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Description 

Background  of  the  Invention 

5  Metals  from  Groups  I  and  II  of  the  periodic  table  are  commonly  used  to  initiate  the  polymerization  of 
monomers  into  polymers.  For  example,  lithium,  barium,  magnesium,  sodium,  and  potassium  are  metals  that 
are  frequently  utilized  in  such  polymerizations.  Initiator  systems  of  this  type  are  of  commercial  importance 
because  they  can  be  used  to  produce  stereo  regulated  polymers.  For  instance,  lithium  initiators  can  be 
utilized  to  initiate  the  anionic  polymerization  of  isoprene  into  cis-1  ,4-polyisoprene  or  to  initiate  the 

io  polymerization  of  1  ,3-butadiene  into  high  vinyl  polybutadiene. 
The  polymers  formed  in  such  polymerizations  are  terminated  with  the  metal  used  to  initiate  the 

polymerization  and  are  sometimes  referred  to  as  living  polymers.  They  are  referred  to  as  living  polymers 
because  the  polymer  chains  which  are  terminated  with  the  metal  initiator  continue  to  grow  or  live  until  all  of 
the  available  monomer  is  exhausted.  Polymers  that  are  prepared  by  utilizing  such  metal  initiators  normally 

75  have  structures  which  are  essentially  linear  and  normally  do  not  contain  appreciable  amounts  of  branching. 
Such  polymers  are  normally  compounded  with  sulfur,  carbon  black,  accelerators,  antidegradants  and 

other  desired  rubber  chemicals  and  are  then  subsequently  vulcanized  or  cured  into  the  form  of  a  useful 
article.  It  has  been  established  that  the  physical  properties  of  such  cured  rubbers  depend  upon  the  degree 
to  which  the  carbon  black  is  homogeneously  dispersed  throughout  the  polydiene  rubber.  This  is  in  turn 

20  related  to  the  level  of  affinity  that  carbon  black  has  for  the  particular  polydiene.  This  can  be  of  practical 
importance  in  improving  the  physical  characteristics  of  rubber  articles  which  are  made  utilizing  polydienes. 
For  example,  the  rolling  resistance  and  traction  characteristics  of  tires  can  be  improved  by  improving  the 
affinity  of  carbon  black  to  the  polydiene  rubbers  utilized  therein.  Therefore,  it  would  be  highly  desirable  to 
improve  the  affinity  of  a  given  polydiene  rubber  for  carbon  black.  This  is  because  a  better  dispersion  of 

25  carbon  black  throughout  polydiene  rubbers  which  are  utilized  in  compounding  tire  tread  compositions 
results  in  a  lower  hysteresis  value  and  consequently  tires  made  therefrom  have  lower  rolling  resistance.  Low 
tan  delta  values  at  60  °C  are  indicative  of  low  hysteresis  and  consequently  tires  made  utilizing  such 
polydienes  with  low  tan  delta  values  at  60  °C  have  lower  rolling  resistance.  Better  dispersions  of  carbon 
black  throughout  the  polydiene  rubber  also  cause  higher  tan  delta  values  at  0  °  C  which  causes  tires  made 

30  therefrom  to  have  better  traction  characteristics. 
United  States  Patent  3,402,162  discloses  a  process  for  preparing  polymers  of  conjugated  diolefins 

having  a  low  tendency  to  cold  flow  by  polymerizing  conjugated  dienes  with  an  organolithium  initiator  and 
after  completion  of  the  polymerization  treating  the  polymer  with  a  vinyl  substituted  heterocyclic  nitrogen 
compound.  United  States  Patent  3,177,190  discloses  a  similar  process  wherein  various  compounds 

35  containing  a  reactive  hydrogen  atom  are  used  to  treat  the  polymer. 

Summary  of  the  Invention 

The  present  invention  provides  a  means  for  capping  diene  rubbers  in  order  to  improve  the  affinity  of 
40  carbon  black  to  them.  By  utilizing  the  technique  of  the  present  invention,  better  dispersions  of  carbon  black 

throughout  polydienes  can  be  prepared.  The  capped  polydienes  of  this  invention  which  have  a  high  level  of 
affinity  for  carbon  black  can  be  utilized  in  manufacturing  tires  which  have  a  lower  level  of  rolling  resistance 
and  better  traction  characteristics. 

