim  8  to  the  production  of  finished  objects  by  injection 

moulding  of  rotational  moulding  techniques,  or  extrusion  forming  or  blowing  extrusion  techniques, 
especially  for  films  of  a  high  mechanical  strength. 

60  Patentanspruche 

1.  Gasphasenwirbelbettverfahren  zur  Herstellung  von  Copolymeren  mit  einer  Dichte  von  0,900  bis 
0,935,  welches  Verfahren  dadurch  gekennzeichnet  ist,  dafS  es  eine  Copolymerisation  von  (a)  Ethylen,  (b) 
Propylen  und/oder  1-Buten  und  von  (c)  alpha-Olefinen  mit  5  bis  8  Kohlenstoffatomen  im  gasformigen 

65  Zustand  in  Vermischung  mit  einem  Inertgas  und  wahlweise  mit  Wasserstoff  umfafJt,  wobei  das 
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Gasgemisch  vom  Boden  bis  zum  oberen  Ende  in  Zuge  der  Bildung  durch  das  Wirbelbett  des  Copolymers 
zirkuliert,  die  Copolymerisation  bei  einer  Temperatur,  die  von  50°C  bis  100°C  umfafct,  in  Gegenwart  eines 
Katalysatorsystems  ausgefuhrt  wird,  welches  Katalysatorsystem  sich  zumsammensetzt  aus: 

—  einem  Cokatalysator  bestehend  aus  mindestens  einer  organometallischen  Verbindung  eines  Metalls 
5  der  Gruppen  II  und  III  des  Periodensystems  der  Elemente,  und 

—  einem  festen  Katalysator  der  allgemeinen  Formel 

Mgm  Men  Ti  (ORJp  (R2)q  Xr  Ds 

>o  in  solchen  Anteilen,  daS  das  Atomverhaltnis  von  der  Menge  des  genannten  Metalls  der  Gruppen  II  und  III 
im  Cokatalysator  zu  der  Menge  Titan  im  Katalysator  von  0,5  bis  100  betragt,  und  in  welchem  festen 
Katalysator  Me  ein  Aluminium-  und/oder  Zinkatom  ist,  R,  fur  eine  Alkylgruppe  mit  2  bis  8  Kohlen- 
stoffatomen  steht,  R2  eine  Alkylgruppe  mit  2  bis  12  Kohlenstoffatomen  bedeutet,  X  ein  Chlor-  oder 
Bromatom  ist,  D  fur  eine  Elektronendonor  -  Verbindung  steht,  sich  das  Titan  in  einem  Valenzzustand 

'5  niedriger  als  dem  Maximum  befindet,  worin 
m  von  1  bis  8  umfafit, 
n  von  0  bis  1  umfafit, 
q  von  0  bis  2  umfafit, 
q  von  0,01  bis  1  umfalSt, 

'.o  r  von  2  bis  22  umfaBt,  und 
s  geringer  als  0,2  ist, 

die  Partialdriicke  (pp)  der  verschiedenen  Bestandteile  des  Gasgemisches  so  sind,  dalS: 

>5  0,05=spp  Comonomer  (b):  pp  Ethylen=s0,4 
0,05=Spp  Comonomer  (c):  pp  Ethylen<0,177 
0«pp  Wasserstoff:  pp  Ethylen=s0,5 
0,3sspp  Inertgas:  Gesamtdruck=S0,8,  und 
0,01  MPa=s  pp  Comonomer  (c)  s=0,1  MPa 

io 
worin  Comonomer  (b)  Propylen  oder  1-Buten  oder  ein  Gemisch  dieser  zwei  define  ist,  Comonomer  (c)  ein 
alpha-Olefin  mit  5  bis  8  Kohlenstoffatomen  oder  ein  Gemisch  dieser  alpha-Olefin  ist. 

2.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dafi  derfeste  Katalysator  durch  Umsetzen  von 
einem  Magnesiummetall  mit  einem  Alkylhalogenid  R2X  und  einer  oder  mehreren  tetravalenten  Titanver- 

15  bindungen  der  Formel  TiX4_,(OR1  )t,  worin  t  eine  ganz  Zahl  oder  ein  Bruchteil  von  0  bis  3  ist,  und  und  R2 
dieselbe  Bedeutung  wie  in  Anspruch  1  besitzen,  bei  -20°C  bis  150°C  erhalten  wird. 

3.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dafc  die  Elektronendonor-Verbindung  D  eine 
organische  Verbindung  mit  mindestens  einem  Atom  Sauerstoff,  Schwefel,  Stickstoff  oder  Phosphor  ist. 

