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This application is a continuation-in-part of my prior
copending application Ser. No. 76,421 filed December 16,
1960, which is a continuation-in-part of my prior copend-
ing application Serial No. 305,940, filed August 23, 1952,
both now abandoned. ]

This invention relates to an improved process for
producing synthesis gas.

Synthesis gas is a mixture of carbon monoxide and
hydrogen which is appropriate as a charge to a synthesis
process for the production of hydrocarbons and the like.
The synthesis gas, furthermore, is a ready source of hy-
drogen or carbon monoxide for use in other chemical
processes. The mixture, furthermore, is an excellent
reducing gas advantageously employable in the direct re-
duction of iron ore. The generation of synthesis gas
by the partial oxidation of hydrocarbons, and particular-
ly gaseous hydrocarbons, by oxygen of high purity at
elevated pressures and at elevated temperatures is known
to the art. I have found that the partial oxidation proc-
ess under appropriate process conditions may be sub-
stantially completed in less than a second, and that the
process requires no catalyst. I have found, further, that
the shape of the reaction zone, that is, the relationship
between the surface area of the reaction zome and its
volume, does not substantially affect the process, as set
forth in Eastman et al., USP 2,582,938, By way of dis-
tinctive contrast, I have found that the unparallel prob-
lems encountered in the partial oxidation process are
basically concerned with the method whereby the partial
oxidation reaction is caused to take place. First, as will
be more specifically set forth hereinafter, the method
must ensure very rapid and complete mixing of the re-
actants. Second, the reaction between the hydrocarbon

and oxygen must take place in a suitable reaction zone -

entirely away from and without impingement of the ex-
tremely high temperature reacting gases on the reactant
nozzle structures. In addition, the stated reaction zZone
must be free of any construction: whereby eddy current
mixtures of the reactant gases burn on the nozzle struc-
tures, which thereby act as flame-holders, or whereby
free carbon from the pyrolytic cracking of the hydro-
carbon becomes critically encrusted on the nozzle struc-
tures ‘and reactant ports. These same discoveries have
subsequently been made in the separate investigation of
Eastman as noted in the specification of USP 2,838,105
and others. The prior art patent teaches that when the
residual methane content is in the range above 4.5 percent,
the amount of soot formation becomes intolerably exces-
sive, resulting in costly equipment failures. Practically
speaking, the residual methane is controlled to within a
fraction of a percent, preferably in the range of 0.2-0.3
percent, and approaching 0.0 percent.

A plant employing the method of the prior art with the
partial oxidation of gaseous hydrocarbons for the genera-
tion of the synthesis gas has been built by Carthage Hy-
drocol, at Brownsville, Texas. - ‘This plant has been un-
able to operate continuously and has, during its periods
of intermittent operation, operated - at only a fraction of
its designed capacity. The difficulty has been occasioned
in the synthesis gas generators where partial combustion
of methane with substantially pure oxygen under condi-
tions for optimum generation of synthesis gas has resulted
in repeated birnouts of the generator jets.
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The reaction for the partial oxidation of methane
may be represented as follows:

CHy+41504> 2H;3-+C0+410,000 B.t.u.

If there is excessive oxygen present, two reactions oc-
cur. First, we have the complete oxidation of methane
which may be represented as follows:

CH4+-205~>CO,+-2H,0+345,000 B.t.u,

"It will be noted that there is a tremendous heat gener-

ated by this highly exothermic reaction. The arrange-
ment of the gemerator jets in the prior art is such that .
there is always present in the reaction chamber a local
excess of oxygen permitting the highly exothermic re-
action of complete oxidation of the hydrocarbon to oceur.
The heat thus generated is the cause of the difficulty
being experienced at the Brownsville, Texas, Hydrocol
plant. There is an additional side effect created by per-
mitting the complete oxidation of methane to occur. The
local reduction in'the oxygen present by the overuse of
some of it results in a local oxygen deficiency with the
result that some of the methane of the charge will pro-
duce free carbon, as follows:

CHeCH-2H,

The carbon dioxide present will produce a synthesis
gas mixture by the following reaction.

The deleterious effects- of the local excess of oxygen
and the accompanying exothermic complete oxidation of
methane caused thereby will produce the excessive heat
which causes the metal of the generator jets to burn out.
In addition, free carbon is formed.

