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Description 

In  one  aspect,  the  invention  relates  to  new  carbon  black  reactors.  In  another  aspect,  the  invention 
relates  to  new  methods  for  producing  carbon  black. 

5  Although  commercial  vortex  flow  reactors  are  adequate  for  today's  needs,  changes  to  provide  greater 
economy  and  flexibility  of  operation  and  even  higher  quality  product  could  be  desirable. 

For  example,  improvements  in  the  efficiency  at  which  carbon  black  is  produced  from  the  feedstock 
would  be  very  desirable.  Also,  the  production  of  a  carbon  black  product  which  contains  exceptionally  low 
levels  of  "grit"  would  be  very  desirable.  The  capability  of  producing  carbon  blacks  having  extremely 

io  positive  or  extremely  negative  tint  residuals  would  also  be  desirable. 
In  US-4  007  761  a  carbon  reactor  is  described.  This  reactor  has  a  pyrolysis  zone  gently  expanding  from 

a  throat  in  which  zone  carbon  black  is  formed.  The  above-described  objectives  are  not  met  by  this  prior  art. 
US-A-  3  922  335  describes  a  process  for  producing  carbon  black  and  an  apparatus  suitable  for  use  in 

this  process.  High  speed  combustion  gases  (at  least  Mach  0.35)  are  passed  through  an  annular  feedstock 
75  injection  zone.  The  annular  feedstock  injection  zone  can  be  varied  (col.  17,  1.  33  ff.)  to  square  or 

rectangular  cross-section  and  the  feedstock  can  be  injected  from  an  axial  feed  nozzle  radially  outwardly  and 
from  the  wall  around  the  annular  feedstock  injection  zone  radially  inwardly.  For  further  acceleration  of  the 
combustion  gases  the  reference  provides  that  the  combustion  gases  can  be  conducted  from  their  producing 
chamber  through  constricted  annular  feedstock  injection  zone. 

20  US-A-4  077  761  describes  a  carbon  black  reactor  with  axial  flow  burner.  A  flow  disrupting  bluff  body  is 
provided  in  the  flow  stream  of  the  oxidant  upstream  of  the  point  of  fuel  injection. 

In  accordance  with  the  invention,  the  above  objectives  are  satisfied  by  the  carbon  black  reactor  and 
process  defined  in  the  independent  claims.  Preferred  embodiments  are  contained  in  the  dependent  claims. 

The  present  invention  allows  the  production  of  a  carbon  black  characterized  by  a  CTAB  surface  area  of 
25  between  about  50  and  500  m2/g  and  an  aggregate  size  distribution  breadth  index  G  of  1  .85  or  greater.  This 

type  of  carbon  black  imparts  low  hysteresis  properties  to  rubber  into  which  it  has  been  compounded  and 
can  therefore  be  very  desirable  for  the  production  of  belts  and  tires,  for  example. 

In  another  aspect,  the  present  invention  allows  the  production  of  a  carbon  black  characterized  by  a 
CTAB  surface  area  of  between  about  50  and  500  m2/g  and  an  aggregate  size  distribution  breadth  index  G 

30  of  1  .20  or  less.  This  type  of  carbon  black  has  a  high  positive  tint  residual  value  which  imparts  high  abrasion 
resistance  in  tires. 

The  reactor  of  this  invention  is  well-adapted  for  producing  carbon  black  at  high  yields  and  low  grit 
levels. 

The  process  of  producing  carbon  black  in  accordance  with  this  invention  when  introducing  the 
35  carbonaceous  feedstock  as  a  coherent  stream  into  the  converging  zone,  results  in  greater  yields  of  product 

which  has  a  higher  tint  residual.  If  employing  an  embodiment  comprising  introducing  the  carbonaceous 
feedstock  into  the  throat  within  a  distance  of  about  10  cm  (4  inches)  from  the  abruptly  diverging  zone  this 
results  in  the  production  of  low  or  negative  tint  residual  black  which  imparts  low  hysteresis  to  rubber  into 
which  it  has  been  compounded. 

40  In  another  aspect  of  the  present  invention  there  is  provided  for  a  process  as  defined  in  the  claims  of 
producing  carbon  black  comprising  flowing  a  stream  of  hot  combustion  gases  having  a  temperature 
sufficiently  high  to  decompose  a  carbonaceous  feedstock  and  form  carbon  black  sequentially  through  a 
converging  zone,  a  throat  and  an  abruptly  diverging  zone  and  introducing  the  carbonaceous  feedstock 
transversely  into  the  stream  of  hot  combustion  gases  from  the  periphery  of  the  stream  for  decomposition  to 

45  form  the  carbon  black,  the  improvement  comprising  introducing  the  carbonaceous  feedstock  into  the  stream 
of  hot  combustion  gases  as  a  coherent  stream  having  a  velocity  component  counter  to  the  flow  of  the 
stream  of  hot  combustion  gases. 

In  still  another  aspect  of  the  present  invention  there  is  provided  for  a  process  as  defined  in  the  claims  of 
producing  carbon  black  comprising  flowing  a  stream  of  hot  combustion  gases  having  a  temperature 

50  sufficiently  high  to  decompose  a  carbonaceous  feedstock  and  form  carbon  black  sequentially  through  a 
converging  zone,  a  throat  and  an  abruptly  diverging  zone  and  introducing  the  carbonaceous  feedstock 
transversely  into  the  stream  of  hot  combustion  gases  from  the  periphery  of  the  stream  for  decomposition  to 
form  the  carbon  black,  the  improvement  comprising  introducing  the  carbonaceous  feedstock  as  a  spray  into 
at  least  one  of  the  converging  zone  and  the  throat.  The  improvement  step  results  in  the  production  of 

55  carbon  black  at  higher  efficiency  than  where  coherent  streams  of  feedstock  are  utilized. 
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Brief  description  of  the  drawing 

The  Figure  illustrates  certain  features  of  one  embodiment  of  the  present  invention. 

5  Detailed  description  of  the  invention 

According  to  the  invention,  an  apparatus  2  comprises,  serially  arranged,  a  combustion  zone  4,  a  mixing 
zone  6,  and  a  pyrolysis  zone  8. 

The  combustion  zone  4  comprises  a  combustion  chamber  10  defined  by  a  generally  cylindrical  sidewall 
io  12  and  a  generally  annular  upstream  end  wall  14  having  a  passage  16  therethrough  generally  axially 

directed  into  the  generally  cylindrical  combustion  chamber  10.  The  sidewall  12  and  endwall  14  are 
generally  formed  from  a  refractory  material  to  resist  high  temperatures.  Oxidant  fluid  and  combustible  fluid 
are  introduced  into  the  chamber  10  via  the  passage  16.  Preferably,  the  passage  16  leads  from  chamber  18 
which  is  defined  by  a  housing  20.  The  housing  20  can  be  formed  from  metal,  such  as  steel,  and  preferably 

is  comprises  a  generally  tubular  sidewall  21  so  that  the  chamber  18  is  generally  cylindrical  as  it  extends  from 
the  passage  16,  preferably  in  axial  alignment  therewith.  A  tubular  member  23  extends  through  the  chamber 
18  axially  and  empties  into  the  passage  16. 

The  tubular  member  23  carries  the  combustible  fluid  which  is  mixed  with  oxidant  fluid  from  the 
chamber  18  in  the  passage  16.  The  housing  20  is  closed  at  its  upstream  end  by  a  plate  24  affixed  to  a 

20  flange  26  which  circumscribes  the  upstream  end  of  the  housing  20.  The  tubular  member  23  enters  the 
chamber  18  in  an  axial  direction  through  the  plate  24.  An  annulus  19  defined  between  the  plate  24  and  the 
tubular  member  23  provides  a  passage  for  the  introduction  of  coolant,  such  as  a  cool  gas,  into  the  chamber 
18  to  protect  the  metal  components  in  the  neighborhood  of  flange  24  from  high  temperatures.  A  duct  27 
opens  into  the  chamber  18  through  the  sidewall  21.  The  duct  27  can  open  into  the  chamber  18  tangentially 

25  if  desired,  although  a  duct  opening  into  the  chamber  18  generally  normally  with  respect  to  the  longitudinal 
axis  of  the  chamber  18  has  been  used  with  good  results. 

Preferably,  the  generally  annular  surface  14  is  a  part  of  a  ring  or  choke  28  positioned  between  the 
chambers  18  and  10  and  defining  the  passage  16,  because  the  ring  helps  to  distribute  oxidant  fluid  from  the 
chamber  18  into  the  chamber  10.  The  ring  28  can  be  formed  from  a  section  of  tubular  refractory.  The 

30  tubular  member  23  preferably  empties  into  the  passage  16  through  a  plurality  of  radially  outwardly  directed 
ports  or  orifices  30  passing  through  the  sidewall  of  the  tubular  member  23  where  a  gaseous  combustible 
fluid  is  utilized,  for  ease  of  fabrication  and  reliability  of  operation.  A  bluff  body,  in  the  form  of  a  generally 
annular  flange  29  is  attached  to  the  tubular  member  23  slightly  downstream  of  the  ports  30  to  aid  in 
maintaining  stable  combustion.  Preferably,  the  flange  29  is  positioned  upstream  of  the  surface  14,  most 

35  preferably  about  5  cm  (2  inches)  into  the  zone  16,  as  measured  from  zone  18. 
Generally,  the  reaction  flow  passage  expands  between  the  passage  16  and  the  zone  10  from  a  first 

diameter  to  a  second  diameter  such  that  the  ratio  between  the  first  diameter  and  the  second  diameter  is 
between  about  0.3  and  about  0.8.  Usually,  the  ratio  of  the  diameters  of  the  flange  29  and  the  passage  16  is 
within  the  range  of  from  about  0.5  to  about  0.75. 

40  The  mixing  zone  6  comprises  a  sidewall  31  formed  from  refractory  defining  a  chamber  32  in  axial 
alignment  with  and  converging  from  the  combustion  chamber  10  to  a  throat  34  and  a  means  36  for 
introducing  a  carbonaceous  feestock  through  the  sidewall  31  and  into  at  least  one  of  the  converging 
chamber  32  and  the  throat  34.  Preferably,  the  converging  chamber  32  converges  from  an  inlet  having  a 
diameter  about  the  same  as  that  of  the  combustion  chamber  10  to  an  outlet  having  a  diameter  about  the 

45  same  as  that  of  the  throat  34.  A  converging  chamber  which  converges  at  a  half-angle  of  about  18.5°  (18° 
30')  has  been  used  with  good  results.  The  means  36  comprises  one  or  more  sets  of  ports  38,  which  open 
into  the  chamber  32,  more  preferably,  2  or  more  sets  of  ports  38  with  at  least  one  set  opening  into  the 
converging  chamber  32  and  at  least  one  sat  opening  into  the  throat  34  for  the  positioning  of  carbonaceous 
feedstock  injectors  40.  Usually,  the  ports  of  a  set  will  be  circumferentially  spaced  about  the  reaction  flow 

50  passage  at  a  selected  position  with  respect  to  the  longitudinal  axis  of  the  reaction  flow  passage,  with  the 
ports  being  preferably  equiangularly  spaced  from  each  other  for  uniform  distribution  of  feestock  from  the 
injectors  40  and  into  the  reaction  flow  passage.  Generally,  each  set  of  ports  38  will  be  arranged  in 
equiangular  spacing,  for  example,  180°,  120°,  90°,  or  60°,  and  be  radially  inwardly  directed,  although 
they  can  be  canted  upstream  or  downstream  as  desired.  Ports  not  in  use  can  be  sealed  with  plugs  41. 

55  Usually,  the  injectors  40  will  be  positioned  through  only  one  set  of  the  ports  38  so  that  they  empty  into  the 
flow  passage  of  the  reactor  at  the  same  longitudinal  position.  As  injectors  are  moved  upstream,  the 
structure  of  the  black  increases.  Preferably,  the  tip  of  each  injector  is  positioned  about  flush  with  the  reactor 
wall,  to  lessen  heat  exposure  and  cut  down  on  coking  and  plugging. 
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Alternatively,  the  injectors  40  can  be  provided  with  nozzles  43  which  can  be  canted  to  introduce 
carbonaceous  feedstock  into  the  reaction  flow  passage  with  an  upstream  or  downstream  velocity  compo- 
nent  as  desired.  The  nozzles  43  can  be  selected  to  introduce  the  feedstock  as  a  coherent  stream  or  a  spray 
or  any  other  pattern  as  desired.  When  the  feedstock  is  introduced  into  the  reactor  in  a  partially  upstream  or 

5  downstream  direction,  preferably  upstream  with  a  component  counter  current  to  the  flow  of  combustion 
gases  to  improve  mixing  it  is  preferred  that  the  nozzles  be  selected  to  emit  a  coherent  stream  of  feedstock, 
so  that  the  dissociation  of  the  feedstock  will  take  place  away  from  the  reactor  wall  and  the  penetration  of  the 
feedstock  will  be  sufficient  to  cause  good  distribution  of  dissociated  carbonaceous  material  across  the 
reaction  flow  path.  Where  the  feedstock  is  to  be  introduced  generally  normally  into  the  reactor  with  respect 

io  to  its  axis,  it  is  currently  preferred  to  utilize  nozzles  which  are  designed  to  emit  a  spray,  although  spray 
nozzles  are  also  advantageous  where  the  nozzles  are  canted,  especially  when  the  nozzles  are  canted  to 
emit  feedstock  in  a  downstream  direction.  It  appears  that  when  spray-stream  nozzles  are  used,  product 
yield  from  the  reactor  is  enhanced  over  the  solid-stream  nozzles  are  used.  Solid-cone  type  spray  nozzles, 
which  emit  atomized  feedstock  at  an  angle  of  divergence  of  about  15°  have  been  used  with  good  results. 

is  Jacket  cooling  air,  not  shown,  can  surround  the  oil  injectors  40,  flowing  through  the  annulus  between  the  oil 
tube  and  the  wall  of  the  port. 

