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AMENDED CLAIMS
received by the International Bureau on 30 November 2011 (30.11.2011)

WHAT IS CLAIMED IS:

1. A method for producing carbon black comprising:

introducing a heated gas stream into a carbon black reactor;

supplying at least one carbon black-yielding feedstock to at least one heater;

preheating said at least one carbon black-yielding feedstock in said at least one heater
to a second temperature of greater than 300° C to provide a preheated carbon black-yielding
feedstock, wherein (a) the at least one carbon black-yielding feedstock has a velocity in said
at least one heater that is at least 0.2 m/sec, wherein velocity is calculated based on a
feedstock density measured at 60° C at 1 atm and the smallest cross-sectional area of a
feedstock line present in said at least one heater and (b) the af least one carbon black-yielding
feedstock has a first feedstock residence time in said heater of less than 120 minutes;

supplying said preheated carbon black-yielding feedstock to at least one feedstock
introduction point to the carbon black reactor, wherein said preheated carbon black-yielding
feedstock has a second feedstock residence time of from exiting said at least one heater to
right before the introduction point to said carbon black reactor of less than 120 minutes; and
wherein said first feedstock residence time and said second feedstock residence time
combined are 120 minutes or less; wherein said preheating avoids formation of vapor film in
said at least one heater or prior to said supplying to said carbon black reactor;

combining at least said preheated carbon black-yielding feedstock through the at least
one introduction point to said carbon black reactor with the heated gas stream to form a
reaction stream in which carbon black is formed in said carbon black reactor; and

recovering the carbon black in the reaction stream.

2. The method of claim 1, further comprising pressurizing said carbon black-yielding

feedstock to have a pressure greater than 10 bar prior to entering said at least one heater.
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3. The method of claim 1, further comprising pressurizing said carbon black-yielding

feedstock to have a pressure of greater than 20 bar prior to entering said at least one heater.

4. The method of claim 1, further comprising pressurizing said carbon black-yielding

feedstock to a pressure of from 20 bar to 180 bar prior to entering said at least one heater.

5. The method of claim 1, wherein said velocity is at least 1 m/sec.
6. The method of claim 1, wherein said velocity of at least 1.6 m/sec.
7. The method of claim 1, wherein said carbon black-yielding feedstock comprises

decant oil, coal tar product, ethylene cracker residues, asphaltene containing oil, or any

combination thereof.

8. The method of claim 1, wherein said carbon black-yiclding feedstock has an initial

boiling point of from 160° C to 500° C.

9. The method of claim 1, wherein said preheating of the at least one carbon black-
yielding feedstock comprises heating said carbon-black-yielding feedstock in said heater that

has a heat exchanger operating at an average heat flux of greater than 10 kKW/m?.
10.  The method of claim 1, wherein at least a portion of said preheating occurs in said at

least one heater that has heat at least partially provided by heat generated by said carbon

black reactor or other carbon black reactor or both.
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11. The method of claim 1, wherein said first residence time and said second residence

time combined are less than 60 minutes.

12. The method of claim 1, wherein said at least one heater is in heat exchange with at

least a portion of said carbon black reactor.

13. The method of claim 1, wherein said at least one heater contacts said reaction stream
in said carbon black reactor downstream of a quencher, wherein said at least one heater
comprises a heat exchanger having walls heated by said reaction stream on a first side thereof

and contacting said carbon black-yielding feedstock on an opposite side thereof.

14, The method of claim 1, wherein said at least one heater includes a heat exchanger that
heat exchanges with said reaction stream in said carbon black reactor, wherein a flowable
heat carrier that flows through the heat exchanger is heated, and the heated flowable heat
carrier passes through said at least one heater positioned external to the reactor and operable
to exchange heat of the flowable heat carrier with the feedstock to heat said carbon black-

yielding feedstock.

15. The method of claim 1, wherein said at least one heater is at least partially heat
sourced with carbon black tail gas from said carbon black reactor or a different carbon black
reactor or both, to heat the carbon black-yielding feedstock.

16.  The method of claim 1, wherein the introducing of the heated gas stream comprises

plasma heating a plasma-heatable gas stream in a plasma heater to provide at least a portion
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of the heated gas stream.