The  present  invention  more  specifically  discloses  a  polydiene  having  a  high  level  of  affinity  for  carbon 
45  black  which  is  comprised  of  polymer  chains  which  are  comprised  of  repeat  units  which  are  derived  from  at 

least  one  conjugated  diolefin  monomer  wherein  said  polymer  chains  are  terminated  with  cyanide  groups. 
The  subject  invention  also  reveals  a  process  for  preparing  a  polydiene  having  a  high  level  of  affinity  for 

carbon  black  which  is  characterized  by  reacting  a  metal  terminated  polydiene  with  a  halogenated  nitrile 
capping  agent  having  the  structural  formula  X-A-ON  wherein  X  represents  a  halogen  atom  and  wherein  A 

50  represents  an  alkylene  group  containing  from  1  to  20  carbon  atoms. 
It  is  highly  preferred  to  utilize  a  lithium  amide  in  the  synthesis  of  the  metal  terminated  polymer.  This  is 

because  their  use  results  in  an  extra  polar  group  being  incorporated  into  the  polydiene  chains.  Thus,  both 
ends  of  polydiene  chains  can  be  capped  with  polar  groups  by  utilizing  such  functionalized  initiators  in 
conjunction  with  the  capping  agents  of  this  invention. 

55 
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Detailed  Description  of  the  Invention 

The  subject  invention  provides  a  means  for  capping  polydienes  which  improves  their  affinity  for  carbon 
black.  The  process  of  the  present  invention  can  be  used  to  cap  any  polymer  which  is  terminated  with  a 

5  metal  of  Group  I  or  II  of  the  periodic  table.  These  polymers  can  be  produced  utilizing  techniques  that  are 
well  known  to  persons  skilled  in  the  art.  The  initiator  used  in  initiating  the  polymerization  utilized  in 
producing  such  polymers  is  most  commonly  selected  from  the  group  consisting  of  barium,  lithium, 
magnesium,  sodium,  and  potassium.  Lithium  and  magnesium  are  the  metals  that  are  most  commonly 
utilized  in  the  synthesis  of  such  metal  terminated  polymers  (living  polymers).  United  States  Patent 

io  4,048,420,  describes  the  synthesis  of  a  lithium  terminated  polymer  which  is  catalyzed  with  very  finely 
divided  lithium  having  an  average  particle  diameter  of  less  than  2  microns. 

Organolithium  compounds  are  the  preferred  initiators  for  utilization  in  such  polymerizations.  The 
organolithium  compounds  which  are  utilized  as  initiators  are  normally  organo  monolithium  compounds.  The 
organolithium  compounds  which  are  preferred  as  initiators  are  monofunctional  compounds  which  can  be 

is  represented  by  the  formula:  R-Li,  wherein  R  represents  a  hydrocarbyl  radical  containing  from  1  to  about  20 
carbon  atoms.  Generally,  such  monofunctional  organolithium  compounds  will  contain  from  1  to  about  10 
carbon  atoms.  Some  representative  examples  of  preferred  organolithium  compounds  include  methyllithium, 
ethyllithium,  isopropyllithium,  n-butyllithium,  sec-butyllithium,  n-hexyllithium,  n-octyllithium,  tert-octyllithium, 
n-decyllithium,  phenyllithium,  1-naphthyllithium,  4-butylphenyllithium,  p-tolyllithium,  4-phenylbutyllithium, 

20  cyclohexyllithium,  4-butylcyclohexyllithium,  and  4-cyclohexylbutyllithium.  Secondary-butyllithium  is  a  highly 
preferred  organolithium  initiator.  Lithium  amides  are  also  highly  preferred  initiators  because  they  can  be 
used  to  prepare  polydienes  which  are  terminated  with  polar  groups  at  both  ends  of  their  polymer  chains. 
The  extra  polar  functionality  provided  by  lithium  amides  results  in  increased  interaction  with  carbon  black 
resulting  in  better  polymer-carbon  black  dispersion.  The  lithium  amides  that  can  be  used  include  lithium 