4.  Verfahren  nach  Anspruch  1,  dadurch  gekennzeichnet,  dafi  vor  Ausfuhrung  der  genannten 
io  Copolymerisation  das  Katalysatorsystem  einer  Prapolymerisation  unterworfen  wird,  wahrend  welcher  der 

Katalysator  und  der  Cokatalysator  mit  Ethylen,  wahlweise  vermischt  mit  Propylen  und/oder  1-Buten 
und/oder  einem  alpha-Olefin  mit  5  bis  8  Kohlenstoffatomen,  in  Kontakt  gebracht  werden,  urn  von  0,1  bis 
300  g  Polymer  oder  Copolymer  per  Milligrammatom  Titan  zu  erhalten. 

5.  Verfahren  nach  Anspruch  4,  dadurch  gekennzeichnet,  daB  der  Beginn  der  Prapolymerisation  in 
45  Suspension  in  einem  fliissigen  Kohlenwasserstoffmedium  ausgefuhrt  wird. 

6.  Verfahren  nach  Anspruch  4,  dadurch  gekennzeichnet,  dalS  die  Prapolymerisation  in  zwei  Stufen 
ausgefuhrt  wird,  wobei  die  erste  Stufe  in  Suspension  in  einem  fliissigen  Kohlenwasserstoffmedium 
durchgefuhrt  wird,  urn  von  0,1  bis  10  g  Polymer  oder  Copolymer  der  Milligrammatom  Titan  zu  erhalten,  die 
zweite  Stufe  entweder  in  Suspension  in  einem  flusigen  Kohlenstoffmedium  oder  in  der  Gasphase 

so  ausgefuhrt  wird. 

7.  Verfahren  nach  Anspruch  4,  dadurch  gekennzeichnet,  dalS  die  Bedigungen  der  Copolymerisation  in 
einem  Wirbelbett  so  sind,  dafS  die  Partikel  des  Prapolymers  des  Copolymers  im  Zuge  der  Bildung 
ausschlieKlich  mittels  des  Gasgemisches,  das  vom  Boden  bis  zum  oberen  Ende  durch  das  Wirbelbett  mit 
einer  Geschwindigkeit  von  40  bis  80  cm/sec  zirkuliert,  im  fluidisierten  Zustand  gehalten  werden. 

8.  Copolymer  aus  Ethylen  und  Comonomeren  (b)  und  (c),  welches  durch  das  Verfahren  nach  Anspruch 
1  erhalten  werden  kann,  worin  Comonomer  (b)  Propylen  oder  1-Buten  oder  ein  Gemisch  dieser  zwei 
Olefine  ist,  Comonomer  (c)  ein  alpha-Olefin  mit  5  bis  8  Kohlenstoffen  oder  ein  Gemisch  dieser 
alpha-Olefine  ist,  dadurch  gekennzeichnet,  dafS  es: 

so  (a)  eine  Dichte  von  0,900  bis  0,935, 
(b)  einen  Gesamtgehalt  von  sich  aus  den  Comonomeren  (b)  und  (c)  herleitenden  Einheiten  von  4  bis  1  5 

Gew.-%,   ̂ .  „ (c)  Gehalte  der  sich  aus  den  Comonomeren  (b)  und  (c)  herleitenden  Einheiten  aufweist,  sodals  das 
Gewichtsverhaltnis  der  Menge  an  Comonomer  (c)  zu  der  Menge  an  Comonomer  (b)  von  0,1  bis  1,5  umfafit, 

65  (d)  einen  Schmelzindex  (Ml2,16)  gemessen  unter  2,16  kg,  mit  0,1  bis  30  g/10  Minuten, 

5 
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(e)  einen  Schmelzparameter  von  20  bis  40,  berechnet  durch  das  Verhaltnis  des  Schmelzindex  (Ml21,6), 
gemessen  unter  21,6  kg,  zu  dem  Schmelzindex  (Ml2i16),  gemessen  unter  2,16  kg, 

(f)  einen  Gehalt  an  in  n-Hexan  bei  50°C  loslichen  Copolymeren,  der  geringer  oder  gleich  2,0  Gew.-%  ist, 
wenn  das  Copolymer  eine  Dichte  gleich  oder  grolSer  als  0,918  besitzt, 

