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This invehtion consists in a novel and unltary process

;}of making carbon black and a synthesls gas. It is characterized

by the step of burning streams of a gaseous medium containing

ia hydrocarbon in 1liguid or vapor form together with oxygen, in

the absence of air, in a conflned and uncbstructed combustion

f£apace. 1t has the advantage of lnoreasing the yiald of carbon

|

l black and of producing also a valuable gaseous product.

It has been the practice for some time to manufacture
1iguid fuels from nabural gas using a synthesls gas made from
natural gas and oxygen and consisting of CO and Hg. In that
process, for example, dry ratural gas may be burned under high
pressure with oxygen to yleld a synthesis gas having carbon
monoxide and hydrogen as 1ts princlpal constituents and a com=
position that may be controlled within narrow limits. The pro=-
cess may be carried to its conslusion on the Fischer=-Tropsch
synthesls principle whereby a geseous mixture of carbon monoxide
and hydrogen passed over a catalyst under sultable conditions of
temperature and pressﬁre 1s caused to yleld hydrccarbons in the
1iquid fuel range., I have dlscovered that by supplying a liquld
hydrocarbon in dispersed or vapor form and cxygen in the proper
proportions to the combustion space of a carbon black producing
furnace, I can not only improve the yleld and production rate
of carbon but produce a tall-gas which 1s of the compogition
desired for the Fischer~Tropsch synthesis, For each 15,000
cubic feet of this synthesis gas charged to the plant, one barrel
of crude synthetle oil and substantial amounts of valuable
oxygenated compounds, including alcchols, ketonss and amldehydes,

are produced.
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I have found that the use of pure oxygen wilth such

:Edispersed or vaporized liquid hydrocarbons and without compensa-

tration of carbon black within the combustion chamber. There is,

| moreover, in some cases a deleterious effect on the quallity of

the carbon black due to the high concentration of the rescting

| hydrocarbon fuel, and a tendency to form carbon black of large

particle size. Both of these difficulties I have been able to
overcome without sacrificing the yleld of high grade Fischer-
Tropsch synthesis gas., As a further feature of my invention,
thersfore, 1 contemplate recirculating a substantial portion of
the tall=gas, and mixing it with the oxygen to form a dilute
oxygen mixture which may then be burned with the liquid hydro-
carbon., The re-introductlon of carbon monoxide and hydrogen with
the oxygen delivered to the combustlion space has a favorable
effect 1n suppressing some of the carbon destroylng reactions,
as to a certain extent the oxygen burns the'CO and H2 first, thus
tending to increase the net recovery of carbon from the cai-
bonaceous medlum consumed. The carbon destroying reactions
suppressed or reduced in thls manner are (1) the burning of the
hydrocarbon charge (since carbon monoxide and hydrogen will burn
more rapidly), and (2) a reduction in the water gas reaction

C + Hy0 €—=, CO + H,
due to the already high partial pressure of carbon mcnoxlde and
hydrogen tending to prevent the reaction from taking place to

the rlght.
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By the process of my invention a stack or tall-gas is
produced which centains large dquantities of CO and Hz contami-
nated only with relatively small amounts of (05, water vapor, and;
undecomposed hydrocarbon, all of which can be removed from the ‘
CO and Hy by convenlent and inexpensive steps; for example, by %
scrubblng the tailegas with an alkaline solution to remove |
carbon dloxide and any hydrogen suliide and drying the gas by
absorption, adsorptlion, or refrigeration.

It may be notsd at this peint in explanation of the
advantages of the present invention that 1f air should be used
with the charged gaseous medlum rather than oxygen, the tail-
gases would be contamlinated with nlgrogen which cannot be removed
except by é coatly liquefaction process.

It is evident that in mixing pure oxygen with CO and
Hz, an explosive mixture 1s likely to result. It 1s important,
therefore, to carry out this step under certaln safeguards; for
example, 1t may be desirable to dilute the CO=H, recycle gas
with extra quantitles of 002 and water vapor tc reduce the 1lnw
flammabllity 1limits of the mixture. This i= not objectionﬁble
because both €05 and water vapor tend to some extent to be -con-
verted to H2 and G0 under the reduclng conditions withlin the
combustion apaca.

Incidentally, some of the less desirable llquid hydro=
carbon products of the Filscher-Tropsch synthesls may be used as
fuel for the carbon black furnace, or the resulting oil may be

catalytically cracked to produce additiocnal gasolene and the




10

15

20

w5

531394

recyele gas oil could be burned to make carbon and more synthe-
sis gas. By proceeding in this manner we have a process which
produces two marketable products, high=grade gasolenes and high-
grade carbon black, and no unused by-products.