25  pyrrolidide.  Amino  alkyl  lithium  compounds  having  the  following  structural  formula  are  also  preferred 
initiators: 

30 
c  N - A - L i   o r  

\ - A - L i  
J  

o r  

R 
2 /  

N - A - L i  

35  wherein  A  represents  an  alkylene  group  containing  from  1  to  20  carbon  atoms,  and  wherein  R1  and  R2  can 
be  the  same  or  different  and  represent  alkyl  groups  containing  from  1  to  20  carbon  atoms. 

The  amount  of  organolithium  initiator  utilized  will  vary  depending  upon  the  molecular  weight  which  is 
desired  for  the  polymer  being  synthesized  as  well  as  the  precise  polymerization  temperature  which  will  be 
utilized.  The  precise  amount  of  organolithium  compound  required  to  produce  a  polymer  of  a  desired 

40  molecular  weight  can  be  easily  ascertained  by  persons  skilled  in  the  art.  However,  as  a  general  rule  from 
0.01  to  1  phm  (parts  per  100  parts  by  weight  of  monomer)  of  an  organolithium  initiator  will  be  utilized.  In 
most  cases,  from  0.01  to  0.1  phm  of  an  organolithium  initiator  will  be  utilized  with  it  being  preferred  to 
utilize  0.025  to  0.07  phm  of  the  organolithium  initiator. 

The  metal  terminated  polymers  to  which  the  present  invention  pertains  which  can  be  made  utilizing 
45  organomonofunctional  initiators  have  the  general  structural  formula  P-M,  wherein  P  represents  a  polymer 

chain  and  wherein  M  represents  a  metal  of  group  I  or  II.  The  metal  terminated  polymers  utilized  in  the 
practice  of  this  invention  can  be  of  virtually  any  molecular  weight.  However,  the  maximum  benefits  of  this 
invention  will  be  realized  when  polymers  having  number  average  molecular  weights  within  the  range  of 
about  50,000  to  about  500,000  are  used.  It  is  normally  preferred  for  such  polymers  to  have  number  average 

50  molecular  weights  within  the  range  of  100,000  to  250,000.  The  metal  initiators  utilized  in  the  synthesis  of 
such  metal  terminated  polymers  can  also  be  multifunctional  organometallic  compounds.  For  instance, 
difunctional  organometallic  compounds  can  be  utilized  to  initiate  such  polymerizations.  The  utilization  of 
such  difunctional  organometallic  compounds  as  initiators  generally  results  in  the  formation  of  polymers 
having  the  general  structural  formula  M-P-M,  wherein  P  represents  a  polymer  chain  and  wherein  M 

55  represents  a  metal  of  group  I  or  II.  Such  polymers  which  are  terminated  at  both  of  their  chain  ends  with  a 
metal  from  group  I  or  II  can  be  treated  so  as  to  affix  capping  agents  to  both  of  their  chain  ends.  The 
benefits  attained  by  utilizing  difunctional  initiators  and  capping  both  of  the  chain  ends  can  further  improve 
interaction  with  carbon  black. 
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Many  types  of  unsaturated  monomers  which  contain  carbon-carbon  double  bonds  can  be  polymerized 
into  polymers  using  such  metal  catalysts.  Elastomeric  or  rubbery  polymers  can  be  synthesized  by 
polymerizing  diene  monomers  utilizing  this  type  of  metal  initiator  system.  The  diene  monomers  that  can  be 
polymerized  into  synthetic  rubbery  polymers  can  be  either  conjugated  or  nonconjugated  diolefins.  Con- 

