
®  CO) )   Eur°Pean  Patent  Office  ®  Publication  number:  0   2 2 4   4 7 9  

Office  europeen  des  brevets  B  1 

g)  EUROPEAN  PATENT  SPECIFICATION 

S>  Int.  CI.4:  C  08  F  2/34,  C  08  r  2 /00,  
C  08  F  10 /00  

g)  PROCESS  FOR  REDUCING  SHEETING  DURING  POLYMERIZATION  OF  ALPHA-OLEFINS. 

®  Date  of  publication  of  application:  ®  Proprietor:  UNION  CARBIDE  CORPORATION 
10.06.87  Bulletin  87/24  39  Old  Ridgebury  Road 

Danbury  Connecticut  0681  7  (US) 

(§)  Publication  of  the  grant  of  the  patent:  _  ̂23.08.89  Bulletin  89/34  QD  Inventor:  FULKS,  Bernard,  Dwane 
113  Warwick  Glen 
Victoria,  TX  77901  (US) 

®  Designated  Contracting  States:  Inventor:  SAWIN,  Stephen,  Paul 
AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE  771  Amsterdam  Road 

Bridgewater,  NJ  08807  (US) 
Inventor:  AIKMAN,  Collin,  Dale 

(3)  References  cited:  1507  Stonehenge  Road 
EP-A-0004645  Charleston,  WV  25314  (US) 
US-A-3  879  368  Inventor:  JENKINS,  John,  Mitchell,  III 

1405  Village  Drive 
Research  Disclosure,  no.  238,  February  1  984  South  Charleston,  WV  25309  (US) 
(Havant,  Hampshire,  GB),  disclosure  no.  23803: 
"Fouling  reduction  in  gas-phase  ~  
polymerization-reactor"  Qy  Representative:  Weinhold,  Peter,  Dr.  et  al 

Patentanwalte  Dr.  V.  Schmied-Kowarzik  Dipl.- 
Ing.  G.  Dannenberg  Dr.  P.  Weinhold  Dr.  D.  Gudel 
Dipl.-lng.  S.  Schubert  Dr.  P.  Barz 
Siegf  riedstrasse  8 
D-8000  Miinchen  40  (DE) 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  ot  the  buropean  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

:uropaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

35)  Date  of  publication  of  patent  specification:  23.08.89 

D  Application  number:  85902902.7 

®  Date  of  filing:  31.05.85 

J)  International  application  number: 
PCT/US85/01006 

®  International  publication  number: 
WO  86/07065  04.12.86  Gazette  86/26 

Courier  Press,  Leamington  Spa,  England. 



EP  0  224  479  B1 

Description 

Conventional  low  density  polyethylene  has  been  historically  polymerized  in  heavy  walled  autoclaves 
or  tubular  reactors  at  pressures  as  high  as  345  MPa  (50,000psi)  and  temperatures  up  to  300°C  or  higher.  The 

5  molecular  structure  of  high  pressure,  low  density  polyethylene  (HP—  LDPE)  is  highly  complex.  The 
permutations  in  the  arrangement  of  their  simple  building  blocks  are  essentially  infinite  HP—  LDPE's  are 
charaterized  by  an  intricate  long  chain  branched  molecular  architecture.  These  long  chain  branches  have  a 
dramatic  effect  on  the  melt  rheology  of  these  resins.  HP—  DLPE's  also  possess  a  spectrum  of  short  chain 
branches,  generally  1  to  6  carbon  atoms  in  length.  These  short  chain  branches  disrupt  crystal  formation 

10  and  depress  resin  density. 
More  recently,  technology  has  been  provided  whereby  low  density  polyethylene  can  be  produced  by 

fluidized  bed  techniques  at  low  pressures  and  temperatures  by  copolymerizing  ethylene  with  various 
alpha-olefins.  These  low  pressure  LDPE  (LP—  LDPE)  resins  generally  possess  little,  if  any,  long  chain 
branching  and  are  sometimes  referred  to  as  linear  LDPE  resins.  They  are  short  chain  branched  with  branch 

15  length  and  frequency  controlled  by  the  type  and  amount  of  comonomer  used  during  polymerization. 
As  is  well  known  to  those  skilled  in  the  art,  low  pressure,  high  or  low  density  polyethylenes  can  now  be 

conventionally  provided  by  a  fluidized  bed  process  utilizing  several  families  of  catalysts  to  produce  a  full 
range  of  low  density  and  high  density  products.  The  appropriate  selection  of  catalysts  to  be  utilized 
depends  in  part  upon  the  type  of  end  product  desired,  i.e.,  high  density,  low  density,  extrusion  grade,  film 

20  grade  resins  and  other  criteria. 
The  various  types  of  catalysts  which  may  be  used  to  produce  polyethylenes  to  fluid  bed  reactors  can 

generally  by  typed  as  follows. 

Type  I.  The  silyl  chromate  catalysts  disclosed  in  U.S.  Patent  No.  3,324,101  to  Baker  and  Carrick  and  U.S. 
25  Patent  No.  3,324,095  to  Carrick,  Karapinka  and  Turbet.  The  silyl  chromate  catalysts  are  characterized  by  the 

presence  therein  of  a  group  of  the  formula: 
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wherein  R  is  a  hydrocarbyl  group  having  from  1  to  14  carbon  atoms.  The  preferred  silyl  chromate  catalysts 
are  the  bis(triarylsilyl)  chromates  and  more  preferably  bis(triphenylsilyl)  chromate. 

The  catalyst  is  used  on  a  support  such  as  silica,  alumina,  thoria,  zirconia  and  the  like,  other  supports 
such  as  carbon  black,  micro-crystalline  cellulose,  the  non-sulfonated  ion  exchange  resins  and  the  like  may 
be  used. 

Type  II.  The  bis(cyclopentadienyl)  chromium  (II)  compounds  disclosed  in  U.S.  Patent  No.  3,879,368.  These 
bis(cyclopentadienyl)  chromium  (II)  compounds  have  the  following  formula: 

Cr  ■ 

(H) 5-n» (H) 5 - n "  

wherein  R'  and  R"  may  be  the  same  or  different  C,  to  C20,  inclusive,  hydrocarbon  radicals,  and  n'  and  n 
may  be  the  same  of  different  integers  to  0  to  5,  inclusive.  The  R'  and  R"  hydrocarbon  radicals  may  be 
saturated  and  unsaturated,  and  can  include  aliphatic,  alicyclic  and  aromatic  radicals  such  as  methyl,  ethyl, 
propyl,  butyl,  pentyl,  cyclopentyl,  cyclohexyl,  allyl,  phenyl,  and  naphthyl  radicals. 

These  catalysts  are  used  on  a  support  as  heretofore  described. 

Type  III.  The  catalysts  as  described  in  U.S.  Patent  No.  4,011,382.  These  catalysts  contain  chromium  and 
titanium  in  the  form  of  oxides  and,  optionally,  fluorine  and  a  support.  The  catalysts  contain,  based  on  the 
combined  weight  of  the  support  and  the  chromium,  titanium  and  fluorine,  about  0.05  to  3.0,  and  preferably 
about  0.2  to  1  .0,  weight  percent  of  chromium  (calculated  as  Cr),  about  1  .5  to  9.0,  and  preferably  about  4.0  to 
7.0,  weight  percent  of  titanium  (calculated  as  Ti),  and  0.0  to  about  2.5,  and  preferably  about  0.1  to  1  .0  weight 
percent  of  fluorine  (calculated  as  F). 

The  chromium  compounds  which  may  be  used  for  the  Type  III  catalysts  include  Cr03,  or  any 
compound  of  chromium  which  is  oxidizable  to  Cr03  under  the  activation  conditions  employed.  At  least  a 
portion  of  the  chromium  in  the  supported,  activated  catalyst  must  be  in  the  hexavalent  state.  Chromium 
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compounds  other  than  Cr03  which  may  be  used  are  aiscioseo  in  u.o.  rcieni  c,0^,ie.,  a..u  w.o. 
3,622,521  and  include  chromic  acetyl  acetonate,  chromic  nitrate,  chromic  acetate,  chromic  chloride, 
chromic  sulfate,  and  ammonium  chromate. 

The  titanium  compounds  which  may  be  used  include  all  those  which  are  oxidizable  to  Ti02  under  the 

5  activation  conditions  employed,  and  include  those  disclosed  in  U.S.  Patent  No.  3,622,521  and  Netherlands 
Patent  Application  72—  1 0 8 8 1 . .  

The  fluorine  compounds  which  may  be  used  include  HF,  or  any  compound  of  fluorine  which  will  yield 
HF  under  the  activation  conditions  employed.  Fluorine  compounds  other  than  HF  which  may  be  used  are 
disclosed  in  Netherlands  Patent  Application  72—10881. 

w  The  inorganic  oxide  materials  which  may  be  used  as  a  support  in  the  catalyst  compositions  are  porous 
materials  having  a  high  surface  area,  that  is,  a  surface  area  in  the  range  of  about  50  to  about  1,000  square 
meters  per  gram,  and  an  average  particle  size  of  about  20  to  200  urn  (microns).  The  inorganic  oxides  which 

may  be  used  include  silica,  alumina,  thoria,  zirconia  and  other  comparable  inorganic  oxides,  as  well  as 
mixtures  of  such  oxides. 

15  
Type  IV  The  catalysts  are  described  in  U.S.  Patent  Application,  Serial  No.  892,325,  filed  on  March  31,  1978, 
in  the  names  of  F.J.  Karol  et  al,  and  entitled,  "Preparation  of  Ethylene  Copolymers  in  Fluid  Bed  Reactor 
and  assigned  to  the  same  assignee  as  the  present  application.  These  catalysts  comprise  at  least  one 
titanium  compound,  at  least  one  magnesium  compound,  at  least  one  electron  donor  compound,  at  least 

,0  one  activator  compound  and  at  least  one  inert  carrier  material. 
The  titanium  compound  has  the  structure 

Ti(OR)aXb 

,5  wherein  R  is  a  CT  to  C14  aliphatic  or  aromatic  hydrocarbon  radical,  or  COR'  where  R'  is  a  C,  to  C14  aliphatic  or 
aromatic  hydrocarbon  radical;  X  is  CI,  Br  or  I;  a  is  0  or  1  ;  b  is  2  to  4  inclusive;  and  a  +  b  =  3  or  4. 