My invention contemplates the employment of an all

1liquid nydrocarbon feed; no natural gas being needed at all.

The methane and ethans produced in the Fischer-Tropsch synthesis

would in thls case be returned to the carbon black furnace, this

being a moat desirable use for such by-product gas.

The desired ratlo of hydrogen to carbon monoxlide for
the Fischer-Tropach synthesis ls about two. This 1s obtalned
by the reaction

CHy + 1/2 0p —> O + 2H,
When some of the carbon is removed 1n the form of carbon black
this ratio is somewhat increased., Some of the hydrogen may be
g1so removed in the form of water. Operating condltions may be
ad justed to permit this result.

These and other characteristics of my inventlon wilil

be best understood and appreclated from the followlng description

of a preferred manner of putting 1t into practlce as suggested
by the accompanylng flow sheet and apparatus shown In the ac-

companying drawings in which:

'
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Figs 1 is a dlagrarmatic flow sheet of the procsss,

Fig. 2 is a dlagrammatlc vliew of a plant for carrying
out the process,

Fig. 3 1s a fragmentary view showlng diagrammatically
one form of reactor used in carrying out the combustion step of
the process, and

Fig. 4 13 a sectlonal view of a sultable burner nozzle.

Referring first to the flow sheet, it may be assumed

that the carbon black furnace therein indicated is of general

type. To the burner of this'furnace a liquid hydrocarbon, referrqd

to as "make material," is supplied by the pipe line marked "MAKE
MATERIAL" and oxygen is supplied by the pipe line marked "OXYGEN"
from an oxygen separation unit of any convenient or commercial
design. The make meterial may be a preheated residual oll, here-
inafter described, atomized by a gas or by pressure, or it may
be gas=oil which can be Introduced Into the furnace as a vapor
alone or admixed with tail-gas or other suitable gaseous medium,
Oxygen is supplied in a ratio of about two volumes of make
material to about one volume of oxygen., The make material thus
supplied is burned under conditions of partial combustion within
the furnace, the oxygen belng completely consumed., The products
of combustion and ecarbon black are led from the furnace to a
conventional carbon black collection system.

The carbon black may be drawn off through the duct
marked "CARBON BLACK" and the tall-gases advanced to a carbon
dioxide removel station., At this stage carbon dloxide may be

removed by scrubbing the gas with an alkaline solution and
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I discharged through the pipe marked "CARBON DIOXIDE", A% this ;

may be removed by sultable equipment,

The recycle gas may be led from the duct leaving the
carbon black ceollection system and recycled through a dryer, é
marked "DRYZER" In the flow sheet, to form part of the make materiai
or with the oxygen supplied to the carbon black furnace, or to be |
delivered directly to ths furnace simultansously with them. The |
flow sheet 1ndicates valved connections for any ons of thg degired
dispositions of the recycle gas. In some cases it may be desir-
able to omlt the step of drying the recycle gas, since, as already
polnted out, in the combustlon space the water vapor will break j
down into CO and HZ‘

Upon leaving the allien gas removal stations, if the
water is to be removed, the tall-gas ls passed through a dryer'and
the dry gas produced 1s ready for fischer-Tropsch syntheslis,

in order to proceed under the same conditions that are
now employed 1n making several grades of standard furnace carbon’
blacks from aromatlc tars, for example, the amount of tall-gas
reclrculated 1s adjusted to about four volumes of the gas-atomizad
hydrocarbon supplled to the system; thqt i1a to say, there 1s de-
livered to the combustlon space two volumes of gas-tar or gas-oll,
ong volume of oXygen, and four volumes of recycle gas., Sihce the
recycle gas is substantially all combustible, thils means about six
parts of combustible materials to ome part of oxygen.

In using this ratlo of gaseous ingredlents I have found

it desirable to feed the make material which 1s to be cracked to
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1 i
jcarbon black, i.e. the gas-atomized liquid or wvaporized hydrocarbon
I

joil, to the furnace 1n a divergent atomized apray or gaseousd cone,
i
|

Referring to Fig, 3, the furnsce hereln shown includss

an elengated reaction chamber 10 which is preferable circular in
?cross-ssction and 1s enclosed within a stesl shell 12 with a
?lining 14 of refractory material. At 1ts left or Inlet end the
ireaction chamber tapers as shown at 16 %o an inlet passage or
ithroat 18 of substantlially less diameter than that of the reaction

b

ichambar 10 of the furnace and which provides the main inlet to the

ifurnace. This furnace taper 16 is important in that is approxi-

mates the angle of the oll spray and thus promctes more efficlent

|transfer of radiant heat to the oll containing cone. A burner

pipe 22 1z centered in the throat 18 and extends into the reaction

chamber 10. The chamber is open at the end cpposite the burner

and communlcates with a flue 20 for the passage of the gasesous

products of combustion and entralned carbon black to the colleot-

ors and other elements of the apparatus as shown in Fig. 2.