5  (g)  einen  Gesamtgehalt  an  Comonomeren  (d)  und  (c),  die  in  der  Fraktion  der  Copolymeren,  die  in 
siedendem  n-Hexan  loslich  ist,  vorliegen,  welcher  den  Gesamtgehalt  an  Comonomeren  (b)  und  (c),  die  in 
der  Fraktion  des  Copolymers,  welches  in  siedendem  n-Heptan  unloslich  ist,  vorliegen,  nicht  urn  mehr  als 
15%  ubersteigt, 

(h)  einen  ethylenischen  Nicht-Sattigungsrad  des  Vinyl-,  Vinylen-  und  Vinylidentyps  von  weniger  als  0,2 
io  ethylenischen  Doppelbindungen  per  1.000  Kohlenstoffatomen, 

(i)  einen  einzigen  Schmelzpunkt  von  116°  bis  128°C,  bestimmt  durch  DSC-Analyse  nach  Erwarmen  auf 
200°C,  Kuhlen  mit  einer  Geschwindigkeit  von  16°C  per  Minute  und  Heizen  mit  einer  Geschwindigkeit  von 
16°C  per  Minute, 

(j)  eine  Struktur  mit  einem  niedrigen  Grad  an  langkettigen  Verzweigungen,  sodafi  g*s=0,90, 
15  g*=(n.):(n.i),  worin  (n)  die  "intrinsic  viscosity"  des  Copolymers  und  (r)i)  die  "intrinsic  viscosity"  eines 

linearen  Polyethylens  mit  demselben  Gewichtsmittel-Molekulargewicht  wie  dem  des  genannten 
Copolymers  sind, 

(k)  einen  Titangehalt  von  weniger  als  5x10~4  Milligrammatom  Titan  per  Gramm  Copolymer, 
(I)  eine  Schiittdichte  von  0,30  bis  0,45  g/cm3  und 

20  (m)  einen  anorganischen  Ruckstandgehalt  von  weniger  als  350  ppm  besitzt. 
9.  Copolymer  nach  Anspruch  8,  dadurch  gekennzeichnet,  dafi  seine  Molekularstruktur,  bestimmt  durch  - 

Kohlenstoff  13  magnetische  Kernresonanz  (NMR),  so  ist,  da(5  die  sich  aus  den  Comonomeren  (b)  und  (c) 
herleitenden  Einheiten  entlang  der  Copolymerkette  verteilt  sind,  wobei  mindestens  95%  dieser  Einheiten 
vollstandig  voneinander  isoliert  sind,  getrennt  durch  mehr  als  eine  sich  aus  Ethylen  herleitenden  Einheit. 

25  10.  Anwendung  des  Copolymers  nach  Anspruch  8  zur  Herstellung  von  Endprodukten  durch  SpritzgulS 
oder  Rotationsformgebungstechniken,  oder  durch  Extrudieren  oder  Blasextrusionstechniken,  besonders 
fur  Filme  mit  einer  hohen  mechanischen  Festigkeit. 

Revendications 
30 

1.  Precede,  en  lit  fluidise  pour  la  production  en  phase  gazeuse  de  copolymeres  ayant  une  densite 
comprise  entre  0,900  et  0,935,  le  procede  etant  caracterise  en  ce  qu'il  comprend  une  copolymerisation  (a) 
de  I'ethylene,  (b)  du  propylene  et/ou  du  1-butene,  et  (c)  d'alpha-olefines  comprenant  de  5  a  18  atomes  de 
carbone  a  I'etat  gazeux,  en  melange  avec  un  gaz  inerte  et  eventuellement  avec  de  I'hydrogene,  le  melange 

35  gazeux  circulant  du  bas  vers  le  haut  a  travers  le  lit  fluidise  du  copolymere  en  cours  de  formation,  la 
copolymerisation  etant  effectuee  a  une  temperature  comprise  entre  50°C  et  100°C  en  presence  d'un 
systeme  catalytique  comprenant: 

—  un  co-catalyseur,  consistant  en  au  moins  un  compose  organo-metallique  derivant  d'un  metal  des 
groupes  II  et  III  du  Tableau  Periodique  des  Elements,  et 

40  —  un  catalyseur  solide  de  formule  generate 

Mgm  Men  Ti  (OR^p  (R2)q  Xr  Ds 

en  des  proportions  telles  que  le  rapport  atomique  de  la  quantite  dudit  metal  des  groupes  II  et  III,  present 
45  dans  le  co-catalyseur,  a  la  quantite  de  titane  present  dans  le  catalyseur  se  situe  entre  0,5  et  100,  catalyseur 

solide  dans  lequel  Me  represente  un  atome  d'aluminium  et/ou  de  zinc,  R,  represente  un  groupe  alkyle 
comprenant  2  a  8  atomes  de  carbone,  R2  represente  un  groupe  alkyle  comprenant  2  a  12  atomes  de 
carbone,  X  est  un  atome  de  chlore  ou  de  brome,  D  est  un  compose  donneur  d'electrons,  le  titane  etant  a  un 
etat  ou  degre  de  valence  inferieur  a  la  valeur  maximale,  et 