The  titanium  compounds  can  be  used  individually  or  in  combination  thereof,  and  would  include  TiCI3, 
TiCI4,  Ti(OCH3)CI3,  Ti(OC6H5)CI3  Ti(OCOCH3)CI3  and  Ti(OCOC6Hs)CI3. 

The  magnesium  compound  has  the  structure 
W  MgX2 

wherein  X  is  CI,  Br  or  I,  Such  magnesium  compounds  can  be  used  individually  or  in  combinations  thereof 
and  would  include  MgCI2,  MgBr2  and  Mgl2.  Anhydrous  MgCI2  is  the  preferred  magnesium  compound. 

?5  The  titanium  compound  and  the  magnesium  compound  are  generally  used  in  a  form  which  will 
facilitate  their  dissolution  in  the  electron  donor  compound. 

The  electron  donor  compound  is  an  organic  compound  which  is  liquid  at  25°C  and  in  which  the 
titanium  compound  and  the  magnesium  compound  are  partially  or  completely  soluble.  The  electron  donor 
compounds  are  known  as  such  or  as  Lewis  b a s e s . .  

The  electron  donor  compounds  would  include  such  compounds  as  alkyl  esters  of  aliphatic  and 
aromatic  carboxylic  acids,  aliphatic  ethers,  cyclic  ethers  and  aliphatic  ketones. 

The  catalyst  may  be  modified  with  a  boron  halide  compound  have  the  structure 

BRcX'3_e 

45  wherein  R  is  an  aliphatic  or  aromatic  hydrocarbon  radical  containing  from  1  to  14  carbon  atoms  or  OR', 
wherein  R'  is  also  an  aliphatic  or  aromatic  hydrocarbon  radical  containing  from  1  to  14  carbon  atoms, 

X'  is  selected  from  the  group  consisting  of  CI  and  Br,  or  mixtures  thereof,  and 
c  is  0  or  1  when  R  is  an  aliphatic  or  aromatic  hydrocarbon  and  0,  1  or  2  when  R  is  OR'. 
The  boron  halide  compounds  can  be  used  individually  or  in  combination  thereof,  and  would  include 

BCI„  BBr3,  B(C2HS)CI2,  B(0C2Hs)CI2,  B(OC2H5)2CI,  B(C6H5)CI2,  B(0C6Hs)CI2,  B(OC6Hs)CI2,  B(C6H13)CI2, 
B(OC6H13)CI2  and-  B(0C6Hs)2CI.  Boron  trichloride  is  the  particuiary  preferred  boron  compound. 

The  activator  compound  has  the  structure 

55  A1(R")cX'dHe 

wherein  X'  is  CI  or  ORr;  R,  and  R"  are  the  same  or  different  and  are  C,  to  C14  saturated  hydrocarbon 
radicals,  d  is  0  to  1.5,  e  is  1  or  0,  and  c  +  d  +  e  =  3. 

Such  activator  compounds  can  be  used  individually  or  in  combinations  thereof. 

eo  The  carrier  materials  are  solid,  particulate  materials  and  would  include  inorganic  materials  such  as 
oxides  or  silicon  and  aluminum  and  molecular  sieves,  and  organic  materials  such  as  olefin  polymers,  e.g., 

P°'Tn  general,  the  above  catalysts  are  introduced  together  with  the  polymerizable  materials,  into  a  reactor 
having  an  expanded  section  above  a  straightsided  section.  Cycle  gas  enters  the  bottom  of  the  reactor  and 

es  passes  upward  through  a  gas  distributor  plate  into  a  fluidized  bed  located  in  the  straightside  section  of  the 

o 
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vessel.  The  gas  distributor  plate  serves  to  ensure  proper  gas  distribution  and  to  support  tne  resin  Dea  wnen 
gas  flow  is  stopped. 

Gas  leaving  the  fluidized  bed  entrains  resin  particles.  Most  of  these  particles  are  disengaged  as  the  gas 
passes  through  the  expanded  section  where  its  velocity  is  reduced. 

5  The  operating  difficulties  associated  with  the  utilization  of  catalyst  types  I  through  II  in  the  above 
described  reactors  have  been  substantially  eliminated,  resulting  in  the  economic  and  efficient  production 
of  low  pressure,  low  or  high  density  polyethylene  resins  which  have  a  wide  variety  of  uses. 

In  order  to  satisfy  certain  end  use  applications  for  ethylene  resins,  such  as  for  film,  injection  molding 
and  roto  molding  applications,  catalyst  type  IV  has  been  used.  However,  attempts  to  produce  certain 

to  ethylene  resins  utilizing  the  type  IV  catalyst  supported  on  a  porous  silica  substrate  in  certain  fluid  bed 
reactors,  have  not  been  entirely  satisfactory  from  a  practical  commercial  standpoint.  This  is  primarily  due 
to  the  formation  of  "sheets"  in  the  reactor  after  a  brief  period  of  operation.  The  "sheets"  can  be 
characterized  as  constituting  a  fused  polymeric  material. 

The  sheets  vary  widely  in  size,  but  are  similar  in  most  respects.  They  are  usually  about  0.635  cm  to  1  .27 
is  cm  ii  to  5  inch)  thick  and  are  from  about  0.305  m  to  1  .525  m  (one  to  five  feet)  long,  with  a  few  specimens 

even  longer.  They  have  a  width  of  about  7.6  cm  (3  inches)  to  more  than  45.7  cm  (18  inches).  The  sheets 
have  core  composed  of  fused  polymer  which  is  oriented  in  the  long  direction  of  the  sheets  and  their 
surfaces  are  covered  with  granular  resin  which  has  fused  to  the  core.  The  edges  of  the  sheets  have  hairy 
appearance  from  strands  of  fused  polmer. 

20  After  a  relatively  short  period  of  time  during  polymerization,  sheets  begin  to  apear  in  the  reactor,  and 
these  sheets  plug  product  discharge  systems  forcing  shutdown  of  the  reactor. 

Accordingly,  it  will  be  seen  that  there  presently  exists  a  need  to  improve  the  polymerization  techniques 
necessary  for  the  production  of  polyolefin  products  utilizing  titanium  based  catalysts  in  fluidized  bed 
reactors. 

25  It  is  therefore  an  object  of  the  present  invention  to  provide  a  process  to  substantially  reduce  or  eilimate 
the  amount  of  sheeting  which  occurs  during  the  low  pressure  fluidized  bed  polymerization  of  alpha-olefins 
utilizing  titanium  based  compounds  as  catalyst. 

Another  object  is  to  provide  a  process  for  treating  fluidized  bed  reactors  utilized  for  the  production  of 
polyolefin  resins  utilizing  titanium  based  catalyst  or  other  catalysts  which  result  in  similar  sheeting 

30  phenomena. 
These  and  other  objects  will  become  readily  apparent  from  the  following  description  taken  in 

conjunction  with  accompanying  drawing  which  generally  indicates  a  typical  gas  phase  fluidized  bed 
polymerization  process  for  producing  high  density  and  low  density  polyolefins. 

Broadly  comtemplated,  the  present  invention  provides  a  method  for  polymerization  of  alpha-olefins  in 
35  a  fluid  bed  reactor  utilizing  titanium  based  catalysts  or  other  catalysts  prone  to  cause  sheeting  during  said 

polymerization,  which  is  characterized  in  that  the  static  electric  charge  in  said  reactor  is  maintained  at  the 
site  of  possible  sheet  formation  below  static  voltage  levels  which  would  otherwise  cause  sheet  formation. 

The  critical  static  voltage  level  for  sheet  formation  is  a  complex  function  of  resin  sintering  temperature, 
operating  temperature,  drag  forces  in  the  fluid  bed,  resin  particle  size  distribution  and  recycle  gas 

40  composition.  The  static  voltage  can  be  reduced  by  a  variety  of  techniques  such  as  by  treating  the  reactor 
surface  to  reduce  static  electric  generation,  by  injection  of  an  antistatic  agent  to  increase  particle  surface 
electrical  conductivity  thus  promoting  particles  discharging;  by  installation  of  appropriate  devices 
connected  to  the  reactor  walls  which  are  designed  to  promote  electrical  discharging  by  creating  areas  of 
high  localized  field  strength,  and  by  neutralization  of  charges  by  the  injection  or  creation  of  ion  pairs,  ions 

45  or  charged  particles  of  the  opposite  polarity  from  the  resin  bed. 
A  particularly  preferred  technique  generally  involves  treating  the  reactor  vessel  prior  to  polymerization 

by  introducing  a  chromium-containing  compound  into  the  reaction  vessel  in  a  non-reacting  atmosphere. 
Referring  particularly  to  the  sole  figure  of  the  drawing,  a  conventional  fluidized  bed  reaction  system  for 

polymerizing  alpha-olefins  includes  a  reactor  10  which  consists  of  a  reaction  zone  12  and  a  velocity 
so  reduction  zone  14. 

The  reaction  zone  12  includes  a  bed  of  growing  polymer  particles,  formed  polymer  particles  and  a 
minor  amount  of  catalyst  particles  fluidized  by  the  continuous  flow  of  polymerizable  and  modifying 
gaseous  components  in  the  form  of  make-up  feed  and  recycle  gas  through  the  reaction  zone.  To  maintain  a 
viable  fluidized  bed,  the  mass  gas  flow  rate  through  the  bed  is  normally  maintained  above  the  minimum 

55  flow  required  for  fluidization,  and  preferably  from  about  1.5  to  about  10  times  Gm(  and  more  preferably 
from  about  3  to  about  6  times  Gmf.  Gmf  is  used  in  the  accepted  form  as  the  abbreviation  for  the  minimum 
gas  flow  required  to  achieve  fluidization,  C.  Y.  Wen  and  Y.  H.  Yu,  "Mechanics  of  Fluidization",  Chemical 
Engineering  Progress  Symposium  Series,  Vol.  62,  p.  100—111  (1966). 