The combination burner through which the make materiﬁl
Lnd supplemental gases are imtroduced into the furnace is shown
in Fig. 3 and 4. This burner consists of a horizontsl plpe 22 -
terminating at its inner end in a composite head 24 provided with
@ circular serles of oxygen orifices 26 and a central nozzle 28,
The forward asdge of the head 24 1s beveled to present a conical
purface at any desired degree of angularity to its axis. The
orifices 26 may be directed outwardly elther radially or forwardly

at an angle of less than 90° to the axls of the burner pipe as

|
shown in Filg, 4.
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The pipe 22 terminates outslde the furnace in a mixing

chamber 30 where the liquid hydrocarbon oil, preheated if desired

‘to improve its fluidity, 1s supplied through the inlet pipe

marked "MAKE MATERIAL" and is initially aspirated by and mixed

éwith re=girculated tail-gas supplied through the pipe marked

N COMPRESSED TAIL-GAS". The hydrocarbon mlxture thus formed 1is

supplied to the head 24 through a smaller pipe 32 enclesed within
the burner pipe 22 and is dellvered in the manner already stated

from the nozzle 28, The mixing chamber 30 may be of any conven-

‘tional deslgn which employs the two {luld atomlzaticn principle.

Many such are readily available and satiafactory for the purposes
of this inventlon.

Oxygen is supplied to the burner pipe 22 through the
pipe mﬁrked "0p" and is delivered to the reaction chamber through

the orifices 26 as a hollow cone enveloping the hydrocarbon cone

| de11ivered by the nozzle 28,

Re~clrculated talle-gas ls delivered to the furnace by
a duct 32 which lsads tangentially to a circular header 34
located adjacent to the throat 18 of the furnace. Tail-gas is
thus delivered in such fashion as to form a whirling blanket upon
the inner wall of the reactlion space surrounding the composite

cone which is being delivered by the head 24. Supplementary

streams of tail-ges may be delivered to the reactlon space through

duct; %6 and 38 which open tangentially into the sides of the
furnace.

The approximate distribution of the Ingredlents will
be apparent from Fig, 3 of the drawings. A Jet of unburned

atomized or vaporlzed oil 1ssues from the nozzle 28. This is
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i
i
i
i

ﬂsurrounded on all sides by an area of oxygen and that in turn is

i

§
ﬂsurrounded by a whirling blanket of tail-gas. Dlrecily oppoaite
|

;the burner pipe is & luminous zone whersln the carbon black is

i
1#

iformed. On atl sides of thls zone and partially overlapping the

adjacent zonss is a zone where the oxygen burns with the recycle

gas and also with the oil'spray or vapor. Beyond these deflnlte
zones the oxygen has disappeared and carbon black is formed at

high temperature from the products of combusticn as they advance

toward the outlet duct 20 of the combustlion space.

\ In Fig. 2 is shown a plant organized to operatefin
accordance with the flow sheet of Fig. l. The various élements
of the plant are c¢learly marked. The furnace may be of the:ﬁype

above deseribed. The products eof combustlion, including the

particles of carbon black suspended therein, pass directly from
the furnace to & vertical cooler wherein a spray head distributes
cooling water to the rlsing gas-borne column of earbon black
particles. The partially cooled aerosol ls then passed through
a'pair of Cottrell separators and then to a palr of cyclone
separators., The carbon black 1s precipitated and delivered by
An underlying conveyor to apparatus marked "DUSTLESS FROCESS"
wherein the flocculent carbon black is converted into dustless
self-sustaining pellets., 1In this form it is conveyed by an
inclipned serew conveyor to a storage chamber from which it can
be conveniesntly packKed into bags.