17. The method of claim 1, further comprising providing a non-catalytic surface on
carbon black-yielding feedstock contacting walls of said at least one heater and inner walls of
at least one feedstock supply line that supplies said preheated carbon black-yielding feedstock
to said carbon black reactor, wherein the surface is non-catalytic to cracking or

polymerization of hydrocarbons.

18.  The method of claim 1, wherein said supplying comprises feeding said preheated
carbon black-yielding feedstock through at least one feedstock supply line that supplies to
said carbon black reactor, and said method further comprises periodically feeding a purge gas
comprising an oxidant for carbon through the at least one carbon black-yielding feedstock

supply line.

19. The method of claim 1, wherein said supplying comprises feeding said preheated
carbon black-yielding feedstock through at least one feedstock supply line that supplies to
said carbon black reactor, and said method further comprises injecting the preheated carbon
black yielding feedstock into the carbon black reactor with at least partially flashing of the

carbon black-yielding feedstock.

20.  The method of claim 1, further comprising combining the preheated carbon black-
yielding feedstock and the heated gas stream in the carbon black reactor to continuously form

carbon black in the reactor for at least 12 hours.

21. A method for producing carbon black comprising:

AMENDED SHEET (ARTICLE 19)



WO 2011/103015 PCT/US2011/024295
96

introducing a heated gas stream into a carbon black reactor;

supplying at least one carbon black-yiclding feedstock having a first temperature of
below 360 ° C to at least one heater;

preheating said at least one carbon black-yielding feedstock in said at least one heater
to a second temperature of from 360°C to 850°C to provide a preheated carbon black-yielding
feedstock, wherein (a) the at least one carbon black-yielding feedstock has a velocity in said
at least one heater that is at least 0.2 m/sec, wherein velocity is calculated based on a
feedstock density measured at 60° C at 1 atm and the smallest cross-sectional area of a
feedstock line present in said at least one heater and (b) the at least one carbon black-yielding
feedstock has a first feedstock residence time in said heater of less than 120 minutes;

supplying said preheated carbon black-yielding feedstock to at least one feedstock
introduction point to the carbon black reactor, wherein said preheated carbon bfack-yielding
feedstock has a second feedstock residence time of from exiting said at least one heater to
right before the introduction point to said carbon black reactor of less than 120 minutes; and
wherein said first feedstock residence time and said second feedstock residence time
combined are from 10 seconds to 120 minutes; wherein said preheating avoids formation of
vapor film in said at least one heater or prior to said supplying to said carbon black reactor;

combining at least said preheated carbon black-yielding feedstock through the at least
one introduction point to said carbon black reactor with the heated gas stream to form a
reaction stream in which carbon black is formed in said carbon black reactor; and

recovering the carbon black in the reaction stream.

22.  The method of claim 21, further comprising pressurizing said carbon black-yielding

feedstock to have a pressure greater than 20 bar prior to entering said at least one heater.
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23.  The method of claim 21, further comprising pressurizing said carbon black-yielding

feedstock to have a pressure of greater than 30 bar prior to entering said at least one heater.

24.  The method of claim 21, further comprising pressurizing said carbon black-yielding

feedstock to a pressure of from 30 bar to 180 bar prior to entering said at least one heater.

25.  The method of claim 21, wherein said velocity is at least about 1 m/sec.

26.  The method of claim 21, wherein said velocity of at least 1.6 m/sec.

27.  The method of claim 21, wherein said cmbsn black-yielding feedstock comprises
decant oil, coal tar product, ethylene cracker residues, asphaltene containing oil, or any

combination thereof.

28.  The method of claim 21, wherein said carbon black-yielding feedstock has an initial

boiling point of from 160° C to 500° C.

29.  The method of claim 21, wherein said preheating of the at least one carbon black-
yielding feedstock comprises heating said carbon-black-yielding feedstock in said heater that

has a heat exchanger operating at an average heat flux of greater than 20 kW/m?.
30.  The method of claim 21, wherein at least a portion of said preheating occurs in said at

least one heater that has heat at least partially provided by heat generated by said carbon

black reactor or other carbon black reactor or both.
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31.  The method of claim 21, wherein said first residence time and said second residence
time combined are less than 60 minutes.
32.  The method of claim 21, wherein said at least one heater is in heat exchange with at

least a portion of said carbon black reactor.

