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CARBON BLACK COMBUSTABLE GAS SEPARATION

[0001]

TECHNICAL FIELD
[0002] The field of art to which this invention generally pertains is methods for making use

of energy to effect chemical changes.

BACKGROUND

[0003] There are many processes that can be used and have been used over the years to
produce carbon black. The energy sources used to produce such carbon blacks over the years
have, in large part, been closely connected to the raw materials used to convert hydrocarbon
containing materials into carbon black. Residual refinery oils and natural gas have long been
a resource for the production of carbon black. Energy sources have evolved over time in
chemical processes such as carbon black production from simple flame, to oil furnace, to
plasma, to name a few. As in all manufacturing, there is a constant search for more efficient
and effective ways to produce such products. Varying flow rates and other conditions of
energy sources, varying flow rates and other conditions of raw materials, increasing speed of
production, increasing yields, reducing manufacturing equipment wear characteristics, etc.
have all been, and continue to be, part of this search over the years.

[06004] The systems described herein meet the challenges described above, and can
additionally attain and/or safely enable these more efficient and effective manufacturing
processes by dealing with the residual combustible gasses often contained within the carbon

black agglomerates produced.

BRIEF SUMMARY
[0005] A method of making carbon black in a reactor is described that results in a high
concentration of combustible gasses contained in the pores of the carbon black produced,
where the combustible gasses contained in the pores are replaced with inert gas to render the
carbon black safer to process in downstream equipment. A method of separating combustible

gasses from the pores of a carbon black agglomerate production is also described including,
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discharging the carbon black produced into an upward flowing stream of inert gas causing the
combustible gasses contained in pores of the agglomerate to diffuse into the inert gas, while
the inert gas diffuses into the pores.

[0006] Additional embodiments include: the method described above where the carbon black
is made in a plasma process; the method described above where

the combustible gasses are present in an amount greater than 30% by volume on a dry gas
basis; the method described above where the combustible gasses are replaced by changes in
absolute pressure; the method described above where the combustible gasses are replaced by
changes in temperature; the method described above where the inert gas is nitrogen; the
method described above where the inert gas is a noble gas; the method described above
where the inert gas is steam; the method described above where the inert gas is carbon
dioxide; the method described above where the combustible gasses replaced mix with the
inert gas used for replacement, and the resulting mixture is used as a fuel; the method
described above where the resulting mixture of combustible gases and inert gas is further
processed to concentrate the combustible gasses for use as a fuel; the method described above
where the resulting mixture of combustible gases and inert gas is further separated into
components for use as chemical feedstock; the method described above where the separation
of the combustible gasses is obtained by pressure swing adsorption or absorption, vacuum
pressure swing adsorption or absorption, temperature swing adsorption or absorption,
condensation of the inert gas, molecular sieves or other membranes, or scrubbing; the method
described above where the concentration of the combustible gasses is obtained by pressure
swing adsorption or absorption, vacuum pressure swing adsorption or absorption, temperature
swing adsorption or absorption, condensation of the inert gas, molecular sieves or other
membranes, or scrubbing; the method described above where the separation and/or
concentration of the combustible gasses is obtained by flowing the gasses through a mass of
carbon black to remove the combustible gasses; the method described above where the
separation and/or concentration of the combustible gasses is obtained by the utilization of a

fluidized bed.

DETAILED DESCRIPTION
[0007] The particulars shown herein are by way of example and for purposes of illustrative
discussion of the various embodiments of the present invention only and are presented in the
cause of providing what is believed to be the most useful and readily understood description

of the principles and conceptual aspects of the invention. In this regard, no attempt is made
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to show details of the invention in more detail than is necessary for a fundamental
understanding of the invention, the description making apparent to those skilled in the art
how the several forms of the invention may be embodied in practice.

[0008] The present invention will now be described by reference to more detailed
embodiments. This invention may, however, be embodied in different forms and should not
be construed as limited to the embodiments set forth herein. Rather, these embodiments are
provided se that this disclosure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art.

[0009] Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. The terminology used in the description of the invention herein is for
describing particular embodiments only and is not intended to be limiting of the invention. As
used in the description of the invention and the appended claims, the singular forms “a,”
*“an,” and “the” are intended to include the plural forms as well, unless the context clearly

indicates otherwise.

[0010] Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the following specification and attached
claims are approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the claims, each numerical
parameter should be construed in light of the number of significant digits and ordinary
rounding approaches.

