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(74) Attorney or Agent
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\57) Claim

1. Apparatus for producing carbon black, comprising a source of hot gas, a
reaction chamber having an inlet receiving a flow of the hot gas and having an outlet opening
through which the hot gas flows to leave the reaction chamber, and characterized by means for
introducing a hydrocarbon spray into the reaction chamber in a direction substantially parallel to the

flow of hot gas, so as to control the particle size distribution of the resulting carbon black.

2. Apparatus as in Claim 1 further characterized in that the feedstock
hydrocarbon introducing means introduces the feedstock hydrocarbon in a direction substantially
countercurrent to the flow of hot gas through the reaction chamber, tiereby increasing the

dispersion speed of the hydrocarbon spray in the gas flow and narrowing the particle size

distributlon of the resulting carbon black.

10.  Method of producing carbon black comprising the step of providing a flow

ot hot gas through a reaction chamber, and characterized by the step of introducing a hydrocarbon

spray into the gas flow in a direction substantially parallel to the gas flow, so as to control the

particle sizz distribution of the resulting carbon black.
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COmplete Specification for the invention entitled:

AXIAL REACTOR WITH COAXIAL OIL INJECTION

The following statement is a full description of this invention
including the best method of performing it known to us/fe:-
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Field of Invention

This invention relates in general to reactors for producing
carbon black, and relates in particular to axial flow reactors for controlling the
particle size distribution of carbon black produced in the reactor.

Background of the Invention

Carbon black is produced by the pyrolytic decomposition of
hydrocarbons, typically in the form of oil introduced into a stream of hot
combus.ion gas. The pyrolytic reaction takes place in a refractory tubular
structure known as a reactor.

Commercial production of carbon black generally occurs in
either of two different kinds of reactors, the tangential reactor and the axial
reactor. The names describe the flow patterns of combustion gas within the
reactor. Both kinds of carbon-black reactors are known to those skilled in the
art. Generally speaking, the axial-flow reactor is preferred for making carbon
black intended for certain uses, particularly those uses where control of particle
size distribution of the carbon black product mcst be maintained within certain
relatively narrow ranges. For example, tire companies require carbon blacks
with a very narrow particle size distribution for manufacturing racing and high-
performance tires, where traction of the tires is a primary requirement. Carbon
blacks used for making racing tires thus must have a relatively narrow
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particle size distribution (also know as "tint", a numerical factor which
increases as the particle size distribution decreases). '

Carbon blacks having a relatively narrow particle size
distribution have heretofore been produced by an axial reactor with one or more
tlows of feedstock oil radially introduced into the stream of hot combustion
gas. This arrangement causes a relatively rapid dispersion of the oil in the gas
stream and thus pyrolyzes all tlie feedstock oil under substantially the same
thermal condition, i.e., at substantially the same location within the reactor.
Radial introduction has been the normal way of achieving quick mixing of the
oil with the hot gas and a resulting short flame within the throat of the reactor,
which yields a carbon black with very narrow particle size distr.bution, i.e.,
higher tint for the same surface ares .1d structure of the carbon particles.’
Carbon blacks used in certain other applications should have a lower tint, that
is, a wi.ier particle size distribution. Such carbon blacks are prodviced in

‘reactors designed to increase, rather than minimize, the reaction time of the

feedstock, but the use of different reactors for the two kinds of carbon biacks is
costly. Nevertheless, there is a need for carbon black with higher tint than

commonly available with the conventional radial-injection axial reactor.

Moreover, radial injection of the feedstock oil into the conventional reactor of
circular cross-section can cause grit and erosion of the reactor inner wall if

 injection pressure and axial g-s velocity are not properly balanced. _

Summary of the Invention

Accordmgly, ii is an object of the preseni invention to prov1de
an improved reactor for the production of carbon black.

It is another object of the present invention to provide an
improved axial-flow reactor with improved flex’ibili'ty to increase or decrease
the parncle size distribution in a controlled manner. '

It is yet another object of the present invention to provxde an
improved axial-flow reactor for producing carbon black with relatively narrow
or relatively broad particle size distribution.