33. The method of claim 21, wherein said at least one heater contacts said reaction stream
in said carbon black reactor downstream of a quencher, wherein said at least one heater
comprises a heat exchanger having walls heated by said reaction stream on a first side thereof
and contacting said carbon black-yielding feedstock on an opposite side thereof before said

carbon black-yielding feedstock.

34.  The method of claim 21, wherein said at least one heater includes a heat exchanger
| that heat exchanges with said reaction stream in said carbon black reactor, wherein a flowable
heat carrier that flows through the heat exchanger is heated, and the heated flowable heat
carrier passes through said at least one heater positioned external to the reactor and operable
to exchal‘lge heat of the flowable heat carriér with the feedstock to heat said carbon black-

yielding feedstock.
35.  The method of claim 21, wherein said at least one heater is at least partially heat
sourced with carbon black tail gas from said carbon black reactor or a different carbon black

reactor or both, to heat the carbon black-yielding feedstock.

36.  The method of claim 21, wherein the introducing of the heated gas stream comprises

plasma heating a plasma-heatable gas stream in a plasma heater to provide at least a portion
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of the heated gas stream.

37.  The method of claim 21, further comprising providing a non-catalytic surface on
carbon black-yielding feedstock contacting walls of said at least one heater and inner walls of
at least one feedstock supply line that supplies said preheated carbon black-yielding feedstock
to said carbon black reactor, wherein the surface is non-catalytic to cracking or

polymerization of hydrocarbons.

38. The method of claim 21, wherein said supplying comprises feeding said preheated
carbon black-yielding feedstock through at least one feedstock supply liﬁe that supplies to
said carbon black reactor, and said method further comprises periodically feeding a purge gas
comprising an oxidant for carbon through the at least one carbon black-yielding feedstock

supply line.

39.  The method of claim 21, wherein said supplying comprises feeding said preheated
carbon black-yielding feedstock through at least one feedstock supply line that supplies to
said carbon black reactor, and said method fﬁrther comprises injecting the preheated carbon
black yielding feedstock into the carbon black reactor with at least partially flashing of the

carbon black-yielding feedstock.
40.  The method of claim 21, further comprising combining the preheated carbon black-
yielding feedstock and the heated gas stream in the carbon black reactor to continuously form

carbon black in the reactor for at least 12 hours.

41. A method for producing carbon black comprising:
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introducing a heated gas stream into a carbon black reactor;

‘supplying at least one carbon black-yielding feedstock having a first temperature of
below 450 ° C to at least one heater;

preheating said at least one carbon black-yielding feedstock in said at least one heater
to a second temperature of greater than 450° C to provide a preheated carbon black-yielding
feedstock, wherein (a) the at least one carbon black-yielding feedstock has a velocity in said
at least one heater that is at least 0.2 m/sec, wherein velocity is calculated based on a
feedstock density measured at 60° C at 1 atm and the smallest cross-sectional area of a
feedstock line present in said at least one heater and (b) thé at least one carbon black-yielding
feedstock has a first feedstock residence time in said heater of from 10 seconds to 120
minutes;

supplying said preheated carbon black-yielding feedstock to at least one feedstock
introduction point to the carbon black reactor, wherein said preheated carbon black-yielding
feedstock has a second feedstock residence time of from exiting said at least one heater to
right before the introduction point to said carbon black reactor of less than 120 minutes; and
wherein said first feedstock residence time and said second feedstock residence time
combined are 120 minutes or less; wherein said preheating avoids formation of vapor film in
said at least one heater or prior to said supplying to said carbon black reactor;

combining at least said preheated carbon black-yielding feedstock through the at least
one introduction point to said carbon black reactor with the heated gas stream to form a
reaction stream in which carbon black is formed in said carbon black reactor; and

recovering the carbon black in the reaction stream.