It  is  highly  desirable  that  the  bed  always  contains  particles  to  prevent  the  formation  of  localized  "hot 
60  spots"  and  to  entrap  and  distribute  the  particulate  catalyst  throughout  the  reaction  zone.  On  start  up,  the 

reactor  is  usually  charged  with  a  base  of  particulate  polymer  particles  before  gas  flow  is  initiated.  Such 
particles  may  be  identical  in  nature  to  the  polymer  to  be  formed  or  different  therefrom.  When  different,  they 
are  withdrawn  with  the  desired  formed  polymer  particles  as  the  first  product.  Eventually,  a  fluidized  bed  of 
the  desired  polymer  particles  supplants  the  start-up  bed. 

65  The  appropriate  catalyst  used  in  the  fluidized  bed  is  preferably  stored  for  service  in  a  reservoir  1  6  under 

4 
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blanket  of  a  gas  which  is  mert  to  tne  storea  maienai,  suun  db  Miuuyci.  u.  u.a""-  . .  
Fluidization  is  achieved  by  a  high  rate  of  gas  recycle  to  and  through  the  bed,  typically  in  the  order  of 

about  50  times  the  rate  of  feed  of  make-up  gas.  The  fluidized  bed  has  the  general  appearance  of  a  dense 

mass  of  viable  particles  in  possible  free  vortex  flow  as  created  by  the  percolation  of  gas  through  the  bed. 

;  The  pressure  drop  through  the  bed  is  equal  to  or  slightly  greater  than  the  mass  of  the  bed  divided  by  the 

cross-sectional  area.  It  is  thus  dependent  on  the  geometry  of  the  reactor. 
Make-up  gas  is  fed  to  the  bed  at  a  rate  equal  to  the  rate  at  which  particulate  polymer  product  is 

withdrawn.  The  composition  of  the  make-up  gas  is  determined  by  a  gas  analyzer  18  positioned  above  he 

bed.  The  gas  analyzer  determines  the  composition  of  the  gas  being  recycled  and  the  composition  of  he 

o  make-up  gas  is  adjusted  accordingly  to  maintain  an  essentially  steady  gaseous  composition  within  the 

r©3Ction  zons 
To  insure  complete  fluidization,  the  recycle  gas  and,  where  desired,  part  or  all  of  the  make-up  gas  are 

returned  to  the  reactor  at  base  20  below  the  bed.  Gas  distribution  plate  22  positioned  above  the  point  of 

return  ensures  proper  gas  distribution  and  also  supports  the  resin  bed  when  gas  flow  is  stopped. 

s  The  portion  of  the  gas  stream  which  does  not  react  in  the  bed  constitutes  the  recycle  gas  which  is 
removed  from  the  polymerization  zone,  preferably  by  passing  it  into  velocity  reduction  zone  14  above  the 

bed  where  entrained  particles  are  given  an  opportunity  to  drop  back  into  the  bed. 
The  recycle  gas  is  then  compressed  in  a  compressor  24  and  thereafter  passed  through  a  heat 

exchanger  26  wherein  it  is  stripped  of  heat  of  reaction  before  it  is  returned  to  the  bed.  By  constantly 

o  removing  heat  of  reaction,  no  noticeable  temperature  gradient  appears  to  exist  within  the  upper  portion  of 

the  bed.  A  temperature  gradient  will  exist  in  the  bottom  of  the  bed  in  a  layer  of  about  15.2  cm  to  30.5  cm  (6 

to  12  inches),  between  the  temperature  of  the  inlet  gas  and  the  temperature  of  the  remainder  of  the  bed. 
Thus  it  has  been  observed  that  the  bed  acts  to  almost  immediately  adjust  the  temperature  of  the  recycle 

qas  above  this  bottom  layer  of  the  bed  zone  to  make  it  conform  to  the  temperature  of  the  remainder  of  the 

,s  bed  thereby  maintaining  itself  at  an  essentially  constant  temperature  under  steady  conditions.  The  recycle 
is  then  returned  to  the  reactor  at  its  base  20  and  to  the  fluidized  bed  through  distribution  plate  22.  The 

compressor  24  can  also  be  placed  downstream  of  heat  exchanger  26. 
Hydrogen  may  be  used  as  a  chain  transfer  agent  for  conventional  polymerization  reactions  of  the  types 

contemplated  herein.  In  the  case  where  ethylene  is  used  as  a  monomer  the  ratio  of  hydrogen/ethylene 

,o  employed  will  vary  between  about  0  to  about  2.0  moles  of  hydrogen  per  mole  of  the  monomer  in  the  gas 
strssm 

Any  gas  inert  to  the  catalyst  and  reactants  can  also  be  present  in  the  gas  stream.  The  cocatalyst  is 

added  to  gas  recycle  stream  upstream  of  its  connecton  with  the  reactor  as  from  dispenser  28  through  line 

30  •  • 
»  

'  
As  is  well  known,  it  is  essential  to  operate  the  fluid  bed  reactor  at  a  temperature  below  the  sintering 

temperature  of  the  polymer  particles.  Thus  to  insure  that  sintering  will  not  occur,  operating  temperatures 
below  sintering  temperatures  are  desired.  For  the  production  of  ethylene  polymers  an  operating 
temperature  of  from  about  90  to  100°C  is  preferably  used  to  prepare  products  having  a  density  of  about  094 

to  0.97  while  a  temperature  of  about  75°  to  95°C  is  preferred  for  products  having  a  density  of  about  0.91  to 

W  ^Normal ly   the  fluid  bed  reactor  is  operated  at  pressures  of  up  to  about  6.9  MPa  (1000  psi),  and  is 

preferably  operated  at  a  pressure  of  from  about  1  .0  to  2.4  MPa  (1  50  to  350  psi),  with  operation  at  the  higher 

pressures  in  such  ranges  favouring  heat  transfer  since  an  increase  in  pressure  increases  the  unit  volume 

heat  capacity  of  the  g a s . .   ,  , 
The  catalyst  is  injected  into  the  bed  at  a  rate  equal  to  its  consumption  at  a  point  32  which  is  above  the 

distribution  plate  22.  A  gas  which  is  inert  to  the  catalyst  such  as  nitrogen  or  argon  is  used  to  carry  the 

catalyst  into  the  bed.  Injecting  the  catalyst  at  a  point  above  distribution  plate  22  is  an  irnportant  feature. 

Since  the  catalysts  normally  used  are  highly  active,  injection  into  the  area  below  the  distribution  plate  may 
cause  polymerization  to  begin  there  and  eventually  cause  plugging  of  the  distribution  plate.  Injection  into 

„  the  viable  bed,  instead,  aids  in  distributing  the  catalyst  throughout  the  bed  and  tends  to  preclude  the 
formation  of  localized  spots  of  high  catalyst  concentration  which  may  result  in  the  formation  of  hot 

SPOtUnder  a  given  set  of  operating  conditions,  the  fluidized  bed  is  maintained  at  essentially  a  constant 

height  by  withdrawing  a  portion  of  the  bed  as  product  at  a  rate  equal  to  the  rate  of  formation  of  the 

„  particulate  polymer  product.  Since  the  rate  of  heat  generation  is  directly  related  to  product  formation,  a 
measurement  of  the  temperature  rise  of  the  gas  across  the  reactor  (the  difference  between  inlet  gas 
temperature  and  exit  gas  temperature)  is  determinative  of  the  rate  of  polymer  formation  at  a  constant  gas 

Vel°The  particulate  polymer  product  is  preferably  withdrawn  at  a  point  34  at  or  close  to  distribution  plate 

„  22  The  particulate  polymer  product  is  conveniently  and  preferably  withdrawn  through  the  sequential 
operation  of  pair  of  timed  valves  36  and  38  defining  a  segregation  zone  40.  While  valve  38  is  closed,  valve 
36  is  opened  to  emit  a  plug  of  gas  and  product  to  the  zone  40  between  it  and  valve  36  which  is  then  closed. 
Valve  38  is  then  opened  to  deliver  the  product  to  an  external  recovery  zone  and  after  delivery,  valve  38  is 
then  closed  to  await  the  next  product  recovery  operation. 

Finally  the  fluidized  bed  reactor  is  equipped  with  an  adequate  venting  system  to  allow  venting  the  bed 
65 
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during  the  start  up  and  shut  down.  The  reactor  does  not  require  the  use  of  stirring  means  and/or  wall 
scraping  means. 

The  reactor  vessel  is  normally  constructed  of  carbon  steel  and  is  designed  for  the  operating  conditions 
stated  above. 

5  In  order  to  better  illustrate  the  problems  incident  to  the  utilization  of  the  type  IV  catalysts,  reference  is 
again  made  to  the  drawing.  The  titanium  based  catalyst  (type  IV)  is  introduced  into  the  reactor  10  at  point 
32.  Under  conventional  operations  on  certain  resins,  after  a  brief  period  of  time,  i.e.,  in  the  order  of  about  36 
to  72  hours,  sheets  begin  to  form  in  reactor  10,  at  a  site  in  the  reactor  proximate  the  wall  of  the  reactor  and 
located  about  a  distance  of  one-half  the  reactor  diameter  up  from  the  base  of  the  fluid  bed.  The  sheets  of 

ro  fused  resin  begin  to  appear  in  segregation  zone  40,  rapidly  plugging  the  system,  causing  the  reactor  to  be 
shut  down.  More  characteristically  the  sheeting  begins  after  production  equivalent  to  6  to  10  times  the 
weight  of  the  bed  of  resin  the  reactor  10. 

