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Description 

The  present  invention  relates  to  a  novel  class  of  carbon  blacks  that  are  particularly  well  suited  for  use  in  rubber 
compounds  intended  for  use  in  tires.  The  carbon  blacks  advantageously  impart  high  abrasion  resistance  and  treadwear 

5  resistance  to  rubber  compounds  at  generally  utilized  loading  levels.  The  carbon  blacks  also  advantageously  impart  a 
combination  of  high  abrasion  resistance  and  treadwear  resistance,  and  reduced  hysteresis,  to  rubber  compounds  when 
utilized  at  loading  levels  below  those  normally  utilized.  The  rubber  compounds  containing  the  carbon  blacks  of  the 
present  invention  may  also  include  silica  in  order  to  improve  the  traction  performance  of  the  rubber  compounds. 

Carbon  blacks  are  generally  produced  in  a  furnace-type  reactor  by  pyrolyzing  a  hydrocarbon  feedstock  with  hot 
10  combustion  gases  to  produce  combustion  products  containing  particulate  carbon  black. 

Carbon  blacks  are  generally  characterized  on  the  basis  of  analytical  properties  including,  but  not  limited  to,  surface 
area,  surface  chemistry,  aggregate  size,  and  particle  size.  The  properties  of  carbon  blacks  are  analytically  determined 
by  tests  known  to  the  art,  including,  for  example  CTAB,  CDBP  and  tinting  strength  value  (TINT).  Carbon  blacks  may 
also  be  characterized  by  their  AD50,  Dmode  and  Occluded  Volume  Index  properties. 

is  Carbon  blacks  may  be  utilized  as  pigments,  fillers,  reinforcing  agents  and  for  a  variety  of  other  applications.  For 
example,  carbon  blacks  are  widely  utilized  as  fillers  and  reinforcing  pigments  in  the  compounding  and  preparation  of 
rubber  and  plastic  compounds.  More  particularly,  carbon  blacks  are  effective  in  the  preparation  of  rubber  vulcanizates 
intended  for  usage  in  preparing  tires. 

It  is  generally  understood  that  the  properties  of  a  carbon  black  affect  the  properties  of  rubber  or  plastic  compounds 
20  containing  the  carbon  black.  Thus,  the  properties  of  a  carbon  black  will  affect  the  properties  of  tire  tread  compounds 

containing  the  carbon  black. 
It  is  generally  desirable  in  the  production  of  tires  to  utilize  carbon  black  containing  tire  tread  compounds  which 

have  satisfactory  abrasion  resistance.  The  greater  the  abrasion  resistance  of  a  rubber  compound,  the  greater  the 
treadwear  resistance  of  a  tire  produced  with  the  rubber  compound  and  thus  the  greater  the  number  of  miles  the  tire 

25  will  last  before  wearing  out. 
It  is  also  generally  desirable  in  the  production  of  tires  to  utilize  tire  tread  compounds,  incorporating  carbon  blacks, 

which  have  satisfactory  hysteresis.  The  hysteresis  of  a  rubber  compound  refers  to  the  energy  dissipated  under  defor- 
mation.  Tires  produced  with  tread  compounds  having  lower  hysteresis  values  will  have  reduced  rolling  resistance  which 
results  in  reduced  fuel  consumption  by  the  vehicle  utilizing  the  tire. 

30  WO-A-92/04415  relates  to  carbon  blacks  which  impart  improved  handling  and  concerning,  increased  abrasion 
resistance  and  improved  traction  properties  to  rubbers. 

WO-A-91/13944  pertains  to  carbon  blacks  which  impart  improved  treadwear  and  hysteresis  performance  proper- 
ties  to  rubbers. 

Accordingly,  an  object  of  the  present  invention  is  new  carbon  blacks  that  impart  superior  abrasion  resistance  and 
35  treadwear  resistance  to  natural  rubbers,  synthetic  rubbers  and  blends  of  natural  and  synthetic  rubbers. 

Another  object  of  the  present  invention  is  to  provide  new  rubber  compounds  having  improved  abrasion  resistance 
and  treadwear  resistance  prepared  utilizing  the  carbon  blacks  of  the  present  invention  at  conventional  loading  levels. 

A  further  object  of  the  present  invention  is  to  provide  new  rubber  compounds  having  a  combination  of  improved 
abrasion  resistance  and  treadwear  resistance,  and  reduced  hysteresis,  when  prepared  utilizing  the  carbon  blacks  of 

40  the  present  invention  at  loading  levels  below  those  normally  utilized. 
The  rubber  compounds  containing  the  carbon  blacks  of  the  present  invention  may  also  include  silica  in  order  to 

improve  the  traction  performance  of  the  rubber  compounds.  The  silica  should  be  incorporated  into  the  rubber  com- 
pounds  in  amounts  ranging  from  about  5  to  about  30  parts  by  weight  for  each  100  parts  by  weight  of  the  rubber  com- 
ponent.  The  silica  to  be  utilized  in  the  preparation  of  the  rubber  compounds  may  be  any  silica  known  to  those  skilled 

45  in  the  art.  For  example,  the  silicas  prepared  by  precipitation  or  pyrolysis  techniques  are  suitable  for  use.  When  incor- 
porating  a  silica  it  is  also  preferable  to  utilize  any  of  the  well-known  coupling  agents. 

Other  objects  of  the  present  invention  will  become  apparent  from  the  following  description  and  the  claims. 
We  have  discovered  new  carbon  blacks  having  a  CTAB  (cetyl-trimethyl  ammonium  bromide  absorption  value)  of 

greater  than,  or  equal  to,  140  m2/g  (square  meters  per  gram),  preferably  140-250  m2/g;  a  CDBP  (crushed  dibutyl 
so  phthalate  absorption)  of  greater  than  or  equal  to  1  1  5  cc/1  OOg  (cubic  centimeters  dibutyl  phthalate  per  1  00  grams  carbon 

black),  preferably  1  20-1  50cc/1  OOg;  a  Tint  value  of  greater  than  or  equal  to  135%,  preferably  145-180%;  aAD50  of  less 
than  or  equal  to  50  nm  (nanometers),  preferably  less  than  or  equal  to  47  nm,  more  preferably  20-45  nm;  a  Dmode  less 
than  or  equal  to  72  nm,  preferably  40-67  nm;  and  an  Occluded  Volume  Index  greater  than  or  equal  to  1  30,  preferably 
1  .40-2.0.  Preferably,  the  carbon  blacks  of  the  present  invention  are  further  characterized  by  having  a  N2SA  (nitrogen 

55  surface  area)  greater  than  or  equal  to  150  m2/g,  and  less  than  180  m2/g;  and  a  DBP  (dibutyl  phthalate  absorption)  of 
greater  than  or  equal  to  140  cc/1  OOg,  preferably  140-180  cc/1  OOg. 

The  carbon  blacks  of  the  present  invention  may  be  produced  in  a  furnace  carbon  black  reactor  having  a  first 
(combustion)  zone,  a  transition  zone,  and  a  reaction  zone.  A  carbon  black  yielding  feedstock  is  injected  in  any  manner 
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known  to  the  art  into  a  hot  combustion  gas  stream.  The  resultant  mixture  of  hot  combustion  gases  and  feedstock 
passes  into  the  reaction  zone.  Pyrolysis  of  the  carbon  black  yielding  feedstock  is  stopped  by  quenching  the  mixture 
when  the  carbon  blacks  of  the  present  invention  have  been  formed.  Preferably  pyrolysis  is  stopped  by  injecting  a 
quenching  fluid.  A  process  for  preparing  the  novel  carbon  black  of  the  present  invention  will  be  described  in  greater 

5  detail  hereinafter. 
We  have  also  discovered  new  rubber  compounds  containing  the  carbon  blacks. 
The  rubbers  for  which  the  novel  carbon  black  of  this  invention  are  effective  include  natural  and  synthetic  rubbers 

or  blends  or  mixtures  thereof.  The  term  "loading"  or  "loading  level"  refers  to  the  amount  of  carbon  black  utilized  in  the 
compounding  of  the  rubber  compound  incorporating  the  carbon  black.  Generally  to  produce  rubber  compounds  having 

10  superior  abrasion  resistance  and  treadwear  resistance,  amounts  of  the  carbon  black  of  the  present  invention  ranging 
from  about  10  to  about  250  parts  by  weight  can  be  used  for  each  100  parts  by  weight  of  rubber,  preferably,  amounts 
varying  from  about  1  0  to  about  1  00  parts  by  weight  of  carbon  black  per  1  00  parts  by  weight  of  rubber.  To  achieve  rubber 
compounds  having  a  combination  of  superior  abrasion  resistance  and  treadwear  resistance,  and  low  hysteresis, 
amounts  ranging  from  about  10  to  about  45  parts  of  carbon  black  per  100  parts  of  rubber  may  be  utilized. 

is  The  rubber  compounds  containing  the  carbon  blacks  of  the  present  invention  may  also  include  silica  in  order  to 
improve  the  traction  performance  of  the  rubber  compounds.  The  silica  should  be  incorporated  into  the  rubber  com- 
pounds  in  amounts  ranging  from  about  5  to  about  30  parts  by  weight  for  each  100  parts  by  weight  of  the  rubber  com- 
ponent.  The  silica  to  be  utilized  in  the  preparation  of  the  rubber  compounds  may  be  any  silica  known  to  those  skilled 
in  the  art.  For  example,  the  silicas  prepared  by  precipitation  or  pyrolysis  techniques  are  suitable  for  use.  When  incor- 