42.  The method of claim 41, further comprising pressurizing said carbon black-yielding

feedstock to have a pressure of from 20 bar to 180 bar prior to entering said at least one
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heater.
43.  The method of claim 41, further comprising pressurizing said carbon black-yielding
feedstock to have a pressure of from 30 bar to 180 bar prior to entering said at least one

heater.

44.  The method of claim 41, further comprising pressurizing said carbon black-yielding

feedstock to a pressure of from 40 bar to 180 bar prior to entering said at least one heater.

45.  The method of claim 41, wherein said velocity is at least 1 m/sec.

46. | The method of claim 41, wherein said velocity of at least 1.6 m/sec.

47.  The method of claim 41, wherein said carbon black-yielding feedstock comprises
decant oil, coal tar prociuct, ethylene cracker residues, asphaltene containing oil, or any

combination thereof,

48. The method of claim 41, wherein said carbon black-yielding feedstock has an initial

boiling point of from 160° C to 500° C.
49, The method of claim 41, wherein said preheating of the at least one carbon black-
yielding feedstock comprises heating said carbon-black-yielding feedstock in said heater that

has a heat exchanger operating at an average heat flux of from 20 kW/m? to 150 kW/m?>.

50.  The method of claim 41, wherein at least a portion of said preheating occurs in said at
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least one heater that has heat at least partially provided by heat generated by said carbon

black reactor or other carbon black reactor or both.

51. . The method of claim 41, wherein said first residence time and said second residence

time combined are less than 60 minutes.

52.  The method of claim 41, wherein said at least one heater is in heat exchange with at

least a portion of said carbon black reactor.

53. The method of claim 41, wherein said at least one heater contacts said reaction stream
in said carbon black reactor downstream of a quencher, wherein said at least one heater
comprises a heat exchanger having walls heated by said reaction stream on a first side thereof
and contacting said carbon black-yielding feedstock on an opposite side thereof before said

carbon black-yielding feedstock.

54.  The method of claim 41, wherein said at least one heater includes a heat exchanger
that heat exchanges with said reaction stream in said carbon black reactor, wherein a flowable
heat carrier that flows through the heat exchanger is heated, and the heated flowable heat
carrier passes through said at least one heater positioned external to the reactor and operable
to exchange heat of the flowable heat carrier with the feedstock to heat said carbon black-

yielding feedstock.

55.  The method of claim 41, wherein said at least one heater is at least partially heat
sourced with carbon black tail gas from said carbon black reactor or a different carbon black

reactor or both, to heat the carbon black-yielding feedstock.

AMENDED SHEET (ARTICLE 19)



WO 2011/103015 PCT/US2011/024295
103

56.  The method of claim 41, wherein the introducing of the heated gas stream comprises
plasma heating a plasma-heatable gas stream in a plasma heater to provide at least a portion

of the heated gas stream.

57.  The method of claim 41, further comprising providing a non-catalytic surface on
carbon black-yielding feedstock contacting walls of said at least one heater and inner walls of
at least one feedstock supply line that supplies said preheated carbon black-yielding feedstock
to said carbon black reactor, wherein the surface is non-catalytic to cracking or

polymerization of hydrocarbons.

58.  The method of claim 41, wherein said subplying comprises feeding said preheated
carbon black-yielding feedstock through at least one feedstock supply line that supplies to
said carbon black reactor, and said method further comprises periodically feeding a purge gas
comprising an oxidant for carbon through the at least one carbon black-yielding feedstock

supply line.

59.  The method of claim 41, wherein said supplying comprises feeding said preheated
carbon black-yielding feedstock through at least one feedstock supply line that supplies to
said carbon black reactor, and said method further comprises injecting the preheated carbon
black yielding feedstock into the carbon black reactor with at least partially flashing of the

carbon black-yielding feedstock.

60.  The method of claim 41, further comprising combining the preheated carbon black-

yielding feedstock and the heated gas stream in the carbon black reactor to continuously form
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carbon black in the reactor for at least 12 hours.