Many  possible  causes  were  investigated  in  attempting  to  discover  and  eliminate  the  sheeting.  In  the 
course  of  the  investigation,  thermocouples  were  installed  just  inside  the  reactor  walls  at  elevations  of  I  and 

w  i  reactor  diameter  above  the  gas  distributor  plate.  Under  conventional  operations,  "skin"  thermocouples 
indicate  temperatures  equal  to  the  temperature  of  the  fluidized  bed.  When  sheeting  occurs,  these 
thermocouples  indicate  termperature  exucrsions  of  up  to  20°C  above  the  temperature  of  the  fluidized  bed 
thus  providing  reliable  indication  of  the  occurrence  of  sheeting.  In  addition,  an  electrostatic  voltmeter  was 
used  to  measure  voltage  on  a  1.27  cm  (2  inch)  spherical  electrode  located  in  the  fluid  bed  2.54  cm  (1  inch) 

zo  radially  from  the  reactor  wall  and  \  reactor  diameter  above  the  gas  distributor  plate.  The  location  was 
selected  because  sheet  formation  was  observed  to  initiate  in  a  band  ranging  from  \  to  i  reactor  diameter  in 
elevation  above  the  base  of  the  fluid  bed.  As  is  well  known  for  deep  fluidized  beds,  this  corresponds  to  the 
region  of  least  mixing  intensity  near  the  wall,  i.e.,  a  null  zone  where  particle  motion  near  the  wall  changes 
from  generally  upward  to  generally  downward.  The  possible  causes  investigated  included  factors  affecting 

25  mixing  in  the  fluidized  bed,  reactor  operating  conditions,  catalyst  and  resin  particle  size,  particle  size 
distribution,  and  others.  A  correlation  was  found  between  sheeting  and  buildup  of  static  electric  charge  on 
the  resin  particles  proximate  the  reactor  walls.  When  the  static  voltage  level  of  resin  particles  at  particular 
sites  proximate  the  reactor  wall  in  a  fluidized  bed  reactor  is  low,  the  reactor  runs  normally  and  no  sheets 
are  formed.  When  the  static  voltage  level  exceeds  a  critical  level  at  those  sites,  uncontrolled  sheeting 

30  occurs  and  the  reactor  must  be  shut  down. 
Surprisingly,  sheeting  had  not  occurred  to  any  significant  degree  on  any  resin  utilizing  the  type  IV 

catalysts  in  reactors  which  had  previously  utilized  type  II  catalysts  or  in  reactors  that  had  utilized  type  I 
through  III  catalysts. 

It  was  further  discovered  that  sheeting  could  be  substantially  reduced  and  in  some  cases  entirely 
35  eliminated  by  controlling  static  voltage  in  the  fluidized  bed  at  a  site  proximate  the  reactor  walls  below  the 

critical  level  for  sheet  formation.  This  critical  level  for  sheet  formation  is  not  a  fixed  value,  but  is  a  complex 
function  dependent  on  variables  including  resin  sintering  temperature,  operating  temperature,  drag  forces 
in  the  fluid  bed,  resin  particle  size  distribution  and  recycle  gas  composition. 

The  critical  voltage  level  Vc  for  sheeting  of  ethylene  homopolymers  and  ethylene-butene  copolymers 
40  is  primarily  a  function  of  the  resin  sintering  temperature,  the  reactor  bed  temperature  and  the 

concentration  of  hydrogen  in  the  recycle  gas.  The  relationship  can  be  expressed  as: 

Vc  =  -8000  -  50  Ts  +  90[H2]  +  150  To 

45  where  Vc  =  voltage  below  which  sheeting  will  not  occur,  volts; 
Ts  =  sintering  temperature  of  resin  under  reactor  operating  conditions,  in  °C; 
To  =  temperature  of  reactor,  in  °C;  and 
(H-,)  =  mole  percent  hydrogen  in  recycle  gas. 
The  sintering  temperature  of  the  resin  under  reactor  operating  conditions  is  the  temperature  at  which  a 

so  settled  bed  of  resin  in  contact  with  a  gas  having  the  same  composition  as  the  reactor  recycle  gas  used  in 
producing  the  resin  will  sinter  and  form  aggolomerates  when  refluidization  is  attempted  after  allowing  the 
bed  to  remain  settled  for  fifteen  minutes.  The  sintering  temperature  is  decreased  by  decreasing  the  resin 
density,  by  increasing  the  melt  index  and  by  increasing  the  amount  of  dissolved  monomers. 

The  constants  in  the  equation  were  determined  from  data  collected  during  reactor  operation  when  the 
55  reactor  just  began  to  exhibit  sheeting  symptoms  through  skin  thermocouple  temperature  excursions  above 

the  bed  temperature.  The  voltage  indicated  on  the  voltage  probe  described  earlier  varies  with  time  due  to 
the  random  nature  of  a  fluidized  bed.  Thus  the  critical  voltage,  Vc,  is  expressed  as  a  time  averaged  voltage 
Voltage  measurements  are  difficult  to  interpret  because  additional  static  electric  charge  is  generated  when 
a  sheet,  formed  because  of  a  static  charge,  separates  from  the  reactor  wall.  In  addition,  the  sheeting 

60  phenomena  can  start  as  a  very  local  phenomenon  and  spread  further  clouding  interpretation  of  voltage 
readings. 

Although  the  sheeting  mechanism  is  not  fully  understood,  it  is  believed  that  static  electricity  generated 
in  the  fluid  bed  charges  resin  particles.  When  the  charge  on  the  particles  reaches  the  level  where  the 
electrostatic  forces  trying  to  hold  the  charged  particle  near  the  reactor  wall  exceed  the  drag  forces  in  the 

S5  bed  trying  to  move  the  particle  away  from  the  wall,  a  layer  of  catalyst  containing  polymerizing  resin 
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particles  forms  a  non-fluidized  layer  near  the  reactor  wall.  Heat  removal  rrom  tnis  layer  is  noi  surncieni  lo 
remove  the  heat  of  polymerization  because  the  non-fluidized  layer  near  the  wall  has  less  contact  with  the 
fluidizing  gas  than  do  particles  in  the  fluidized  portion  of  the  bed.  The  heat  of  polymerization  increases  the 
temperature  of  the  non-fluidized  layer  near  the  reactor  wall  until  the  particles  melt  and  fuse.  At  this  point, 

5  other  particles  from  the  fluidized  bed  will  stick  to  the  fused  layer  and  it  will  grow  in  size  until  it  comes  loose 
from  the  reactor  wall.  The  separation  of  the  dielectric  from  a  conductor  (the  sheet  from  the  reactor  wall)  is 
known  to  generate  additional  static  electricity  thus  accelerating  subsequent  sheet  formation. 

The  art  teaches  various  processes  whereby  static  voltage  can  be  reduced  or  eliminated.  These 
comprise  (1)  reducing  the  rate  of  charge  generation,  (2)  increasing  the  rate  of  discharge  of  electrical  charge, 

w  and  (3)  neutralization  of  electricl  charge.  Some  processes  suited  for  use  in  fluidized  bed  comprise  (1  )  use  of 
an  additive  to  increase  the  conductivity  of  the  particles  thus  providing  a  path  for  discharging,  (2)  installation 
of  grounding  devices  in  a  fluidized  bed  to  provide  additional  area  for  discharging  electrostatic  charges  to 
ground,  (3)  ionization  of  gas  or  particles  by  electrical  discharge  to  generate  ions  to  neutralize  electrostatic 
charges  on  the  particles,  and  (4)  the  use  of  radioactive  sources  to  produce  radiation  that  will  create  ions  to 

15  neutralize  electrostatic  charges  on  the  particles.  The  application  of  these  techniques  to  a  commercial  scale, 
fluidized  bed,  polymerization  reactor  may  not  be  feasible  or  practical.  Any  additive  used  must  not  act  as  a 
poison  to  the  polymerization  catalyst  and  must  not  adversely  affect  the  quality  of  the  product.  Thus  water, 
the  most  widely  used  additive  to  reduce  static  on  particles,  cannot  be  used  since  it  is  a  severe  catalyst 
poison.  The  installation  of  grounding  devices  may  actually  generate  additional  electrostatic  charge  since 

20  the  friction  of  resin  particles  on  metal  surfaces  creates  electrostatic  charges  on  the  resin  particles.  The  use 
of  ion  generators  and  radiation  sources  pose  severe  problems  of  scale.  The  ions  generated  by  electric 
discharge  or  radiation  will  be  attracted  to  the  reactor  walls  and  other  grounded  objects  and  will  travel  only 
a  limited  distance  before  contacting  a  grounded  object.  Thus  the  ions  may  not  travel  far  enough  from  the 
site  of  ion  generation  to  discharge  the  region  of  the  bed  where  sheeting  occurs.  Generation  of  ions  within 

75  the  fluid  bed  is  severely  limited  by  the  quenching  effect  of  the  cloud  of  charged  particles  which  form  around 
an  ion  generator.  Thus  the  numer  of  ion  generation  sources  required  may  be  high  adding  to  the  complexity 
and  danger  of  radiation  sources  or  electrical  discharge  generators  in  or  near  a  pressurized,  hydrocarbon- 
containing  reactor.  In  the  course  of  the  investigation,  it  was  discovered  that  an  effective  process  for  treating 
the  walls  of  the  reactor  vessel  to  reduce  static  charge  generation  comprises  operation  of  the  reactor  for  a 

30  short  i.e.,  two-week,  period  utilizing  a  chromium-containing  catalyst  (type  I  through  III)  where  the 
chromium  is  in  the  2  or  3  valence  state  during  at  least  part  of  its  residence  time  in  the  reactor. 

Surprisingly,  however,  it  was  also  discovered  that  if  the  walls  of  the  reactor  vessel  are  treated  prior  to 
the  commencement  of  polymerization  with  a  chromium-containing  compound  wherein  the  chromium  is 
present  in  the  reactor  at  a  valence  of  2  or  3,  then  the  formation  of  sheeting  during  polymerization  is 

35  substantially  reduced  and  in  some  cases  entirely  eliminated. 
The  chromium-containing  compounds  comtemplated  for  use  in  the  present  invention  are  as  explained 

previously  those  in  which  the  chromium  is  present  in  the  reactor  at  a  valence  ot  2  or  3.  Merely  as  illustrative 
the  following  compounds  would  be  suitable  for  the  present  invention. 

The  bis(cyclopentadienyl)  chromium  (II)  compounds  having  the  following  formula: 
40 

45 

so  wherein  R'  and  R"  may  be  the  same  or  different  ^  to  C20,  inclusive,  hydrocarbon  radicals,  ano  n  and  n 
may  be  the  same  or  different  integers  of  0  to  5,  inclusive.  The  R'  and  R"  hydrocarbon  radicals  can  be 
saturated  or  unsaturated,  and  can  include  aliphatic,  alicyclic  and  aromatic  radicals  such  as  methyl,  ethyl, 
propyl,  butyl,  pentyl,  cyclopentyl,  cyclohexyl,  allyl,  phenyl  and  naphthyl  radicals.  Other  specific  compounds 
which  are  suitable  include  chromic  acetyl  acetonate,  chromic  nitrate,  chromous  or  chromic  acetate, 

55  chromous  or  chromic  chloride,  chromous  or  chromic  bromide,  chromous  or  chromic  fluoride,  chromous  or 
chromic  sulfate,  and  polymerization  catalysts  produced  from  chromium  compounds  where  the  chrome  is 
in  the  plus  2  or  3  valence  state. 