When  the  apparatus  is  operated  with  carbonaceous  feedstock  injection  into  the  throat  34,  carbon  black 
having  a  wide  aggregate  size  distribution  can  be  produced.  Generally,  for  this  type  of  operation,  the 
feedstock  injectors  will  be  positioned  about  0-10  cm  (0-4  inches),  for  example  between  2.5  and  7.5  cm  (1 

20  and  3  inches),  upstream  of  the  pyrolysis  zone.  Such  a  carbon  black  is  frequently  characterized  by  a 
negative  tint  residual  and  will  impart  low  hystersis  to  rubber  into  which  it  has  been  compounded.  When  the 
apparatus  is  operated  with  feedstock  injection  into  the  converging  chamber  32,  carbon  black  having  a  very 
narrow  aggregate  size  distribution  can  be  produced.  Such  a  carbon  black  is  frequently  characterized  by  a 
high  or  positive  tint  residual.  Generally,  for  this  type  of  operation,  the  feedstock  or  oil  injectors  40  will  be 

25  positioned  between  about  10  cm  (4  inches)  and  about  91  cm  (36  inches)  upstream  of  the  pyrolysis  zone, 
usually  between  about  15  (6)  and  about  61  cm  (24  inches)  upstream. 

If  desired,  carbonaceous  feedstock  can  also  be  injected  into  the  converging  chamber  32  and/or  throat 
34  via  optional  axial  feedstock  injector  assembly  42,  which  can  be  fitted  with  an  appropriate  nozzle  to 
dispense  liquid  or  vaporous,  preferably  liquid,  carbonaceous  feedstock.  In  some  operations,  tube  42  is  not 

30  installed,  however,  in  the  preferred  embodiment  of  this  aspect  of  the  invention,  the  assembly  42,  which 
preferably  comprises  a  feedstock  tube  47  coaxially  disposed  within  a  water-jacket  tube  45,  enters  the 
reactor  2  coaxially  within  the  gas  tube  23  and  extends  adjustably  from  the  end  of  the  tube  23  at  least  into 
the  converging  chamber  32.  The  feedstock  tube  47  can  be  fitted  with  any  one  of  a  variety  of  feedstock 
nozzles,  for  example,  single  or  multiple  solid  jet  nozzles  with  the  jets  directed  axially,  radially  outwardly,  or 

35  at  an  angle,  or  a  solid  or  a  hollow  cone  nozzle,  etc.,  as  desired. 
The  pyrolysis  zone  8  preferably  is  comprised  of  one  or  more  generally  cylindrical  sections  of  refractory 

material  44.  The  mixing  zone  6  is  preferably  a  separate  section  of  refractory,  so  that  it  can  be  easily 
replaced  if  desired. 

Because  of  very  high  temperatures  in  zone  8,  heavy-duty  refractory,  such  as  chrome-alumina  refractory 
40  (minimum  9  wt.%  0203)  manufactured  by  Didier-Taylor,  Cincinnati,  Ohio,  is  preferably  employed  for  at 

least  the  construction  of  the  zone  8. 
It  is  desired  to  generate  high  turbulance  in  the  reaction  mixture  when  it  passes  from  the  mixing  zone  6 

to  the  pyrolysis  zone  8,  to  disintegrate  the  carbonaceous  feedstock  to  form  high  quality  carbon  black.  It  is 
therefore  very  important  that  the  reaction  flow  passage  undergo  an  abrupt  expansion  as  it  enters  the 

45  pyrolysis  zone  from  the  mixing  zone.  Preferably,  the  half-angle  of  expansion  is  near  90  0  ,  because  this 
configuration  has  been  used  with  good  results. 

Preferably,  the  upstream  end  of  the  pyrolysis  zone  is  defined  by  a  generally  annularly  shaped  end  wall 
46  which  extends  from  the  downstream  end  of  the  throat  34  to  the  upstream  end  of  pyrolysis  zone  sidewall 
48.  The  pyrolysis  zone  preferably  has  a  generally  circular  cross-section  in  a  plane  normal  to  the  axis  of  the 

50  reaction  flow  passage.  The  desired  amount  of  expansion  between  the  zones  will  depend  on  reactor  flow 
conditions  and  the  desired  properties  of  the  carbon  black  to  be  produced.  Generally,  the  cross  sectional 
area  of  the  reaction  flow  passage  defined  by  sidewall  48  in  a  plane  normal  to  the  reactor  axis  will  be  in  the 
range  of  from  about  2.8  to  about  13  times  larger  than  the  cross  sectional  area  of  the  reaction  passage  at  the 
throat  34.  An  expansion  ratio  toward  the  lower  end  of  this  range  tends  to  provide  a  carbon  black  product 

55  characterized  by  higher  surface  area  and  lower  structure,  while  an  expansion  ratio  toward  the  upper  end  of 
the  range  provides  a  carbon  black  product  characterized  by  lower  surface  area  and  higher  structure. 

Where  the  production  of  a  carbon  black  product  characterized  by  higher  structure  is  desired,  the 
pyrolysis  zone  is  provided  with  a  plurality  of  abrupt  expansions  in  the  reaction  flow  passage.  In  the  Figure, 
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the  upstream  end  of  the  pyrolysis  zone  8  comprises  serially  arranged  from  the  upstream  end  wall  46  a  first 
generally  cylindrical  zone  50  having  a  first  diameter  and  a  second  generally  cylindrical  zone  52  having  a 
second  diameter  which  is  larger  than  the  first  diameter.  Preferably,  the  first  generally  cylindrical  zone  50 
has  a  diameter  sufficient  so  that  the  area  ratio  between  the  first  generally  cylindrical  zone  50  and  the  throat 

5  34  is  in  the  range  of  from  about  2.8:1  to  about  13:1.  The  flow  area  ratio  between  the  second  generally 
cylindrical  zone  52  and  the  first  generally  cylindrical  zone  50  is  preferably  from  about  1:1  to  about  4:1.  The 
first  generally  cylindrical  zone  50  preferably  has  a  length  in  the  range  of  from  about  0.1  to  about  15  times 
the  diameter  of  the  throat  34,  usually  from  about  0.5  to  about  10  diameters.  Preferably,  an  annular  shoulder 
54  separates  the  zones  50  and  52,  because  this  design  provides  a  good  flow  pattern. 

io  The  pyrolysis  zone  8  is  further  provided  with  a  means  56  for  supplying  cooling  fluid  to  the  reaction  flow 
passage.  Generally,  the  means  56  comprises  ports  58  opening  into  the  pyrolysis  zone  8.  Preferably,  at  least 
one  of  the  ports  58  carries  a  tube  and  spray  nozzle  assembly  60  for  introducing  a  quench  fluid  into  the 
zone  8  to  stop  the  pyrolysis  reaction.  Generally,  the  means  56  will  be  positioned  downstream  of  the  outlet 
of  the  throat  at  a  distance  of  from  about  5  to  about  45  throat  diameters,  usually  at  a  distance  of  between 

is  about  8  and  about  20  throat  diameters.  In  other  terms,  the  means  56  will  be  positioned  between  about  0.5 
m  (1  .5  feet)  and  about  6  m  (20  feet)  downstream  of  the  throat.  Positioning  the  means  56  close  to  the  throat 
produces  low  photolometer  product.  Usually,  the  means  56  is  positioned  downstream  from  the  throat  at  a 
distance  to  produce  a  photolometer  value  of  at  least  about  70  and  is  preferably  designed  to  spray  water. 
Further  downstream  of  the  quench  means  56,  the  reaction  mixture  is  further  cooled  to  facilitate  handling, 

20  and  can  be  processed  in  conventional  equipment. 
Certain  aspects  of  the  invention  are  carried  out  according  to  a  process  comprising  flowing  a  stream  of 

hot  combustion  gases  having  a  temperature  sufficiently  high  to  decompose  a  carbonaceous  feedstock  and 
form  carbon  black  sequentially  through  a  converging  zone,  a  throat  and  an  abruptly  diverging  zone:  and 
introducing  the  carbonaceous  feedstock  transversely  into  the  stream  of  hot  combustion  gases  from  the 

25  periphery  of  the  stream  for  decomposition  to  form  the  carbon  black. 
Generally,  the  oxidant  fluid  comprises  air,  since  it  is  inexpensive  and  plentiful,  preferably  preheated  air 

at  a  temperature  of  from  about  371  (700)  to  about  677  °C  (1250°F),  since  employing  preheated  air  is  an 
inexpensive  method  of  supplying  heat  to  the  reactor  to  drive  the  pyrolysis  reaction  and  aids  in  forming  a 
high-structure  product.  Of  course,  pure  oxygen  or  oxygen-enriched  air  is  also  suitable,  and  besides  having 

30  the  advantage  of  producing  a  higher  structure  product,  is  the  preferred  oxidant  where  a  low  BTU  fuel  is 
burned. 

Generally,  the  combustible  fluid  will  comprise  mostly  methane,  because  methane  is  the  major  compo- 
nent  of  natural  gas  and  synthetic  natural  gas  and  these  materials  are  suitable  combustible  fluids  and  are 
inexpensive.  Other  combustible  fluids,  containing  one  or  more  components,  for  example  selected  from 

35  hydrogen,  carbon  monoxide,  acetylene  and  propane  are  also  suitable.  An  inexpensive  fuel  commonly  found 
in  a  carbon  black  plant  comprises  off-gases  from  the  filter  bags,  especially  from  soft  black  manufacture. 
This  fuel  is  a  low-BTU  fuel,  containing  about  100  BTU/SCF,  and  generally  25-30  vol%  or  so  of  H2  and  CO. 

Liquid  fuels  such  as  are  used  in  some  conventional  carbon  black  plants  can  also  be  used  in  the  present 
invention.  In  some  plants  part,  of  the  feedstock  is  used  as  fuel. 

40  Generally,  stoichiometric  or  excess  air  is  mixed  with  the  combustible  fluid  and  ignited  as  the  mixture  is 
introduced  into  the  combustion  zone.  By  stoichiometric  is  meant  an  amount  which  results  in  the  essential 
absence  of  both  molecular  oxygen  and  combustible  materials  in  the  combustion  gases.  A  greater  than 
stoichiometric  amount  of  air,  commonly  called  "excess"  air,  will  result  in  the  presence  of  reactive  oxygen  in 
the  combustion  gases.  Fifty  percent  excess  air  is  frequently  used  in  carbon  black  manufacturing  processes, 

45  and  this  means  that  150%  of  the  stoichiometric  amount  of  air  has  been  mixed  with  the  combustible  fluid. 
Of  course,  the  "excess"  air  partly  consumes  the  carbonaceous  feedstock  and  therefore  results  in  lost 

yield.  These  are  at  least  two  reasons,  however,  why  its  presence  can  be  desirable.  First,  as  the  excess  air 
reacts  with  the  feedstock,  it  generates  both  turbulence  and  heat,  and  therefore  a  finer  and  more  uniform 
carbon  black  product.  Secondly,  the  excess  air  dilutes  the  combustion  gases  and  reduces  their  tempera- 

50  ture,  protecting  equipment.  However,  where  the  reactor  is  capable  of  withstanding  the  temperatures  of  near 
stoichiometric  combustion  of  the  air  and  fuel  and  concommitantly  generates  sufficient  turbulence  down- 
stream  of  the  feedstock  injection  to  form  the  desired  particle  size  of  carbon  black,  and  the  combustion  gas 
stream  contains  sufficient  heat  to  pyrolyze  the  feedstock  particles,  excess  air  can  be  avoided,  since  it 
results  in  reduced  yields  due  to  combustion  of  a  portion  of  the  feedstock. 

55  Where  natural  gas  is  used  as  the  combustible  fluid,  it  is  preferably  mixed  with  air  at  a  volume  ratio  of 
from  about  10:1,  which  is  near  stoichiometric,  to  about  20:1,  which  would  be  about  100%  excess  air.  At 
reactor  conditions,  the  combustion  gases  pass  through  the  throat  at  a  temperature  in  the  range  of  1300- 
1650°C  (2400-3000  °  F),  and  at  a  velocity  generally  in  the  range  of  60-340  ms_1  (Mach  0.2-1.0),  usually 
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between  about  100  (0.3)  to  about  140  (0.7).  Mach  1  in  feet  per  second  is  roughly  equal  to  49.01  VT,  where  T 
is  the  temperature  in  °R  (Rankine)  at  reactor  conditions.  (T°  R  =  T°  F  +  460).  Higher  temperatures  and 
velocities  yield  desirable  products,  but  cause  unduly  expensive  operation. 