61. A method for producing carbon black comprising:

introducing a heated gas stream into a carbon black reactor;

supplying at least one carbon black-yielding feedstock having a first temperature of
below 300 ° C to at least one heater at a first pressure of greater than 10 bar;

preheating said at least one carbon black-yielding feedstock in said at least one heater
to a second temperature of greater than 300° C to provide a preheated carbon black-yielding
feedstock, wherein (a) the at least one carbon black-yielding feedstock has a second pressure
in said at least one heater that is the same or lower than said first pressure, as calculated based
on assuming same cross-sectional area that feedstock travels in during first pressure and
second pressure and (b) the at least one carbon black-yielding feedstock has a first feedstock
residence time in said heater of less than 120 minutes;

supplying said preheated carbon black-yielding feedstock to at least one feedstock
introduction point to the carbon black reactor, wherein said preheated carbon black-yielding
feedstock has a second feedstock residence time of from exiting said at least one heater to
right before the introduction point to said carbon black reactor of less than 120 minutes; and
wherein said first feedstock residence time and said second feedstock residence time
combined are 120 minutes or less; wherein said preheating avoids formation of vapor film in
said at least one heater or prior to said supplying to said carbon black reactor;

combining at least said preheated carbon black-yielding feedstock through the at least
one introduction point to said carbon black reactor with the heated gas stream to form a
reaction stream in which carbon black is formed in said carbon black reactor; and

recovering the carbon black in the reaction stream.
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62. A method for producing carbon black comprising:

introducing a heated gas stream into a carbon black reactor;

supplying at least one carbon black-yielding feedstock having a first temperature of
below 300 ° C to at least one heater at a first pressure of greater than 10 bar;

preheating said at least one carbon black-yielding feedstock in said at least one heater
to a second temperature of greafer than 300° C to provide a preheated carbon black-yielding
feedstock, wherein the at least one carbon black-yielding feedstock has i) a second pressure
in said at least one heater that is about the same or lower than said first pressure and ii) the at
least one carbon black-yielding feedstock has a velocity in said at least one heater that is at
least 0.2 m/sec, wherein velocity is calculated based on a feedstock density measured at 60° C
at 1 atm and the smallest cross-sectional area of a feedstock line present in said at least one
heater and wherein i) is calculated based on same cross-sectional area that feedstock travels
in during first pressure and second pressure; and

supplying said preheated carbon black-yielding feedstock to. at least one feedstock
introduction point to the carbon black reactor; wherein said preheating avoids formation of
vapor film in said at least one heater or prior to said supplying to said carbon black reactor;

combining at least said preheated carbon black-yielding feedstock through the at least
one introduction point to said carbon black reactor with the heated gas stream to form a
reaction stream in which carbon black is formed in said carbon black reactor; and

recovering the carbon black in the reaction stream.

63.  An apparatus for producing carbon black comprising:
a reactor for combining a heated gas stream and at least one carbon black-yielding
feedstock to form a reaction stream in which carbon black is formed in the reactor;

at least one feedstock supply line for supplying the carbon black-yielding feedstock to
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at least one feedstock introduction point to the reactor to combine the feedstock with the
heated gas stream,;

at least one feedstock heater operable to preheat the carbon black-yielding feedstock
supblied in the at least one feedstock supply line to a temperature of at least 300° C;

at least one pump operable to pressurize the carbon black-yielding feedstock to a
pressure greater than about 10 bar before the feedstock is preheated to at least 300° C and for
providing a feedstock velocity of the feedstock supplied in the at least one feedstock heater of
at least 0.2 m/sec, wherein velocity is calculated based on a feedstock density measured at 60°
C at 1 atm and the smallest cross-sectional area of a feedstock line present in said at least one
heater; and

a quencher for cooling ﬁe carbon black in the reaction stream;

wherein said apparatus is further operable to provide.a feedstock residence time in the
at least one feedstock heater apd the at least one feedstock supply line before introduction to

the reactor for the feedstock preheated to at least 300° C that is less than 120 minutes.

64.  The apparatus of claim 63, wherein the at least one feedstock heater comprises a heat
exchanger operable to heat the carbon black-yielding feedstock at an average heat flux of

greater than 10 kW/m?,
65.  The apparatus of claim 63, wherein the at least one feedstock heater is positioned
within the reactor to be contactable by the reaction stream operable to heat the feedstock to a

temperature of at least 300° C.