[0011] Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in their
respective testing measurements. Every numerical range given throughout this specification
will include every narrower numerical range that falls within such broader numerical range,
as if such narrower numerical ranges were all expressly written herein.

[0012] Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or may be learned by practice

3

Date Regue/Date Received 2022-08-04



CA 02975730 2017-08~02

WO 2016/126598 PCT/US2016/015939

of the invention. It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive of
the invention, as claimed.

[0013] Many of carbon black system improvements result in more fuel rich reactor effluent
gas streams {(often referred to as tail gas). For example oxygen enriched furnace systems can
contain higher concentrations of hydrogen and other combustibles, together with lower
amounts of nitrogen. For some systems, such as plasma, thermal, acetylene, the resulting gas
stream essentially only contains combustible gases. These improved systems often include
the separation of the black from the effluent gas stream. The separated black agglomerates
will still then contain substantial amounts of the combustible gasses, with no guidance as to
how to safely handle the product carbon black once it is separated from the gas stream.
[0014] As disclosed herein, a method is described for separating hydrogen and other
combustible gasses from the pores of a carbon black agglomerate production stream. It
should be noted that the term pores includes not only pores at the surface of the carbon black
but interstices within the carbon black aggregates and agglomerates as well. The carbon
black is formed in a system of making carbon black which results in the gasses made in
forming the carbon black typically containing more than 30% by volume combustible gasses.
Such systems can include plasma and other thermal cracking systems, oxygen enriched
furnace and other combustion based systems, and other conceivable systems that result in
higher combustible gas concentrations in the reactor off gas, e.g. high temperature heating
such as solar, resistive and inductive heating. Such processes produce black that is typically
filtered, separated with a cyclone, or otherwise separated from the bulk of the reactor off gas
(often referred to as tail gas) leaving the pores of the agglomerates full of combustible gasses.
[0015] These gasses contained within the products produced can present a significant safety
hazard to downstream air processing equipment (classification, milling, pelletisation, drying
etc), including up to the potential for explosions and deflagrations. The processes described
herein remove such combustible gasses from the pores of the black aggregates and so protect
the downstream equipment that processes the black in air or air mixtures.

[0016] The combustible gasses can be removed from the pores of the black aggregates by
variety of processes as described herein, including varying the pressure or temperature, or
discharging the carbon black produced into an upward flowing stream of inert gas causing the
combustible gasses contained in pores of the agglomerate to diffuse into the inert gas. The
inert gas used to vary the pressure or provide the upward flowing inert gas can be nitrogen,
carbon dioxide, steam, a combination of noble gas such as helium, neon argon, krypton,
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xenon etc., or one noble gas, or combinations of the above. The resulting gas stream that
contains the combustible gasses can also be separated from the inert gas, so that the inert gas
may be reused to treat more product, and the combustible gas recovered for use as a fuel or
for sale of the fuel gas stream or its components.

[0017] The combustible gasses entrapped within the pores of carbon black
agglomerates produced in a typical plasma torch system and other high intensity
carbon black processes, is recovered by counter current flow of nitrogen. The
combustible gasses removal can also take place by pressure swing with nitrogen or
another inert gas so that each change in pressure, from multiple atmospheres down to
a lessor pressure or even a vacuum, displaces the combustible gasses with an inert
gas. Other methods can include temperature swings or just leaving the product in
filters overnight so that the combustible gasses diffuse out over time.

[0018] Pressure swing degassing requires a pressure vessel to contain the change in
pressure necessary for the use of a pressure swing. The same is true should the pressure
swing use a vacuum instead of or supplemental to the pressure swing. While
discontinuous, such pressure swings can take place over a short period of time and so
result in conversion of the product in a relatively short period of time. Temperature
swings would also effectively displace the pore combustible gasses, but would likely take
longer time than pressure swings or counter current methods.

[0019] Removal of hydrogen overnight also takes too long for a continuous production
process. Flowing gas through a mass of black would also remove the combustible gasses.
Additionally the utilization of a fluidized bed could enable the separation of combustible
gasses from the carbon black.