The  carbonaceous  feedstock  which  is  injected  into  the  combustion  gas  stream  from  its  periphery  is 
5  generally  any  of  the  hydrocarbon  feeds  suitable  for  forming  carbon  black.  Generally,  the  carbonaceous 

feedstock  will  be  a  liquid,  contain  about  90  weight  percent  carbon  and  have  a  density  greater  than  that  of 
water.  Preferably,  the  feedstock  will  be  characterized  by  a  Bureau  of  Mines  Correlation  Index,  BMCI  of 
between  about  90  and  about  150.  The  carbonaceous  feedstock  is  preferably  preheated  to  a  temperature  in 
the  range  of  120  (250)  to  about  260  °C  (500  °F)  prior  to  injection  into  the  combustion  gases.  It  is  important 

io  that  the  streams  of  feedstock  do  not  penetrate  sufficiently  far  to  impinge  on  the  wall  of  the  reactor. 
However,  to  insure  adequate  dispersal,  it  is  preferred  that  the  feedstock  be  injected  at  a  pressure  of  at  least 
3.4  •  10-5  Pa  (50  psig).  If  desired,  the  same  carbonaceous  feedstock  can  also  be  introduced  into  the 
reactor  from  a  position  along  the  reactor  axis.  It  will  be  appreciated  that  injecting  the  feedstock  through  a 
smaller  orifice  requires  a  higher  pressure  to  achieve  the  same  penetration. 

is  According  to  the  present  invention,  the  carbonaceous  feedstock  is  introduced  into  the  converging  zone 
from  the  periphery  thereof. 

By  injecting  the  carbonaceous  feedstock  transversely  into  the  converging  combustion  gases,  there  can 
be  provided  a  carbon  black  product  having  a  CTAB  surface  area  in  the  range  of  between  about  50  and 
about  500  m2/g,  usually  between  about  50  and  about  200  m2/g,  most  preferably  between  about  70  and  150 

20  m2/g,  which  is  characterized  by  a  "G  index"  value  of  less  than  about  1.2,  between  about  1.0  and  1.2,  such 
as  between  1.1  and  1.2  preferbaly  between  1.15  and  1.20.  This  type  of  carbon  black  can  be  characterized 
by  a  tint  residual  of  about  plus  12  or  greater  and  occasionally  plus  16  or  greater  (See  tabulated  runs  in 
subsequent  tables).  Such  a  carbon  black  can  be  usefully  compounded  into  rubber  to  impart  certain 
desirable  properties  thereto.  The  CTAB  surface  area  of  a  carbon  black  sample  is  measured  in  accordance 

25  with  ASTM  and  is  generally  considered  to  have  a  correlation  with  the  surface  area  of  the  carbon  black 
sample  available  for  reinforcing  rubber.  The  "G  index"  value  is  calculated  in  accordance  with  Applied 
Optics  19,  2977  (1980)  and  as  herein  described  in  (Example  III  and  correlates  with  the  breadth  of 
distribution  of  the  aggregate  particle  sizes  in  the  sample.  A  "G  index"  value  of  less  than  1  .25  indicates  an 
extremely  homogeneous  product,  with  the  sizes  of  the  appregates  being  extremely  uniform,  relatively 

30  speaking.  "Conventional"  furnace  blacks  have  a  "G  index"  value  in  the  range  of  about  1.4-1.6. 
The  carbonaceous  feedstock  can  be  introduced  into  the  converging  zone  either  as  a  coherent  stream  or 

as  a  spray,  as  desired.  Preferably,  the  feedstock  is  introduced  as  a  spray,  because  testing  shows  that 
spraying  the  feedstock  into  the  reactor  results  in  the  higher  yield  of  product.  The  feedstock  can  be 
introduced  into  the  converging  zone  in  a  direction  normal  to  the  axis  of  the  reactor  flow  path,  which  is 

35  preferred,  since  it  has  been  tested  with  good  results,  or  it  can  be  introduced  into  the  combustion  gases  with 
a  flow  component  cocurrent  or  countercurrent  to  the  combustion  gas  flow.  Where  the  feedstock  is  to  be 
introduced  into  the  reactor  with  a  flow  component  countercurrent  to  the  flow  of  the  combustion  gas  stream, 
it  may  be  desirable  to  utilize  a  coherent  stream  of  feedstock,  to  mitigate  impingement  of  feedstock  on  the 
reactor  wall. 

40  According  to  another  aspect  of  the  invention  the  carbonaceous  feedstock  is  sprayed  inwardly  into  the 
combustion  gas  stream  flowing  through  the  reactor  throat,  preferably  radially  inwardly,  or,  if  desired,  canted 
in  the  upstream  or  preferably,  the  downstream  direction.  Spraying  the  feedstock  into  the  throat  as  a  mist 
produces  a  higher  surface  area  product  than  injecting  coherent  streams  of  feedstock  into  the  throat  under 
reactor  conditions  which  are  otherwise  the  same.  Because  the  invention  in  this  embodiment  provides  a 

45  method  raising  the  surface  area  of  the  carbon  black  product  at  no  increase  in  operating  costs,  it  is  a 
significant  advance  in  the  art. 

In  another  aspect  of  the  present  invention,  by  introducing  the  carbonaceous  feedstock  radially  inwardly 
transversely  into  the  combustion  gas  stream  downstream  of  the  inlet  to  the  converging  section  at  a  distance 
upstream  of  the  pyrolysis  section  in  the  range  of  from  about  0.05  to  0.9  throat  diameters,  preferably  in  the 

50  range  of  0-10  cm  (0-4  inches)  upstream  of  the  pyrolysis  zone,  more  preferably  in  the  range  of  2.5-7.5  cm 
(1-3  inches)  upstream  of  the  pyrolysis  zone,  such  as  about  3.8  cm  (1.5  inches)  upstream  of  the  pyrolysis 
zone,  there  can  be  provided  a  carbon  black  product  having  a  CTAB  surface  area  in  the  range  of  between 
about  50  and  about  500  m2/g,  usually  between  about  50  and  about  200  m2/g,  preferably  between  about  70 
and  about  150  m2/g,  which  is  characterized  by  a  "G  index"  value  of  greater  than  about  1.85,  preferably 

55  greater  than  about  2,  such  as  in  the  range  of  2  to  3,  preferably  between  about  2.25  and  about  2.75.  This 
type  of  carbon  black  can  be  characterized  by  a  tint  residual  value  of  minus  12  or  lower  and  occasionally 
minus  16  or  lower  (See  tabulated  runs  in  subsequent  tables).  A  carbon  black  characterized  by  high  "G 
index"  value  has  a  broad  aggregate  size  distribution  and  imparts  low  hysteresis  properties  to  rubber  into 
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which  it  has  been  compounded.  This  carbon  black  will  impart  low  rolling  resistance  to  vehicular  tires  when  it 
has  been  compounded  into  the  rubber  which  forms  them. 

The  invention  is  illustrated  by  the  following  Examples. 

5  Example  I 

The  runs  were  made  in  a  pilot  plant  reactor.  A  is  the  diameter  of  zone  10.  B  is  the  diameter  of  throat 
34.  C  is  the  diameter  of  zone  52.  D  is  the  length  of  zone  10.  E  is  the  length  of  zone  32.  a  is  the  angle  at 
which  the  sidewall  of  zone  32  converges  toward  the  longitudinal  axis  of  the  reactor.  F  is  the  length  of  throat 

io  34.  G  is  the  length  of  zone  52  from  wall  46  to  quench  60.  H  is  the  distance  of  oil  injectors  40  upstream  from 
wall  46,  and  J  is  the  diameter  of  zone  16.  The  gas  burner  upstream  of  zone  10  was  modified  from  that 
shown  by  the  figure  as  follows: 

Premixed  air  and  fuel  were  supplied  axially  into  the  passage  16  through  the  end  of  a  tube  having  a  10 
cm  (4  inch)  inside  diameter  and  terminating  5  cm  (2")  upstream  of  wall  14.  The  end  of  the  tube  was 

is  partially  closed  by  a  radially  inwardly  extending  annular  flange  having  an  inside  diameter  of  6.3  cm  (2.5 
inches).  Results  are  shown  in  Table  I. 

7 



EP  0  102  072  B2 

TABLE  I 

Run  number  1  2  3  4  5  6 

Reactor 
5  Dimensions,  (Ins)  cm 

A  (cm)  15  15  15  15  15  15 
(6)  (6)  (6)  (6)  (6)  (6) 

B  (cm)  4.24  4.24  4.24  4.24  4.24  •  4.24 
(1.87)  (1.67)  (1.67)  (1.67)  (1.67)  (1.67) 

10  C  (cm)  15  10  7.5  7.5  7.5x15  15 
(6)  (4)  (3)  (3)  Oxe)'*'  (6) 

D  (cm)  15  15  15  15  15  15 
(6)  (6)  (6)  (6)  (6)  (6) 

75  E  (cm)  21.6  21.6  21.6  21.6  21.6  21.6 
(8.5)  (8.5)  (8.5)  (8.5)  (8.5)  (8.5) 

F  (cm)  3.8  8.9  8.9  8.9  8.9  3.8 
(1.5)  (3.5)  (3.5)  (3.5)  (3.5)  (1.5) 

G  (cm)  91  58  163  183  99  89 
20  (36)  (23)  (64)  (72)  (39)  (35) 

(Inlet  C  to  Quench) 
H  3.8  3.8  17  17  17  3.8 

(1.5)  (1.5)  (6.5)  (6.5)  (6.5)  (1.5) 

25  J  10  10  10  10  10  10 
(4)  (4)  (4)  (4)  (4)  (4) 

a  Degrees, '  Approx.  15  15  15  15  15  15 

Ratio 
30  C/B  Diameters,  3.6  2.4  1.8  1.8  1.8x3.6"'  3.6 

Nozzle: 
Orifice  Diam.  ins.  0.0813  0.0991  0.0991  0.0991  0.0991  0.0813 

(0.032)  (0.039)  (0.039)  (0.039)  (0.039)  (0.032) 

35  No.  of  Nozzles  2  2  2  2  2  2 

Spacing,  degrees  180  180  180  180  180  180 

.  Process  flow 
Total  Air,  0.11034  0.11057  0.11026  0.10873  0.11007  0.10898 
(SCF/tir)  m3/s  (14036)  (14065)  (14024)  (13832)  (14002)  (13863) 

40 
Temperature  °C  410  414  413  563  562  413 

Fuel,  (SCF/hr)  nxVs  6.88  •  10"1  6.96  •  10-5  6.95  •  lO'3  6.96  •  10"3  6.96  •  10"1  6.91-10 
(875)  (886)  (884)  (885)  (886)  .  (879) 

45  (BTU/SCF)  j/l  36376  35295  35332  35332  35630  35928 
(976)  (947)  (948)  (948)  (956)  (964) 

Air/Fuel  Gas. 
Vol.  Ratio  16  15.9  15.9  15.6  15.8  15.8 

Oil,  (GPH)  cm3/s  19.66  21.55  23.34  25.76  25.86  23.77 
50  16°C/16°C  (18.7)  (20.5)  (22.2)  (24.5)  (24.6)  (22.61) 
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TABLE  I  (Continued) 

Run  number  1 2   3  4  5  6 

5  API,  (60°F/60°F)  -3.2  -3.2  -2  -2  -2  -3.2 
(lbs/Gallon)  g/cm3  1.10  1.10  1.09  1.09  1.09  1.10 

(9.19)  (9.19)  (9.D  (9.D  (9.D  (9-19) 

BMCI  140  140  138  138  133  140 

1Q  Carbon,  wt.%  91.5  91.3  91.3  91.3  91.3  91.5 

Temperature.  "C  131  157  154  154  153  158 

Pressure  (psig)  Pa  1.03  •  10*  7.58  •  io5  7.58  •  10s  8.62  •  10s  9.65  •  105  5.51  •  10 
(150)  (110)  (110)  (125)  (140)  (80) 

75  Air  to  Oil,  5615  5129  4725  4224  4254  4583 
(SCF/gal).  m3/m3  (751  )  (686)  (632)  (565)  (569)  (613) 

Product  carbon  black 
g/cm3  0.562  0.564  0.576  0.624  0.636  0.640 
(Lbs/Gal)  Feed  (4.68)  (4.7)  (4.8)  (5.2)  .  (5.3)  (5.33) 

20  CTAB,  m3/g  108  115  108  105  107  77.5 

NjSA,  mJ/g  117  124  110  105  112  79.7 

24M4  DBP, 
CC/100  g  111  96  94  94  106  93.5 

25 
Tint  102.3  105.3  123.6  119.8  115.4  81.4 

Tint  Residual  -5.5  -9.4  +8.9  +7.2  +4.9  -15.3 

Photelometer  79  74  77  78  82  75 
30  g  (Lbs  Black/Gal)  cm3  60.6  64.9  62.2  65.5  68.0  49.6 

xCTAB  M%  (505)  (541)  (518)  (546)  (567)  (413) 

g  (Lbs)  Black/ 
g  (Lb)  C  in  Feed  0.5566  0.5602  0.5777  0.6259  0.6379  0.5800 

35  g  (Lbs)  Black/g  (Lb)  C 
in  Feed  x  CTAB  mJ/g  60.1  64.4  62.4  65.7  68.3  44.9 