20  porating  a  silica  it  is  also  preferable  to  utilize  any  of  the  well-known  coupling  agents. 
The  treadwear  resistance/hysteresis  ratio  of  rubber  compounds  intended  for  use  in  tire  tread  compounds  is  im- 

portant  to  those  of  ordinary  skill  in  the  art.  Higher  treadwear  resistance/hysteresis  ratios  are  generally  advantageous. 
As  an  example,  tire  tread  compounds  produced  from  rubber  compounds  incorporating  VULCAN®  10H  carbon  black, 
manufactured  and  sold  by  Cabot  Corporation,  Boston,  Massachusetts,  have  treadwear  resistance/hysteresis  ratios  of 

25  approximately  1  .0  when  both  properties  are  expressed  relative  to  a  standard  tread  compound. 
The  carbon  blacks  of  the  present  invention  impart  improved  abrasion  resistance  and  treadwear  resistance  at  load- 

ing  levels  normally  utilized  for  tire  compounds.  Moreover,  we  have  found  that  the  loading  levels  of  the  carbon  blacks 
of  the  present  invention  in  rubber  compounds  may  be  reduced  below  levels  generally  utilized  in  tire  compounds,  re- 
sulting  in  tire  compounds  having  reduced  hysteresis  values,  while  maintaining  the  superior  abrasion  resistance  and 

30  treadwear  resistance  of  the  rubber  compound. 
Among  the  rubbers  suitable  for  use  with  the  present  invention  are  any  natural  rubbers,  synthetic  rubbers,  and 

blends  of  natural  and  synthetic  rubbers.  Typical  of  the  rubbers  are  styrene-butadiene  rubbers  (SBR)  generally  known 
in  the  art  including,  but  not  limited  to,  oil  extended  and  clear:  emulsion  SBR's,  high  styrene  SBR's,  solution  SBR's, 
starred  solution  SBR's  and  functionalized  solution  SBR's. 

35  An  advantage  of  the  carbon  blacks  of  the  present  invention  is  that  the  carbon  blacks  impart  improved  abrasion 
resistance  and  treadwear  resistance  to  natural  rubbers,  synthetic  rubbers  and  blends  of  natural  and  synthetic  rubbers 
incorporating  the  carbon  blacks. 

Another  advantage  of  the  carbon  blacks  of  the  present  invention  is  that  the  carbon  blacks  impart  a  combination 
of  improved  abrasion  resistance  and  treadwear  resistance,  and  lower  hysteresis,  to  natural  rubbers,  synthetic  rubbers 

40  and  blends  of  natural  and  synthetic  rubbers  when  the  carbon  blacks  are  incorporated  at  loading  levels  below  those 
normally  utilized  to  prepare  tread  compounds. 

An  advantage  of  the  rubber  compounds  of  the  present  invention  is  that  the  rubber  compounds  are  particularly  well 
suited  for  use  in  producing  passenger  car,  truck  and  bus  tires  having  a  higher  level  of  treadwear  resistance  resulting 
in  the  tires  having  longer  lives  when  compared  with  tires  produced  with  rubber  compounds  incorporating  conventional 

45  carbon  blacks.  These  characteristics  of  tires  are  particularly  advantageous  in  all  season  tires,  touring  tires  and  high 
performance  tires  for  passenger  vehicles  and  in  light  and  medium  truck/bus  tires. 

Another  advantage  of  the  rubber  compounds  of  the  present  invention  is  that  the  rubber  compounds  incorporating 
the  carbon  blacks  of  the  present  invention  at  low  loading  levels  are  particularly  well  suited  for  use  in  producing  tires 
having  a  higher  level  of  treadwear  resistance  and  reduced  rolling  resistance  when  compared  to  tires  produced  with 

so  rubber  compounds  incorporating  conventional  carbon  blacks  at  similar  reduced  loading  levels.  Rubber  compounds 
incorporating  the  carbon  blacks  of  the  present  invention  at  low  loading  levels  are  particularly  well  suited  for  use  in 
passenger,  light  and  medium  truck,  and  off  the  road  tires  where  minimizing  hysteresis  while  maintaining  treadwear 
resistance  is  beneficial.  For  example,  in  light  truck  and  passenger  car  tires,  fuel  economy  is  important  and  advanta- 
geously  increased  by  tire  compounds  having  reduced  hysteresis.  In  medium  radial  truck  tires,  in  addition  to  increasing 

55  fuel  economy,  minimizing  hysteresis  maximizes  carcass  durability  which  maximizes  retreadability.  In  off  the  road  tires, 
performance  is  often  measured  in  ton-miles-per-hour  which  is  increased  by  minimizing  hysteresis. 

Other  advantages  of  the  present  invention  will  become  apparent  from  the  following  more  detailed  description  of 
the  invention. 

3 
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Figure  1  is  a  cross-sectional  view  of  a  portion  of  one  type  of  furnace  carbon  black  reactor  which  may  be  utilized 
to  produce  the  carbon  blacks  of  the  present  invention. 

Figure  2  is  a  sample  histogram  of  the  weight  fraction  of  the  aggregates  of  a  carbon  black  sample  versus  the  Stokes 
Diameter  in  a  given  sample. 

5  The  carbon  blacks  of  the  present  invention  are  characterized  by  the  following  combination  of  analytical  properties: 

CTAB  >  140  m2/g,  preferably  140  m2/g  <  CTAB  <  250  m2/g; 
CDBP  >  115  cc/1  OOg,  preferably  120  cc/1  OOg  <  CDBP  <  150  cc/1  OOg; 
Tint  >  135,  preferably  145%  <  Tint  <  180%; 

10  AD50  <  50  nm,  preferably  AD50  <  47  nm,  more  preferably  20  nm  <  AD50  <  45  nm; 
Dmode  <  72  nm,  preferably  40  nm  <  Dmode  <  67  nm;  and 
Occluded  Volume  Index  >  1  .30;  preferably  1  .40  <  Occluded  Volume  Index  <  2.0. 

Preferably,  the  carbon  blacks  of  the  present  invention  are  further  characterized  by  having: 
15 

150  m2/g  <  N2SA  <  180  m2/g;  and 
DBP  >  140  cc/1  OOg,  preferably  140  cc/1  OOg  <  DBP  <  180  cc/1  OOg. 

The  carbon  blacks  of  the  present  invention  may  be  produced  in  a  modular,  also  referred  to  as  "staged",  furnace 
20  carbon  black  reactor.  A  section  of  a  typical  modular  furnace  carbon  black  reactor  which  may  be  utilized  to  produce  the 

carbon  black  of  the  present  invention  is  depicted  in  Figure  1  .  Other  details  of  a  typical  modular  furnace  carbon  black 
reactor  may  be  found  for  example  in  the  description  contained  in  U.S.  Patent  No.  3,922,335,  the  disclosure  of  which 
is  herein  incorporated  by  reference. 

Referring  to  Figure  1  ,  the  carbon  blacks  of  the  present  invention  may  be  produced  in  a  furnace  carbon  black  reactor 
25  2,  having:  a  combustion  zone  10,  which  has  a  zone  of  converging  diameter  11;  feedstock  injection  zones  12  and  14; 

and  reaction  zone  1  8.  The  diameter  of  the  combustion  zone,  1  0,  up  to  the  point  where  the  zone  of  converging  diameter, 
11,  begins  is  shown  as  D-1;  the  diameter  of  the  converging  zone,  11,  at  the  narrowest  point,  is  shown  as  D-2;  the 
diameter  of  zone  12,  as  D-3,  the  diameter  of  zone  14,  as  D  -4,  and  the  diameter  of  the  reaction  zone,  18,  as  D-5. 

To  produce  the  carbon  blacks  of  the  present  invention  hot  combustion  gases  are  generated  in  zone  1  0  by  contacting 
30  liquid  or  gaseous  fuel  with  a  suitable  oxidant  stream  such  as  air,  oxygen,  mixtures  of  air  and  oxygen  or  the  like.  Among 

the  fuels  suitable  for  use  in  contacting  the  oxidant  stream  in  combustion  zone  1  0  to  generate  the  hot  combustion  gases 
are  included  any  of  the  readily  combustible  gas,  vapor  or  liquid  streams  such  as  natural  gas,  hydrogen,  carbon  mon- 
oxide,  methane,  acetylene,  alcohols,  or  kerosene.  It  is  generally  preferred,  however,  to  utilize  fuels  having  a  high 
content  of  carbon-containing  components  and  in  particular,  hydrocarbons.  The  ratio  of  air/fuel  utilized  to  produce  the 

35  carbon  blacks  of  the  present  invention  may  preferably  be  between  8:1  and  20:1  .  As  understood  by  those  of  ordinary 
skill  in  the  art,  to  facilitate  the  generation  of  hot  combustion  gases,  the  oxidant  stream  may  be  preheated. 