Bis(cyclopentadienyl)chromium  (chromocene)  is  the  preferred  chromium-containing  compound 
because  of  the  excellent  results  achieved. 

60  In  general,  the  chromium-containing  compound  is  introduced  into  the  reactor  prior  to  polymerization 
and  can  be  introduced  in  any  manner  such  that  the  surface  of  the  walls  of  the  reactor  is  contacted  with  the 
chromium  compound. 

In  a  preferred  technique,  the  chromium  compound  is  dissolved  in  a  suitable  solvent  and  is  introduced 
into  the  reactor  in  an  inert  or  non-reactive  atmosphere.  A  resin  bed  may  be  employed  to  help  disperse  the 

65  chromium  compound  through  the  reactor. 
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Suitable  inert  solvents  for  this  purpose  include  but  are  not  limited  to  Denzene,  xoiuene,  isopenwne, 
hexane  and  water.  The  choice  and  use  of  a  solvent  is  dependent  on  the  form  of  the  chrome-containing 
compound  and  the  method  of  application  selected.  The  function  of  the  solvent  is  to  carry  and  aid  in  the 
dispersion  of  the  chrome-containing  compound.  Suitable  inert  of  non-reactive  gases  include,  but  are  not 

j  limited  to,  nitrogen,  carbon  dioxide,  methane,  ethane  and  air. 
The  amount  of  chromium  compound  utilized  in  the  process  should  be  sufficient  to  effect  the  desired 

result,  and  the  amount  can  be  generally  determined  by  one  skilled  in  the  art.  In  general  however,  an 
amount  of  at  least  1.70  x  10"7  g  moles  chromium  per  cm2  (3.5  x  10-7  pound  moles  chromium  per  square 
foot)  of  surface  to  be  treated,  preferably  4.87  x  10-7  to  about  2.44  x  10-5  g  moles  per  cm2  (1.0  x  10  to 

o  about  5  x  10-5  pound  moles  per  square  foot)  of  surface  to  be  treated  is  preferred. 
The  polymers  to  which  the  present  invention  is  primarily  directed  and  which  cause  the  sheeting 

problems  above  referred  to  in  the  presence  of  titanium  catalysts  are  linear  homopolymers  of  ethylene  of 
linear  copolymers  of  a  major  mol  percent  (>  90%)  or  ethylene,  and  a  minor  mol  percent  (<  10%)  of  one  or 
more  C3  to  C8  alpha-olefins.  The  C3  to  C8  alpha-olefins  should  not  contain  any  branching  on  any  of  their 

■5  carbon  atoms  which  is  closer  than  the  fourth  carbon  atom.  The  preferred  C3  to  C8  alpha-olefins  are 
propylene,  butene-1,  pentene-1,  hexene-1,  4-methylpentene-1,  heptene-1  and  octene-1  .  This  description  is 
not  intended  to  exclude  the  use  this  invention  with  alpha-oiefin  homopolymer  and  copolymer  resins  in 
which  ethylene  is  not  a  monomer. 

The  homopolymers  and  copolymers  have  a  density  ranging  from  about  0.97  to  0.91.  The  density  of  the 

>o  copolymer,  at  a  given  melt  index  level  is  primarily  regulated  by  the  amount  of  the  C3  to  C8  comonomer 
which  is  copolymerized  with  the  ethylene.  Thus,  the  addition  of  progressively  larger  amounts  of  the 
comonomers  to  the  copolymers  results  in  a  progressive  lowering  of  the  density  of  the  copolymer.  The 
amount  of  each  of  the  various  C3  to  C8  comonomers  needed  to  achieve  the  same  result  will  vary  from 
monomer  to  monomer,  under  the  same  reaction  conditions.  In  the  absence  of  the  comonomer,  the 

>5  ethylene  would  homopolymerize. 
The  melt  index  of  a  homopolymer  or  copolymer  is  a  reflection  of  its  molecular  weight.  Polymers 

having  a  relatively  high  molecular  weight,  have  relatively  high  viscosities  and  low  melt  index. 
In  a  typical  mode  of  utilizing  the  subject  invention  to  reduce  sheeting,  a  reactor  vessel  such  as  shown  in 

Figures  1  and  which  is  susceptible  to  sheeting  problems  by  the  polymerization  of  the  above  described 

;o  materials  utilizing  type  IV  catalysts  is  partially  filled  with  granular  polyethylene  resin  which  is  purged  with  a 
non-reactive  gas,  such  as  nitrogen  and  is  fluidized  by  circulating  said  non-reacting  gas  through  the  reactor 
at  a  velocity  above  the  minimum  fluidizing  velocity  (Gmf)  of  the  granular  polyethylene  and  preferably  at  3 
to  5  Gmf.  It  is  to  be  understood  that  the  use  of  a  fluidized  bed  of  resin  is  a  convenience  in  said  process  and  is 
not  essential  to  the  process.  While  the  non-reactive  gas  is  being  circulated,  a  chromium-containing 

35  compound  such  as  chromocene  either  neat  of  preferably  dissolved  in  an  inert  solvent  such  as  toluene  is 
introduced  into  the  reactor.  The  concentration  of  the  chromium-containing  chemical  in  the  inert  solvent  is 
not  critical  to  the  process  but  can  be  selected  by  one  skilled  in  the  art  so  as  to  assure  that  the  chromium- 
containing  chemical  is  completely  dissolved  in  the  solvent.  For  the  preferred  case,  a  solution  containing  ^ 
to  8  percent  by  weight  of  chromocene  in  toluene  is  typical.  Approximately  1.8  x  10  2  g  moles  (4.0  x  10  5 

40  pound  moles)  of  the  chromium-containing  chemical  is  injected  into  the  reactor  for  every  930  cm2  (square 
foot)  of  surface  to  be  treated.  The  non-reacting  gas  is  circulated  to  bring  the  chromium-containing  chemical 
in  contact  with  the  metal  surfaces  in  the  system.  The  treatment  is  carried  out  for  sufficient  time  to  achieve 
the  desired  result  typically  several  hours  to  several  days.  In  other  modes  of  treatment,  the  chemical 
solution  could  be  applied  to  the  metal  surfaces  by  painting,  spraying,  or  other  application  methods  familiar 

45  to  one  skilled  in  the  art.  After  treatment  the  reactor  is  now  ready  to  begin  polymerization  in  the  usual 
manner. 

Having  set  forth  the  general  nature  of  the  invention,  the  following  examples  illustrate  some  specific 
embodiments  of  the  invention.  It  is  to  be  understood,  however,  that  this  invention  is  not  limited  to  the 
examples,  since  the  invention  may  be  practiced  by  the  use  of  various  modifications. 

50  Examples  1—8  were  conducted  in  a  fluidized  bed  reactor  as  described  in  Figure  1.  The  catalyst  used 
was  a  Ziegler-type,  titanium-based  catalyst  supported  on  porous  silica  produced  as  described  earlier  as 
type  IV.  The  cocatalyst  used  was  triethyl  aluminum.  The  products  made  in  the  examples  were  copolymers 
of  ethylene  and  l-butene.  Hydrogen  was  used  as  a  chain  transfer  agent  to  control  the  melt  index  of  the 
polymer.  The  reactors  of  Examples  1  and  2,  had  not  been  used  to  produce  polyethylene  with  any  catalyst 

55  except  those  of  the  type  described  earlier  as  type  IV. 

Example  1  (Comparative  Example) 
A  fluidized  bed  reactor  was  started  up  at  operating  conditions  designed  to  produce  a  film  grade  low 

density  ethylene  copolymer  product  having  a  density  of  0.918,  a  melt  index  of  1.0,  and  a  sticking 
so  temperature  of  104°C.  The  reaction  was  started  by  feeding  catalyst  to  a  reactor  precharged  with  a  bed  of 

granular  resin  similar  to  the  product  to  be  made.  The  catalyst  was  a  mixture  of  5.5  parts  titantium 
tetrachloride.  8.5  parts  magnesium  chloride  and  14  parts  tetrahydrofuran  deposited  on  100  parts  Davison 
grade  952  silica  which  had  been  dehydrated  at  800°C  and  treated  with  four  parts  triethylaluminum  prior  to 
deposition  and  was  activated  with  thirty  five  parts  tri-n-hexyl  aluminum  subsequent  to  deposition.  Prior  to 

65  starting  catalyst  feed,  the  reaction  and  resin  bed  were  brought  up  to  the  operating  temperature  of  85°C, 
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were  purged  of  impurities  by  circulating  nitrogen  through  the  resin  oea.  ttnyiene,  Duxene  ana  nyurugen 
concentrations  were  established  at  53,  24,  and  1115,  respectively.  Cocatalyst  was  fed  at  a  rate  of  0.3  parts 
triethylaluminum  per  part  of  catalyst. 

Reactor  start-up  was  normal.  After  producing  product  for  29  hours  and  equivalent  to  65  times  the 

5  weight  of  the  fluidized  bed,  temperature  excursions  of  1  to  2°C  above  bed  temperature  were  observed 
using  thermocouples  located  just  inside  the  reactor  wall  at  an  elevation  of  i  reactor  diameter  above  the  gas 
distributor  plate.  Prior  experience  had  shown  that  such  temperature  excursions  are  a  positive  indication 
that  sheets  of  resin  are  being  formed  in  the  fluidized  bed.  Concurrently,  bed  voltage  (measured  using  an 
electrostatic  voltmeter  connected  to  1.27  cm  (2-inch)  diameter  spherical  electrode  located  2.54  cm  (one 

o  inch)  from  the  reactor  wall  at  an  elevation  of  \  reactor  diameter  above  the  gas  distributor  plate)  increased 
from  a  reading  of  approximately  +1,500  to  +2,000  volts  to  a  reading  of  over  +5,000  volts  and  then  dropped 
back  to  +2,000  volts  over  a  3-minute  period.  Temperature  and  voltage  excursions  continued  for 
approximately  12  hours  and  increased  in  frequency  and  magnitude.  During  this  period,  sheets  of  fused 
polyethylene  resin  began  to  show  up  in  the  resin  product.  Evidence  of  sheeting  became  more  severe,  i.e., 

r5  temperature  excursions  increased  to  as  high  as  20°C  above  bed  temperature  and  stayed  high  for  extended 
periods  of  time  and  voltage  excursions  also  became  more  frequent.  The  reactor  was  shut  down  because  of 
the  extent  of  sheeting. 