50  m  est  compris  entre  1  et  8, 
n  est  compris  entre  0  et  1, 
p  est  compris  entre  0  et  2, 
q  est  compris  entre  0,01  et  1, 
r  est  compris  entre  2  et  22,  et 

55  s  est  inferieur  a  0,2, 

les  pressions  partielies  (pp)  des  divers  ingredients  du  melange  gazeux  etant  telles  que: 

0,05=Spp  de  comonomere  (b):  pp  d'ethylene=SO,4 
60  0,05=spp  de  comonomere  (c):  pp  d'ethylene=£0,177 

0=Spp  d'hydrogene:  pp  d'ethylene=£0,5 
0,2sSpp  de  gaz  inerte:  pression  totale=SO,8  et 
0,01  MPa=S  pp  de  comonomere  (c)  sS0,1  MPa, 

55  le  comonomere  (b)  etant  du  propylene  ou  du  1-butene,  ou  un  melange  de  ces  deux  olefines,  le 
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comonomere  (c)  etant  une  alpha-olefine  comprenant  5  a  8  atomes  de  carbone,  ou  un  melange  oe  ces 
alpha-olefines. 

2.  Procede  selon  la  revendication  1,  caracterise  en  ce  que  le  catalyseur  solide  est  obtenu  par  la  reaction, 
a  une  temperature  comprise  entre  -20°C  et  150°C,  de  magnesium  metal  avec  un  halogenure  d'alkyle  R2X  et 

5  un  ou  plusieurs  composes  du  titan  tetravalent  repondant  a  la  formule  TiX4_,  (OR,),,  dans  laquelle  t  est  un 
nombre  entier  ou  fractionnaire  valant  de  0  a  3,  et  R,  et  R2  ont  le  meme  sens  que  celui  defini  a  la 
revendication  1. 

3.  Procede  selon  la  revendication  1,  caracterise  en  ce  que  le  compose  D,  donneur  d'electrons,  est  un 
compose  organique  comprenant  au  moins  un  atome  d'oxygene,  de  soufre,  d'azote  ou  de  phosphore. 

ro  4.  Procede  selon  la  revendication  1,  caracterise  en  ce  qu'avant  d'effectuer  ladite  copolymerisation,  on 
soumet  le  systeme  catalytique  a  une  pre-polymerisation  au  cours  de  laquelle  on  met  le  catalyseur  et  le 
co-catalyseur  en  contact  avec  de  I'ethylene,  eventuellement  melange  a  du  propylene  et/ou  du  1-butene 
et/ou  a  une  alpha-olefine  contenant  5  a  8  atomes  de  carbone,  de  facon  a  obtenir  de  0,1  a  300  g  de  polymere 
ou  de  copolymere  par  milli-atome  gramme  de  titane. 

15  5.  Procede  selon  la  revendication  4,  caracterise  en  ce  que  Ton  effectue  le  commencement  de  la 
pre-polymerisation  en  operant  en  suspension  dans  un  milieu  hydrocarbone  liquide. 

6.  Procede  selon  la  revendication  4,  caracterise  en  ce  qu'on  effectue  la  prepolymerisation  en  deux 
etapes,  la  premiere  etape  etant  realisee  en  suspension  dans  un  milieu  hydrocarbone  liquide  de  fagon  a 
obtenir  0,1  a  10  g  de  polymere  ou  de  copolymere  par  milli-atome  gramme  de  titane,  la  seconde  etape  etant 

io  effectuee  en  suspension  dans  un  milieu  hydrocarbone  liquide  ou  en  phase  gazeuse. 
7.  Procede  selon  la  revendication  4,  caracterise  en  ce  que  les  conditions  de  copolymerisation  en  lit 

fluidise  sont  telles  que  les  particules  du  pre-polymere  de  copolymers  en  cours  de  formation  sont 
maintenues  a  I'etat  fluidise,  seuelement  a  I'aide  d'un  melange  gazeux  circulant,  a  une  vitesse  comprise 
entre  40  et  80  cm/s,  du  bas  vers  le  haut  en  traversant  le  lit  fluidise. 