5  jugated  diolefin  monomers  containing  from  4  to  8  carbon  atoms  are  generally  preferred.  Vinyl-substituted 
aromatic  monomers  can  also  be  copolymerized  with  one  or  more  diene  monomers  into  rubbery  polymers, 
for  example  styrene-butadiene  rubber  (SBR).  Some  representative  examples  of  conjugated  diene  monomers 
that  can  be  polymerized  into  rubbery  polymers  include  1  ,3-butadiene,  isoprene,  1  ,3-pentadiene,  2,3- 
dimethyl-1  ,3-butadiene,  2-methyl-1  ,3-pentadiene,  2,3-dimethyl-1  ,3-pentadiene,  2-phenyl-1  ,3-butadiene,  and 

io  4,5-diethyl-1  ,3-octadiene.  Some  representative  examples  of  vinyl-substituted  aromatic  monomers  that  can 
be  utilized  in  the  synthesis  of  rubbery  polymers  include  styrene,  1-vinylnapthalene,  3-methylstyrene,  3,5- 
diethylstyrene,  4-propylstyrene,  2,4,6-trimethylstyrene,  4-dodecylstyrene,  3-methyl-5-normal-hexylstyrene,4- 
phenylstyrene,  2-ethyl-4-benzylstyrene,  3,5-diphenylstyrene,  2,3,4,5-tetraethylstyrene,  3-ethyl-1-vinylnap- 
thalene,  6-isopropyl-1-vinylnapthalene,  6-cyclohexyl-1-vinylnapthalene,  7-dodecyl-2-vinylnapthalene,  a- 

15  methylstyrene,  and  the  like. 
Metal  terminated  polymers  are  generally  prepared  in  solution  polymerizations  which  utilize  inert  organic 

solvents,  such  as  saturated  aliphatic  hydrocarbons,  aromatic  hydrocarbons,  or  ethers.  The  solvents  used  in 
such  solution  polymerizations  will  normally  contain  from  about  4  to  about  10  carbon  atoms  per  molecule 
and  will  be  liquids  under  the  conditions  of  the  polymerization.  Some  representative  examples  of  suitable 

20  organic  solvents  include  pentane,  isooctane,  cyclohexane,  normal-hexane,  benzene,  toluene,  xylene,  ethyl- 
benzene,  tetrahydrofuran,  and  the  like,  alone  or  in  admixture.  Such  solution  polymerizations  result  in  the 
formation  of  a  polymer  cement  (a  highly  viscous  solution  of  the  polymer). 

The  metal  terminated  polymers  in  such  polymer  solutions  can  be  capped  with  nitrile  groups  by  simply 
adding  a  stoichiometric  amount  of  one  of  the  capping  agents  of  this  invention  to  the  solution.  In  other  words, 

25  approximately  one  mole  of  capping  agent  is  added  per  mole  of  terminal  metal  groups  in  the  living  polymer. 
The  number  of  moles  of  metal  end  groups  in  such  polymers  is  assumed  to  be  the  number  of  moles  of  the 
metal  utilized  in  the  initiator.  It  is,  of  course,  possible  to  add  greater  amounts  of  the  capping  agent  being 
used.  However,  the  utilization  of  greater  amounts  is  not  beneficial  to  final  polymer  properties.  Nevertheless, 
in  many  cases  it  will  be  desirable  to  utilize  a  slight  excess  or  the  capping  agent  in  order  to  insure  that  at 

30  least  a  stoichiometric  amount  is  actually  employed  or  to  control  the  stoichiometry  of  the  capping  reaction.  In 
most  cases  from  about  0.8  to  about  1.1  moles  of  the  capping  agent  will  be  utilized  per  mole  of  metal  end 
groups  in  the  living  polymer  being  treated.  In  the  event  that  it  is  not  desired  to  cap  all  of  the  metal 
terminated  chain  ends  in  a  polymer  then,  of  course,  lesser  amounts  of  the  capping  agent  can  be  utilized. 