66.  The apparatus of claim 63, wherein the at least one feedstock heater is positioned in

contact with at least a portion of the reactor operable to heat the feedstock to a temperature of
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at Jeast 300° C.

67. The apparatus of claim 63, wherein the at least one feedstock heater comprises a heat
exchanger positioned within the reactor downstream of the quencher, wherein said heat
exchanger comprises walls adapted to be heated by the reaction stream on a first side thereof
and adapted to be contacted by feedstock on an opposite side thereof before the feedstock is
supplied to the at least one feedstock supply line, wherein fhe feedstock is heatable to a

temperature of at least 300° C in the heat exchanger.

68.  The apparatus of claim 63, further comprising a heat exchanger for a flowable heat
carrier positioned within the reactor to be contactable by the reaction stream, and the at least
one feedstock heater is external to the reactor and operable to exchange heat of the flowable
heat carrier that has exited the heat exchanger with the feedstock in the feedstock heater to

heat the feedstock to a temperature of at least 300° C.

69.  The apparatus of claim 63, wherein the at least one feedstock heater is operable to
exchange heat from a tail gas stream of the reactor to heat the feedstock to a temperature of at

least 300° C.

70.  The apparatus of claim 63, further comprising a plasma heater operable for heating a

plasma-heatable gas stream for providing at least a portion of the heated gas stream.

71.  The apparatus of claim 63, further comprising non-catalytic surface on feedstock
contacting walls of the feedstock heater and feedstock contacting inner walls of the at least
one feedstock supply line, wherein the surface is non-catalytic to cracking or polymerization

of hydrocarbons.
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72. The apparatus of claim 63, further comprising non-catalytic ceramic lining on
feedstock contacting walls of the feedstock heater and feedstock contacting inner walls of the

at Jeast one feedstock supply line.

73.  The apparatus of claim 63, further comprising at least one source of purge gas
comprising an oxidant for carbon and at least one purge gas introduction point on the at least
one feedstock supply line operable to periodically purge the at least one feedstock supply line

with the purge gas.

74.  The apparatus of claim 63, wherein said reactor is operable to combine feedstock and

heated gas stream to continuously form carbon black in the reactor for at least 12 hours.

75.  The method of any one of claims 1-62, wherein said preheating and said supplying is

in the absence of a runaway pressure drop based on steady state operating conditions.

76.  Carbon black formed by the method of any one of claims 1-62.

77.  The carbon black of claim 76, wherein said carbon black has a PAH amount of at
least 10% less PAH compared to a carbon black having the same morphology made in a
method without said preheating.

78.  The carbon black of claim 76, wherein said carbon black has a percentage of high

MW PAH amount based on total PAH amount of at least 10% less compared to a carbon

black having the same morphology made in a method without said preheating,
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79. A method for producing carbon black comprising:

introducing a heated gas stream into a carbon black reactor;

supplying at least one carbon black-yielding feedstock to at least one heater;

preheating said at least one carbon black-yielding feedstock in said at least one heater
to a second temperature of greater than 300° C to provide a preheated carbon black-yielding
feedstock, wherein (a) the at least one carbon black-yielding feedstock has a velocity in said
at least one heater that is at least 0.2 m/sec, wherein velocity is calculated based on a
feedstock density measured at 60° C at 1 atm and the smallest cross-sectional area of a
feedstock line present in said at least one heater and (b) the at least one carbon black-yielding
feedstock has a first feedstock residence time in said heater of less than 120 minutes;

supplying said preheated carbon black-yielding feedstock to at least one feedstock
introduction point to the carbon black reactor, wherein said preheated carbon black-yielding
feedstock has a second feedstock residence time of from exiting said at least one heater to
right before the introduction point to said carbon black reactor of less than 120 minutes; and
wherein said first feedstock residence time and said second feedstock residence time
combined are 120 minutes or less; wherein said preheating is at a sufficient pressure that
avoids formation of vapor film in said at least one heater or prior to said supplying to said
carbon black reactor;

combining at least said preheated carbon black-yielding feedstock through the at least
one introduction point to said carbon black reactor with the heated gas stream to form a
reaction stream in which carbon black is formed in said carbon black reactor; and

recovering the carbon black in the reaction stream.
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