It will be seen that a complete, continuous and rapid
commingling of the reactant gases is necessary if a sus-
tained, continuous production of synthesis gas is to be
obtained unaccompanied by the deleterious effects pointed
out above. The gases cannot be premixed before enter-
ing the reaction zone since flash backs will always occur
if this be attempted. The gases cannot be mixed until

- they reach the reaction zone and then their commingling

must take place through an extended area within the re.
action zone. In this manner, local excesses of oxygen
are prevented and the deleterious highly exothermic com-
plete oxidation of methane will not occur {o any substan-

" tial degree.
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* may be a liquid hydrocarbon,

In general, my invention contemplates preheating the
reactant gases to a temperature of about 1000° F. The
hydrocarbon may be a mixture of hydrocarbon gases or
if desired. 1In the case of
liquid hydrocarbons, the average reaction may be rep-
resented by the equation:

CuHent5 05 H, +nCO

- The oxygen reactant should have a high purity, prefer-
ably of better than 80 percent, though the process may
operate with an- oxygen content of at least 40 volumes
percent of free oxygen. The preheating temperature in
the case of liquid hydrocarbons will be sufficient to vapor-
ize them so they may be considered as gaseous hydro-
carbons for the purpose of my process. . .

The reaction time is substantially independent of pres-
sure, being completed in much less than one second,
provided the intermixing, which will be pointed out more
fully hereinafter, is practiced. Any. appropriate pres-
sure may be employed in the synthesis reactor, depend-
ing upon the pressure of the after reaction zones to which
the synthesis gas is to be charged. A pressure between
two hundred pounds per square inch and four hundred
pounds per square inch is appropriate, though pressures
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ranging from atmospheric pressure to pressures as high
as seven hundred and fifty pounds per square inch or
higher may be employed. The temperature within the re-
action zone should be maintained between 1800° F. and
3000° F. The best results are obtained by maintaining the
temperature in the vicinity of 2300° F. This temperature
is maintained by controlling the relative rate of flow of
oxygen with respect to the methane and the combined
rate of flow of both reactants as well as the degree of
preheat. It was seen above that the desired reaction is
not highly exothermic and when the proper rates of flow
are achieved a temperature of 2300° F. gives optimum
process results. If the temperautre is much below 1800°
F., the synthesis gas coniains increased quantities of
methane, If the. temperature of 3000° F. is exceeded,
burnouts are apt to take place and too large a percentage
of carbon dioxide will appear in the final product as well
as concomitant free carbon. 'With the aid of my method
proper conditions can be readily achieved by adjusting the
relative flow of oxygen to the methane and a stable, con-
tinuous process condition can be readily achieved. In-
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creasing the quantity of oxygen increases the temperature. .

Decreasing the quantity of oxygen reduces the tempera-
ture. The exothermic heat of the desired reaction will
furnish sufficient heat to maintain ‘the temperature at a
substantially constant point.

The preheated reactant gases are introduced through a
plurality of comparatively minute jets over an etxended
area within the Teaction zone in such manner that the
reactant gases are jetted against each other and com-
mingled to permit the reaction to take place over an ex-
tended area within the reaction zone and thus avoid local

“excesses of oxygen which lead to the deleterious results
outlined above.

In the accompanying drawings which form part of the
instant specification and which are to be read in conjunc-
tion therewith and in which like reference numerals are
used to indicate like parts in the various views.

FIGURE 1 is a diagrammatic sectional view of a re-
actor containing one embodiment of the apparatus utiliza-
ble in the process of my invention;

FIGURE 2 is a sectional view drawn on an enlarged
scale taken along the line 2—2 of FIGURE 1; '

FIGURE 3 is a fragmentary sectional view drawn on
an enlarged scale taken along the line 3—3 of FIGURE 2;

FIGURE 4 is a sectional view similar to FIGURE 2
showing another form of apparatus capable of carrying
out the process of my invention.

FIGURE 5 is a sectional view drawn on an enlarged
scale .viewed along the line 5—35 of FIGURE 4; and

FIGURE 6 is a sectional view similar to FIGURE 3
showing a modified form of the apparatus utilizable in
the process of my invention.