25  8.  Copolymere  de  I'ethylene  et  de  comonomeres  (b)  et  (c),  que  I'on  peut  obtenir  par  le  procede  selon  la 
revendication  1,  le  comonomere  (b)  etant  du  propylene  ou  du  1-butene  ou  un  melange  de  ces  deux 
olefines,  le  comonomere  (c)  etant  une  alpha-olefine  comprenant  5  a  8  atomes  de  carbone  ou  un  melange 
de  ces  alpha-olefines,  copolymere  caracterise  en  ce  qu'il  presenter 

(a)  une  densite  comprise  entre  0,900  et  0,935, 
30  (b)  une  teneur  totale  en  des  motifs  derives  des  comonomeres  (b)  et  (c)  comprise  entre  4  et  15%  en 

poids, 
(c)  des  teneurs  en  des  motifs  derives  des  comonomeres  (b)  et  (c)  telles  que  le  rapport  ponderal  de  la 

quantite  du  comonomere  (c)  a  la  quantite  du  comonomere  (b)  est  comprise  entre  0,1  et  1,5, 
(d)  un  indice  de  fluidite  (IF2,16),  mesure  sous  2,16  kg,  compris  entre  0,1  et  30  g/10  min, 

35  (e)  un  parametre  d'ecoulemeht  compris  entre  20  et  40,  calcule  par  le  rapport  entre  I'indice  de  fluidite 
(IF21l6),  mesure  sous  une  charge  de  21,6  kg  et  I'indice  de  fluidite  (IF2,16)  mesure  sous  une  charge  de  2,16  kg, 

(f)  une  teneur  en  des  copolymeres  solubles  dans  le  n-hexane  a  50°C  inferieure  ou  egale  a  2,0%  en 
poids,  quand  le  copolymere  a  une  densite  egale  ou  superieure  a  0,918, 

(g)  une  teneur  totale  en  des  comonomeres  (b)  et  (c)  presents  dans  la  fraction  des  copolymeres  qui  est 
40  soluble  dans  le  n-hexane  bouillant,  qui  n'excede  pas  de  plus  15%  la  teneur  totale  en  les  comonomeres  (b) 

et  (c)  presents  dans  la  fraction  du  copolymere  qui  est  insoluble  dans  le  n-heptane  bouillant, 
(h)  un  niveau  ou  taux  d'insaturation  ethylenique  du  type  vinylique,  vinylene  et  vinylidene,  de  moins  de 

0,2  double  liaison  ethylenique  pour  1000  atomes  de  carbone, 
(i)  un  point  unique  de  fusion,  compris  entre  116°  et  128°C,  qui  I'on  determine  par  analyse 

45  calorimetrique  differentielle,  par  balayage,  apres  etuvage  a  200°C,  refroidissement  a  une  vitesse  de  16°C 
par  minute  et  chauffage  a  une  vitesse  de  16°C  par  minute, 

(j)  une  structure  ayant  un  faible  taux  de  longues  ramifications,  desorte  que  g*>0,90,  g*=(n)  Oli),  (n) 
etant  la  visocite  intrinseque  du  copolymere  et  (n,i)  etant  la  viscosite  intrinseque  d'un  polyethylene  lineaire 
ayant  le  meme  poids  moleculaire  moyen  en  poids  que  celui  dudit  copolymere, 

so  (k)  une  teneur  en  titane  inferieure  a  5x10"4  milli-atome  gramme  de  titane  par  gramme  du  copolymere, 
(I)  une  masse  volumique  apparente  comprise  entre  0,30  et  0,45  g/cm3,  et 
(m)  une  teneur  en  du  residu  mineral  inferieure  a  350  ppm. 
9.  Copolymere  selon  la  revendication  8,  caracterise  en  ce  que  sa  structure  moleculaire,  determinee  par 

resonance  magnetique  nucleaire  (RMN)  du  carbone  13,  est  telle  que  les  motifs  derives  des  comonomeres 
55  (b)  et  (c)  sont  distribues  le  long  de  la  chaine  du  copolymere,  au  moins  95%  de  ces  motifs  etant 

completement  isoles  les  uns  des  autres,  en  etant  separes  par  plus  d'un  motif  derive  de  I'ethylene. 
10.  Application  du  copolymere  selon  la  revendication  8  a  la  production  d'objets  termines  que  I'on 

obtient  par  des  techniques  de  moulage  par  injection  ou  de  moulage  avec  rotation,  ou  par  des  techniques  de 
formage  par  extrusion  ou  d'extrusion-soufflage,  en  particulier  pour  obtenir  des  pellicules  d'une  grande 

60  resistance  mecanique. 
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