The  hot  combustion  gas  stream  flows  downstream  from  zones  10  and  11  into  zones  12,  14  and  then  18.  Carbon 
black-yielding  feedstock,  30  is  introduced  at  point  32,  located  in  zone  12,  and  at  point  34,  located  in  zone  14.  Suitable 
for  use  herein  as  carbon  black-yielding  hydrocarbon  feedstocks,  which  are  readily  volatilizable  under  the  conditions  of 

40  the  reaction,  are  unsaturated  hydrocarbons  such  as  acetylene;  olefins  such  as  ethylene,  propylene,  butylene;  aromatics 
such  as  benzene,  toluene  and  xylene;  certain  saturated  hydrocarbons;  and  volatilized  hydrocarbons  such  as  kerosenes, 
naphthalenes,  terpenes,  ethylene  tars,  aromatic  cycle  stocks  and  the  like.  To  produce  the  carbon  blacks  of  the  present 
invention  feedstock  may  be  injected  in  an  amount  of  from  about  50%  to  about  80%,  by  weight,  at  point  32,  and  the 
remainder  of  the  total  amount  of  from  about  20%  to  about  50%,  by  weight,  injected  at  point  34.  Preferably,  from  about 

45  55%  to  about  70%  of  the  total  amount  of  feedstock,  by  weight,  is  introduced  at  point  32,  and  the  remainder  of  the  total 
amount  of  feedstock,  from  about  45%  to  about  30%,  by  weight,  is  introduced  at  point  34.  In  the  examples  described 
herein,  carbon  black-yielding  feedstock,  30,  was  injected  substantially  transversely  from  the  periphery  of  the  stream 
of  hot  combustion  gases  in  the  form  of  a  plurality  of  small,  coherent  jets  which  penetrated  into  the  interior  regions  of 
the  hot  combustion  gas  stream  to  insure  a  high  rate  of  mixing  and  shearing  of  the  hot  combustion  gases  and  the  carbon 

so  black-yielding  feedstock  so  as  to  rapidly  and  completely  decompose  and  convert  the  feedstock  to  the  novel  carbon 
blacks  of  the  present  invention.  The  distance  between  point  32  and  point  34  is  shown  in  the  figure  as  L-1  . 

The  mixture  of  carbon  black-yielding  feedstock  and  hot  combustion  gases  flows  downstream  from  zones  12  and 
14,  into  reaction  zone  18.  Quench  40,  located  at  point  42,  injecting  quenching  fluid  50,  is  utilized  to  cool  the  mixture 
of  carbon  black-yielding  feedstock  and  hot  combustion  gases,  to  stop  pyrolysis  of  the  carbon  black-yielding  feedstock 

55  when  the  novel  carbon  blacks  of  the  present  invention  are  formed.  Point  42  may  be  determined  in  any  manner  known 
to  the  art  for  selecting  the  position  of  a  quench  to  stop  pyrolysis.  One  method  for  determining  the  position  of  the  quench 
which  stops  pyrolysis  is  by  determining  the  point  at  which  an  acceptable  toluene  extract  level  for  the  carbon  blacks  of 
the  present  invention  is  achieved.  Toluene  extract  level  may  be  measured  by  using  ASTM  Test  D1  61  8-83  "Carbon 

4 



EP0  686  174  B1 

Black  Extractables  -  Toluene  Discoloration".  L-2  is  the  distance  from  the  beginning  of  zone  18,  to  point  42,  and  will 
vary  according  to  the  position  of  the  quench. 

After  the  mixture  of  hot  combustion  gases  and  carbon  black-yielding  feedstock  is  quenched,  the  cooled  gases 
containing  the  carbon  blacks  of  the  present  invention  pass  downstream  into  any  conventional  cooling  and  separating 

5  means  whereby  the  carbon  blacks  of  the  present  invention  are  recovered.  The  separation  of  the  carbon  black  from  the 
gas  stream  is  readily  accomplished  by  conventional  means  such  as  a  precipitator,  cyclone  separator  and  bag  filter. 
This  separation  may  be  followed  by  pelletizing  using,  for  example,  a  wet  pelletizer. 

The  following  testing  procedures  are  used  in  the  determination  and  evaluation  of  the  analytical  properties  of  the 
carbon  blacks  of  the  present  invention,  and  the  physical  properties  of  the  rubber  compounds  incorporating  the  carbon 

10  blacks  of  the  present  invention. 

Carbon  Black  Analytical  Properties 

The  CTAB  of  the  carbon  blacks  was  determined  according  to  ASTM  Test  Procedure  D3765-85.  The  iodine  absorp- 
15  tion  number  (l2No.)  of  the  carbon  blacks  was  determined  according  to  ASTM  Test  Procedure  D1510.  The  nitrogen 

surface  area  (N2SA)  of  the  carbon  blacks  was  determined  according  to  ASTM  Test  Procedure  D3037-Method  A.  The 
dibutyl  phthalate  absorption  value  (DBP)  of  the  carbon  was  determined  according  to  ASTM  Test  Procedure  D2414 
Tinting  strength  (Tint)  of  the  carbon  blacks  was  determined  according  to  ASTM  Test  Procedure  D3265-85a.  The  CDBP 
of  the  carbon  black  was  determined  according  to  the  procedure  set  forth  in  ASTM  D  3493-86. 

20  The  Occluded  Volume  Index  of  a  carbon  black  is  a  measure  of  the  internal  void  volume  of  the  carbon  black  ag- 
gregates.  The  significance  of  the  Occluded  Volume  Index  of  a  carbon  black  is  known  to  those  of  ordinary  skill  and  was 
published  by  Medalia  (A.  I.  Medalia,  J  Colloid  Interface  Sci.  32,  115  (1970))  and  more  recently  discussed  by  Herd  et 
al.  (C.R.  Herd,  G.C.  McDonald  and  W.M.  Hess,  Rubber  Chem.  and  Tech.  65,  107  (1992)). 

The  Occluded  Volume  Index  of  a  carbon  black  is  determined  using  certain  parameters  of  carbon  black  aggregate 
25  morphology  obtained  through  the  use  of  electron  microscopy  and  image  analysis.  The  procedure  for  electron  micros- 

copy  follows  ASTM  Standard  D-3849-87  "Standard  Test  Method  for  Carbon  Black  -  Primary  Aggregate  Dimensions 
from  Electron  Microscope  Image  Analysis".  The  definitions  of  A  ("Area")  and  P  ("Perimeter")  are  contained  in  Section 
11,  Calculations,  of  D-3849: 

30  A  =  projected  area  of  a  carbon  black  aggregate 
P  =  perimeter  of  the  aggregate. 

The  "Diameter  of  an  Equivalent  Circle"  (Dc)  is  a  geometric  transform  of  the  Area  measurement,  and  is  defined  as  and 
calculated  by: 

35 

Dc  =  V4A/71. 

Ves  is  defined  as  the  volume  of  an  equivalent  sphere  wherein: 
40  ves  =  volume  of  an  equivalent  sphere  =  7t/6(Dc)3. 

Vagg  is  defined  as  the  volume  of  the  carbon  black  aggregate  wherein: 
Vagg  =  volume  of  the  carbon  black  aggregate  =  8A2/3P.  The  Occluded  Volume  Index  of  a  carbon  black  is  deter- 

mined  from  Ves  and  V  using  the  following  relationship: 

Occluded  Volume  Index  =  -  ^   . 
agg 

Dmode  and  A  D50  of  the  carbon  blacks  were  determined  in  the  following  manner.  A  histogram  is  made  of  the 
50  Stokes  diameter  of  the  aggregates  of  the  carbon  black  sample  versus  the  relative  frequency  of  their  occurrence  in  a 

given  sample.  As  shown  in  Figure  2,  a  line  (B)  is  drawn  from  the  peak  (A)  of  the  histogram  in  a  direction  parallel  to  the 
Y  axis  and  ending  at  the  X-axis  at  point  (C)  of  the  histogram.  The  midpoint  (F)  of  the  resultant  line  (B)  is  determined 
and  a  line  (G)  is  drawn  through  the  midpoint  (F)  thereof  parallel  to  the  X-axis.  Line  (G)  intersects  the  distribution  curve 
of  the  histogram  at  two  points  D  and  E.  The  absolute  value  of  the  difference  of  the  two  Stokes  diameters  of  the  carbon 

55  black  particles  at  points  D  and  E  is  the  A  D  50  value. 
The  data  used  to  generate  the  histogram  are  determined  by  the  use  of  a  disk  centrifuge  such  as  the  one  manu- 

factured  by  Joyce  Loebl  Co.  Ltd.  of  Tyne  and  Wear,  United  Kingdom.  The  following  procedure  is  a  modification  of  the 
procedure  described  in  the  instruction  manual  of  the  Joyce  Loebl  disk  centrifuge  file  reference  DCF  4.008  published 

5 



EP0  686  174  B1 

on  February  1,  1985,  the  teachings  of  which  are  hereby  incorporated  by  reference,  and  was  used  in  determining  the 
data. 