The  capping  agents  of  this  invention  will  react  with  metal  terminated  living  polymers  over  a  very  wide 
35  temperature  range.  For  practical  reasons  the  capping  of  such  living  polymers  will  normally  be  carried  out  at 

a  temperature  within  the  range  of  0°C  to  150°C.  In  order  to  increase  reaction  rates,  in  most  cases  it  will  be 
preferred  to  utilize  a  temperature  within  the  range  of  30  °  C  to  100  °  C  with  temperatures  within  the  range  of 
50  °C  to  80  °C  being  most  preferred.  The  capping  reaction  is  very  rapid  and  only  very  short  reaction  times 
within  the  range  of  0.5  to  4  hours  are  normally  required.  However,  in  some  cases  reaction  times  of  up  to 

40  about  24  hours  may  be  employed  to  insure  maximum  conversions. 
The  capping  agents  which  are  used  in  the  practice  of  this  invention  are  halogenated  nitriles.  The 

halogenated  nitriles  which  can  be  used  have  the  structural  formula  X-A-ON  wherein  X  represents  a 
halogen  atom  and  wherein  A  represents  an  alkylene  group  containing  from  1  to  20  carbon  atoms.  Fluorine, 
bromine  and  chlorine  are  preferred  halogens  with  chlorine  being  the  most  preferred.  In  most  cases  A  will 

45  represent  an  alkylene  group  containing  from  1  to  20  carbon  atoms,  with  alkylene  groups  containing  from  1 
to  4  carbon  atoms,  such  as  methylene,  ethylene,  propylene,  and  butylene  groups,  being  most  preferred. 

The  capping  agents  of  this  invention  react  with  metal  terminated  polydienes  and  replace  the  metal  with 
a  terminal  cyanide  group.  Capping  the  metal  terminated  polydiene  with  a  nitrile  results  in  the  polydiene 
chains  being  terminated  with  cyanide  groups. 

50  After  the  capping  reaction  is  completed,  it  will  normally  be  desirable  to  "kill"  any  living  polydiene  chains 
which  remain.  This  will  prevent  the  living  polymer  from  reacting  with  any  carbon  dioxide  that  may  be 
present.  For  this  reason  it  is  normally  desirable  to  add  an  alcohol,  such  as  methanol  or  ethanol,  to  the 
polymer  cement  after  the  capping  reaction  is  completed  in  order  to  eliminate  any  living  polymer  that  was 
not  consumed  by  the  capping  reaction.  The  capped  polydiene  rubber  can  then  be  recovered  utilizing 

55  standard  techniques.  The  capped  polydiene  can  then  be  compounded  and  cured  utilizing  conventional 
procedures  and  standard  vulcanization  temperatures.  For  example,  polydiene  rubbers  which  have  been 
capped  in  accordance  with  this  invention  will  normally  be  cured  at  a  temperature  within  the  range  of  about 
120°C  to  about  220  °C.  In  most  cases  it  will  be  preferred  for  the  curing  to  be  done  at  a  temperature  within 

4 
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the  range  of  about  1  35  °  C  to  about  1  65  °  C. 
This  invention  is  illustrated  by  the  following  examples  which  are  merely  for  the  purpose  of  illustration 

and  are  not  to  be  regarded  as  limiting  the  scope  of  the  invention  or  the  manner  in  which  it  can  be  practiced. 
Unless  specifically  indicated  otherwise,  parts  and  percentages  are  given  by  weight. 

5 
Example  1 

The  first  step  in  this  experiment  was  the  synthesis  of  a  living  polybutadiene  which  was  terminated  with 
lithium.  A  5  gallon  (18.9  liter)  reactor  was  utilized  in  this  experiment.  It  was  conditioned  for  the  polymeriza- 

io  tion  by  the  addition  of  a  1  .6  molar  normal-butyl  lithium  in  hexane  solution  which  was  stirred  in  the  reactor  at 
a  temperature  of  about  150°F  (66  °C)  for  about  1  hour.  The  reactor  was  then  cooled  and  the  normal-butyl 
lithium  solution  was  dumped.  The  reactor  was  then  charged  with  a  premixed  solution  of  1  ,3-butadiene  in 
hexane  which  contained  18%  butadiene.  The  premixed  solution  was  previously  passed  through  silica  gel 
and  alumina  (AI2O3).  The  premixed  solution  was  stirred  while  bubbling  nitrogen  through  it  in  order  to  ensure 