Referring now to the drawings, the reactor, indicated
generally by the reference numeral 1¢, may have any
desired shape or size dictated by the volume of gases to
be processed. The rate of flow of gases and the size
of the reaction chamber are such that the gases pass
through the reaction zone in less than one second. The
chamber 12 of the reactor is lined with a refractory lin-
ing material 14 housed by a metal casing 16. In start-
ing up the gas generator, any suitable means such as a
pilot light or burner may be used. Or, the reactants may
be preheated to a temperature above the ignition tempera-
ture to give spontaneous ignition on contact. In opera-
tion, these auxiliary means are not reguired. The hot
refractory lining of the genreafor, at an elevated tem-
perature level corresponding to the temperature of the
partial oxidation reaction, radiates energy as a means for
continuing the partial oxidation reaction. It is under-
stood, of course, that heat-exchange coils (not shown)
may be positioned in the path of the gases emerging
through the outlet port 18 to utilize some of the heat of
the reaction, if desired, as is well understood in the art.
Oxygen from any suitable source is preheated in a pre-
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heater (not shown) and introduced into a supply mani-
fold 26 controlled by a valve 22, as also shown in Fruit
USP 2,672,849. The causes of failure in the Fruit com-
mercial generator were two-fold. The arrangement of
the burners failed to give intimate and instantaneous com-
mingling of reactants, resulting in both localized excesses
of oxygen and of fuel. The localized excesses of oxygen
produced excessively high temperatures, and the hot re-
acting gases impinging on the nozzle tips caused repeated
burnout failures. The corresponding localized excesses
of fuel resulted in high residual methane and excesisve
soot formation. The excessive soot clogged portions of
the generator and the waste heat boiler which is an inte-
gral part of the generator, necessitating shutdowns and
equipment repairs. The waste heat boiler in the com-
mercial unit is an essential part of the process not only
to give required heat economy, but also to generate steam
for driving the compressors and pumps of the oxygen unit
and other auxiliary process facilities. The hydrocarbon
reactant, similarly preheated, is introduced into a supply
manifold 24 controlled by a valve 26. Adjacent the
bottom of the redction zone and appropriately supported
therein I provide a plurality of nozzle manifolds 28
formed with a plurality of nozzles 30, as can readily be
seen by reference to FIGURE 3. Adjacent each of the
nozzle manifold sections 28 I position a second plurality
of nozzle manifolds 32 similarly provided with nozzles
34. By reference to FIGURE 3 it will be seen that the
nozzles 30 are in approsition with the nozzles 34. It will
be further observed that both the nozzles 30 and 34 are
advantageously formed of converging diverging shape so
that the pressure energy existing within the manifold will
be converted into velocity energy in jetting through the
nozzles. The jetted gases from the juxtaposed nozzles
directed toward each other will intimately commingle,
commencing the reaction. The intimate commingling
of the gases through a plurality of comparatively small

" nozzles accomplishes the unexpected and desirable result
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in a simple, convenient manner. The number of nozzles
is substantially critical. In the Brownsivile operation
referred to above, only eight nozzles were employed in
what are known as “burners.” Actually, I do not em-
ploy my mnozzles as “burners.” With the use of eight
nezzles in Brownsville each nozzle must handle 1212
percent of the total gas flow. I have found that no noz-
zle should handle more than 3 percent of the gas flow
and that it is preferable that no one nozzle should handle
more than 1 percent of the gas flow. Optimum results
can be obtained by having a sufficient number of nozzles
so that each nozzle will handle between %5 percent and
1% percent of the gas flow. For example, with the re-
actor as shown in FIGURE 1 having an internal diam-
eter of 6% feet, a quantity of 86,400,000 standard cubic
feet per day of natural gas can be charged. This gas
will be preheated to a temperature of 1000° F. and the
pressure within the reaction zone is to be maintained at
three hundred pounds to the square inch. Employing
nozzles having an outlet diameter of three-quarters of an
inch disposed along a circle having a diameter of approx-
imately five feet, with the nozzle centers spaced one inch
apart, one hundred and fifty-three nozzles for the natural
gas are provided in the nozzle manifolds 28 adapted to
jet the natural gas into the reaction zome. Thus, each
nozzle will handle .65 percent of the total quantity of the
natural gas charged. The manifolds may be made of
stainless steel, the diameter of the nozzle manifolds being
approximately six inches. Gas from the supply manifold
is led to the nozzle manifolds through pipes 40, 42, 44,
46, 48, 50, 52 and 54. It is to be understood, of course,
that the transfer pipes 40 to 54, inclusive, may enter the
nozzle manifolds at any appropriate position. The pres-
sure existing in the manifold is such that a substantially
equal flow is achieved through each of the respective noz-
zles 30 and 34. If desired, a plurality of transfer pipes
may be provided between the supply manifolds and the
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nozzle manifolds, as will be understood by those skilled
in the art.