It is stili another object uf the presen: invention to provide a
carbon black reactor capable of obtaining more complete coverage of the cross-
sectional area of gas flow through the throat of the reactor.

It is a further object of the present invention to provide an
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improved method of making carbon black having a relatively
narrow or relatively broad particle size distribution.

In a first aspect the present invention comprises an
apparatus for producing carbon black, compriéing a source
of hot gas, a reaction chamber having an inlet receiving a
flow of the hot gas and having an outlet opening through
which the hot gas flows to leave the reaction chambei, and
characterized by means for introducing a hydrocarbon spray
into the reaction chamber in a direction substantially
parallel to the flow of hot gas, so as to control the
particle size distribution of the resulting carbon black.

In a second aspect, the present invention comprises
an apparatus for producing carbon black, comprising a
combustion chamber operative to produce a flow of hot gas,
a reaction chamber having an inlet receiving the flow of
hot gas and having an outlet opening so that the hot gas
flows through the reaction chamber; and characterized by a
pipe connected to receive a supply of feedstock
hydrocarbon and extending radially into the reaction
chamber, and means connected to the pipe within the
reaction chamber and'operative to introduce the
hydrocarbon feedstock into the reaction chamber in an
axial direction substantially parallel to the flow of hot
gas, so as to control the particle size.distribution of
carbon black particles thereby produced.

In a third aspect, the present invention comprises a

method of producing carbon black COmprising the step of

providing a flow of hot gas through a reaction chamber,
and characterized by the step of introducing a hydrocarbon
spray into the gas flow in a direction substantially
parallel to the gas flow, so as to control the particie

size distribution of the resulting carbon black.
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Brief Description of the Drawings

Fig. 1 is a schematic plan of an axiaj flow reactor according to a
preferred embodiment of the present invention.

Fig. 2 is an enlarged cross-section view showing the reaction
chamber of the reactor in Fig. 1.

Fig. 3 is a section view taken along line 3-3 of Fig. 2.

Fig. 4 is a view as in Fig. 2, showing a concurrent-flow
embodimert of the present invention.

Fig. 5 is a section view of an air-jacketed oil feed tube for the
preferred embodiment of the present invention.

Fig. 6 is a frontal view, partially broken away for illustration, of
the oil feed pipe in Fig. 5.

Fig. 7 is a section view taken along line 7-7 of Fig. 6;
schematically illustrating the operation of the air-jacketed tube.

Detailed Description of the Preferred Embodiment

Tuzning first to Fig. 1, an axial-flow carbon black reactor is
shown generally at 10. The reactor 10 includes a combustion chamber 11
which receives a suitable source of combustion fuel at the fuel inlet 12, and a
source of air at the inlet 13 to support combustion within the combustion
chamber. The resulting hot gases formed by fuel combustion within the
combustion chamber 11 pass through the converging region 16 leading to the
reaction chamber having a cylindrical throat 17. The outlet end of the throat 17
connects to the reaction chamber 18 of generally increased diameter relative to
the throat, wherein pyrolytic decomposition of the feedstock oil takes place to
produce the carbon black product.

A supply of feedstock oil is introduced to the reactor throat 17
by the spray nozzle 22 located within the throat. The spray nozzle 22 is located
substantially coaxial with the longitudinal center line or axis of the throat 17 and
of the entire reactor 10. The spray nozzle 22 is connected to an oil feed pipe 23
which in turn receives feedstock oil from a suitable source, not shown herein,
as known to those skilled in the art. The spray nozzle 22 is aligned to direct an
oil spray in the counterflow direction within the throat 17, that is, in a direction
upstream confronting the hot gas flowing into the throat from the converging
region 16 of the reactor.
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The throat 17 of the reactor 10 is shown in Fig. 3 with greater
detail. The throat 17 comprises a pair of concentric refractory linings 26,
preferably having an inner wall 27 generally circular in cross-section as shown
in Fig. 3. The spray nozzle 22 is mounted substantially coaxial with the
longitudinal center of the throat 17, placing the spray nozzle equidistantly
spaced from the interior wall 27 around the entire circumference of that wall.