Oil  g/cm3  (Lbs  Carbon/  1.009  1.007  0.997  0.997  0.997  1.009 
Gallon)  (8.41)  (8.39)  (8.31)  (8.31)  (8.31)  (8.41) 

„  g/s  (Lbs  Carbon/Hr-Fuel)  3.49  3.54  3.54  3.54  3.54  3.54 
(27.7)  (28.1)  (28.1)  (28.1)  (28.1)  (28.1) 

g/s  19.82  21.67  23.25  25.65  25.75  23.97 
(Lbs  Carbon/Hr-Oil)  (157.3)  (172)  (184.5)  (203.6)  (204.4)  (190.2) 

g/s  (Total  Lbs  23.31  25.21  28.79  29.19  29.30  27.51 
45  Carbon/Hour)  (185)  (200.1)  (212.6)  (231.7)  (232.5)  (218.3) 

g/s  11.02  12.15  13.43  16.05  16.43  15.18 
(Lbs  CB/Hour)  (87.5)  (96.4)  (106.6)  (127.4)  (130.4)  (120.5) 

g(Lbs)CB/g(Lb)-Total  C  0.4730  0.4814  0.5014  0.5498  0.5609  0.5520 
50 g(Lbs)CB/g(Lbs)  Total  C 

xCTAB  51.1  55.4  54.2  57.7  60.0  42.7 

55 
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TABLE  I  (Continued) 

Run  number  7  8  9  10  11  12 

Reactor 
5  Dimensions,  (Ins)  cm 

A  15  15  15  15  15  15 
(6)  (6)  (6)  (6)  (S)  (6) 

B  4.24  4.24  4.24  4.24  4.24  4.24 
(1.67)  (1.67)  (1.67)  (1.67)  (1.67)  (1.67) 

70  C  15  15  10  10  10  10 
(6)  (6)  (4)  (4)  (4)  (4) 

D  15  15  15  15  15  15 
(6)  (6)  (6)  (6)  (6)  (6) 

15  E  21.6  21.6  21.6  21.6  21.6  21.6 
(8.5)  (8.5)  (8.5)  (8.5)  (8.5)  (8.5) 

F  3.8  3.8  3.8  8.9  3.8  3.8 
(1.5)  (1.5)  (1.5)  (3.5)  (1.5)  (1.5) 

G  84  58  51  64  127  89 20  (33)  (23)  (20)  (25)  (50)  (35) 

(Inlet  C  to  Quench) 
H  3.8  3.8  3.8  8.9  11.4  11.4 

(1.5)  (1.5)  (1.5)  (3.5)  (4.5)  (4.5) 

25  J  10  10  10  10  10  10 
(4)  (4)  (4)  (4)  (4)  (4) 

a  Degrees, 
Ap-rox.  15  15  15  15  15  15 

Ratio 
30  C/B  Diameters,  3.6  3.6  2.4  2.4  2.4  2.4 

Nozzle: 
Orifice  Diam.  ins.  0.0813  '  0.0711  0.0991  0.0991  0.0991  0.0991 

(0.032)  (0.028)  (0.039)  (0.C39)  (0.039)  (0.039i 

35  No.  of  Nozzles  2  2  2  2  2  2 

Spacing,  degrees  180  180  180  180  180  180 

Process  flow 
Total  Air,  0.10965  0.11314  0.10991  0.11055  0.11094  0.11100 
(SCF/hr)  m3/s  (13948)  (14392)  (13982)  (14063)  (14113)  (14120) 

40 
Temperature.  °C  412  410  561  560  563  564 

Fuel,  (SCF/hr)  mJ/s  6.94  -10-'  8.70  •  10"J  5.80  •  10"3  5.76-10-'  6.12  •  10"3  6.12  -10' 
(883)  (1107)  (738)  (733)  (778)  (778) 

„  (BTU/SCF)  j/1  35928  35928  35928  36413  35295  35295 
(964)  (964)  (964)  (977)  (947)  (947) 

Air/Fuel  Gas. 
Vol.  Ratio  15.8  13.0  18.9  19.2  18.1  18.1 

Oil,  (GPH)  cm3/s  16*C/16°C  23.76  19.66  23.44  23.13  28.91  25.86 
50  (22.6)  (18.7)  (22.3)  (22.0)  (27.5)  (24.6) 
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TABLE  I  (Continued) 

Run  number  7  8  9  10  11  12 

5  API.  (60^760^)  -3.2  -3.2  -3.2  -3.2  -2.0  -2.0 

(Lbs/Gallon)  g/cm3  1.10  1.10  1.10  1.10  1.09  1.09 
(9.19)  (9.19)  (9.19)  (9.19)  (9.1)  (9.1) 

BMCI  140  140  140  140  138  138 
10  Carbon,  wt.%  91.5  91.5  91.5  91.5  91.3  91.3 

Temperature.  "C  154  152  157  148  155  153 

Pressure  (psig)  Pa  3.45-10*  6.89  -10s  7.58-10*  17.24-10*  1.00-10*  8.62  •  1C 
(50)  (100)  (110)  (105)  (145)  (125) 

75 
Air  to  Oil,  4613  5757  4688  4778  3836  4292 
(SCF/gal)  m3/m3  (617)  (770)  (627)  (639)  (513)  (574) 

Product  carbon  black 
g/cm3  0.62  0.67  0.56  0.53  0.60  0.58 
(Lbs/Gal)  Feed  (5.2)  (5.6)  (4.7)  (4.4)  (5.0)  (4.8) 

20 
CTAB,  mJ/g  85  110  122'  117  101  113 

N3SA,  mJ/g  85  119  131  128  103  120 

24M4  OBP,  cc/100  g  101  113  97  97  98  103 
25 

Tint  83.3  99.8  105.7  109.1  115.9  122.5 

Tint  Residual  -16.1*  -8.4  -11.6  -5.6  +6.9  +9.9 

Photelometer  79  80  84  80  80  73 
30  g(Lbs)  Black/cm3  (Gal)  53.0  73.9  68.8  61.8  S0.6  65.0 

xCTAB  mJ/g  (442)  (616)  (573)  (515)  (505)  (542) 

g(Lbs)  Black/ 
g(Lb)  C  in  Feed  0.5658  0.6094  0.5114  0.4788  0.54S5  0.5276 

35  g(Lbs)  Black/g(Lb)  C  48.1  67.0  62.4  56.0  55.5  59.6 
in  Feed  x  CTAB  m2/g 

g/cmJ(OII-Lbs  Carbon/  1.009  1.009  1.009  1.009  1.CO0  1.000 
Gallon)  (8.41)  (8.41)  (8.41)  (8.41)  (8.31)  (8.31) 

g/s  3.53  4.42  2.95  2.95  3.10  3.10 40  (Lbs  Carbon/Hr-Fuel)  (28.0)  (35.1)  (23.4)  (23.4)  (24.6)  (24.6) 

g/s  23.95  19.82  23.62  23.31  28.79  25.75 
(Lbs  Carbon/Hr-Oil)  (190.1)  (157.3)  (187.5)  (185)  (228.5)  (204.4) 

g/s  (Total  Lbs  27.48  24.24  26.57  26.26  31.89  28.85 
45  Carbon/Hour)  (218.1)  (192.4)  (210.9)  (208.4)  (253.1)  (229) 

g/s  14.80  13.19  13.20  12.20  17.33  14.88 
(Lbs  CB/Hour)  (117.5)  (104.7)  (104.8)  (96.8)  (137.5)  (118.1) 

g(Lbs)  CB/g(Lb)-Total  C  0.5387  0.5442  0.4969  0.4645  0.5433  0.5157 
50  g(Lbs)  CB/g(Lbs)  Total  C 

xCTAB  45.8  59.9  60.6  54.3  54.9  58.3 
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TABLE  I  (Continued) 

Run  number  13  14  15  16  17  18 

5  Reactor 
Dimensions,  (Ins)  cm 
A  15  15  15  15  15  15 

(6)  (6)  (6)  (6)  (6/  (6) 

B  4.24  4.24  4.24  4.."?4  4.24  4.24 
70  (1.67)  (1.67)  (1.67)  (1.67)  (1.67)  (1.67) 

C  10  10  10  15x20  15x20  15 
(4)  (4)  (4)  (6x8)<6>  (6x8;""  (C) 

D  15  15  15  15  15  15 
(6)  (6)  (6)  (6)  (6)  (6) 75 

E  21.6  21.6  21.6  21.6  21.6  21.6 
(8.5)  (8.5)  !8.5)  (8.5)  (8.5)  (8.5) 

F  3.8  3.8  8.9  3.8  3.8  3.8 
(1.5)  (1.5)  (3.5)  (1.5)  (1.5)  (1.5) 

20 
G  (cm)  64  48  69  183  183  127 

(25)  (19)  (27)  (72)  (72)  (50) 

(Inlet  C  to  Quench) 
H  11.4  11.4  17  3.8  3.8  3.8 

(4.5)  (4.5)  (6.5)  (1.5)  (1.5)  (1.5) do 
J  10  10  10  10  10  10 

(4)  (4)  (4)  (4)  (4)  (4) 

a  Degrees, 
Approx.  15  15  15  15  15  15 

30 
Ratio 
C/8  Diameters,  2.4  2.4  2.4  3.6x4.8""  3.6x4.8""  3.6 

Nozzle: 
Orifice  Diam.  ins.  0.0991  0.0991  0.0991  0.0813  0.0813  •  0.0813 

35  (0.039)  (0.039)  (0.039)  (0.032)  (0.032)  (0.032) 

No.  of  Nozzles  2  2  2  3  3  3 

Spacing,  degrees  180  180  180  (c)  (c)  (c) 

Process  flow 
40  Total  Air,  0.11091  0.11111  0.11094  0.11226  0.11226  0.08121 

(SCF/hr)  m3/s  (14109)  (14134)  (14112)  (14281)  (14281)  (10331) 

Temperature,  °C  562  561  559  562  562  558 

Fuel,  (SCF/hr)  m3/s  6.12  •  10"5  6.12  •  10-3  6.92  •  10"3  5.74  •  10-3  '  5.75  •  10"3  4.11  •  1C 
45  (778)  (778)  (880)  (730)  (731)  (523) 

(BTU/SCF)  j/1  35295  35295  36413  36301  36301  36301 
(947)  (947)  (977)  (974)  (974)  (974) 

Air/Fuel  Gas.  18.1  18.2  16.0  19.6  19.5  19.8 
Vol.  Ratio 50 

Oil,  (GPH)  cm'/s  leX/I^C  23.45  21.66  21.34  28.70  51.57  18.98 
(22.3)  (20.6)  (20.3)  (27.3)  (30.03)  (18.05) 
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TABlE  I  (Continued) 

Run  number  13  14  1£  16  17  18 

5  API.  (60°F/60°F)  -2  -2  -2  -3.2  -3.2  -3.2 

(Lbs/Gallon)  g/cm3  1.09  1.09  1.09  '  1.10  1.10  1.10 
(9.1)  (9.1)  (9.1)  (9.19)  (9.19)  (9.19) 

BMCI  138  138  138  140  140  140 

10  Carbon,  wt.%  91.3  91.3  91.3  91.5  91.5  91.5 

Temperature.  °C  152  150  149  162  162  152 

Pressure  (psig)  Pa  7.58  -10'  6.55-10'  6.89-10*  8.27  •  105  1.17-10*  7.58  -  ^ 
(110)  (95)  (100)  (120)  (170)  (110) 

75  Air  to  Oil.  4725  5129  5197  3963  3552  4277 
(SCF/gai)  m3/m3  (632)  (686)  (695)  (530)  (475)  (572) 

Product  carbon  black 
g/cm3  0.53  0.49  0.53  0.62  0.65  0.59 
(Lbs/Gal)  Feed  (4.4)  (4.1)  (4.4)  (5.15)  (5.44)  (4.9) 

20 
CTAB,  m2/g  135  149  137  85  67  91.1 

NjSA,  mJ/g  143  176  155  87  68  95.0 

24M4  DBP,  cc/100g  105  107  108  98  92  103 

Tint  130.7  134.2  128  89.1  75.6  95.1 

Tint  Residual  +10.9  +  U.6  +10.5  -10.9  -14.3  -6.8 

Photelometer  83  82  82  95  71  85 

30  g(Lbs)  Black/cm3(Gal)  71.3  73.3  72.4  52.6  43.8  53.5 
xCTAB  MJ/g  (594)  (611)  (603)  (438)  (365)  (446) 

g(Lbs)  Black/  0.4835  0.4505  0.4835  0.6125  0.6469  0.5826 
g(Lb)  C  in  Feed 

35  g(Lbs)  Black/g(Lb)  C  65.3  67.1  66.2  52.1  43.3  53.1 
in  FeedxCTAE  m*/g 

g/cm3  (Oil-Lb  Carbon)  1.00  1.00  1.00  .  1.01  1.01  1.01 
Gallon  (8.31)  (8.31)  (8.31)  (8.41)  (8.41)  (8.41) 

g/s(Lbs  Carbon/Hr)  3.10  3.10  3.52  3.21  3.25  2.09 
40  -Fuel  (24.6)  (24.6)  (27.9)  (25.5)  (25.8)  (16.6) 

g/s(Lbs  Carbon/Hr)  23.35  21.57  21.26  28.99  31.82  19.13 
-Oil  (185.3)  (171.2)  (168.7)  (230.1)  (252.5)  (151.8) 

g/s  (Total  Lbs  26.45  24.67  24.77  32.21  35.07  21.22 
45  Carbon/Hour)  (209.9)  (195.8)  (196.6)  (255.6)  (278.3)  (168.4) 

g/s  12.36  10.65  11.25  17.78  20.70  11.14 
(Lbs  CB/Hour)  (98.1)  (84.5)  (89.3)  (141.1)  (164.3)  (88.4) 

g(Lbs)  CB/g(Lb)  Total  C  0.4674  0.4316  0.4542  0.551  0.59  0.5249 

50  g(Lbs)CB/g(Lbs).  63.1  64.3  62.2  46.8  39.5  47.8 
Total  CxCTAB 
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'*'  This  is  a  two  stage  or  stepped  zone.  The  7.5  cm  ,3  inch)  diameter  zone  was  23  cm  (9  inches)  in  length for  run  5.  and  the  I*?  cm  (6  inch)  diameter  zone  was  76  cm  (30  inches)  in  length  to  quench  injection. This  is  a  two  stage  or  stepped  zone.  The  1  5  cm  (6  inch)  diameter  zone  was  96  cm  (38  inches)  long  in 
both  runs  16  and  17.  and  the  20  cm  (8  inch)  diameter  zone  was  86  cm  (34  inches)  in  length  for  both  runs; 

5  lcl  3  nozzles  spaced  at  90°.  Two  nozzles  are  180°  apart,  with  the  third  nozzle  in  between  at  90°  fru.n  the 
two  nozzles  which  are  180°  apart. 