Example  2  (Comparative  Example) 
The  fluidized  bed  reactor  used  in  Example  1  was  started  up  and  operated  to  produce  a  linear  low 

,0  density  ethylene  copolymer  suitable  for  extrusion  or  rotational  molding  and  having  a  density  of  0.934,  a 
melt  index  of  5  and  a  sticking  temperature  of  1  18°C.  The  reaction  was  started  by  feeding  catalyst  similar  to 
the  catalyst  in  Example  1,  except  activated  with  28  parts  of  tri-n-hexylaluminum,  to  the  reactor  precharged 
with  a  bed  of  granular  resin  similar  to  the  product  to  be  made.  Prior  to  starting  catalyst  feed,  the  reactor  and 
resin  bed  were  brought  up  to  the  operating  temperature  of  85°C,  and  were  purged  of  impurities  with 

,5  nitrogen.  The  concentrations  of  ethylene  (52%),  butene  (14%),  hydrogen  (21%)  were  introduced  into  the 
reactor.  Cocatalyst  triethylaluminum  was  fed  at  0.3  parts  per  part  of  catalyst.  The  reactor  was  operated 
continuously  for  48  hours  and  during  that  period  produced  resin  equivalent  to  9  times  the  amount  of  resin 
contained  in  the  bed.  After  this  48-hour  period  of  smooth  operation,  sheets  of  fused  resin  began  to  come 
out  of  the  reactor  with  the  normal,  granular  product.  At  this  time,  voltages  measured  i  reactor  diameter 

?0  above  the  distributor  plate  averaged  +2,000  volts  and  ranged  from  0  to  +10,000  volts,  while  the  skin 
thermocouples  at  the  same  elevation  indicated  excursions  of  >15°C  above  the  bed  temperature.  Two  hours 
after  the  first  sheets  were  noted  in  the  product  from  the  reactor,  it  was  necessary  to  stop  feeding  catalyst 
and  cocatalyst  to  the  reactor  to  reduce  the  resin  production  rate  because  sheets  were  plugging  the  resin 
discharge  system.  One  hour  later,  catalyst  and  cocatalyst  feeds  were  restarted.  The  production  of  sheets 

J5  continued  and  after  two  hours  catalyst  and  cocatalyst  feed  were  again  stopped  and  the  reaction  was 
terminated  by  injecting  carbon  monoxide.  The  voltage  at  this  time  was  >+  12,000  volts  and  the 
thermocouple  excursions  continued  until  the  poison  was  injected.  In  total,  the  reactor  was  operated  for  53 
hours  and  produced  101  bed  volumes  of  resin  before  the  reaction  was  stopped  due  to  sheeting. 

w  Example  3 
The  reactor  of  Examples  1  and  2  was  treated  as  follows:  The  treatment  comprised  charging  a  bed  of 

granular  resin  and  purging  and  drying  the  bed  with  high  purity  nitrogen  to  a  vapor  water  concentration  of 
less  than  10  ppmv.  The  bed  was  thereafter  fluidized  by  circulating  nitrogen.  Chromocene 
[bis(cyclopentadienyl)  chromium]  in  toluene  solution  was  injected  into  the  bed.  1.95  x  10  2  g  moles  (4.3  x 

fS  10~5  pound  moles)  of  chromocene  were  added  for  each  930  cm2  (square  foot)  of  steel  surface  in  the  system. 
The  bed  was  heated  to  92°C  and  nitrogen  was  circulated  for  24  hours.  After  the  treatment  was  completed, 
the  bed  was  cooled  to  40°C  and  0.028  m3  (20  standard  cubic  feet)  of  air  was  injected  for  each  453  g  (pound) 
of  chromocene  in  the  system  to  oxidize  the  chromocene  before  removing  the  resin  from  the  reactor. 

The  treated  reactor  was  then  engaged  with  a  bed  of  resin  similar  to  that  described  in  Example  1  .  The 

50  bed  was  brought  up  to  85°C,  purged,  and  the  ethylene,  butene,  hydrogen,  and  cocatalyst  concentrations 
were  established  at  the  same  concentrations  of  Example  1,  prior  to  injection  of  the  same  catalyst  as 
Example  1.  The  reactor  started  up  at  operating  conditions  designed  to  produce  a  film  grade  low  density 
polyethylene  copolymer  product  having  a  density  of  0.918,  a  melt  index  of  1  .0,  and  a  sintering  temperature 
of  104°C  as  in  Example  1.  The  reactor  ran  for  90  hours,  producing  approximately  3  times  as  much  product 

55  as  in  Example  1,  after  which  it  was  shut  down  for  routine  inspection  and  maintenance.  No  temperature 
excursions  were  noted  and  no  resin  sheets  were  formed.  At  the  end  of  the  run,  the  voltage  measured  near 
the  wall  at  an  elevation  i  reactor  diameter  above  the  gas  distributor  plate  had  stabilized  at  about  -100  volts 
and  no  major  voltage  excursions  were  observed  at  any  time  during  the  run. 

Example  4 
The  reactor  utilized  for  Example  3  was  subsequently  charged  with  a  bed  of  resin  similar  to  that 

described  in  Example  2.  The  bed  was  heated  to  90°C,  purged  and  the  ethylene  (51%),  butene  (13%)  and 
hydrogen  (18%)  and  cocatalyst  (0.3  parts  per  part  of  catalyst)  were  established  prior  to  injection  of  catalyst. 
The  reaction  started  smoothly  and  produced  linear  low-density  polyethylene  resin  with  a  density  of  0.934,  a 

65  melt  index  of  5,  and  a  sintering  temperature  of  1  18°C. 

45 

50 

9 



P  0  224  479  B1 

The  reactor  operated  continuously  for  80  hours  ana  proaucea  resin  equivalent  iu  iwemy  umik,  me 
weight  of  the  resin  bed  before  it  was  transitioned  to  another  product  grade.  The  thermocouples  located 
near  the  surface  of  the  reactor  wall*  and  i  the  reactor  diameter  above  the  distributor  showed  a  few  brief  (1 
minute)  temperature  excursions.  Voltage  measured  near  the  wall  at  an  elevation  of  3  reactor  diameter 

5  above  the  gas  distributor  plate  averaged  +1,200  volts  and  showed  voltage  oscillation  from  0  to  as  high  as 
+8,000  volts.  Some  pieces  of  resin,  typically  0.635  cm  by  2.54  cm  by  2.54  cm  (I  by  1  by  1  inch)  with  the 

appearance  of  sintered  fine  particles,  appeared  in  the  product  discharge  tank  and  constituted  <0.01  percent 
of  the  resin  produced.  These  did  not  reduce  the  production  rate  of  the  reaction  system  nor  did  they  harm 
the  quality  of  the  resin  produced. 

•0  As  will  be  seen  from  the  above,  the  following  data  corresponds  to  the  Vc  formula  expressed 
previously: 

Vc  =  -8,000  -50  (sintering  temp.)  +90  (hydrogen  concentration)  +150  (operating  temperature) 
-8,000  -50  (118°C)  +90  (18%)  +150  (90°C) 
+1,220  volts 

•5 
Examples  5  —  8 

Four  runs  were  made  utilizing  the  reactor  and  procedure  of  Examples  1  and  2  to  determine  critical 
voltage.  Various  ethylene,  butune-1  copolymers  and/or  ethylene  homopolymers  were  used  for  each  run  as 
shown  in  Table  I. 

■o  The  critical  voltages,  Vc,  were  the  voltage  level  measured  near  the  reactor  wall  (one  half  the  reactor 
diameter  above  the  distributor  plate)  when  the  reactor  showed  symptoms  of  initiation  of  sheeting 
(normally  small  skin  thermocoupole  excursions  above  bed  temperature).  The  sticking  temperatures  were 
estimated  from  tests  in  which  a  reaction  was  terminated,  the  bed  allowed  to  settle  for  15  minutes  and  then 
refluidized. 

<s  The  results  are  indicated  in  Table  I  below. 
TABLE  I 

Ethylene  Butene 
Concen-  Concen-  Catalyst  Kesm 

H2  tration  tration  of  Melt  Resin  Sintering  Operating 
Example  Mole  %  Mole  %  Mole  %  Example  Index  Density  Temp.  °C  Temp.  °C  Vc  Volts 

5  n  53  24  1  1.0  0.918  104  85  +200  to  +1,000 

6  14  51  23  1  2.0  0.918  102  85  +200  to  +1,000 

7  30  50  7  2  12.0  0.926  108  85  +2,100 

8  21  .  65  0  2  7.5  0.965  125+  110  +4,100 

As  will  be  noted  from  Table  I,  tor  bxampie  b,  sneeting  Degins  10  occur  over  -r  i,uuu  vuua.  muieuvci, 
from  the  above  Table  I  it  will  be  seen  that  the  critical  voltage  is  dependent  on  the  resin  sintering 

e  temperature,  the  operating  temperature  and  the  hydrogen  concentration  in  the  recycle  gas. 

Claims 

1.  Method  for  polymerization  of  alpha-olefins  in  a  fluidized  bed  reactor  utilizing  titanium  based 
catalysts  or  other  catalysts  prone  to  cause  sheeting  during  said  polymerization,  characterized  in  that  the 
static  electric  charge  in  said  reactor  at  the  site  of  possible  sheet  formation  is  maintained  below  static 
voltage  levels  which  would  otherwise  cause  sheet  formation. 