15  that  no  oxygen  was  present.  Tetramethylethylene  diamine  was  added  as  a  modifier  in  order  to  produce  a 
polymer  having  a  high  vinyl  content.  The  polymerization  was  initiated  by  the  introduction  of  normal-butyl 
lithium.  Nitrogen  was  added  in  order  to  maintain  a  pressure  of  2.72  atm  (40  Ibf  in-2)  which  inhibited  the 
entry  of  air,  water,  or  other  undesirable  contaminants.  The  polymerization  was  allowed  to  proceed  at  a 
temperature  of  125°F  (52  °C)  until  a  conversion  of  essentially  100%  was  reached.  The  polymerization  took 

20  approximately  3  hours. 
After  the  polymerization  was  completed,  one-half  of  the  polymer  cement  produced  was  drawn  under 

isopropanol  as  a  control.  The  isopropanol  killed  living  lithium-terminated  polymer  chains  which  prevented 
undesirable  side  reactions  from  taking  place,  such  as  reactions  with  carbon  dioxide  in  the  air.  The  polymer 
cement  remaining  in  the  reactor  was  then  capped  with  chloroacetonitrile  via  a  bomb  containing  the 

25  chloroacetonitrile  as  a  dilute  solution.  The  molar  ratio  of  chloroacetonitrile  to  lithium  in  the  polymer 
produced  was  10:1.  The  polymer  cement  was  heated  at  150°F  (66  °C)  with  stirring  for  at  least  1  hour  after 
the  chloroacetonitrile  was  introduced  into  the  reactor.  The  reactor  was  then  cooled  to  room  temperature  with 
stirring  being  maintained  overnight  in  order  to  induce  complete  capping.  An  antioxidant  and  a  small  amount 
of  methanol  was  then  added.  The  polymer  cement  was  stirred  for  1  additional  hour  and  subsequently 

30  recovered  and  dried  in  an  oven.  It  was  determined  that  the  polymer  produced  had  a  tan  delta  at  60  °C  of 
0.074  and  a  tan  delta  at  0  0  C  of  0.425.  This  compares  very  favorably  with  the  tan  deltas  that  were  measured 
for  the  control.  In  fact,  the  control  had  a  tan  delta  at  60  °C  of  0.126  and  a  tan  delta  at  0°C  of  0.330.  Thus, 
the  utilization  of  chloroacetonitrile  as  a  capping  agent  both  decreased  tan  delta  at  60  0  C  and  increased  tan 
delta  at  0°C.  Accordingly,  tires  which  are  made  utilizing  such  a  capped  polybutadiene  can  have  both 

35  improved  rolling  resistance  and  improved  traction  characteristics. 
As  a  general  rule,  it  is  highly  desirable  to  have  a  tan  delta  at  60  °C  of  less  than  about  0.10.  It  is 

normally  more  desirable  to  have  a  tan  delta  at  60  0  C  of  less  than  about  0.090  with  tan  deltas  at  60  0  C  of 
less  than  0.08  being  highly  preferred. 

40  Example  2 

In  this  experiment  a  polydiene  which  was  capped  at  both  ends  of  its  polymer  chains  was  prepared.  In 
the  first  step,  500  cc  of  a  1  ,3-butadiene  in  hexane  premix  containing  15%  butadiene  was  added  to  a  clean, 
dry  nitrogen  flushed  quart  bottle.  The  polymerization  was  initiated  by  adding  22  mmoles  of  lithium 

45  pyrrolidide  and  the  bottle  was  sealed  with  a  teflon  lined  cap.  The  polymerization  was  allowed  to  proceed  at 
63  °C  for  about  2  hours.  Then  22  mmoles  of  chloroacetonitrile  was  added  to  the  polymer  cement  and 
shaken  to  provide  good  mixing.  Subsequently,  the  polymer  cement  was  poured  into  1000  cc  of  methanol 
and  stirred  to  coagulate  the  polymer  and  remove  excess  capping  agent.  The  coagulated  polymer  was 
transferred  to  a  beaker  and  hexane  was  added  to  the  550  cc  level.  The  mixture  was  stirred  to  dissolve  the 

50  polymer  and  2.25  mmoles  of  an  antioxidant  was  added.  The  capped  polymer  was  recovered  by  air  drying 
and  had  a  high  level  of  affinity  for  carbon  black. 