The  procedure  is  as  follows.  10  mg  (milligrams)  of  a  carbon  black  sample  are  weighed  in  a  weighing  vessel,  then 
added  to  50  cc  of  a  solution  of  10%  absolute  ethanol  and  90%  distilled  water  which  is  made  0.05%  NONIDET  P-40 

5  surfactant  (NONIDET  P-40  is  a  registered  trademark  for  a  surfactant  manufactured  and  sold  by  Shell  Chemical  Co.). 
The  resulting  suspension  is  dispersed  by  means  of  ultrasonic  energy  for  1  5  minutes  using  Sonifier  Model  No.  W  385, 
manufactured  and  sold  by  Heat  Systems  Ultrasonics  Inc.,  Farmingdale,  New  York. 

The  following  information  is  entered  into  the  computer  which  then  records  additional  data  from  the  disk  centrifuge: 

10  1  .  The  specific  gravity  of  carbon  black,  taken  as  1  .86  g/cc; 
2.  The  volume  of  the  solution  of  the  carbon  black  dispersed  in  a  solution  of  water  and  ethanol,  which  in  this  instance 
is  0.5  cc; 
3.  The  volume  of  spin  fluid,  which  in  this  instance  is  10  cc  of  water; 
4.  The  viscosity  of  the  spin  fluid,  which  in  this  instance  is  taken  as  0.933  centipoise  at  23  degrees  C; 

is  5.  The  density  of  the  spin  fluid,  which  in  this  instance  is  0.9975  g/cc  at  23  degrees  C; 
6.  The  disk  speed,  which  in  this  instance  is  8000  rpm; 
7.  The  data  sampling  interval,  which  in  this  instance  is  1  second. 

The  disk  centrifuge  is  operated  at  8000  rpm  while  the  stroboscope  is  operating.  10  cc  of  distilled  water  are  injected 
20  into  the  spinning  disk  as  the  spin  fluid.  The  turbidity  level  is  set  to  0;  and  1  cc  of  the  solution  of  1  0%  absolute  ethanol 

and  90%  distilled  water  is  injected  as  a  buffer  liquid.  The  cut  and  boost  buttons  of  the  disk  centrifuge  are  then  operated 
to  produce  a  smooth  concentration  gradient  between  the  spin  fluid  and  the  buffer  liquid  and  the  gradient  is  monitored 
visually.  When  the  gradient  becomes  smooth  such  that  there  is  no  distinguishable  boundary  between  the  two  fluids, 
0.5  cc  of  the  dispersed  carbon  black  in  aqueous  ethanol  solution  is  injected  into  the  spinning  disk  and  data  collection 

25  is  started  immediately.  If  streaming  occurs  the  run  is  aborted.  The  disk  is  spun  for  20  minutes  following  the  injection 
of  the  dispersed  carbon  black  in  aqueous  ethanol  solution.  Following  the  20  minutes  of  spinning,  the  disk  is  stopped, 
the  temperature  of  the  spin  fluid  is  measured,  and  the  average  of  the  temperature  of  the  spin  fluid  measured  at  the 
beginning  of  the  run  and  the  temperature  of  the  spin  fluid  measured  at  the  end  of  the  run  is  entered  into  the  computer 
which  records  the  data  from  the  disk  centrifuge.  The  data  is  analyzed  according  to  the  standard  Stokes  equation  and 

30  is  presented  using  the  following  definitions: 
Carbon  black  aggregate  -  a  discrete,  rigid  colloidal  entity  that  is  the  smallest  dispersible  unit;  it  is  composed  of 

extensively  coalesced  particles; 
Stokes  diameter  -  the  diameter  of  a  sphere  which  sediments  in  a  viscous  medium  in  a  centrifugal  or  gravitational 

field  according  to  the  Stokes  equation.  A  non-spherical  object,  such  as  a  carbon  black  aggregate,  may  also  be  repre- 
ss  sented  in  terms  of  the  Stokes  diameter  if  it  is  considered  as  behaving  as  a  smooth,  rigid  sphere  of  the  same  density, 

and  rate  of  sedimentation  as  the  object.  The  customary  units  are  expressed  in  nanometer  diameters. 
Mode  (Dmode  for  reporting  purposes)  -  The  Stokes  diameter  at  the  point  of  the  peak  (Point  A  of  Figure  2  herein) 

of  the  distribution  curve  for  Stokes  diameter. 
Median  Stokes  diameter  -  (Dst  for  reporting  purposes)  the  point  on  the  distribution  curve  of  Stokes  diameter  where 

40  50%  by  weight  of  the  sample  is  either  larger  or  smaller.  It  therefore  represents  the  median  value  of  the  determination. 

Rubber  Compound  Testing  Procedures 

The  abrasion  resistance  data  of  the  rubber  compounds  were  determined  using  an  abrader  which  is  based  on  a 
45  Lambourn  type  machine.  Abrasion  resistance  rates  (cubic  centimeter/centimeter  travel)  were  measured  at  7%,  13% 

and  21%  slip.  The  slip  is  based  on  the  relative  velocity  between  the  sample  wheel  and  grindstone.  In  the  following 
examples,  the  abrasion  resistance  index  is  the  ratio  of  the  abrasion  resistance  rate  of  a  control  compound  containing 
VULCAN®  10H  carbon  black,  a  trademarked  product  of  Cabot  Corporation,  Boston,  Massachusetts  divided  by  the 
abrasion  resistance  rate  of  a  compound  produced  using  a  specified  carbon  black  of  the  present  invention,  at  the  same 

50  slip. 
The  modulus,  tensile  and  elongation  of  the  rubber  compounds  were  measured  by  the  procedure  set  forth  in  ASTM 

D412. 
The  Shore  A  Hardness  of  the  rubber  compounds  was  determined  according  to  the  procedure  set  forth  in  ASTM 

D-2240-86. 
55  Rebound  data  were  determined  on  all  rubber  samples  utilizing  a  ZWICK  Rebound  Resilience  Tester,  Model  5109, 

manufactured  by  Zwick  of  America,  Inc.,  Post  Office  Box  997,  East  Windsor,  Connecticut  06088.  Instructions  for  de- 
termining  the  rebound  values  accompany  the  instrument. 

The  dynamic  mechanical  properties  of  the  rubber  compounds  were  determined  in  a  manner  well  known  to  those 
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of  ordinary  skill  in  the  art,  using  an  Instrom  Model  1332  Servohydraulic  System.  The  standard  test  conditions  were  as 
follows:  1  0%  double  strain  amplitude;  1  0  Hz  frequency;  1  5%  mean  level  and  70°  C  testing  temperature.  The  specimen 
tested  for  each  of  the  rubber  compounds  consisted  of  a  cylinder  25.4  mm,  in  height,  and  17.8mm,  in  diameter.  The 
dynamic  mechanical  properties  were  measured  in  a  compression  mode  and  included  complex  modulus  (E*),  elastic 

5  modulus  (E1),  and  loss  modulus  (E"),  with  the  tangent  of  the  phase  angle  delta  equal  to  loss  modulus  divided  by  elastic 
modulus  (tangent  delta  =  tan  d  =  EVE'). 

Treadwear  resistance  of  the  tire  compounds  referred  to  in  the  following  examples  was  determined  in  a  manner 
well  known  in  the  art  and  described  in  Cabot  Corporation's  Technical  Service  Report  No.  TG-67-1  on  "The  Use  of  Multi- 
Section  Treads  in  Tire  Testing"  by  Fred  E.  Jones  (1967)  with  the  exception  that  radial  tires  were  substituted  for  bias- 

10  ply  tires.  A  standard  multi-section  tread  technique,  i.e.,  five  tires/seven  tread  sections  per  tire  was  utilized.  Arrangement 
of  the  tread  sections  on  the  tires,  as  well  as  mixing  and  lab  testing  of  the  compounds  was  according  to  a  randomized 
block  design  so  as  to  provide  a  statistically  sound  analysis  of  the  data.  The  treadwear  resistance  evaluations  are  made 
relative  to  a  standard  reference  carbon  black  which  is  arbitrarily  assigned  a  wear  rating  value  of  100  percent.  In  the 
following  examples,  an  ASTM  N220  type  carbon  black,  manufactured  and  sold  by  Cabot  Corporation,  Boston,  Mas- 

15  sachusetts  and  further  characterized  by  having  a  Tint  of  111%,  an  l2No.  of  121  mg/g,  a  DBP  of  115  cc/1  OOg,  and  a 
density  of  352  Kg/m2  (22  Ibs./cu.ft.),  was  utilized  as  the  reference  carbon  black.  The  road  test  was  run  at  a  nominal 
rate  of  2250  +  375  Km/urn  (60  +  10  miles/mil)  (based  on  the  control  compound)  for  15000  Km  (10,000  miles.) 

The  effectiveness  and  advantages  of  the  present  invention  will  be  further  illustrated  by  the  following  examples. 