In the operation of the reactor 10, hot gas from the combustion
chamber 10 flows in a generally axial direction into the throat 17 as known to
those skilled in the art. Feedstock oil is pumped through the feed tube 23 and
exists the nozzle 22 in a counterflow direction to the hot gas, producing an oil
spray pattern 28 symmetrical along the longitudinal axis of the throat 17. "This
spray pattern 28 thus covers substantially the entire cross-sectional area of the

hot gas flow through the throat, and thereby increases quick mixing of the oil:

spray with the flow of hot gas. This quick mixing gives a resulting short flame
which yields carbon particles with very narrow particle size distribution, that is,
with a higher tint, for the same surface activity and structure of the carbon
particles. The symmetrical spray pattern can be adjusted to minimize or avoid
contacting the interior wall 27 at all locations around the circumference of the
throat, thereby reducing or avoiding reactor grit normally caused by the thermal
shock of the feedstock spray contacting the: relatively hot inierior wall.

A pilot axial reactor with an axial countercurrent oil spray
according to the present invention was consiructed and operated. The results of
that pilot rzactor are shown in the following table, where the "Noimal" column
denotes normal operation of a conventional axial flow reactor having radial oil
sprays mounted flush to the refractory interior wali and directing oil sprays
radially inwardly from the interior wal! toward the axis of the reactor. The
right-hand column shows data from the operation of the pilot reactor
constructed according to the present invention.
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Air SCFH
Gas (Blast) SCFH
Oil PPH
Air Temp. °F
COoS in

Oil Sprays  #

Oil Location in

Oil Pressure (psig)
I

DBP Absorption
CTAB

24M4

NSA

Tint

EMSA

HI (Particle)

HI (Aggregate)

6
Radial
Normial
230000
12778
2340
1008
60"u
2 (flush)

8" from choke outlet

170

(Pellet Sarnple)
C-21475
Pallet 1
181

130

152

100

172

126
148.8
1.92
191

Right Angle Counter-
—current Oil Spray

230000
12778
2340
1008
60"u

1 centerline counter-
current

4" from choke
outlet

(Loose Sample)
C-21519/1300
Dense Tk Sample
195

129

153

182

131

141.1

1.87

1.70

The results of this test show that tint, 2 measure of particle size

distribution, increased about five units. This reflects a narrowing of particle

size distribution by calculating a tint resicual, in a manne known to those

skilled in the art. Tint residual for the normal reactor is O, and for the test

reactor is +4; the higher the number, the narrower the particle size distribution.

The values of CTAB (a measure of particle size) and particle
structure (indicated by DBP absorption) remained essentially constant.

The carbon black particles produced with both reactors were
measured by an electron microscope. Although the particles produced by the
normal reactor had a higher surface area, particles produced by the test reactor
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had the narrcwer particle size distribution as indicated by the heterogenity index
(HI). The closer the heterogenity index is to 1, the narrower the distribution.
The oil feed pipe 23 may require special provisions to prevent
oil deposition on that pipe. This is accomplished as shown in Figs. 5--7 by
using an air-jacketed tube with a series of small holes in line with the oil spray
to form a curtain of air around the tube. The air curtain *2flects oil droplets
around the oil pipe, preventing oil deposition which might otherwise cause
coking within the reactor. The oil feed pipe 23 comprises an oil supply pipe 32
concentrically disposed inside an air pipe 33. The oil pipe 32 receives a
suitable supply of feedstock oil as described above, and supplies that oil to the
spray nozzle 22. The outer air pipe 33 is connected to a suitable supply of air
under pressure. A number of outlet holes 34 are formed in the side 35 of the

air pipe 33 confronting the hot gas flow moving through the reactor throat 17.:

The air entering the air pipe 33, which is closed at the end adjacent the spray
nozzle 22, exits through the outlet holes 34. This exiting air is confronted by
the oncoming flow of hot gas in the reactor throat, and the air is deflected back
around the outside of the air pipe to form an air curtain 37 flowing around the
air pipe, in the vicinity of the oil spray 28 from the nozzle 22. This air curtain
37 deflects oil droplets around the oil pipe 23, preventing impingement of oil
on the pipe and thus reducing or eliminating oil deposition which might
otherwise cause coking within the reactor. The outlet holes 34 in the air pipe
35 are shown in Fig. 6 as small circular openings, but screened outlets or
elongated slots are other possible configurations for those outlet openings.