2.  Method  according  to  claim  1  wherein  said  static  voltage  levels  are  maintained  below  critical  voltage 
levels  as  expressed  by  the  following  formula: 

55  Vc  =  -8,000  -50  Ts  +90  [H2]  +150  To 

where  Vc  =  voltage  below  which  sheeting  will  not  occur,  in  volts; 
Ts  =  sintering  temperature  of  resin  under  reactor  operating  conditions,  in  °C; 
To  =  temperature  of  reactor,  in  °C;  and 
[H2]  =  mole  percent  hydrogen  in  recycle  gas. 
3.  Method  according  to  claim  1  wherein  said  static  electric  charge  in  said  reactor  is  maintained  below 

static  voltage  levels  which  would  otherwise  cause  sheet  formation  by  injection  into  said  fluidized  bed  or 
reaction  in  said  fluidized  bed  ion  pairs,  ions  or  charged  particles  of  opposite  polarity  from  said  fluidized 
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4.  Method  according  to  claim  1  wherein  said  static  electric  cnarge  in  saia  reactor  is  mainiameu  ueiuw 
tatic  voltage  levels  which  would  otherwise  cause  sheet  formation  by  devices  connected  to  said  reactor 
i/alls,  said  devices  being  designed  to  promote  electrical  discharging  to  ground  by  creating  areas  of  high 
Dcalized  field  strength. 

5.  Method  according  to  claim  1  wherein  said  static  electric  charge  in  said  reactor  is  maintained  below 
tatic  voltage  levels  which  would  otherwise  cause  sheet  formation  by  introducing  a  chromium-containing 
ompound  into  said  reactor,  said  chromium-containing  compound  being  present  in  a  valence  state  of  2  or 

6.  A  process  for  reducing  sheeting  during  production  of  polyolefins  by  polymerization  of  alpha-olefins 
itilizing  titanium  based  polymerization  catalysts  which  comprises  contacting  the  surfaces  of  the  reaction 
'essel  in  which  said  polymerization  takes  place  with  a  chromium  containing  compound,  said  chromium 
>eing  present  in  said  compound  at  a  valence  state  of  2  or  3,  said  chromium  containing  compound  being 
ised  in  an  amount  sufficient  to  reduce  the  amount  of  sheeting  formed  during  said  polymerization. 

7.  A  process  according  to  claim  6  in  which  said  chromium-containing  compound  is  contained  in  an 
nert  solvent. 

8.  A  process  according  to  claim  7  wherein  said  inert  solvent  is  toluene. 
9.  A  process  according  to  claim  7  wherein  said  inert  solvent  is  introduced  into  said  reaction  vessel  in  an 

nert  atmosphere. 
10.  A  process  according  to  claim  6  wherein  said  chromium-containing  compound  is 

)is(cyclopentadienyl)  chromium. 
11.  A  process  according  to  claim  6  wherein  said  polyolefins  are  linear  homopolymers  of  ethylene  or 

inear  copolymers  of  a  major  mol  percent  (>90%)  of  ethylene,  and  a  minor  mol  percent  (<10%)  of  one  or 
nore  C3  to  C8  alpha-olefins. 

12.  A  process  according  to  claim  11  wherein  said  polyolefins  are  homopolymers  or  copolymers  of 
jropylene,  butene-1,  pentene-1,  hexene-1,  4-methylpentene-1,  heptene-1  or  octene-1. 

13.  A  process  for  reducing  sheeting  during  polymerization  of  alpha-olefins  to  produce  linear 
lomopolymers  of  ethylene  or  linear  copolymers  of  a  major  mol  percent  (>90%)  of  ethylene,  and  a  minor 
nol  percent  (<10%)  of  one  or  more  C3  to  C8  alpha-olefins,  utilizing  titanium  based  polymerization  catalysts 
which  comprises  introducing  into  said  reaction  vessel  prior  to  polymerization,  a  chromium-containing 
:ompound,  said  chromium  being  present  in  said  compound  at  a  valence  state  of  2  or  3,  said  chromium- 
:ontaining  compound  being  dissolved  in  an  inert  solvent  and  being  introduced  into  said  reactor  in  an  inert 
atmosphere. 

14.  A  process  according  to  claim  13  in  which  said  titanium  catalyst  comprises  at  least  one  titanium 
:ompound,  at  least  one  magnesium  compound,  at  least  an  electron  donor  compound  at  least  one  activator 
;ompound  and  at  least  one  inert  carrier  material. 

15.  A  process  according  to  claim  14  in  which  said  titanium  compound  has  the  structure: 

•  Ti(OR)aXb 

wherein  R  is  a  C,  to  C14  aliphatic  or  aromatic  hydrocarbon  radical,  or  COR'  where  R'  is  a  Cn  to  C14  aliphatic  or 
aromatic  hydrocarbon  radical;  X  is  CI,  Br,  or  I;  a  is  0  or  1;  b  is  2  to  4,  inclusive;  and  a+b=3  or  4. 

16.  A  process  according  to  claim  15  wherein  said  chromium-containing  compound  has  the  following 
Formula: 

wherein  R'  and  R"  may  be  the  same  or  different  C,  to  U20-,  inclusive,  nyarocaraon  raaicais,  anu  n  dim  u 
may  be  the  same  or  different  integers  of  0  to  5,  inclusive. 

17.  A  process  according  to  claim  16  wherein  said  chromium-containing  compound  is 
bis(cyclopentadienyl)  chromium. 

Patentanspruche 

1.  Verfahren  zur  Polymerisation  von  a-Olefinen  in  einem  Wirbelbettreaktor  unter  Verwendung  von 
Katalysatoren  auf  Titanbasis  oder  anderen  Katalysatoren,  die  dazu  neigen,  Ablagerungen  (bzw. 
Schichtbildung)  wahrend  der  Polymerisation  zu  verursachen,  dadurch  gekennzeichnet,  daft  die  statische 
elektrische  Ladung  in  dem  Reaktor  an  der  Stelle  der  moglichen  Ablagerungen  unter  den  Spannungswerten 
der  statischen  Ladung  gehalten  wird,  die  sonst  eine  Ablagerung  verursachen  wiirden. 
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2.  Verfahren  nach  Anspruch  1,  in  welchem  die  Spannungswerte  der  statischen  Ladung  unterham  aer 
critischen  Spannungswerte,  ausgedruckt  durch  die  folgende  Formel 

Vc  =  -8,000  -50  Ts  +90  [H2]  +150  To 

jehalten  werden,  worin  bedeuten: 
Vc  =  Spannung,  unter  welcher  keine  Ablagerung  erfolgt,  in  Volt; 
Ts  =  Sintertemperatur  des  Harzes  unter  den  Betriebsbedingungen  des  Reaktors  in  °C; 
To  =  Reaktortemperatur  in  °C;  und 
[H2]  =  Mol-%  Wasserstoff  im  Ruckfiihrungsgas. 
3.  Verfahren  nach  Anspruch  1,  worin  die  statische  elektrische  Ladung  im  Reaktor  unter  den 

Spannungswerten  der  statischen  Ladung,  die  sonst  eine  Ablagerung  bewirken  wurden,  gehalten  wird, 
ndem  man  in  das  Wirbelbett  oder  das  Reaktionssystem  in  diesem  Wirbelbett  lonenpaare,  lonen  oder 
geladene  Teilchen  entgegengesetzter  Polaritat  von  dem  Wirbelbett  einfuhrt. 

4.  Verfahren  nach  Anspruch  1,  in  welchem  die  statische  elektrische  Ladung  im  Reaktor  durch 
i/orrichtungen  unter  den  Spannungswerten,  die  sonst  eine  Ablagerung  bewirken  wurden,  gehalten  wird, 
jvobel  diese  Vorrichtungen  an  die  Reaktorwande  angeschlossen  und  so  ausgebildet  sind,  daft  sie  Bereiche 
iioher  lokaler  Feldstarke  erzeugen  und  dadurch  die  elektrische  Ladung  begunstigen. 

5.  Verfahren  nach  Anspruch  1,  in  welchem  die  statische  elektrische  Ladung  im  Reaktor  unter  den 
Spannungswerten  der  statischen  Ladung,  die  sonst  eine  Ablagerung  bewirken  wurden,  gehalten  wird, 
indem  man  in  den  Reaktor  eine  chromhaltige  Verbindung  einfuhrt,  die  in  der  Wertigkeitsstufe  von  2  oder  3 
�orliegt. 

6.  Verfahren  zum  Verringern  der  Ablagerung  (bzw.  Schichtbildung)  wahrend  der  Herstellung  von 
Polyolefinen  durch  Polymerisation  von  a-Olefinen  unter  Verwendung  von  Polymerisationskatalysatoren 
auf  Titanbasis,  das  das  In-Beruhrung-bringen  der  Oberflachen  des  ReaktionsgefalSes,  in  welchem  die 
Polymerisation  stattfindet,  mit  einer  chromhaltigen  Verbindung  umfalSt,  in  der  das  Chrom  in  einer 
Wertigkeitsstufe  von  2  oder  3  vorliegt  und  die  in  einer  Menge  verwendet  wird,  die  ausreicht,  das  AusmalS 
der  Ablagerung  wahrend  der  Polymerisation  zu  verringern. 

7.  Verfahren  nach  Anspruch  6,  in  welchem  die  chromhaltige  Verbindung  in  einem  inerten 
Ldsungsmittel  enthalten  ist. 

8.  Verfahren  nach  Anspruch  7,  worin  das  inerte  Ldsungsmittel  Toluol  ist. 
9.  Verfahren  nach  Anspruch  7,  in  welchem  das  inerte  Ldsungsmittel  in  einer  inerten  Atmosphare  in  das 

ReaktionsgefaB  eingefiihrt  wird. 
10.  Verfahren  nach  Anspruch  6,  in  welchem  die  chromhaltige  Verbindung  Bis-(cyclopentadienyl)chrom 

ist. 
11.  Verfahren  nach  Anspruch  6,  in  welchem  die  Polyolefine  lineare  Homopolymere  von  Ethylen  oder 

lineare  Copolymere  aus  einem  grolSeren  molaren  Prozentsatz  (>90%)  Ethylen  und  einem  geringeren 
molaren  Prozentsatz  (<10%)  eines  oder  mehrerer  C3-  bis  C8-a-Olefine  sind. 

12.  Verfahren  nach  Anspruch  11,  in  welchem  die  Polyolefine  Homopolymere  oder  Copolymere  von 
Propylen,  Buten-1,  Penten-1,  Hexen-1,  4-Methylpenten-1,  Hepten-1  oder  Octen-1  sind. 