20  EXAMPLES  1-3 

Three  examples  of  the  novel  carbon  blacks  of  the  present  invention  were  prepared  in  a  reactor  generally  described 
herein,  and  as  depicted  in  Figure  1  ,  utilizing  the  reactor  conditions  and  geometry  set  forth  in  Table  2.  The  fuel  utilized 
in  the  combustion  reaction  in  each  of  the  examples  was  natural  gas.  The  feedstock  utilized  in  each  of  the  examples 

25  had  the  properties  indicated  in  Table  1  below: 

Table  1 
Feedstock  Properties 

30  Example  1  Example  2  Example  3 

Hydrogen/Carbon  Ratio  0.96  0.96  0.95 

Hydrogen  (wt.%)  7.44  7.44  7.33 

35 Carbon  (wt.%)  91.5  91.5  91.9 

Sulfur  (wt.%)  0.7  0.7  0.3 

40  A.P.I.  Gravity  15.6/15.6  -1.4  -1.4  -1.8 
C(60)F  [ASTM  D-287] 

Specific  Gravity  15.5/15.6  1.088  1.088  1.091 
C(60)F  [ASTM  D-287] 

45 

Viscosity,  SUS  (54.4°C)  105.0  105.0  155.7 
[ASTM  D-88] 

50  Viscosity,  SUS  (98.9°C)  4.6  4.6  7.3 
[ASTM  D-88] 

BMCI  (Visc-Grav)  131  131  132 

55  The  reactor  conditions  and  geometry  are  set  forth  in  Table  2  below. 
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Table  2 
Carbon  Blacks 

Ex.  1  Ex.  2  Ex.  3 

D-1  (7.25  in.)  0.18  m  (7.25  in.)  0.18  m  (7.25  in.)  0.18  m 
D-2  (5.5  in.)  0.14  m  (5.5  in.)  0.1  4  m  (5.5  in.)  0.14  m 
D-3  (4.5  in.)  0.11  m  (4.5  in.)  0.11  m  (4.5  in.)  0.11  m 
D-4  (5.3  in.)  0.13  m  (5.3  in.)  0.1  3  m  (5.3  in.)  0.13  m 
D-5  (9.0  in.)  0.23  m  (9.0  in.)  0.23  m  (9.0  in.)  0.23  m 
L-1  (18  in.)  0.46  m  (18  in.)  0.46  m  (18  in.)  0.46  m 
L-2  (2-5  ft.)  0.76  m  (2.5  ft.)  0.76  m  (1  .67  ft.)  0.51  m 

Oil  Inj.  Pt.  32,  (6x0.020  in.)  (6  x  0.020  in.)  (6x0.016  in.) 
Tips  #x  Size  6x0.00051  m  6x0.00051  m  6x0.00041  m 

Oil  Rate  32  (75.6  gph)  286.2  Iph  (75.6  gph)  286.2  Iph  (75.0  gph)  283.9  Iph 
Oil  Press.  32  (375  psi)  2,585,550  Pa  (375  psi)  2,585,550  Pa  (975  psi)  6,722,430  Pa 

Oil  Preheat,  32  (300°  F)  149°  C  (300°  F)  149°  C  (350°  F)  177°  C 

Oil  Inj.  Pt.  34,  (3x0.025  in.)  (3x0.025  in.)  (3x0.018  in.) 
Tips  #x  Size  3  x  0.00063  m  3  x  0.00063  m  3  x  0.00046  m 

Oil  Rate  34  (50.5  gph)  1  91  .2  Iph  (50.5  gph)  191.2  Iph  (32.5  gph)  1  23.0  Ipb 
Oil  Press.  34  (350  psi)  2,413,180  Pa  (350  psi)  2,413,180  Pa  (275  psi)  1  ,896,070  Pa 

Oil  Preheat,  34  (300°  F)  149°  C  (300°  F)  149°  C  (350°  F)  177°  C 

Comb.  Air  (110  kscfh)  (110  kscfh)  (110kscfh) 
3.11  ksm3/h  3.11  ksm3/h  3.11  ksm3/h 

Comb.  Air  Preheat  (1000°  F)  538°  C  (1000°  F)  538°  C  (1000°  F)  538°  C 
Natural  Gas  (9.85  kscfh)  (9.85  kscfh)  (9.76  kscfh) 

0.279  ksm3/h  0.279  ksm3/h  0.276  ksm3/h 

Air/Burn  Gas  Ratio  9.7  9.7  9.8 

K+  (0  gK+/100gal  oil)  (1.5  gK+/100gal  oil)  (0  gK+/100gal  oil) 
0  gK+/1  00  I  oil  0.40  gK+/1  00  I  oil  0  gK+/1  00  I  oil 

Quench  Press.  (100  psi)  (100  psi)  (145  psi) 
689,480  Pa  689,480  Pa  999,746  Pa 

Temp,  at  Quench  (1  35°  F)  732°  C  (1  350°  F)  732°  C  (1  350°  F)  732°  C 
Inj.  =  Injection;  Comb.  =  combustion;  Press  =  pressure;  32  =  Point  32  on  Figure  1 
34  =  Point  34  on  Figure  1  ;  gph  =  gallons  per  hour;  Iph  =  liters  per  hour,  in.  =  inches 
ft.  =  feet;  m  =  meters;  1  =  liters;  F  =  Farenheit;  C  =  Celsius;  psi  =  pounds/square  inch;  Pa  =  Pascals 
kscfh  =  standard  cubic  feet/hour,  in  1000's;  ksm3/h  =  standard  cubic  meters/hour,  in  1000's; 
K+  =  potassium;  gK+/100  gal  oil  =  grams  K+/100  gallons  feedstock  (oil); 
gK+/100  I  oil  =  grams  K+/100  liters  feedstock  (oil) 

55 
The  carbon  blacks  produced  in  Examples  1  -3  were  then  analyzed  according  to  the  procedures  described  herein.  The 
analytical  properties  of  the  blacks  produced,  after  wet  pelletizing  and  drying,  and  of  a  control  carbon  black  are  shown 
in  Table  3.  The  control  is  VULCAN®  10H  carbon  black,  an  ASTM  N134  type  carbon  black  manufactured  and  sold  by 
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Cabot  Corporation,  Boston,  Massachusetts.  VULCAN®  1  0H  carbon  black  is  recognized  in  the  tire  industry  as  a  carbon 
black  imparting  a  high  level  of  treadwear  resistance. 

Table  3  - 
Carbon  Black  Analytical  Properties 

Carbon  Black  Ex.1  Ex.2  Ex.3  VULCAN®  1  0H  Carbon  Black  (Control) 
CTAB  (m2/g)  148  148  170  135 
l2No.  (mg/g)  158  150  163  142 
N2SA(m2/g)  157  157  174  142 
DBP  cc/1  OOg  142  165  154  127 
CDBP  (cc/1  OOg)  120  127  121  102 
Tint  (%)  150  147  154  132 
Dmode  (nm)  59  64  53  76 
AD50(nm)  Occluded  Volume  40  42  33  58 
Index  1.49  1.52  1.58  1.20 

EXAMPLE  4 

This  Example  illustrates  the  use  of  the  carbon  blacks  of  the  present  invention  in  a  truck  tire  model  rubber  compound 
formulation  in  comparison  with  the  same  rubber  compound  containing  the  control  carbon  black.  Rubber  compound  A 
was  made  with  the  carbon  black  of  the  present  invention  produced  in  Example  1  .  Rubber  compound  B  was  made  with 
the  carbon  black  of  the  present  invention  produced  in  Example  3.  Rubber  compound  C  was  made  with  the  control 
carbon  black.  Rubber  compounds  A,  B  and  C  were  prepared  according  to  the  truck  tire  model  rubber  compound  for- 
mulation  shown  below  in  Table  4. 

Table  4 
TRUCK  TIRE  MODEL  RUBBER  COMPOUND  FORMULATION 

INGREDIENT  Parts  by  weight 
Natural  Rubber  100.0 
Carbon  Black  45.0 
Zinc  Oxide  5.0 
Stearic  Acid  3.0 
Santoflex13  1.5 
Sunproof  Improved  Wax  1  .5 
Age  Rite  Resin  D  1  .5 
Santocure  MOR  1.2 
Sulfur  1.8 

Santoflex  13  is  an  antiozonant  manufactured  and  sold  by  Monsanto  Company; 
Sunproof  Improved  Wax  is  the  tradename  for  an  antiozonant  sold  by  Uniroyal  Chemical 
Company;  Age  Rite  Resin  D  is  an  antioxidant  manufactured  and  sold  by  R.T  Vanderbilt 
Company;  Santocure  MOR  is  the  trade  designation  for  an  accelerator  manufactured  and  sold  by  Monsanto 

Company. 

The  properties  of  the  rubber  compounds  A-C  were  then  evaluated  according  to  the  procedures  described  herein. 
The  results  were  as  shown  in  Table  5: 

Table  5 
Rubber  Carbon  Black  Modulus  100%  Modulus  300%  Tensile  Eb  Shore  A 
Comp.  Strength  Hardness 

A  Ex.1  (635  psi)  (2918  psi)  (4513  psi)  447%  75 
4,378,198  Pa  20,119,026  Pa  31,116,232  Pa 

9 
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Table  5  (continued) 
Rubber  Carbon  Black  Modulus  100%  Modulus  300%  Tensile  Eb  Shore  A 
Comp.  Strength  Hardness 

5  B  Ex.2  (579  psi)  (2732  psi)  (4432  psi)  451%  74 
3,992,089  Pa  18,836,594  Pa  30,557,754  Pa 

C  VULCAN®  (496  psi)  (2560  psi)  (4407  psi)  468%  71 
10H  carbon  3,419,821  Pa  17,560,688  Pa  30,385,384  Pa 

10  black 
Eb  =  Elongation  at  break;  psi  =  pounds  per  square  inch;  Pa  =  Pascals 

The  results  show  that  in  general,  the  physical  properties  of  rubber  compounds  A  and  B,  produced  with  the  carbon 
blacks  of  the  present  invention,  and  rubber  compound  C,  produced  with  the  control  carbon  black,  are  comparable. 
Moreover,  the  advantage  of  the  carbon  blacks  of  the  present  invention  in  enhancing  the  abrasion  resistance  and  tread- 
wear  resistance  of  rubber  compounds  is  shown  by  the  following  results. 