Runs  1,  2  and  3  show  decreases  in  air-to-oil  ratio,  SCF/cm3(gallon),  of  0.198  (750),  0,181  (685)  and 
0.166  (630),  respectively;  decreases  in  diameter  of  zone  C,  in  cm  (inches),  of  15  (6)  10  (4),  and  7.6  (3), 

io  respectively;  increases  in  H,  in  inches  of  3.8  (1.5),  3.8  (1.5),  and  16.5  (6.5),  respectively;  and  increases  in  F, 
in  inches,  of  3.8  (1.5),  8.9  (3.5),  and  8.9  (3.5),  respectively,  cause  increased  carbon  black  production,  in  g/s 
(pounds  par  hour),  of  from  11.03  (87.5)  to  12.15  (96.4),  to  13.43  (106.6),  respectively,  with  increases  in 
g/cm3  (pounds  of  carbon  black  per  gallon)  of  feed  oil  from  0.562  (4.68),  to  0.564  (4.7),  to  0.576  (4.8), 
respectively.  The  CTAB  values,  in  m2/g,  would  be  expected  to  decrease  from  run  1  through  run  3  because 

is  of  the  decreases  in  air-to-oil  ratio  from  run  1  through  run  3.  However,  run  1  and  run  3  had  the  same  108 
CTAB  values,  and,  unexpectedly,  run  2  had  a  very  high  CTAB  value  of  115.  The  24M4  values,  in  cc/100g., 
decreased  from  111  to  96  to  94,  respectively  from  run  1  through  run  3,  due  to  these  changes. 

When  the  air  preheat  was  increased  from  413  °C  for  run  3  to  563  °C  for  run  4,  the  production  of  carbon 
black  increased  from  0.58  to  0.62  (4.8  to  5.2)  g/cm3  (pounds  of  carbon  black  per  gallon)  of  feedstock.  The 

20  CTAB  values  remained  about  the  same,  and  the  tint  residuals  were  about  the  same  at  +8.9  and  +7.2, 
respectively. 

Runs  4  and  5  shows  that  changing  the  dimensions  of  C,  using  a  7.6  cm  (3  inch)  diameter  throughout  for 
255  cm  (72  inches)  in  run  4,  but  using  C  of  7.6  cm  (3  inches)  diameter  for  23  cm  (9  inches)  and  then  15  cm 
(6  inches)  in  diameter  for  76  cm  (30  inches)  to  quench  for  run  5,  there  resulted  in  an  extremely  large  gain  in 

25  24M4  value  for  run  5  from  94  for  run  4  to  106  for  run  5,  at  about  the  same  CTAB  values  and  at  about  the 
same  tint  residuals.  In  addition,  the  change  in  C  in  run  5  increased  the  yield  of  carbon  black  in  g/cm3 
(pounds  per  gallon)  of  oil,  this  quantity  being  0.624  (5.2)  for  run  4  and  0.636  (5.3)  for  run  5.  Runs,  1,  2  and 
3  had  values  of  0.562  (4.68)  0.564  (4.7)  and  0.576  (4.8),  respectively,  for  carbon  black  yields  in  g/cm3 
(pounds  per  gallon). 

30  Runs  6  through  15  show  the  effects  of  the  position  of  the  oil  injection  H  on  tint  residuals.  Runs  6  and  7 
had  H  values  of  4  cm  (1  .5  inches),  the  oil  being  added  4  cm  (1  .5  inches)  upstream  from  the  throat  outlet, 
and  the  tint  residuals  were  -15.3  and  -16.1,  respectively,  for  runs  6  and  7.  The  H  values  for  runs  14  and  15 
were  11.4  (4.5)  and  16.5  cm  (6.5  inches)  upstream  from  the  throat  outlet,  respectively,  and  the  tint  residuals 
were  +14.6  and  +10.5,  respectively,  for  runs  14  and  15.  This  change  in  H  shows  the  flexibility  of  the 

35  operation  for  producing  carbon  blacks  of  broad  aggregate  distribution  (runs  6  and  7)  and  of  narrow 
aggregate  size  distribution  (runs  14  and  15). 

Runs  16  and  17  used  the  two-step  reaction  zone,  as  disclosed,  and  with  H  values  of  4  cm  (1.5  inches), 
produced  tint  residuals  of  -10.9  and  -14.8,  respectively,  using  the  different  nozzle  arrangement  as  compared 
with  runs  1  through  15,  as  defined  herein.  The  CTAB  values  were  85  and  67,  respectively,  using  air-to-oil 

40  ratios  of  530  and  475,  respectively,  for  runs  16  and  17,  and  tint  residuals  of  -10.9  and  -14.8,  respectively. 
Run  18  used  a  on-step  or  15  cm  (6  inch)  diameter  zone  C  for  the  reactor  and  used  the  same  nozzle 

arrangement  as  in  runs  16  and  17,  with  H  of  4  cm  (1.5  inches),  and  produced  a  tint  residual  of  -6.8. 

Example  II 
45 

The  runs  were  made  in  a  commercial  size  plant  reactor.  A-J  were  measured  in  the  same  manner  as  in 
Example  I.  A  is  71  cm  (28  inches),  B  is  30  cm  (12  inches),  C  is  52  cm  (20.5  inches).  D  is  114.3  cm  (3  feet  9 
inches).  E  is  61  cm  (2  feet).  F  is  10  cm  (4  inches).  G  and  H  are  shown  in  Table  II.  J  is  46  cm  (18  inches).  K 
is  the  diameter  of  flange  29,  which  seals  the  end  of  gas  tube  23,  and  is  10  inches.  L  is  the  length  of  ring  28, 

50  and  is  14  inches,  a  is  18.43°  (18°  26').  Results  are  shown  in  Table  II. 
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TABLE  II 

Run  number  19  20  21  22  23 

5  Black  type  N299  N299  N299  N299  N299 

Reactor 
Dimensions,  Ins. 

A  to  F,  J  &  K  — 
See  Above  302.26  302.26  302.26  302.26  302.26 

w  G  (cm)  (9*11**)  (9*1  1")  (9*11")  (9'11")  (9'11") 

H  (inches)  (cm)  41  41  41  41  41 
(16)  (16)  (16)  (16)  (16) 

Oil  nozzle: 
Number  6  6  6  6  6 75 at  60*  spacing 

Diameter  (orifice)  5.40  5.40  5.40  5.40  5.40 
(2-1/8")  (2-1/8")  (2-1/8")  (2-1/8")  (2-1/8"! 

10.44  10.44  10.44  10.44  10.44 
20  (4-7/64")  (4-7/64")  (4-7/64")  (4-7/64")  (4-7/64' 

Type  JETS  JETS  JETS  JETS  JETS 

Rates  &  conditions 
Process  Air,  (MSCFH)s  5173  5261  5170  5136  5206 

25  (657.6)  (668.8)  (657.3)  (653.0)  (661.8) 

Jacket  Air,  (MSCFH)s  63.7  63.7  63.7  63.7  63.7 
(8.1)  (8.1)  (8.1)  (8.1)  (8.1) 

Total  Air,  (MSCFHh  5236  5324  5234  '  5200  5269 
30  (665.7)  (676.9)  (665.4)  (661.1)  (669.9) 

Air  Temp.  CF)*C  639  640  638  644  643 
(1183)  (1184)  (1180)  (1192)  (1190) 

Fuel  Gas,  {MSCFHh  309.9  310.7  310.7  308.3  314.6 
(39.4)  (39.5)  (39.5)  (39.2)  (40.0) 

(BTU/SCF)  j/1  32388  32462  32350  32611  32499 
(869)  (871)  (868)  (875)  (872) 

Air/Gas  Ratio  16.9  17.1  16.8  16.9  16.7 

40  Oil  Rate,  (gph)  cm3/s  1274  1290  1295  1282  1264 
{1212)  (1227)  (1232)  (1219)  (1202) 

"API  7.1  7.1  7.0  7.0  6.8 

(Lb/gal)  g/cm3  1.021  1.021  1.021  1.021  1.024 
45  (8.51)  (8.51)  (8.51)  (8.51)  (8.53) 

BMCI  100  100  100  100  101 

C,  wt%  88.4  88.4  88.4  88.4  88.4 

50  Temp  (°F)  °C  232  232  232  232  232 
(450)  (450)  (450)  (450)  (450) 
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TABLE  II 

Run  number  19  20  21  22  23 

Pressure  (psig)  Pa  1.03-10*  1.10-10*  1.07-10*  1.07-10*  1.05-10* 
(150)  (160)  (155)  (155)  (152) 

Air/Oil  Ratio.  4105  4127  4038  4053  4120 
(SCF/gal)  m3/m3  (549)  (552)  (540)  (542)  (551) 

Product 
70  Yield,  (lbs/gal)  g/cmJ  *0.500  -0.497  -0.502  *0.515  -0.497 

(4.17)  (4.14)  (4.18)  (4.29)  (4.14) 

CTAB,  m'/g  99  99  97  96  97 

NjSA,  m*/g  114  113  105  106  107 
15  24M4-OBP,  cc/IOOg  101  102  102  103  101 

Tint  112  110  110  109  114 

Tint  Residual  +8.2  +5.9  +5.4  +5.2  +9.6 

20  g  CB/cm5  49.56  49.2  48.6  49.44  48.24 
(Lbs  CB/gal)x(CTAB)  (413)  (410)  (405)  (412)  (402) 

g(Lbs)  CB/g(Lb)  C  in  oil  0.554  0.551  ,  0.556  0.570  0.549 

g(Lbs)  CB/g(Lb)  C  In  oilx  54.8  54.5  53.9  54.7  53.3 
CTAB 

25 
325  mesh  grit.  wt%  _ _ _ _ _  

TABLE  II  (Continued) 

Run  number  24  25  26  27  28 

Black  type  N299  N299  N299  N299  N299 

Rea<.  iut 
Dimensions,  Ins. 