Fig. 4 shows the present embodiment modified for feedstock
flow in the direction concurrent with the direction of hot gas flowing through
the throat 17 of the reaction chamber. The spray nozzle, here designated 22a,
is rotated 180° within the throat 17 and produces an oil spray 28a directed
downstream in the throat and coaxial with the longitudinal axis of the throat.
The effect of the concurrent gas stream in the throat lessens the dispersion of
the oil spray 28a, and that oil spray thus covers substantially less than the entire
frontal area of the gas stream. As a result, the feedstock oil mixes with the gas
flow and undergoes reaction more slowly than in the countercurrent-flow
embodiment shown in Figs. 1--3, thereby producing carbon black particles
having a relatively higher particle size distribution. The embodiments of Figs.
1--3 and Fig. 4 structurally differ only in the direction of the feedstock spray

I

¥
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nozzle 22/22a, and that direction is readily changeable within a single reactor.
It should be understood that the foregoing relates only to
preferred embodiments of the invention, and that numerous modifications and

changes may be made therein without departing from the spmt and scope of “he
5  invention as defined in the following claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Apparatus for producing carbon black, comprising a source of hot gas, a
reaction chamber having an inlet receiving a flow of the hot gas and having an outlet opening
tarough which the hot gas flows to leave the reaction chamber, and characterized by means for
introducing a hydrocarbon spray into the reaction chamber in a direction substantially parallel to the

flow of hot gas, so as to control the particle size distribution of the resulting carbon black.

2. Apparatas as in Claim 1 further characterized in that the feedstock
hydrocarbon introducing means intrcduces the feedstock hydrocarbon in a direction substantially
countercurrent to the flow of ‘hot gas through the reaction chamber, thereby increasing the
dispersion speed of the hydrocarbon spray in the gas flow and narrowing the particle size

distribution of the resulting carbon black.

3. Apparatus as in Claim 2, further characterized in that the feedstock
hydrocarbon spray introducing means produces a symmetrical spray pattern coaxial with the
longitudinal axis of the reaction chamber, whereby the spray covers substantially the entire cross-

sectional area of the hot gas flewing through the reaction chamber.

4. Apparatus as in Claim 2, wherein the reaction chamber is defined by an
internal wall, and further characterized in that the means comprises a spray nozzle spaced radially
inwardly a substantial distance from the surface of the reaction chamber, and by a conduit receiving

a supply of oil and extending inwardly through the internal wall for connection to the spray nozzle.
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S. Apparatus as in Claim 4, wherein the internal wall defining the reaction
chamber has a circulur cross section so that the hot gas flowing therethrough has substantially a
circular cross-sectional area, and further characterized in that the spray nozzle operates to produce a
symmetrical spray pattern, and is disposed to direct the symmetrical counterflow spray of oil along
a path coaxial with the longitudinal axis of the reaction chamber, so that the spray covers
substantially the entire cross sectional area of the hot gas flow through the reaction chamber and

thereby increases coverage of the gas flow area by the oil spray.

6. Apparatus as in Claim 4, further characterized by means associated with the
conduit for providing a jacket of air around the conduit so as to prevent oil deposition on the

conduit.

7. Apparatus as in Claim 1 further characterized in that the feedstock
hydrocarbon introducing means introduces the feedstock hydrocarbon in a direction substantially
concurrent o the flow of hot gas through the reaction chamber, thereby reducing the dispersion
speed of il hydrocarbon spray in the gas flow and increasing the particle size distribution of the

resulting carbon black.

8. Apparatus as in Claim 7, wherein the reaction chamber is defined by an
internal wall, and further characterized in that the means comprises a spray nozzle spaced radially
inwardly a substantial distance from the surface of the reaction chamber, and by a conduit receiving

a supply of oil and extending inwardly through the internal wall for connection to the spray nozzle.