[0020] The counter current embodiment sets up an upward flowing inert gas that the black
falls through. When discharging the black from the main unit filter it is sent into an
upward flowing stream of inert gas. As the black falls down through the inert gas the
hydrogen will diffuse out of the pores of the agglomerate into the inert gas. The buoyancy of
the hydrogen and other combustible gasses will assist with this process. This embodiment
should result in the least use of nitrogen/inert gas, the highest concentration of combustible
gasses in the evolved gas stream from this process, and complete the process continuously.
[0021] The mixture of inert gas and combustible gasses produced by this process can also
receive additional processing to separate or concentrate the combustible gasses. This
processing would then increase the sales value of the combustible gasses and may enable

separating the combustible gasses into various components that could then also use as
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chemical feedstocks. These methods include molecular sieves pressure and vacuum pressure
swing adsorption, condensation of the inert gas, and or scrubbing. The inert gas removed (or

remaining) may also then be suitable for reuse in combustible gas removal from the black.

EXAMPLE

[0022] A plasma black as made is filtered into a vessel where most of the effluent gasses
have passed through the filter. The pores of the plasma black are filled with combustible
gasses in such a quantity that >80% of the volume of the black is filled with hydrogen. A
200 kg (kilogram) process sample of black, despite the carbon having a density of ~1800
kg/m® (meters®), will have a pour density of approximately 50-200 kg/m’ in the vessel, and so
there is up to approximately 3.9 m® of combustible gasses in the pores of the black that
occupies up to 4 m® of vessel volume. These gasses are subjected to a nitrogen pressure
swing such that the nitrogen is purged into the system at a pressure of 5 bar (or higher). The
gasses are then released and the gases contained in the pores would now constitute 80%
nitrogen and 20% hydrogen. Repeating this process then results in a similar 80% reduction in
the hydrogen concentration in the pores, so that after multiple cycles the hydrogen has been
substantially replaced by nitrogen rendering the pore gasses inert. For this example, 3 degas
iterations were run at a pressure of 5 bar to reduce the amount of combustible gasses
remaining in the pores to less than 1% hydrogen by volume. The flammability limit for
hydrogen in nitrogen is 5.5%.

[0023] Thus, the scope of the invention shall include all modifications and variations that
may fall within the scope of the attached claims. Other embodiments of the invention will be
apparent to those skilled in the art from consideration of the specification and practice of the
invention disclosed herein. It is intended that the specification and examples be considered as
exemplary only, with a true scope and spirit of the invention being indicated by the following

claims.



CLAIMS

1.

A method of making carbon black, comprising:

(a) generating the carbon black in a reactor, wherein the carbon black comprises
pores containing combustible gasses, wherein the combustible gasses (i) are
present in an amount greater than 30% by volume on a dry gas basis and (i)
comprise hydrogen; and

(b) directing an inert gas to the carbon black to replace the combustible gasses
contained in the pores with the inert gas to yield a reduced concentration of the
combustible gasses in the pores of the carbon black.

The method of claim 1, wherein the carbon black is made in a plasma process.

3. The method of claim 1, further comprising discharging the carbon black into an upward

A

10.

11.
12.

13.
14.

15.

flowing stream of inert gas to cause the combustible gasses contained in pores to diffuse
into the inert gas, while the inert gas diffuses into the pores.

The method of claim 1, wherein the combustible gasses are replaced by the inert gas by
changes in absolute pressure.

The method of claim 1, whercin the combustible gasses are replaced by the inert gas by
changes in temperature.

The method of claim 1, wherein the inert gas is nitrogen.

The method of claim 1, wherein the inert gas is a noble gas.

The method of claim 1, wherein the inert gas is steam.

The method of claim 1, wherein the inert gas is carbon dioxide.

The method of claim 1, further comprising mixing the combustible gasses with the inert
gas to form a mixture.

The method of claim 10, wherein the mixture is suitable for use as a fuel.

The method of claim 10, wherein the mixture is further processed to concentrate the
combustible gasses for use as another fuel.

The method of claim 10, wherein the mixture is further separated into components.

The method of claim 1, further comprising subjecting the combustible gasses to pressure
swing adsorption or absorption, vacuum pressure swing adsorption or absorption,
temperature swing adsorption or absorption, condensation of the inert gas, molecular
sieves or other membranes, or scrubbing.

The method of claim 1, further comprising flowing the combustible gasses through a

mass of carbon black to remove the combustible gasses.
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16. The method of claim 1, further comprising providing the combustible gasses a fluidized
bed.

17. The method of claim 1, wherein the reduced concentration of the combustible gasses
is below a flammability limit of the combustible gasses.

18. The method of claim 1, wherein prior to (b), hydrogen fills more than 80% of a
volume of the pores.

19. The method of claim 1, wherein subsequent to (b), the hydrogen fills less than 20% of

the volume of the pores.
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