A  to  F,  J  &  K  —  302.26  302.26  302J26  302.26  302.26 
See  Above  (9'11")  (9'11")  (9'11")  (9'11")  (9'11") 35  G  cm 

H,  (inches)  cm  41  41  41  41  41 
(16)  (16)  (16)  (16)  (16) 

Oil  Nozzle: 
40  Number  8  6  6  6  6 

at  60*  spacing 

Diameter  (orifice)  5.4  5.4  5.4  5.<*  5.4 
(2-1/8")  (2-1/8")  (2-1/8")  (2-1/8")  (2-1/8") 

10.44  10.44  10.44  10.44  10.44 
45  (4-7/64")  (4-7/64")  (4-7/64")  (4-7/64")  (4-7/64") 

Type  JETS  JETS  JETS  JETS  JETS 

Rates  8t  Conditions 
Process  Air,  (MSCFH)  5155  5162  5061  5144  5109 

(655.3)  (656.2)  (643.4)  (654.0)  (649.5) 

55 
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TABLE  M  ICominued) 

10 

25 

Run  number  24  25  26  27  28 

Jacket  Air,  (MSCFH);  63.7  63.7  63.7  63.7  63.7 
(8.1)  (8.1)  (8.1)  (8.1)  (8.1) 

Total  Air,  (MSCFHk  5218  5225  5125  5208  5173 
(663.4)  (664.3)  (651.5)  (662.1)  (657.6) 

Air  Temp,  ("F)-C  643  646  652  653  652 
(1190)  (1195)  (1205)  (1208)  (1205) 

Fuel  Gas,  (MSCFH)*  315  312  304  311  310 
(40.0)  (39.7)  (38.7)  (39.6)  (39.4) 

Fuel  Gas,  (Btu/SCF)  j/l  32499  32313  32574  32429  32350 
(872)  (867)  (874)  (870)  (868) 

Air/Gas  Ratio  16.6  18.7  16.8  16.7  16.7 

Oil  Rate,  (gph)  cm3/s  1264  1253  1234  1251  1219 
(1202)  (1192)  (1174)  (1190)  (1159) 

'API  6.8  6.8  6.0  6.0  5.6 

(Lb/gal)  g/cm3  1.024  1.024  1.024  1.030  1.032 
(8.53!  (8.53)  (8.53)  (8.58)  (8.60) 

BMCI  101  101  103  103  104 

C,  wt%  88.4  88.4  88.4  88.4  88.4 

Temp,  CFVC  232  232  232  232  232 
(450)  (450)  (450)  (450)  (450) 

Press,  (psig)  Pa  1.03-10'  1.03-10*  1.03-10*  1.03-10*  1.24-10* 
(150)  (150)  (150)  (150)  (180) 

Air/Oil  Ratio  SCF/(gal)  m3/m3  4127  4165  41  5C  4157  4239 
(552)  (557)  (555)  (556)  (567) 

Product 

35 

45 

Yield,  (lbs/gal)  g/cm3  •0.505  *0.499  ♦0.505  '0.514  *0.506 
(4.21)  (4.16)  (4.21)  (4.28)  (4.22) 

CTAB,  m3/g  96  '  98  98  98  98 

N3SA,  mJ/g  107  109  111  114  109 

24M4-DBP,  cc/100g  102  105  101  99  98 

Tint  112  111  110  112  109 

Tint  Residual  +8.0  +7.6  +5.3  +6.7  +3.5 

g  C8/cm3  48.48  49.08  49.56  50.88  49.68 
(Lbs  CB/gal)x(CTAB)  (404)  (409)  (413)  (424)  (414) 

g  CB/g  (Lds  CB/Lb)  C  in  oil  0.559  0.553  0.555  0.565  0.555 

g(Lbs)  C8/g(Lb)  C  in  oilx  53.6  54.2  54.4  55.9  54.4 
CTAB 

325  mesh  grit,  wt%  —  —  —  —  — 
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TABLE  II  (Continued) 

Rrn  number  29  30  31  32  33 

Black  Type  N299  N299  N299  N299  N351 
5 

Reactor 
Dimensions  (Ins)  cm 

A  to  f  ,  J  &  K  —  302.26  302.26  302.26  302.26  439.42 
See  Above  (9*11")  (9'11")  (9'11")  (9'11")  (14*5") 
G  cm 

10 H.  (inches)  cm  41  41  41  41  41 
(16)  (16)  (16)  (16)  (16) 

Oil  Nozzle: 
Number  6  6  6  6  6 
at  60°  spacing 

15 
Diameter  (orifice)  5.4  5.4  5.4  5.4  5.4 

(2-1/8")  (2-1/8")  (2-1/8")  (2-1/8")  (2-1/8") 

10.44  10.44  10.44  10.44  10.44 
(4-7/64")  (4-7/64")  (4-7/64")  (4-7/64")  (4-7/64") 

20 Type  JETS  JETS  JETS  JETS  JETS 

Rates  &  Conditions 
Process  Air,  (MSCFH)i  5092  5033  5033  5019  4613 

(647.3)  (639.8)  (S39.8)  (638.0)  (586.4) 

25  Jacket  Air,  (MSCFH)S  62.9  63.7  63.7  61.3  65.3 
(8.0)  (8.1)  (8.1)  (7.8)  (8.3) 

Total  Air,.(MSCFH)S  5155  5096  5096  5080  4680 
(655.3)  (647.9)  (647.9)  (645.8)-  (594.7) 

Air  Temp,  (°F)°C  653  674  674  647  651 
(1207)  (1246)  (1246)  (1196)  (1204) 

Fuel  Gas.  (MSCFH)  310.7  309.1  309.1  303.6  305.2 
(39.5)  (39.3)  (39.3)  (38.6)  (38.8) 

Fuel  Gas,  (Btu/SCF)  j/1  32499  32425  32425  32872  32611 
35  (872)  (870)  (870)  (882)  (875) 

Air/Gas  Ratio  16.6  16.5  16.5  16.7  15.3 

Oil  Rate,  (gph)  cmVs  1201  1239  1239  1222  1406 
(1142)  (1178)  (1178)  (1162)  (1337) 

40  "API  5.6  5.5  5.5  5.5  6.0 

(Lb/gal)  g/cm1  1.032  1.032  1.033  1.033  1.030 
(8.60)  (8.60)  (8.61)  (8.61)  (8.58) 

BMCI  104  104  104  104  103 
45 C,  wt%  88.4  88.4  88.4  88.4  88.4 

Temp,  (°F)°C  232  232  232  232  232 
(450)  (450)  (450)  (450)  (450) 

Press,  (psig)  Pa  0.96-10*  1.00-10*  1.00-10*  0.96-10'  1.24-10* 
50  (140)  (145)  (145)  (140)  (180) 

55 
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TABLE  II  (Continued) 

Run  number  29  30  31  32  33 

5  Air/Oil  Ratio.  4292  4112  4112  4157  ?327 
'SCF/gal)  m3/m3  (574)  (550)  (550)  (556)  (445) 

Product 
Yield,  (lbs/gal)  g/cm'  '0.515  ••0.526  •0.526  *0.591 

(4.29)  (4.38)  (4.38)  —  (4.93) 
W  CTAB,  m2/g  100  101  97  101  72 

N,SA,  m2/g  118  106  110  114  73 

24M4-DBP,  cc/100g  101  105  102  101  98 
15  Tint  119  118  118  118  102 

Tint  Residual  +14.7  +11.2  +13.9  +12.6  +10.0 

g(Lbs)CB/cm5(gal)x  51.48  53.04  51.00  426.00 
(CTAB)  (429)  (442)  (425)  —  (355) 

20 
g(Lbs)CB/g(Lb)  C  in  oil  0.563  0.576  0.576  —  0.650 

g(Lbs)CB/g(1_b>  C  in  oilx  56.3  58.1  55.8  —  46.8 
CTAB 

25  325  mesh  grit,  wt%  —  0.0090  —  —  — 

TABLE  II  (Continued) 

Run  number  34  35  36  37  38 

Black  Type  N351  N299  N299  N299  N299 
30 

Reactor 
Dimensions  (Ins.)  cm 

A  to  F,  J  &  K—  439.42  302.26  302.26  302.26  302.26 
See  Above  (14'5")  (9'11")  (9'11")  (9'11")  (9-l1") 
G  cm 

35 
H,  (inches)  cm  41  41  41  41  41 

(16)  (16)  (16)  (16)  (16) 

Oil  Nozzle: 
Number  6  6  6  6  6 

40  at  60*  spacing 

Diameter  (orifice)  5.4  (a)  (a)  (a)  (a) 
(2-1/8") 

10.44 
(4-7/64") 45 

Type  Jets  (b)  (b)  (b)  (b) 

Rates  &  Conditions 
Process  Air,  (MSCFHJ5  4813  5269  5192  5192  5192 

(586.4)  (669.8)  (660)  (660)  (659.9) 
50 

Jacket  Air,  (MSCFHlS  65.3  64.5  63.7  63.7  64.5 
(8.3)  (8.2)  (8.1)  (8.1)  (8.2) 
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TA8LE  II  (Continued) 

Run  number  34  35  36  37  38 

Total  Air,  (MSCFH)S  4678  5333  5255  5255  5255 
5  (594.7)  (678.0)  (668.1)  (668.1)  (6S8.1) 

Air  Temp.  (°F)°C  651  658  653  653  651 
(1204)  (1216)  (1208)  (1208)  (1204) 

Fuel  Gas,  (MSCFH)s  305.2  321.7  319.3  319.3  329.6 
10  (38.8)  (40.9)  (40.6)  (40.6)  (41.9) 

Fuel  Gas,  (Btu/SCF)  j/I  32611  32313  32462  32462  32313 
(875)  (867)  (871)  (871)  (867) 

Air/Gas  Ratio  15.3  16.6  16.5  16.5  15.9 

15  OH  Rate,  (gph)  cm'/s  1406  1256  1317  1317  1298 
(1337)  (1195)  (1253)  (1253)  (1235) 

"API  6.0  6.3  6.4  6.4  6.4 

(Lb/gal)  g/cm1  1.030  1.027  1.026  1.026  1.026 
20  (8.58)  (8.56)  (8.55)  (8.55)  (8.55) 

BMCI  103  102  102  102  102 

C,  wt%  88.4  88.4  88.4  88.4  88.4 

Temp,  (°F)°C  232  232  232  232  232 25  (450)  (450)  (450)  (450)  (450) 

Press,  (psig)  Pa  1.24  •  10*  1.45  •  10*  1.52  •  10*  1.52-10*  1.45-10* 
(180)  (210)  (220)  (220)  (210) 

Air/Oil  Ratio  3327  4239  3985  3985  4045 
30  (SCF/gal)  m3/m]  (445)  (567)  (533)  (533)  (541) 

Product 
Yield,  (lbs/gal)  g/cm1  "0.592  -0.496  -0.523  "0.523  -0.516 

(4.93)  (4.13)  (4.36)  (4.36)  (4.30) 

35  CTAB,  mJ/g  79  106  94  96  100 

NjSA,  mJ/g  75  129  100  102  112 

24M4-OBP,  cc/100g  103  102  102  103  101 

Tint  98  116  111  109  112 40 
Tint  Residual  +2.4  -9.9  +7.7  +4.6  +6.4 

g(Lbs)  CB/cm5(gal)x  43.68  52.56  49.2  50.28  51.6 
(CTAB)  '  (389)  (438)  (410)  (419)  (430) 

45  g(Lbs)  CB/g(Lb)  C  in  oil  0.650  0.546  0.577  0.577  0.570 

g(Lbs)  CB/g(Lb)  C  in  oil  51.4  57.9  54.2  55.3  57.0 
xCTAB 

325  mesh  grit  wt%  0.00551"  —  —  0.0022*0'  — 
50  O-0101"'- 

55 
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TABLE  II  (Continued) 

Run  number  39  40  41  42  43 

Black  Type  N239  N234  N234  N234  N299 5 
Reactor 
Dimensions,  (Ins.)  cm 

A  tc  F,  J  &  K—  302.26  248.92  248.92  248.92  302.26 
See  Above  (9'11")  (8'2")  (8'2")  (8'2")  {9*1  1") 
G 

10 
H  41  41  41  41  15 

(16)  (16)  (16)  (16)  (6) 

Oil  Nozzle: 
Number 

15  at  60*  spraying  6  6  6  6  6 

Type  !e)  (e)  (e)  (e)  (e) 

Rates  &  Conditions 
Process  Air,  (MSCFHb  5169  524a  5244  5244  5185 

20  (657.1)  (666.7)  (666.7)  (666.7)  (659.2) 

Jdcket  Air,  (MSCFH)j  65.3  63.7  S3.7  63.7  63.7 
(8.3)  (8.1)  (8.1)  (8.1)  (8.1) 

Toal  Air,  (MSCFH)s  5234  5308  5308  5308  5249 
(665.4)  (674.8)  (674.8)  (674.8)  (667.3) 25 

Air  Temp.  ("FTC  655  649  649  649  649 
(1211)  (1201)  (1201)  (1201)  (1201) 

Fuel  Gas,  (MSCFH)«,  328.4  331.1  331.1  331.1  330.4 
(41.5)  (42.1).  (42.1)  (42.1)  (42.0) 

30 
Fuel  Gas,  (Btu/SCR  j/l  32313  32164  32164  32164  32276 

(867)  (863)  (863)  (863)  (866) 

Air/Gas  Ratio  16.0  16.0  16.0  16.0  '5.9 

35  Oil  Rate,  (gph)  cmJ/s  1325  1178  1178  1178  1344 
(1260)  (1120)  (1120)  (1120)  (1278) 

"API  6.6  6.9  6.9  6.9  .6.9 

(Lb/gal)  g/cm1  1.025  1.022  1.022  1.022  1.022 
(8.54)  (8.52)  (8.52)  (8.52)  (8.52) 40 

BMCI  101  100  100  100  100 

C,  wt%  88.4  88.4  88.4  88.4  88.4 

Temp,  CF)°C  232  232  232  232  232 
45  (450)  (450)  (450)  (450)  (450) 

Press,  (psig)  Pa  1.65  •  10*  1.31  •  10*  1.31  ■  10"  1.31  •  10'  1.65  •  10' 
(240)  (190)  (190)  (190)  (240) 

Air/Oil  Ratio  3348  4501  4C01  4501  3903 
50  (SCF/gal)  m3/m5  (528)  (602)  (602)  (602)  (522) 

55 
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TABLE  II  (Continued) 

Run  number  33  HQ  41  42  43 

5  Product 
Yield,  (lbs/gal)  g/cm3  *0.535  ♦0.490  '0.490  ••0.490  *0.490 

(4.46)  (4.08)  (4.08)  (4.08)  (4.08) 

CTAB,  mVg  104  119  120  115  100 

70  NjSA,  m*7g  115  143  141  124  109 

24M4-DBP,  cc/IOOy  101  102  103  106  104 

Tint  115  120  120  117  114 

Tint  Residual  +7.4  +9.0  +7.8  +5.5  +8.1 
75 

g(Lbs)  CB/cmJ(gal)x  55.68  58.32  58.8  56.28  53.52 
(CTAB)  (464)  (486)  (490)  (469)  (446) 

g(Lbs)  CB/g(lb)  C  in  oil  0.590  0.542  0.542  0.542  0.593 

20  g(Lbs)  CB/g(Lb)  C  in  oil  61.4  64.5  65.0  62.3  59.3 
xCTAB 

325  mesh  grit.  wt%  —  —  —  0.0051'°'  — 

TABLE  II  (Continued) 

25  Run  number  44  45  46 

Black  Type  N299  N234  N299 

Reactor 
Dimensions,  (Ins)  cm 

30  A  to  F,  J  &  K  — 
See  Above 
G  302.26  302.26  302.26 

(9'11")  (9'11")  (9'11") 

H  15  15  15 
(6)  (6)  (6) 

35 
Oil  Nozzle: 
Number 
at  60°  spraying  6  6  6 

Type  (e)  (e)  JETS 
40 Rates  &  Conditions 

Process  Air,  (MSCFH);  5122  5096  5184 
(651.2)  (647.9)  (659.1)  . 