The  abrasion  resistance  index  and  rebound  value  of  each  rubber  compound  were  also  determined  as  described 
herein.  The  results  were  as  shown  in  Table  6  where  VULCAN®  10H  carbon  black  was  used  both  as  the  control  and 
the  reference  carbon  black: 

Table  6 
Rubber  Compound  Carbon  Black  7%  Slip  (%)  1  3%  Slip  (%)  21  %  Slip  (%)  Rebound  at  70°  C 

(%) 
A  Ex.1  106  105  113  61.7 
B  Ex.3  111  112  109  59.7 
C  VULCAN®10H  100  100  100  64.9 

carbon  black 

30 
The  performance  advantages  of  utilizing  the  carbon  blacks  of  the  present  invention  in  truck  tire  rubber  compounds  is 
clearly  demonstrated  by  the  results  in  Table  6  showing  that  the  carbon  blacks  of  the  present  invention  impart  significantly 
higher  abrasion  resistance  than  the  control  carbon  black.  The  lower  rebound  values  of  natural  rubber  compounds  A 
and  B,  incorporating  the  carbon  blacks  of  the  present  invention,  indicate  that  the  compounds  have  increased  hysteresis 

35  in  comparison  with  natural  rubber  compound  C,  incorporating  the  VULCAN®  10H  carbon  black,  which  would  be  ex- 
pected  in  view  of  the  increased  abrasion  resistance  properties  of  compounds  A  and  B. 

EXAMPLE  5 

40  This  Example  illustrates  the  improved  treadwear  resistance  of  natural  rubber  tire  compounds  containing  the  carbon 
blacks  of  the  present  invention  in  comparison  with  the  same  rubber  compound  containing  the  control  carbon  black. 
Tire  compound  D  was  made  with  the  carbon  black  of  Example  1  .  Tire  compound  E  was  made  with  the  carbon  black 
of  Example  2.  Tire  compound  F  was  made  with  the  control  VULCAN®  10H  carbon  black.  Tire  compounds  D,  E  and  F 
were  prepared  according  to  the  natural  rubber  road  test  compound  formulation  shown  below  in  Table  7. 

45 Table  7  - 

50 

55 

NATURAL  RUBBER  ROAD  TEST  TIRE  COMPOUND  FORMULATION 

INGREDIENT  Parts  by  weight 
Natural  Rubber  100.0 
Carbon  Black  50.0 
Oil  5.0 
Zinc  Oxide  5.0 
Stearic  Acid  3.0 
Santoflex  13  1.5 
Sunproof  Improved  Wax  1  .5 
Age  Rite  Resin  D  1  .5 

10 
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Table  7  -  (continued) 
NATURAL  RUBBER  ROAD  TEST  TIRE  COMPOUND  FORMULATION 

INGREDIENT  Parts  by  weight 
Santocure  MOR  1.2 
Sulfur  1.8 

The  Oil  utilized  was  Circolite  oil,  a  light  naphthenic  manufactured  and  sold  by  Sun  Refining  and  Marketing 
Company.  Santoflex  13;  Sunproof  Improved  Wax;  Age  Rite  Resin  Dand  Santocure  MOR  are  described  in  Example  4. 

10 
The  treadwear  resistance  properties  of  the  road  test  tire  compounds  were  then  determined  according  to  the  tread- 

wear  resistance  procedure  described  herein.  The  results  were  as  shown  in  Table  8: 

Table  8 
Road  Test  Tire  Compound  Carbon  Black  TDWR  Tan  delta 

D  Example  1  141  0.197 
E  Example  2  138  0.191 
F  VU  LCAN®  1  0H  carbon  black  (control)  111  0.178 

TDWR  =  Treadwear  resistance  rating 

The  results  show  that  road  test  tire  compounds  D  and  E  produced  with  the  carbon  blacks  of  the  present  invention  have 
significantly  increased  treadwear  resistance  in  comparison  to  road  test  tire  compound  F  produced  with  the  control 
carbon  black.  The  higher  tan  delta  values  of  road  test  tire  compounds  D  and  E,  incorporating  the  carbon  blacks  of  the 

25  present  invention,  indicate  that  the  compounds  have  increased  hysteresis  in  comparison  with  road  test  tire  compound 
F,  incorporating  the  VULCAN®  10H  carbon  black,  which  would  be  expected  in  view  of  the  increased  treadwear  resist- 
ance  properties  of  compounds  D  and  E. 

EXAMPLE  6 
30 

This  example  illustrates  the  significantly  improved  treadwear  resistance/hysteresis  relationship  of  rubber  com- 
pounds  containing  the  carbon  blacks  of  the  present  invention  at  loading  levels  lower  than  conventionally  utilized  in 
preparing  rubber  tire  compounds,  in  comparison  with  the  same  rubber  compound  prepared  using  the  control  VULCAN® 
10H  carbon  black. 

35  Rubber  road  test  compounds  were  prepared  utilizing  the  carbon  blacks  produced  in  Example  1  and  Example  2. 
For  comparison  purposes,  rubber  road  test  compounds  were  also  prepared  utilizing  the  control  VULCAN®  1  0H  carbon 
black  to  illustrate  the  results  obtained  when  the  control  VULCAN®  10H  carbon  black  was  incorporated  at  different 
loading  levels.  The  loading  levels  of  the  control  VULCAN®  1  0H  carbon  black  cover  both  those  instances  where  abrasion 
resistance  properties  are  sought  and  those  instances  where  reduced  hysteresis  is  desired. 

40  Table  9  shows  the  carbon  black  that  was  utilized  in  each  rubber  compound. 

Table  9 
Carbon  Black  Rubber  Road  Test  Compound 

Example  1  G 
Example  1  H 
Example  1  I 
Example  2  J 
Example  2  K 
Example  2  L 
VULCAN®  1  0H  M 
VULCAN®  1  0H  N 
VULCAN®  1  0H  O 
VULCAN®  1  0H  P 

Rubber  road  test  compounds  G  through  L  were  prepared  utilizing  carbon  blacks  of  the  present  invention  according  to 
the  rubber  compound  formulation  set  forth  in  Table  10  below. 

11 
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Table  10  - 
Rubber  Road  Test  Tire  Compound  Formulation 

Compound  G  H  I  J  K  L 

Carbon  Black  Ex.  1  Ex.  1  Ex.  1  Ex.  2  Ex.  2  Ex.  2 

Ingredient  Parts  by  Weight 
SBR  1500  65.00  65.00  65.00  65.00  65.00  65.00 
High  Cis  BR  35.00  35.00  35.00  35.00  35.00  35.00 
Carbon  Black  58.00  50.00  40.00  52.00  40.00  35.00 
Sundex790  23.00  14.00  5.00  17.00  6.00  3.00 
Zinc  Oxide  3.00  3.00  3.00  3.00  3.00  3.00 
Stearic  Acid  2.00  2.00  2.00  2.00  2.00  2.00 
Sunproof 
Impr.  Wax  2.50  2.50  2.50  2.50  2.50  2.50 
Wingstay  100  2.00  2.00  2.00  2.00  2.00  2.00 
Santocure 
MOR  1.50  1.50  1.50  1.50  1.50  1.50 
MBT  0.20  0.20  0.20  0.20  0.20  0.20 
Sulfur  1.75  1.75  1.75  1.75  1.75  1.75 

SBR  1500  is  a  styrene  butadiene  rubber  manufactured  and  sold  by  Copolymer  Corporation. 
High  Cis  BR  is  a  high  cis  content  butadiene  rubber  manufactured  and  sold  by  Polysar. 
Sundex  790  is  the  tradename  for  a  plasticizer  sold  by  Sun  Oil  Company. 
Sunproof  Impr.  (Improved)  Wax  is  described  in  Example  4. 
Wingstay  1  00  is  the  tradename  for  a  stabilizer  comprising  mixed  diaryl-n-phenylene  diamines  sold  by  Goodyear 

Tire  and  Rubber  Company. 
Santocure  MOR  is  described  in  Example  4. 
MBT  is  mercaptobenzothiazole. 

Rubber  road  test  compounds  M  through  P  were  prepared  utilizing  the  VULCAN®  10H  carbon  black  according  to  the 
rubber  compound  formulation  set  forth  in  Table  11  below. 