Claims 

55  1.  A  process  for  preparing  a  polydiene  having  a  high  level  of  affinity  for  carbon  black  which  is 
characterized  by  reacting  a  metal  terminated  polydiene  with  a  capping  agent  selected  from  the  group 
consisting  of  halogenated  nitriles  having  the  structural  formula  X-A-ON  wherein  X  represents  a 
halogen  atom  and  wherein  A  represents  an  alkylene  group  containing  from  1  to  20  carbon  atoms. 

5 



EP  0  316  255  B1 

2.  A  process  as  specified  in  claim  1  characterized  in  that  the  metal  is  selected  from  the  group  consisting 
of  lithium,  barium,  magnesium,  sodium,  and  potassium;  characterized  in  that  said  polydiene  is 
comprised  of  repeat  units  which  are  derived  from  at  least  one  conjugated  diolefin  monomer;  and 
characterized  in  that  said  polydiene  has  a  number  average  molecular  weight  which  is  within  the  range 

5  of  50,000  to  500,000. 

3.  A  process  as  specified  in  claim  1  or  2  characterized  in  that  said  reaction  is  carried  out  at  a  temperature 
which  is  within  the  range  of  0  °  C  to  150  °  C;  characterized  in  that  said  polydiene  is  comprised  of  repeat 
units  which  are  derived  from  at  least  one  conjugated  diolefin  monomer  containing  from  4  to  8  carbon 

io  atoms;  and  characterized  in  that  said  polydiene  is  terminated  with  lithium. 

4.  A  process  as  specified  in  claim  1  characterized  in  that  said  halogenated  nitrile  has  the  structural 
formula  X-A-ON  wherein  X  represents  a  halogen  atom  selected  from  the  group  consisting  of  fluorine, 
bromine  and  chlorine  and  wherein  A  represents  an  alkylene  group  containing  from  1  to  4  carbon  atoms. 

15 
5.  A  process  as  specified  in  claim  4  characterized  in  that  said  halogenated  nitrile  is  chloroacetonitrile. 

6.  A  capped  polydiene  which  is  characterized  by  being  made  by  the  process  specified  in  any  of  the 
preceding  claims. 

20 
Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  Polydiens  mit  einem  hohen  Affinitatsniveau  fur  RuBschwarz,  das 
gekennzeichnet  ist  durch  Umsetzen  eines  Polydiens  mit  endstandigem  Metall  mit  einem  End-AbschluB- 

25  mittel,  ausgewahlt  aus  der  Gruppe,  die  aus  halogenierten  Nitrilen  mit  der  Strukturformel  X-A-ON 
besteht,  worin  X  ein  Halogenatom  reprasentiert  und  worin  A  eine  Alkylengruppe  darstellt,  die  1  bis  20 
Kohlenstoffatome  enthalt. 

2.  Verfahren  wie  in  Anspruch  1  angegeben,  dadurch  gekennzeichnet,  dal3  das  Metall  aus  der  Gruppe,  die 
30  aus  Lithium,  Barium,  Magnesium,  Natrium  und  Kalium  besteht,  ausgewahlt  ist;  dadurch  gekennzeichnet, 

dal3  das  Polydien  sich  wiederholende  Einheiten,  die  von  mindestens  einem  konjugierten  Diolefin- 
Monomer  abgeleitet  sind,  umfaBt;  und  dadurch  gekennzeichnet,  dal3  das  Polydien  ein  Zahlenmittel  des 
Molekulargewichts,  das  im  Bereich  von  50  000  bis  500  000  liegt,  aufweist. 

35  3.  Verfahren  wie  in  Anspruch  1  oder  2  angegeben,  dadurch  gekennzeichnet,  dal3  die  Reaktion  bei  einer 
Temperatur,  die  im  Bereich  von  0°C  bis  150°C  liegt,  durchgefuhrt  wird;  dadurch  gekennzeichnet,  dal3 
das  Polydien  sich  wiederholende  Einheiten  umfaBt,  die  von  mindestens  einem  konjugierten  Diolefin- 
Monomer,  das  4  bis  8  Kohlenstoffatome  enthalt,  abgeleitet  sind;  und  dadurch  gekennzeichnet,  dal3  das 
Polydien  mit  Lithium  abgeschlossen  ist. 