9. Apparatus as in Claim 7, further characterized in that the feedstock
hydrocarbon introducing means introduces the feedstock hydri:carbon so that the introduced

feedstock hydrocarbon covers substantially less than the entire frontal area of the hot gas flow.
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10.  Method of producing carbon black comprising the step of providing a flow

of hot gas through a reaction chamber, and characterized by the step of introducing a hydrocarbon -

spray into the gas flow in a direction substantially parallel to the gas flow, so as to control the

particle size distribution of the resulting carbon black.

11.  The method as in Claim 10 further characterized by the step of introducing
the feedstock hydrocarbon in a direction substantially countercurrent to the flow of hot gas through
the reaction chamber, thereby increasing the dispersion speed of the hydrocarbon spray in the gas

flow and narrowing the particle size distribution of the resulting carbon black.

12, Method as in Claim 11, further characterized by the step of producing the
spray pattern symmetrical to and coaxial with the longitudinal axis of the hot gas flow, whereby the
hydrocarbon spray covers substantially the entire cro:s-sectional area of the hot gas flowing

through the reaction chamber.

13, Method asin Claim 10, wherein the feedstock hydrocarbon is introduced
through a spray nozzle spaced radially inwardly a substantial distance from the surface of the
reaction chamber, the spray nozzle being connected to a feedstock hydrocarbon concuit, the

method further characterized by the step of forming a jacket of air around the conduit so as to

prevent oil deposition on the conduit.

14, Method as in Claim 10 further characterized by the siop of introducing the
feedstock hydrocarbon in a direction substantially concurrent to the tlow of hot gas through the
reaction chamber, thereby reducing the dispersion speed of the hydrocarbon spray in the gas flow

and increasing the particle size distribution of the resulting carbon black.
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15. Method as in Claim 14, further characterized by the step of introducing the
feedstock hydrccarbon so that the feedstock hydrocarbon introduced Govers substantially less than

the entire frontal area of the hot gas flow.

16.  Apparatus for producing carbon black, comprising a combustion chamber
operative to produce a flow of hot gas, a reaction chamber having an inlet receiving the flow of hot
gas and having an outlet opening so that the hot gas flows through the reaction chamber; and
characterized by a pipe connected to receive a supply of feedstock hydrocarbon and extending
radially into the reaction chamber, and means connected to the pipe within the reaction chamber and
operative to introduce the hydrocarbon feedstock into the reaction chamber in an axial direction
substantially parallel to the flow of hot gas, so as to control the particle size distribution of carbon

black particles thereby produced.

17.  Apparatus as in Claim 16, further characterized in that the means introduces
the hydrc.ucbon feedstock in a direction substantially countercurrent to the flow of hot gas through
the reaction chamber, so that the introduced feedstock covers substantially the entire frontal area of
the hot gas flow and thereby increases the dispersion speed of the hydrocarbons in the gas flow

and narrows the particle distribution of the resulting carbon black.

18.  Apparatus as in Claim 16, further characterized in that the means introduces
the hydrocarbon feedstock in a direction substantially concurrent to the flow of hot gas through the
reaction chamber so that the introduced feedstock covers substantially less thar the entire frontal
area of the hot gas flow and thereby reduces the dispersion speed of the hydrocarbon spray in the

gas flow and increases the particle size distribution of the resulting carbon black.

N -\~
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19. Apparatus as in Claim 16, wherein the reaction
chamber is defined by an internal wall, and further
characterized in that the pipe extends radially through
the internal wall from outside the reactor, and the means
comprises a spray nozzle connected to the pipe and located
coaxially with the longitudinal axis of the reaction
chamber.

20. A method for producing carbon black substantially as
hereinbefore described with reference to the accompanying
drawings.

21. An apparatus for producing carbon black substantially
as hereinbefore described with reference to the
accompanyi.g drawings.

DATED this 6th day of November 1991
COLUMBIAN CHEMICALS
Patent Attorneys for the

Applicant:

F.B. RICE & CO.
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