35 
Table  11  - 

Rubber  Road  Test  Tire  Compound  Formulation 

Compound  M  N  O  P 

Carbon  Black  VULCAN®  10H  VULCAN®  10H  VULCAN®  10H  VULCAN®  10H 

Ingredient  Parts  by  Weight 
SBR  1712  89.38  89.38  89.38  89.38 
High  Cis  BR  35.00  35.00  35.00  35.00 
Carbon  Black  65.00  55.00  50.00  45.00 
Sundex  790  10.62  5.62  3.12  0.62 
Zinc  Oxide  3.00  3.00  3.00  3.00 
Stearic  Acid  2.00  2.00  2.00  2.00 
Sunproof 
Impr.  Wax  2.50  2.50  2.50  2.50 
Wingstay  100  2.00  2.00  2.00  2.00 
Santocure 
MOR  1.50  1.50  1.50  1.50 
MBT  0.20  0.20  0.20  0.20 

12 
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Table  11  -  (continued) 
Rubber  Road  Test  Tire  Compound  Formulation 

Compound  M  N  O  P 
5  Ingredient  Parts  by  Weight 

Sulfur  1.75  1.75  1.75  1.75 
SBR  1  71  2  is  a  styrene  butadiene  rubber  containing  35  phr  oil  per  1  00  phr  polymer,  manufactured  and  sold  by 

Copolymer  Corporation;  High  Cis  BR,  Sundex  790,  Sunproof  Impr.  (Improved)  Wax,  Wingstay  100,  Santocure  MOR 
10  and  MBT  are  explained  above  with  reference  to  Table  10. 

The  treadwear  resistance  and  tan  delta  properties  of  the  road  test  tire  compounds  were  then  evaluated  according 
to  the  procedures  described  herein.  The  results  were  as  shown  in  Table  12: 

Table  12 

Compound  Carbon  Black  Carbon  Black  TDWR  Tan  delta  Tan  delta  TDWR  Tan 
Loading  (phr)  (%N220)  delta 

(%N220) 
G  Ex.  1  58.00  113  0.212  138  0.82 
H  Ex.  1  50.00  119  0.179  116  1.03 
1  Ex.  1  40.00  129  0.137  88  1.47 
J  Ex.2  52.00  124  0.188  122  1.02 
K  Ex.2  40.00  126  0.137  89  1.42 
L  Ex.2  35.00  119  0.117  76  1.57 
M  VULCAN®  65.00  115  0.178  116  0.99 

10H 
N  VULCAN  @  55.00  104  0.156  102  1.02 

10H 
O  VULCAN®  50.00  85  0.138  90  0.95 

10H 
P  VULCAN®  45.00  81  0.131  85  0.95 

10H 
TDWR  =  Treadwear  resistance  rating. 
Tan  delta  (%N220)  equals  the  tan  delta  value  expressed  as  a  percentage  of  the  tan  delta  value  of  the  ASTM 

N220  type  carbon  black  utilized  in  the  procedure  for  determining  the  treadwear  resistance  described  herein. 

It  is  well  known  to  those  of  ordinary  skill  in  the  art  that  the  tan  delta  of  a  rubber  compound  is  a  measure  of  the 
rubber  compound's  hysteresis.  The  above  data  shows  that  at  reduced  loadings  tire  compounds  containing  the  control 
VULCAN®  10H  carbon  black  had  reduced  treadwear  resistance  and  reduced  hysteresis  values.  In  contrast,  while  tire 
compounds  containing  the  carbon  blacks  of  the  present  invention  at  reduced  loadings  also  exhibit  reduced  hysteresis, 
the  superior  treadwear  resistance  is  maintained.  As  a  result,  the  treadwear  resistance/tan  delta  ratios  of  the  tire  com- 
pounds  incorporating  the  carbon  blacks  of  the  present  invention  at  reduced  loadings  are  unusually  high. 

The  static  properties  of  road  test  tire  compounds  I,  L  and  M  were  also  evaluated  according  to  the  procedures 
described  herein.  The  results  are  set  forth  in  Table  1  3. 

Table  13  - 
Static  Properties  of  Road  Test  Tire  Compounds 

so  Rubber  Carbon  Black  Carbon  Black  Modulus  300%  Tensile  Eb  Shore  A 
Comp.  Loading  Strength  Hardness 

M  VULCAN®  65.00  phr  (1416  psi)  (3244  psi)  520%  65 
10H  carbon  9,736,037  Pa  22,366,731  Pa 

black 55 

I  Ex.1  40.00  phr  (1873  psi)  (3179  psi)  426%  64 
12,913,960  Pa  21,918,569  Pa 

13 
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Table  13  -  (continued) 
Static  Properties  of  Road  Test  Tire  Compounds 

Rubber  Carbon  Black  Carbon  Black  Modulus  300%  Tensile  Eb  Shore  A 
Comp.  Loading  Strength  Hardness 

L  Ex.2  35.00  phr  (1926  psi)  (3039  psi)  405%  64 
13,279,385  Pa  20,953,297  Pa 

Eb  =  Elongation  at  break;  psi  =  pounds  per  square  inch;  Pa  =  Pascals 

These  results  indicate  the  static  properties  of  the  road  test  rubber  compounds  produced,  with  the  carbon  blacks 
of  the  present  invention  are  comparable  to  those  of  a  compound  produced  with  the  control  VULCAN®  1  0H  carbon  black. 

The  results  set  forth  above  indicate  that  incorporating  the  carbon  blacks  of  the  present  invention  at  loading  levels 
lower  than  conventionally  utilized  in  the  compounding  of  rubber  tire  compounds,  will  result  in  tires  having  reduced 
rolling  resistance  and/or  heat  build  up,  resulting  from  the  reduced  hysteresis,  and  improved  treadwear  resistance. 

It  should  be  clearly  understood  that  the  forms  of  the  present  invention  herein  described  are  illustrative  only  and 
are  not  intended  to  limit  the  scope  of  the  invention. 

Claims 

1.  A  carbon  black  having  a  CTAB  value  determined  according  to  ASTM  Test  Procedure  D  3765-85  of  greater  than 
or  equal  to,  1  40  m2/g;  a  CDBP  value  determined  according  to  ASTM  Test  Procedure  D  3493-86  of  greater  than  or 
equal  to  115  cc/1  00  g;  a  Tint  value  determined  according  to  ASTM  Test  Procedure  D  3265-85a  of  greater  than  or 
equal  to  135  %,  a  AD50  value  determined  by  a  histogram  made  of  the  Stokes  diameter  of  the  aggregates  of  the 
carbon  black  sample  versus  the  relative  frequency  of  their  occurrence  in  a  given  sample  of  less  than  or  equal  to 
50  nm;  a  Dmode  determined  by  a  histogram  made  of  the  Stokes  diameter  of  aggregates  of  the  carbon  black  sample 
versus  the  relative  frequency  of  their  occurrence  in  a  given  sample  less  than  or  equal  to  72  nm;  and  an  Occluded 
Volume  Index  value  calculated  according  to  ASTM  Test  Procedure  D  3849-87  greater  than  or  equal  to  1  .30. 

2.  The  carbon  black  of  claim  1  wherein  the  CTAB  is  140-250  m2/g;  the  CDBP  is  120-150  cc/1  00  g;  the  Tint  value  is 
145-180  %;  the  AD50  less  than  or  equal  to  47  nm;  the  Dmode  is  40-67  nm;  and  the  Occluded  Volume  Index  is 
1.40-2.0. 

3.  The  carbon  black  of  claim  2  wherein  the  AD50  is  20-45  nm. 

4.  The  carbon  black  of  claim  1  further  characterized  by  having  a  N2SA  value  determined  according  to  ASTM  Test 
procedure  D  3037-Method  A  of  greater  than  or  equal  to  150  m2/g,  and  less  than  180  m2/g;  and  a  DBP  value 
determined  according  to  ASTM  Test  Procedure  D  2414  of  greater  than  or  equal  to  140  cc/1  00  g. 

5.  The  carbon  black  of  claim  4  wherein  the  DBP  is  140-180  cc/1  00  g. 

6.  The  carbon  black  of  claim  1  wherein  the  CTAB  is  1  48;  the  CDBP  is  1  20  cc/1  00  g;  the  Tint  value  is  1  50  %;  the  AD50 
is  40;  the  Dmode  is  59;  and  the  Occluded  Volume  Index  is  1  .49. 

7.  The  carbon  black  of  claim  1  wherein  the  CTAB  is  1  48;  the  CDBP  is  1  27  cc/1  00  g;  the  Tint  value  is  1  47  %;  the  AD50 
is  42;  the  Dmode  is  64;  and  the  Occluded  Volume  Index  is  1  .52. 

8.  The  carbon  black  of  claim  1  wherein  the  CTAB  is  1  70;  the  CDBP  is  1  21  cc/1  00  g;  the  Tint  value  is  1  54  %;  the  AD50 
is  33;  the  Dmode  is  53;  and  the  Occluded  Volume  Index  is  1  .58. 

9.  A  rubber  compound  comprising  about  100  parts  by  weight  of  a  rubber  from  10  to  250  parts  by  weight  of  a  carbon 
black  of  claims  1  to  8. 

10.  The  rubber  compound  of  claim  9  wherein  the  carbon  black  is  incorporated  in  an  amount  of  from  10  to  100  parts 
by  weight. 

14 
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11.  The  rubber  compound  of  claim  9  wherein  the  carbon  black  is  incorporated  in  an  amount  of  from  1  0  to  45  parts  by 
weight. 