Meanwhile the gaseous producta of combustion are drawn

from the second cyclone separator in the series and conducted

the condenser tha'gas may be recycled at once to the furnace or

through a condenser wherein they are further cooled. Upon leaving
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.éto the oxygen supply pipe or to the mix ing chamber 30. The re-
fmainder of the recycle gas 1s caused to flow upwardly through a

H
. carbon dioxide absorber herein shown as consisting of a bubble

} cap tower. The gas now freed from COp 1s conducted directly to a
éstation for hydrocarbon synthesls marked "HYDROCARBON SYNTHESIS
PLANT", From this may be drawn gaseous hydrocarbona to be re-

i turned to the furnace, liquld hydrocarbons and oxygenated by

| products.

The process of this Inventlion may be carried out with
any gultable liquld hydrocarbon, even with residusl olls and tars
that are procurable at low cost, The term "resldual oil" i3 used
herein to include a wide varlety of olls and tars remaining from

varlous types of hydrocarbon distlllation and cracking operations,

In 1ts broader sense and as used in the petroleum art, the term l

"ragidual fuel" includes every type of resaldue from such operatlon

inecluding the tar-like substances left from the destructive distll+
| lation of coal. A1l such olly are characterized by belng not E
fully vaporizable under atmospheric conditions and some of them
w11l e¢rack beforse as little as 50% has gone overhemd. The greatly
preferred residual oclls are those which fall within the following

range of physical characterlstics:
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Viscosity in excess of 60 Saybolt Seconds Unlversal at lOOOF.%
Viscosity in excess of 30 Saybolt Seconds Universal at 210°F.I
A.P.I. Gravity less than 11, _

i Specific Gravity in excess of .98 at 60° F.

5 | Hydrogen-carbon ratic of between .75 to 1.25,

Conradson carbon residue in excess of 3%.

However, I can produce carbon black and synthesis gas
from other liquid hydrocarbons or tars, or from other residual

fuels, although it has been found that olls 1n the limited cate-

10 gofy above defined are preferred by reason of their high ylelds

of good quallty carbon blacks.
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The embodiments of the Invention in which an exclusive

property or privilege is claimed are defined as -I‘ollows':

I
1. A continuous process of producing parbop black and i
gynthesls gas for llquid fuel, whiéh 18 cheracterized by the steps?
of introducing a gas atomlzed sprayiqf?lﬁqﬁid\hydrocarbon into. an
elongated reaction space, simultaneously introducing substantilally
pure oxygen into said chamber in a plurality of jets initiated in
a circle around and closely adjacent the o0il spray, flowing a.
stream of substantially nitrogen-free recycle gas past the Jets

and spray, burning a porticn of the combustibles in sald reaction |

space thus dlssociating a . portion ‘of the liguid hydrocarbon to

hydrogen,ncarbon menoxide, and carbon dioxide, separating the
carbén bla@k‘from the tall gas,,recycliﬁg a portion of the tall
gas to thé réaction space, separating the carbon dioxide and water
from the remainder of.tha tall gas and recovering the synthasis

Eag'theraby produced,
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2, A gontinuous process of producing carbon black and

lgynthesis gas for liquid fuel, which Is characterized by the steps‘
;of continuously delivering to an unobstructed combustion space .
Econtiguous streams of (1) m gaseous medium conbalning a hydrocarboﬂ
;oil, (2) nitrogen-free récycle gas, and (3) substantlally pure
loxygen, and maintaining reaction temperature by partial combustion;
of the oxygen with the recycle gas and the hydrocarbon oll contain%
sd in the sald gaseous medium thereby producling carbon black and |
i

1tail gas consisting essentlially of hydrogen, carbon monoxide, and

carbon diloxide, separating the carbon black from the tall gas,

recycling a portion of the tail gas to the combustion apace,

separating the carbon dioxide from the remalnder of the tall gas

and recovering the synthesis gas thereby produced.
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3« A continuous process for producing carbon black and
gynthesis gas for liguid fuel comprising the steps of dellvering
to an unobstructed reection space a central spray of normally
liguid hydrocarbon, surrounding sald spray with a plurality of
jets of substantially pure oxygen, flowlng a stream of nitrogen=
free recycled tail éas past the jets of oxygen and the liqﬁid
hydrocarbon spray, burning a portion of the 1liquld hydroccarbon
and the recycled tail gas to dissociate the remainder of the
liquid hydroecarbon, thereby producing carbon black and tall gas
consglsting essentially of hydrogen, carbon monoxlde and carbon
dioxlde, separating the carbon black from the tail gases, recy-
cling a portion of the tail gases %o the reaction space, separa-
ting the carbon dloxlde and water from the remaindsr of the tall

gas and recovering the synthesis gas thereby produced.
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