13.  Verfahren  zum  Verringern  von  Ablagerungen  (bzw.  Schichtbildung)  wahrend  der  Polymerisation 
von  a-Olefinen  zur  Herstellung  linearer  Homopolymerer  von  Ethylen  oder  linearer  Copolymerer  aus  einem, 
groBeren  molaren  Prozentsatz  (>90%)  Ethylen  und  einem  geringeren  molaren  Prozentsatz  (<10%)  eines 
oder  mehrerer  C3-  bis  C8-a-Olefine  unter  Verwendung  von  Polymerisationskatalysatoren  auf  Titanbasis, 
das  vor  der  Polymerisation  die  Einfuhrung  einer  chromhaltigen  Verbindung  in  das  ReaktionsgefalS  umfalSt, 
wobei  Chrom  in  der  Verbindung  in  einer  Wertigkeitsstufe  von  2  oder  3  vorliegt,  die  chromhaltige 
Verbindung  in  einem  inerten  Ldsungsmittel  gelost  ist  und  in  den  Reaktor  in  einer  inerten  Atmosphare 
eingefiihrt  wird. 

14.  Verfahren  nach  Anspruch  13,  in  welchem  der  Titankatalysator  mindestens  eine  Titanverbindung, 
mindestens  eine  Magnesiumverbindung,  mindestens  eine  Elektronendonatorverbindung  mindestens  eine 
Aktivatorverbindung  und  mindestens  ein  inertes  Tragermaterial  umfaKt. 

15.  Verfahren  nach  Anspruch  14,  in  welchem  die  Titanverbindung  die  Struktur 

Ti(OR)aXb 

hat,  worin  R  ein  aliphatischer  oder  aromatischer  C,—  C14-Kohlenwasserstoffrest  oder  COR'  ist,  worin  R'  ein 
aliphatischer  oder  aromatischer  C-,—  C14-Kohlenwasserstoffrest  ist,  X=CI,  Br  oder  J  ist,  a=0  oder  1  ist,  b=2 
bis  einschlielSlich  4  ist  und  a+b=3  oder  4  ist. 
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5.  Verfahren  nach  Anspruch  15,  in  welchem  die  chromhaltige  Verbindung  die  folgende  Formel 

at  worin  R'  und  R"  gleiche  oder  verschiedene  ^onienwassersiorrresxe  mil  u-,  uit.  BiuowmOUi.w.  ~20  — 
onnen  und  n'  und  n"  gleiche  oder  verschiedene  ganze  Zahlen  von  0  bis  einschlie&lich  5  sein  konnen. 

17.  Verfahren  nach  Anspruch  16,  in  welchem  die  chromhaltige  Verbindung  Bis- 
;yclopentadienyl)chrom  ist. 

evendications 

1.  Procede  de  polymerisation  d'alpha-oletines  dans  un  reacteur  a  iiitiuiuisb  bm  uumMi«  uCO  ^ a , y ^ ~ . ~  
a  base  de  titane  ou  d'autres  catalyseurs  enclins  a  provoquer  la  formation  de  feuilles  pendant  ladite 

•0  polymerisation,  caracterise  en  ce  que  la  charge  d'electricite  statique  dans  ledit  reacteur  sur  le  site  de 
formation  possible  de  feuilles  est  maintenue  au-dessous  des  niveaux  de  tension  statique  qui 
provoqueraient  autrement  la  formation  de  feuilles. 

2.  Procede  suivant  la  revendication  1,  dans  lequel  les  niveaux  de  tension  statique  sont  maintenus  au- 
dessous  des  niveaux  critiques  de  tension  tels  qu'exprimes  par  la  formule  suivante: 

>5 
Vc=  -8,000  -50  Ts  +90  [H2]  +150  To 

dans  laquelle  Vc  est  la  tension,  en  volts,  au-dessous  de  laquelle  la  formation  de  feuilles  n'a  pas  lieu; 
Ts  est  la  temperature  de  frittage,  en  °C,  de  la  resine  dans  les  conditions  de  travail  du  reacteur; 

to  To  est  la  temperature  en  °C  du  reacteur;  et 
[H2]  est  le  pourcentage  molaire  d'hydrogene  dans  le  gaz  recycle. 
3.  Procede  suivant  la  revendication  1,  dans  lequel  la  charge  d'electricite  statique  dans  ledit  reacteur  est 

maintenue  au-dessous  des  niveaux  de  tension  statique  qui  provoqueraient  autrement  la  formation  de 
feuilles  par  injection  dans  de  lit  fluidise  ou  par  reaction  dans  le  lit  fluidise  de  paires  d'ions,  d'lons  ou  de 

>5  particules  chargees  de  polarite  opposee  vis-a-vis  du  lit  fluidise. 
4.  Procede  suivant  la  revendication  1,  dans  lequel  la  charge  d'electricite  statique  dans  le  reacteur  est 

maintenue  au-dessous  des  niveaux  de  tension  statique  qui  provoqueraient  autrement  la  formation  de 
feuilles  par  des  dispositifs  connectes  aux  parois  du  reacteur,  lesdits  dispositifs  etant  con?us  pourfavoriser 
la  decharge  electrique  a  la  terre  en  creant  des  zones  de  haute  intensite  localisee  de  champ. 

w  5  Procede  suivant  la  revendication  1,  dans  lequel  la  charge  d'electricite  statique  dans  le  reacteur  est 
maintenue  au-dessous  des  niveaux  de  tension  statique  qui  provoqueraient  autrement  la  formation  de 
feuilles  par  I'introduction  d'un  compose  contenant  du  chrome  dans  le  reacteur,  ledit  compose  contenant  du 
chrome  etant  present  a  un  degre  de  valence  egal  a  2  ou  3. 

6.  Procede  de  reduction  de  la  formation  de  feuilles  pendant  la  production  de  polyolefines  par 
is  polymerisation  d'alpha-olefines  en  utilisant  des  catalyseurs  de  polymerisation  a  base  de  titane,  qui 

consiste  a  faire  entrer  les  surfaces  du  recipient  de  reaction  dans  lequel  ladite  polymerisation  a  lieu  en 
contact  avec  un  compose  contenant  du  chrome,  ce  chrome  etant  present  dans  ledit  compose  a  une  degre 
de  valence  de  2  ou  3,  ledit  compose  contenant  du  chrome  etant  utilise  en  une  quantite  suffisante  pour 
reduire  le  degre  de  formation  de  feuilles  pendant  ladite  polymerisation. 

50  7.  Procede  suivant  la  revendication  6,  dans  lequel  le  compose  contenant  du  chrome  se  trouve  dans  un 
solvante  inerte. 

8  Procede  suivant  la  revendication  7,  dans  lequel  le  solvant  inerte  est  le  toluene. 
9.  Procede  suivant  la  revendication  7,  dans  lequel  le  solvant  inerte  est  introduit  dans  le  recipient  de 

reaction  dans  une  atmosphere  inerte. 
55  10.  Procede  suivant  la  revendication  6,  dans  lequel  le  compose  contenant  du  chrome  est  le 

bis(cyclopentadienyl)chrome.  ,  ,  . 
11.  Procede  suivant  la  revendication  6,  dans  lequel  les  polyolefines  sont  des  homopolymeres  lineaires 

d'ethylene  ou  des  copolymers  lineaires  d'un  pourcentage  molaire  dominant  (>90%)  d'ethylene  et  d'un 

pourcentage  molaire  secondaire  (<10%)  d'une  ou  plusieurs  alpha-olefines  en  C3  a  C8. 
12.  Procede  suivant  la  revendication  11,  dans  lequel  les  polyolefines  sont  des  homopolymeres  ou  des 

copolymeres  de  propylene,  de  butene-1,  de  pentene-1,  d'hexene-1,  de  4-methylpentene-1,  d'heptene-1  ou 
d'octene-1.  ,  . „ , , , - , .   „, 

13.  Procede  pour  reduire  la  formation  de  feuilles  pendant  la  polymerisation  d  alpha-olefines  en  vue  de 
produire  des  homopolymeres  lineaires  d'ethylene  ou  des  copolymeres  lineaires  d'une  proportion  molaire 
dominante  (>90%)  d'ethylene  et  d'une  proportion  molaire  secondaire  (<10%)  d'une  ou  plusieurs  alpha- 
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defines  en  C3  a  C8  en  utilisant  des  catalyseurs  de  polymerisation  a  base  de  titane,  procede  qui  consiste  a 
introduire  dans  le  recipient  de  reaction,  avant  la  polymerisation,  un  compose  contenant  du  chrome,  le 
chrome  etant  present  dans  ce  compose  a  un  degre  de  valence  de  2  ou  3,  ledit  compose  contenant  du 
chrome  etant  dissous  dans  un  solvant  inerte  et  etant  introduite  dans  le  reacteur  dans  une  atmosphere 
inerte. 

14.  Procede  suivant  la  revendication  13,  dans  lequel  le  catalyseur  au  titane  comprend  au  moms  un 
compose  de  titane,  au  moins  un  compose  de  magnesium,  au  moins  un  compose  donneur  d'electrons,  au 
moins  un  compose  activateur  et  au  moins  une  matiere  inerte  de  support. 

15.  Procede  suivant  la  revendication  14,  dans  lequel  le  compose  de  titane  repond  a  la  formule: 
'  

Ti(OR)aXb 

dans  laquelle  R  est  un  radical  hydrocarbone  aliphatique  ou  aromatique  en  C,  a  C14  ou  un  groupe  COR'  dans 
lequel  R'  est  un  radical  hydrocarbone  aliphatique  ou  aromatique  en  Cn  a  C14;  X  represente  CI,  Br  ou  I;  a  a  la 

5  valeur  0  ou  1  ;  b  a  une  valeur  de  2  a  4  inclus;  et  la  somme  a+b  est  egale  a  3  ou  4. 
16.  Procede  suivant  la  revendication  15,  dans  lequel  le  compose  contenant  du  chrome  repond  a  la 

formule  suivante: 

'0 

Jans  laquelle  R'  et  R"  peuvent  etre  des  radicaux  hydrocarbones  identiques  ou  ditterents  en  u,  a  L20,  inclus, 
it  n'  et  n"  peuvent  etre  des  nombres  entiers  de  0  a  5  inclus,  egaux  ou  differents. 

17.  Procede  suivant  la  revendication  16,  dans  lequel  le  compose  contenant  du  chrome  est  le 
)is(cyclopentadienyl)chrome. 
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