'  Jacket  Air,  (MSCFH)-:  63.7  63.7  63.7 
(8.1)  (8.1)  (8.1) 

45 
Total  Air,  (MSCFH)  5186  5160  5248 

(659.3)  (656.0)  (667.2) 

Air  Temp,  (°F)°C  "646  649  656 
(1194)  (1200)  (1213) 

50  Fuel  Gas,  (MSCFH)'-  333.5  331.1  331.1 
(42.4)  (42.1)  (42.1) 

55 
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TABLE  II  (Continued) 

Run  number  44  45  46 

Fuel  Gas.  (Btu/SCF)  j/l  32239  32350  32425 
(865)  (868)  (870) 

Air/Gas  Ratio  15.5  15.6  15.8 

Oil  Rate,  (gph)  cm3/s  1328  1193  1307 
(1263)  (1135)  (1243) 

"API  7.5  7.5  6.9 

(Lb/gal)  g/cm3  1.018  1.018  1.022 
(8.48)  (8.48)  (8.52) 

BMCI  98  98  100 
C.  wt%  88.4  88.4  88.4 

Temp.  (°F)°C  232  232  232 
(450)  (450)  (450) 

Press,  (psig)  Pa  2.14  •  10*  1.93-10*  1.45  •  10* 
(310)  (280)  (210) 

Air/Oil  Ratio,  3903  4322  4015 
(SCF/gal)  m3/m3  (522)  (578)  (537) 

Product 
Yield,  (lbs/gal)  g/cm3  •0.523  #0.498  •0.527 

(4.36)  (4.15)  (4.39) 

CTAB,  m*/g  103  114  100 

30  NjSA,  mJ/g  109  130  106 

24M4-0BP,  cc/100g  100  99  97 

Tint  118  121  112 

35  Tint  Residual  +9.5  +9.0  +3.8 

g(Lbs  CB/cm3(gal)x  53.38  56.76  52.68 
(CTAB)  (449)  (473)  (439) 

g(Lbs)  CB/g(Lb)  C  in  oil  0.582  0.554  0.583 
40 

g(Lbs)  CB/g(Lb)  C  in  oil  59.9  63.2  58.3 
xCTAB 

325  mesh  grit,  wt%  —  —  — 

45  *  Unpelleted 
•-  Pelleted 
"'2  tubes,  orifice  nozzles,  0.778  cm  (7/64")  diameter  orifices;  and  4  sprays  1/8  G  151  4,  as  shown  on  page 

19  of  The  Spraying  Systems  Catalog  Number  27. 
w  2  orifices  of  jets,  4  sprays 

Invention  run 
50  ""  Conventional  carbon  blacks 

'•'  6  sprays,  1/8  G1514,  as  shown  on  page  19  of  The  Spraying  Systems  Catalog  Number  27. 

The  photolometer  values  of  blacks  of  Example  II  ranged  from  about  75  to  about  90  (ASTM  D  1618-80). 
Plant  runs  19  through  46  show  that  different  tread  blacks  are  made  (N299,  N351  and  N234)  in  the 

55  operations.  Runs  19  through  34  used  only  jets.  Runs  35  through  38  used  jets  and  sprays.  Runs  39  through 
45  used  all  sprays.  Run  46,  again,  used  all  jets. 

Comparing  runs  37,  38,  and  39,  producing  N299  type  carbon  black,  and  using  substantially  the  same 
operating  conditions,  runs  37  and  38  (all  jets)  produced  0.523  (4.36)  and  0.516  (4.30)  pounds  g/cm3  of 
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carbon  black  per  gallon)  of  oil,  respectively,  while  run  39  (all  sprays)  produced  0.535  (4.46)  g/cm3  (pounds 
of  carbon  black  per  gallon)  of  oil.  All  had  about  the  same  tint  residual  of  +4.6,  +6.4  and  +7.4, 
respectively.  With  the  sprays  of  run  39,  higher  CTAB  black  was  made  (smaller  nodules)  and  unexpectedly 
at  higher  yield,  than  in  runs  37  and  38. 

5 
Example  III 

Samples  of  the  blacks  obtained  from  runs  6,  7,  8,  1  1  ,  12,  13  and  14  above  were  analyzed  according  to 
the  following  procedure. 

10 
Determination  of  G  (Aggregate  size  distribution  breadth  index) 

Carbon  blacks  were  dispersed  in  a  10-mM  (10  millimolar)  aqueous  solution  of  sodium  dioctylsulfosuc- 
cinate,  an  anionic  surfactant  trade  named  Aerosol  OT  (CAS  Registry  577-11-7).  The  solution  was  cleaned 

is  by  passing  it  through  a  0.45-u.m  Millipore  filter  before  use.  Complete  dispersion  of  the  carbon  blacks  was 
accomplished  with  a  magnetically  stirred  ultrasonic  cleaning  bath  (U.S.  3,807,704,  issued  1974,  licensed  to 
Lako  Manufacturing  Company).  This  bath  combines  mechanical  stirring  with  ultrasonic  agitation  to  obtain 
synergistic  enhancement  of  rates  of  dispersion.  Masterbatch  slurries  at  concentrations  of  about  2  mg  per 
milliliter  (50  mg  of  black  plus  25  milliliters  of  liquid)  were  initially  treated  30  minutes  in  the  bath.  These  were 

20  then  diluted  100-fold  (250  u.  liter  of  slurry  plus  25  milliliters  of  liquid)  and  further  sonified  for  150  minutes. 
All  masses  and  volumes  were  determined  by  weighing  on  a  five-place  analytical  balance:  precise 
concentrations  c  (ug/milliliter)  were  calculated  from  these  weights. 

Measurements  were  made  of  "dimensionless  optical  density  spectra"  defined  as 

25  DODSobs=pXc~1b-1log(l0/l)  (I) 

wherein  p  is  the  density  of  carbon  black,  taken  as  1.85  g/cc.  The  remaining  symbols  have  their  usual 
photometric  significance  and  are  set  out  below. 

Optical  absorbance  readings,  log  (l0/l),  where  l0  is  incident  intensity  and  I  is  transmitted  intensity,  were 
30  obtained  at  50-nm  intervals  in  incident  wavelength  X0  from  350  to  1000  nm  using  a  Beckman  Model  B 

spectrophotometer  and  cuvettes  having  optical  path  length  b  =  10.0  mm.  The  raw  absorbance  readings  were 
converted  to  DODS0bS  values  according  to  equation  I.  X  is  the  wavelength  in  the  suspension  medium  of 
refractive  index  m.2,  and  X  =  X0/m2,  where  X0  is  the  vacuum  wavelength.  For  the  aqueous  medium  used, 
m2  =  1  .324  +  3046/Xo2. 

35  To  determine  G,  the  theoretical  quantity  DODSca|C  is  matched  with  the  observed  quantity  DODS0bS  using 
an  iterative  least-squares  technique.  The  problem  is  to  find  the  minimum  of 

N 
40  s2[n,k.f(X)!=(N*)-'  I  (DOOSc„(;Ul-DODS0<JAJl]2  (ID 

with  respect  to  parameters  of  the  carbon  black  aggregate  size  distribution  f(X),  and  with  respect  to  the 
complex  refractive  index,  n-kV-1  ,  of  carbon  black.  Under  the  constraint 

45 
[(1  -n)2  +  k2]/[(1  +  n)2  +  k2]  =  0.1  95,  (III) 

this  can  be  accomplished  by  means  of  a  conventionally  organized  general-purpose  nonlinear  least-squares 
(Gause-Newton  iterative  variance  minimization)  computer  program  in  which  is  embedded  a  fully  rigorous 

50  Mie-theory  subroutine  for  furnishing  DODSca|C  function  values  and  the  necessary  partial  derivatives,  the 
latter  being  obtained  numerically.  In  equation  (II),  f(X)  is  a  normalized  particle  diameter  distribution  function 
and  N*  denotes  statistical  degrees  of  freedom.  The  expression  for  DODSca|C  is 

55  \<C,„> 
D0DSMlo=  (IV) 

1n  10<nX3/6> 
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where  <Cext>  is  number-average  extinction  cross  section  of  the  carbon  black  aggregates,  and  <ttX3/6>  is 
their  number  average  volume.  Cext  is  calculated  for  each  aggregate  size  X  by  Mie  theory  for  a  sphere  of 
diameter  X.  The  statistical  distribution  of  X  by  frequency  was  assumed  to  be  of  log-normal  form: 

1  r i   ,  mwx,   , h  
f(X)=  exp  —  (  j 

XV2n  In  G  L  2  »  inG  '  J 
(V) 

io  where  G  is  the  breadth  index  for  the  distribution  and  Xg  is  the  geometric  mean  of  sphere  diameters. 
The  carbon  black  samples  analyzed  exhibited  the  following  "G"  values 

15 

20 

Run  6  G  =  2.35 
Run  7  G  =  2.51 
Run  8  G  =  2.37 
Run  11  G  =  1.55 
Run  12  G  =  1.43 
Run  13  G  =  1.17 
Run  14  G  =  1.22 

ASTM  Tests  used 

CTAB,  m2/gm  D  3765-80 
N2SA,  m2/gm  D  3037-80 
24M4  DBP,  cc/100  gm  D  3493-80 
Tint  D  3265-80 
Photelometer  D  1618-80 

TR  (Tint  Residual)  (U.S.  4,267,160-1981) 

TR  =  Tint- 
[56.0  +  1.057  (CTAB)-0.002745  (CTAB)2-0.2596  (24M4DBP)-0.201  (N2SA-CTAB)] 

35 

Claims 

1.  A  carbon  black  reactor  comprising  refractory  defining  a  reaction  flow  path  comprising,  in  series  from  an 
upstream  end  and  in  generally  axial  alignment: 

(a)  an  axially  directed  passage  (16) 
(b)  a  generally  cylindrical  combustion  zone  (10)  defined  by  a  generally  annular  upstream  end  wall 
(14)  defining  said  axially  directed  passage  (16)  generally  axially  directed  into  the  generally  cylin- 
drical  combustion  zone  (10), 
(c)  a  generally  frustoconical  mixing  zone  (32)  defined  by  a  side  wall  (31)  converging  from  the  side 
wall  of  the  generally  cylindrical  combustion  zone  (10),  wherein  ports  (38)  through  said  converging 
side  wall  (31)  are  provided,  in  which  ports  (38)  feedstock  injectors  (40)  for  the  injection  of  carbon 
black  feedstock  into  the  hot  combustion  gases  in  the  mixing  zone  are  arranged, 
(d)  a  generally  cylindrical  pyrolysis  zone  (50,  52)  defined  by  a  generally  cylindrical  side  wall  (48) 
connected  to  the  downstream  end  of  the  mixing  zone  (32)  by  a  throat  (34)  and  by  a  generally 
annular  end  wall  (46)  defining  the  upstream  end  of  the  pyrolysis  zone  (50,  52), 
(e)  a  tubular  member  (23)  for  carrying  combustible  fluid,  said  tubular  member  (23)  emptying  into 
said  passage  (16)  through  a  plurality  of  radially  outwardly  directed  orifices  (30)  passing  through  the 
sidewall  of  said  tubular  member  (23), 
(f)  an  annular  flange  (29)  attached  to  the  tubular  member  (23)  slightly  downstream  of  the  ports  (30), 
said  annular  flange  (29)  being  positioned  upstream  of  the  generally  annular  end  wall  (14)  of  the 
combustion  zone  (10). 

25 
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2.  A  carbon  black  reactor  as  in  claim  1  wherein  the  feedstock  injectors  are  characterized  by  spray  tips 
positioned  so  as  to  direct  spray  radially  inwardly  into  the  frustoconical  mixing  zone. 

3.  A  carbon  black  reactor  as  in  claim  2  wherein  the  spray  tips  are  designed  to  emit  a  mist  of  feedstock 
5  and  are  oriented  so  as  to  introduce  feedstock  about  normally  into  the  reactor  with  respect  to  the 

longitudinal  axis  of  the  reactor. 