12.  The  rubber  compound  of  claim  9  further  comprising  silica  in  an  amount  of  from  5  to  30  parts  by  weight. 
5 

Patentanspriiche 

1.  Rul3  eines  gemaB  der  ASTM-Testmethode  D  3765-85  bestimmten  CTAB-Werts  von  groBer  als  oder  gleich  140 
10  m2/g;  eines  gemaB  der  ASTM-Testmethode  D  3493-86  bestimmten  CDBP-Werts  von  groBer  als  oder  gleich  115 

cm3/1  00  g;  einer  gemaB  der  ASTM-Testmethode  D  3265-85a  bestimmten  Farbtiefe  von  groBer  als  oder  gleich  1  35 
%;  eines  AD50-Werts  von  weniger  als  oder  gleich  50  nm,  der  gemaB  eines  Histogramms  aus  dem  Stokes-Durch- 
messer  der  Aggregate  der  RuBprobe  gegen  die  relative  Haufigkeit  ihres  Auftretens  in  einer  gegebenen  Probe 
bestimmt  wurde;  eines  Dmode  von  weniger  oder  gleich  72  nm,  das  gemaB  eines  Histogramms  aus  dem  Stokes- 

's  Durchmesser  der  Aggregate  der  RuBprobe  gegen  die  relative  Haufigkeit  ihres  Auftretens  in  einer  gegebenen  Probe 
bestimmt  wurde;  und  eines  gemaB  der  ASTM-Testmethode  D  3849-87  berechneten  Werts  des  Index  des  einge- 
schlossenen  Volumens  (Occluded  Volume  Index)  von  groBer  als  oder  gleich  1  ,30. 

2.  Rul3  gemaB  Anspruch  1  ,  worin  das  CTAB  1  40-250  m2/g  ist;  das  CDBP  1  20-1  50  cm3/1  00  g  ist;  der  Wert  der  Farbtiefe 
20  145-180  %  betragt;  das  AD50  weniger  als  oder  gleich  47  nm  ist;  das  Dmode  40-67  nm  ist  und  der  Wert  des  Index 

des  eingeschlossenen  Volumens  1,40-2,0  betragt. 

3.  Rul3  gemaB  Anspruch  2,  worin  das  AD50  20-45  nm  betragt. 

25  4.  Rul3  gemaB  Anspruch  1  ,  der  weiterhin  dadurch  gekennzeichnet  ist,  dal3  er  einen  gemaB  der  ASTM-Testmethode 
D  3037-Methode  A  bestimmten  N2SA-Wert  von  groBer  als  oder  gleich  150  m2/g  und  weniger  als  180  m2/g  hat; 
und  einen  gemaB  der  ASTM-Testmethode  D  241  4  bestimmten  DBP-Wert  von  groBer  als  oder  gleich  1  40  cm3/g  hat. 

5.  Rul3  gemaB  Anspruch  4,  worin  das  DBP  140-180  cm3/g  betragt. 
30 

6.  Rul3  gemaB  Anspruch  1  ,  worin  das  CTAB  148  ist;  das  CDBP  120  cm3/100  g  ist;  der  Wert  der  Farbtiefe  150  %  ist; 
das  AD50  40  ist;  das  Dmode  59  ist  und  der  Index  des  eingeschlossenen  Volumens  1  ,49  ist. 

7.  Rul3  gemaB  Anspruch  1  ,  worin  das  CTAB  148  ist;  das  CDBP  127  cm3/100  g  ist;  der  Wert  der  Farbtiefe  147  %  ist; 
35  das  AD50  42  ist;  das  Dmode  64  ist  und  der  Index  des  eingeschlossenen  Volumens  1  ,52  ist. 

8.  Rul3  gemaB  Anspruch  1,  worin  das  CTAB  170  ist;  das  CDBP  121  cm3/100  g  ist;  der  Wert  der  Farbtiefe  154%  ist; 
das  AD50  33  ist;  das  Dmode  53  ist  und  der  Index  des  eingeschlossenen  Volumens  1  ,58  ist. 

40  9.  Kautschuk-Verbindung,  umfassend  etwa  100  Gewichtsteile  eines  Kautschuks  und  10  bis  250  Gewichtsteile  eines 
RuBes  der  Anspruche  1  bis  8. 

10.  Kautschuk-Verbindung  gemaB  Anspruch  9,  worin  der  Rul3  in  einer  Menge  von  10  bis  100  Gewichtsteilen  eingefugt 
wird. 

45 
11.  Kautschuk-Verbindung  gemaB  Anspruch  9,  worin  der  Rul3  in  einer  Menge  von  10  bis  45  Gewichtsteilen  eingefugt 

wird. 

12.  Kautschuk-Verbindung  gemaB  Anspruch  9,  die  weiterhin  Siliciumdioxid  in  einer  Menge  von  5  bis  30  Gewichtsteilen 
so  umfaBt. 

Revendications 

55  1.  Noir  de  carbone  ayant  une  valeur  de  CTAB  determinee  selon  le  Processus  de  Test  ASTM  D  3765-85  de  plus  de 
ou  egale  a  140  m2/g  ;  une  valeur  de  CDBP  determinee  selon  le  Processus  de  Test  ASTM  D  3493-86  de  plus  de 
ou  egale  a  115  cc/1  00  g  ;  une  valeur  de  Teinte  determinee  selon  le  processus  de  Test  ASTM  D  3265-85a  de  plus 
de  ou  egale  a  1  35  %,  une  valeur  de  AD50  determinee  par  un  histogramme  fait  du  diametre  de  Stokes  des  agregats 
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de  I'echantillon  de  noir  de  carbone  en  fonction  de  la  frequence  relative  de  leur  presence  dans  un  echantillon  donne 
de  moins  de  ou  egale  a  50  nm  ;  un  Dmode  determine  par  un  histogramme  fait  du  diametre  de  Stokes  des  agregats 
de  I'echantillon  de  noir  de  carbone  en  fonction  de  la  frequence  relative  de  leur  presence  dans  un  echantillon  donne 
inferieur  a  ou  egal  a  72  nm  ;  et  une  valeur  d'lndice  de  volume  Occlus  calculee  selon  le  processus  de  Test  ASTM 
D  3849-87  plus  grande  que  ou  egale  a  1  ,30. 

2.  Noir  de  carbone  de  la  revendication  1  ou  CTAB  est  de  140-250  m2/g  ;  CDBP  est  de  120-150  cc/1  00  g  ;  la  valeur 
de  Teinte  est  de  145-180  %  ;  AD50  est  de  moins  de  ou  egal  a  47  nm  ;  Dmode  est  de  40-67  nm  ;  et  I'lndice  de 
Volume  Occlus  est  de  1  ,40-2,0. 

3.  Noir  de  carbone  de  la  revendication  2  ou  AD50  est  de  20-45  nm. 

4.  Noir  de  carbone  de  la  revendication  1  caracterise  de  plus  en  ce  qu'il  a  une  valeur  de  N2SA  determinee  selon  le 
processus  de  Test  ASTM  D  3037-Methode  A  de  plus  de  ou  egale  a  150  m2/g  et  plus  petite  que  180  m2/g  ;  et  une 

is  valeur  de  DBP  determinee  selon  le  Processus  de  Test  ASTM  D  2414  de  plus  de  ou  egale  a  140  cc/1  00  g. 

5.  Noir  de  carbone  de  la  revendication  4  ou  DBP  est  de  140-180  cc/1  00  g. 

6.  Noir  de  carbone  de  la  revendication  1  ou  CTAB  est  de  148  ;  CDBP  est  de  120  cc/1  00  g  ;  la  valeur  de  Teinte  est 
20  de  150  %  ;  AD50  est  de  40  ;  Dmode  est  de  59  ;  et  I'lndice  de  volume  Occlus  est  de  1  ,49. 

7.  Noir  de  carbone  de  la  revendication  1  ou  CTAB  est  de  148  ;  CDBP  est  de  127  cc/1  00  g  ;  la  valeur  de  Teinte  est 
de  147  %  ;  AD50  est  de  42  ;  Dmode  est  de  64  ;  et  I'lndice  de  volume  Occlus  est  de  1  ,52. 

25  8.  Noir  de  carbone  de  la  revendication  1  ou  CTAB  est  de  170  ;  CDBP  est  de  121  cc/1  00  g  ;  la  valeur  de  Teinte  est 
de  154  %  ;  AD50  est  de  33  ;  Dmode  est  de  53  ;  et  I'lndice  de  volume  Occlus  est  de  1,58. 

9.  Compose  de  caoutchouc  comprenant  environ  100  parties  en  poids  d'un  caoutchouc  de  10  a  250  parties  en  poids 
d'un  noir  de  carbone  des  revendications  1  a  8. 

30 
10.  Compose  de  caoutchouc  de  la  revendication  9  ou  le  noir  de  carbone  est  incorpore  en  une  quantite  de  10  a  100 

parties  en  poids. 

11.  Compose  de  caoutchouc  de  la  revendication  9  ou  le  noir  de  carbone  est  incorpore  en  une  quantite  de  10  a  45 
35  parties  en  poids. 

12.  Compose  de  caoutchouc  de  la  revendication  9  comprenant  de  plus  de  la  silice  en  une  quantite  de  5  a  30  parties 
en  poids. 

40 
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