40 
4.  Verfahren  wie  in  Anspruch  1  angegeben,  dadurch  gekennzeichnet,  dal3  das  halogenierte  Nitril  die 

Strukturformel  X-A-ON  hat,  worin  X  ein  Halogenatom,  ausgewahlt  aus  der  Gruppe,  die  aus  Fluor, 
Brom  und  Chlor  besteht,  darstellt  und  worin  A  eine  Alkylengruppe,  die  1  bis  4  Kohlenstoffatome  enthalt, 
reprasentiert. 

45 
5.  Verfahren  wie  in  Anspruch  4  angegeben,  dadurch  gekennzeichnet,  dal3  das  halogenierte  Nitril  Chlorace- 

tonitril  ist. 

6.  An  den  Enden  abgeschlossenes  Polydien,  das  dadurch  gekennzeichnet  ist,  das  es  nach  dem  in 
50  irgendeinem  der  vorangehenden  Anspruche  spezifizierten  Verfahren  hergestellt  ist. 

Revendicatlons 

1.  Procede  pour  preparer  un  polydiene  manifestant  un  niveau  eleve  d'affinite  pour  le  noir  de  carbone,  qui 
55  est  caracterise  par  la  mise  en  reaction  d'un  polydiene  a  terminaison  metallique  avec  un  agent  de 

blocage  choisi  parmi  le  groupe  constitue  par  des  nitriles  halogenes  repondant  a  la  formule  developpee 
X-A-ON,  oil  X  represente  un  atome  d'halogene  et  oil  A  represente  un  groupe  alkylene  contenant  de  1 
a  20  atomes  de  carbone. 
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2.  Precede  tel  que  specifie  a  la  revendication  1  ,  caracterise  en  ce  que  le  metal  est  choisi  parmi  le  groupe 
constitue  par  le  lithium,  le  baryum,  le  magnesium,  le  sodium  et  le  potassium;  caracterise  en  ce  que 
ledit  polydiene  comprend  des  motifs  periodiques  qui  derivent  d'au  moins  un  monomere  diolefinique 
conjugue;  et  caracterise  en  ce  que  ledit  polydiene  possede  un  poids  moleculaire  moyen  en  nombre  qui 

5  se  situe  dans  le  domaine  de  50.000  a  500.000. 

3.  Procede  tel  que  specifie  a  la  revendication  1  ou  2,  caracterise  en  ce  que  Ton  effectue  ladite  reaction  a 
une  temperature  qui  se  situe  dans  le  domaine  de  0°C  a  150°C;  caracterise  en  ce  que  ledit  polydiene 
comprend  des  motifs  periodiques  qui  derivent  d'au  moins  un  monomere  diolefinique  conjugue  conte- 

io  nant  de  4  a  8  atomes  de  carbone;  et  caracterise  en  ce  que  ledit  polydiene  est  termine  par  du  lithium. 

4.  Procede  tel  que  specifie  a  la  revendication  1,  caracterise  en  ce  que  ledit  nitrile  halogene  repond  a  la 
formule  developpee  X-A-ON,  ou  X  represente  un  atome  d'halogene  choisi  parmi  le  groupe  constitue 
par  un  atome  de  fluor,  un  atome  de  brome  et  un  atome  de  chlore  et  ou  A  represente  un  groupe 

is  alkylene  contenant  de  1  a  4  atomes  de  carbone. 

5.  Procede  tel  que  specifie  a  la  revendication  4,  caracterise  en  ce  que  ledit  nitrile  halogene  est  le 
chloroacetonitrile. 

20  6.  Polydiene  bloque  qui  est  caracterise  par  le  fait  qu'il  est  prepare  par  le  procede  specifie  dans  I'une 
quelconque  des  revendications  precedentes. 
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