4.  A  carbon  black  reactor  in  accordance  with  claim  1  wherein  said  generally  cylindrical  pyrolysis  zone  (50, 
52)  comprises 

io  a  first  generally  cylindrical  zone  (50)  adjacent  the  generally  annular  end  wall  (46)  having  a  first  diameter 
and 
a  second  generally  cylindrical  zone  (52)  is  provided  adjacent  to  the  first  zone  (50)  having  a  second 
diameter  larger  than  said  first  diameter 
and  wherein  an  abrupt  expansion  in  the  reaction  flow  path  is  present  between  the  first  zone  and  the 

is  second  zone. 

5.  A  carbon  black  reactor  as  in  claim  4  wherein  the  first  zone  has  a  length  in  the  range  of  about  0.5  to 
about  10  times  the  diameter  of  the  throat  and  the  abrupt  expansion  is  formed  by  a  generally  annular 
wall. 

20 
6.  A  carbon  black  reactor  in  accordance  with  claim  4  or  5  comprising  at  least  one  set  of  ports  opening  into 

said  throat,  said  ports  containing  carbon  black  feedstock  injectors. 

7.  A  process  for  producing  carbon  black  in  a  reactor  m  accordance  with  claim  1  comprising 
25  a)  injecting  oxidant  fluid,  in  particular  air,  into  said  axial  passage  (16), 

b)  injecting  gaseous  combustible  fluid  through  said  orifices  (30)  into  said  axial  passage  (16), 
c)  combusting  said  gaseous  combustible  fluid  and  said  oxidant  fluid  in  said  combustion  zone  (10), 
d)  injecting  through  said  feedstock  injectors  (40)  a  carbonaceous  feedstock  transversely  into  the 
stream  of  hot  combustion  gases  in  said  frustoconical  mixing  zone  (32), 

30  e)  decomposing  said  carbonaceous  feedstock  and  forming  carbon  black  in  said  generally  cylindrical 
pyrolysis  zone  (50,  52). 

Patentanspruche 

35  1.  RuBreaktor  mit  feuerfestem  Baustoff,  der  einen  Reaktionsflu(3-Pfad  definiert,  der  in  Serie  von  einem 
Aufwartsende  und  in  allgemein  axialer  Ausrichtung  aufweist: 

(a)  einen  aixal  gerichteten  Durchgang  (16), 
(b)  eine  allgemein  zylindrische  Verbrennungszone  (10),  die  durch  eine  allgemein  ringformige 
Aufwartswand  (14)  definiert  wird,  welche  den  axial  gerichteten  Durchgang  (16)  definiert,  der  im 

40  allgemeinen  axial  in  die  allgemein  zylindrische  Verbrennungszone  (10)  gerichtet  ist, 
(c)  eine  allgemein  stumpfkegelige  Mischzone  (32),  die  durch  eine  von  der  Seitenwand  der  allgemein 
zylindrischen  Verbrennungszone  (10)  zusammenlaufende  Seitenwand  (31)  definiert  ist,  wobei  An- 
schlusse  (38)  durch  die  zusammenlaufende  Seitenwand  (31)  vorgesehen  sind,  in  welchen  Beschik- 
kungsinjektoren  (40)  fur  das  Einspritzen  der  Ru(3-Beschickung  in  die  hei(3en  Verbrennungsgase  in 

45  der  Mischzone  angeordnet  sind, 
(d)  eine  allgemein  zylindrische  Pyrolysezone  (50,  52),  die  durch  eine  allgemein  zylindrische 
Seitenwand  (48)  definiert  wird,  welche  mit  dem  Abwartsende  der  Mischzone  (32)  durch  eine  Offnung 
(34)  und  durch  eine  allgemein  ringformige  Endwand  (46)  verbunden  ist,  welche  das  Aufwartsende 
der  Pyrolysezone  (50,  52)  definiert.verbunden  ist 

50  (e)  ein  rohrformiges  Element  (23)  zum  Tragen  des  Verbrennungsfluids,  wobei  das  rohrformige 
Element  (23)  in  den  Durchgang  (16)  durch  eine  Vielzahl  von  radial  nach  au(3en  gerichteten 
Offnungen  (30),  die  die  Seitenwand  des  rohrformigen  Elementes  (23)  durchsetzen,  entleert, 
(f)  einen  ringformigen  Flansch  (29),  der  an  dem  rohrformigen  Element  (23)  leicht  abwarts  der 
Offnungen  (30)  befestigt  ist,  wobei  der  Flansch  (29)  aufwarts  von  der  allgemein  ringformigen 

55  Endwand  (14)  der  Verbrennungszone  (10)  positioniert  ist. 

2.  RuBreaktor  nach  Anspruch  1,  wobei  die  Beschickungsinjektoren  durch  Spruhspitzen  gekennzeichnet 
sind,  die  so  positioniert  sind,  da(3  sie  eine  Bespruhung  radial  nach  innen  in  die  stumpfkegelige 

26 
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Mischzone  richten. 

3.  RuBreaktor  nach  Anspruch  2,  wobei  die  Spruhspitzen  so  ausgelegt  sind,  da(3  sie  einen  Nebel  der 
Beschickung  ausstoBen  und  so  ausgerichtet  sind,  daB  sie  die  Beschickung  etwa  senkrecht  in  den 

5  Reaktor  bezuglich  der  Langsachse  des  Reaktors  einbringen. 

4.  RuBreaktor  nach  Anspruch  1  ,  wobei  die  allgemein  zylindrische  Verbrennungszonge  (50,  52)  eine  erste 
allgemein  zylindrische  Zone  (50)  benachbart  der  allgemeinen  ringformigen  Endwand  (46)  mit  einem 
ersten  Durchmesser  und  eine  zweite  allgemein  zylindrische  Zone  (52)  benachbart  der  ersten  Zone  (50) 

io  mit  einem  zweiten  groBeren  Durchmesser  als  der  erste  Durchmesser  aufweist,  und  wobei  eine  abrupte 
Ausdehnung  in  dem  ReaktionsfluB-Pfad  zwischen  der  ersten  Zone  und  der  zweiten  Zone  besteht. 

5.  RuBreaktor  nach  Anspruch  4,  wobei  die  erste  Zone  eine  Lange  im  Berreich  von  etwa  0,5  bis  etwa  10 
mal  dem  Durchmesser  der  oberen  Offnung  hat  und  die  abrupte  Ausdehnung  durch  eine  allgemein 

is  ringformige  Wand  gebildet  ist. 

6.  RuBreaktor  nach  Anspruch  5  oder  6,  der  wenigstens  einen  Satz  von  Anschlussen  aufweist,  die  sich  in 
die  obere-Offnung  offnen,  wobei  die  Anschlusse  RuB-Beschickungsinjektoren  enthalten. 

20  7.  Verfahren  zum  Herstellen  von  RuB  in  einem  Reaktor  nach  Anspruch  1  ,  gekennzeichnet  durch 
(a)  Einleiten  von  oxidierendem  Medium,  insbesondere  Luft,  in  den  axialen  Durchgang  (16), 
(b)  Einleiten  von  gasformigem  brennbarem  Medium  durch  die  Offnungen  (30)  in  den  axialen 
Durchgang  (16), 
(c)  Verbrennung  des  gasformigen  brennbaren  Mediums  und  des  oxidierenden  Mediums  in  der 

25  Verbrennungszone  (10), 
(d)  Einfuhren  einer  kohlehaltigen  Beschickung  quer  in  den  Strom  der  heiBen  Verbrennungsgase  in 
der  kegelstumpfformigen  Mischzone  (32)  durch  die  Beschickungsinjektoren  (40), 
(e)  Zersetzen  der  kohlehaltigen  Beschickung  und  Bildung  von  RuB  in  der  allgemeinen  zylindrischen 
Pyrolysezone  (50,  52). 

30 
Revendicatlons 

1.  Reacteur  pour  noir  de  carbone  comprenant  un  refractaire  definissant  un  trajet  pour  courant  reactionnel 
comprenant,  en  serie  a  partir  du  cote  amont  et  en  alignement  generalement  axial 

35  (a)  un  passage  dirige  axialement  (16); 
(b)  une  zone  de  combustion  generalement  cylindrique  (10)  definie  par  une  paroi  d'extremite  amont 
generalement  annulaire  (14)  definissant  ledit  passage  dirige  axialement  (16)  dirige  dans  le  sens 
general  axial  dans  la  zone  de  combustion  generalement  cylindrique  (10); 
(c)  une  zone  de  melange  generalement  tronconique  (32)  definie  par  une  paroi  laterale  (31) 

40  convergeant  a  partir  de  la  paroi  laterale  de  la  zone  de  combustion  generalement  cylindrique  (10),  ou 
sont  menages  des  orifices  (38)  traversant  ladite  paroi  laterale  convergente  (31),  orifices  (38)  dans 
lesquels  sont  disposes  des  injecteurs  de  materiau  d'alimentation  (40)  pour  I'injection  du  materiau 
d'alimentation  en  noir  de  carbone  dans  les  gaz  de  combustion  chauds  dans  la  zone  de  melange,  et 
(d)  une  zone  de  pyrolyse  generalement  cylindrique  (50,  52)  definie  par  une  paroi  laterale  generale- 

45  ment  cylindrique  (48)  connectee  a  I'extremite  aval  de  la  zone  de  melange  (32)  par  une  gorge  (34)  et 
par  une  paroi  d'extremite  generalement  annulaire  (46)  definissant  le  cote  amont  de  la  zone  de 
pyrolyse  (50,  52), 
(e)  un  element  tubulaire  (23)  pour  acheminer  un  fluide  combustible,  ledit  element  tubulaire  (23) 
debouchant  dans  le  petit  passage  (16)  par  I'intermediaire  d'une  multitude  d'ouvertures  (30)  dirigees 

50  radialement  vers  I'exterieur  qui  traversent  la  paroi  laterale  dudit  element  tubulaire  (23); 
(f)  une  bride  annulaire  (29)  fixee  a  I'element  tubulaire  (23)  legerement  en  aval  des  orifices  (30),  ladite 
bride  annulaire  (29)  etant  placee  en  amont  de  la  paroi  d'extremite  generalement  annulaire  (14)  de  la 
zone  de  combustion  (10). 

55  2.  Reacteur  pour  noir  de  carbone  selon  la  revendication  1,  dans  lequel  les  injecteurs  de  materiau 
d'alimentation  sont  caracterises  par  des  pointes  de  pulverisation  placees  de  maniere  a  diriger  la 
pulverisation  radialement  vers  I'interieur  pour  la  faire  entrer  dans  la  zone  tronconique  de  melange. 
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3.  Reacteur  pour  noir  de  carbone  selon  la  revendication  2,  dans  lequel  les  pointes  de  pulverisation  sont 
congues  pour  emettre  un  brouillard  de  materiau  d'alimentation  et  sont  orientees  de  maniere  a  introduire 
le  materiau  d'alimentation  presque  perpendiculairement  au  reacteur  par  rapport  a  I'axe  longitudinal  du 
reacteur. 

5 
4.  Reacteur  pour  noir  de  carbone  selon  la  revendication  1,  dans  lequel  ladite  zone  de  pyrolyse 

generalement  cylindrique  (50,  52)  comprend  : 
-  une  premiere  zone  generalement  cylindrique  (50)  contigue  a  la  paroi  d'extremite  generalement 

annulaire  (46)  ayant  un  premier  diametre  et 
io  -  une  seconde  zone  generalement  cylindrique  (52)  est  prevue  qui  est  contigue  a  la  premiere  zone 

(50)  ayant  un  second  diametre  superieur  audit  premier  diametre, 
et  dans  lequel  une  extension  brutale  dans  le  trajet  du  courant  reactionnel  est  presente  entre  la  premiere 
zone  et  la  seconde  zone. 

is  5.  Reacteur  pour  noir  de  carbone  selon  la  revendication  4,  dans  lequel  la  premiere  zone  a  une  longueur 
comprise  entre  environ  0,5  et  environ  10  fois  le  diametre  de  la  gorge  et  I'extension  brutale  est  formee 
par  une  paroi  generalement  annulaire. 

6.  Reacteur  pour  noir  de  carbone  selon  les  revendications  4  ou  5,  comprenant  au  moins  un  jeu  d'orifices 
20  debouchant  dans  ladite  gorge,  lesdits  orifices  contenant  des  injecteurs  de  materiau  d'alimentation  en 

noir  de  carbone. 

7.  Procede  pour  fabriquer  du  noir  de  carbone  dans  un  reacteur  selon  la  revendication  1  ,  comprenant  : 
a)  I'injection  d'un  fluide  oxydant,  en  particulier  d'air,  dans  ledit  passage  axial  (16), 

25  b)  I'injection  d'un  fluide  combustible  gazeux  par  I'intermediaire  desdites  ouvertures  (30)  dans  ledit 
passage  axial  (16), 
c)  la  combustion  dudit  fluide  combustible  gazeux  et  dudit  fluide  oxydant  dans  ladite  zone  de 
combustion  (10), 
d)  I'injection  par  I'intermediaire  desdits  injecteurs  de  materiau  d'alimentation  (40)  d'un  materiau 

30  carbone  d'alimentation  dans  le  courant  de  gaz  de  combustion  chauds  dans  ladite  zone  tronconique 
de  melange  (32), 
e)  la  decomposition  dudit  materiau  carbone  d'alimentation  et  la  formation  de  noir  de  carbone  dans 
ladite  zone  de  pyrolyse  generalement  cylindrique  (52,  52). 
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