By the arrangement just described, the plurality of
nozzles in apposition insure an intimate commingling of
the reactant gases within the reaction zone, permitting the
reaction to take place over an extended area under proper
process conditions. In this manner, local excesses of oxy-
gen are avoided and the highly exothermic complete oxida-
tion of the methane is minimized. As a result of my meth-
od and apparatus the partial oxidation reaction of meth-
ane to produce synthesis gas may proceed continuously
over long periods of time without danger of burning out
the nozzles. The arrangement and method are such as to
insure direct and substantially instantaneous commingling
of the reactants. This establishes process conditions so
that the reaction will take place stoichiometrically to pro-
duce the desired primary reaction, that is, the direct partial
oxidation of the hydrocarbon to carbon monoxide and
hydrogen in a manner to minimize the undesirable sec-
ondary reaction. Thus, excessive amounts of carbon di-
oxide, with the accompanying inordinate heat concomitant
to complete oxidation, are avoided. Similarly, the crack-
ing of portions of the hydrocarbon feed to form solid
carbon is likewise minimized.

Referring now to FIGURE 4, another form of apparatus
capable of carrying out my process is there shown. It will
be observed that the oxygen supply manifold 69 supplies
oxygen through feeder manifold 62 through pipes 64, 65,
66 and 67 to the nozzle manifolds 78, 72, 74 and 76.
The manifolds 70 and 72 are disposed on opposite sides
of a methane nozzle manifold 78. Similarly, the mani-
folds 74 and 76 are disposed on opposite sides of a nozzle
manifold 80. Methane from the supply manifold 81
passes through feeder pipe 83 and then through pipes 85
and 87 to the nozzle manifolds 78 and 80. It is to be un-
derstood that the pipes 85 and 87 may enter the nozzle
manifolds at any appropriate point. The nozzle manifolds
70, 72, 74 and 76 are provided with single rows of nozzles
30 which are angularly directed toward the nozzle mani-
folds 78 and 80. These manifolds are provided with dou-
ble rows of nozzles 34 in apposition with their companion
nozzles. The arrangement can readily be seen by refer-
ence to FIGURE 5. Each pair of nozzles 30 and 34 is
placed in apposition so that the jets of the reactant gases
will provide a multiplicity of streams jetting against each
other to produce direct and ‘substantially instantaneous
mixing of the reactants thus to insure a stoichiometric rela-
tion to produce the desired primary reaction in a manner
similar to that described in relation to the apparatus shown
in FIGURES 2 and 3.

" Each of the nozzle manifolds may be provided with a
spaced jacket wall 890 to provide a jacket 82, as shown in
FIGURE 6, to provide cooling of the metal. This insures
that while proper process conditions are being achieved,
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temporary excesses of oxygen will not result in such high '

heat as to injure the nozzle manifolds.  Similar unbal-
anced conditions resuliing in excess CO, production may
also result when shutting down the operation. During
these periods the insurance provided by the cooling jackets
is of advantage. '

In the form of the apparatus shown in FIGURES 4 and
5, with the same reaction chamber as shown in FIGURE
-1, with the same gas flow at a rate of 1000 standard cubic
feet per second, the total area of the nozzles is about 67
square inches. With a pressure of 20 atmospheres and a
femperature of 1000° F., the nozzles of one manifold will
handle a flow of 140 cubic feet per second. Each nozzle
will have an outlet area of .44 square inch, thus giving
one hundred fifty-three nozzle pairs, enabling each nozzle
pair to handle .65 percent of the total reactant flow.

Referring now to FIGURE 1, T have provided a pipe
‘90 controlled by a valve 82 adapted to control the delivery
of steam from any suitable source into the methane sup-
ply manifold 24. In a similar manner pipe 94 communi-
cates with a source of carbon dioxide and is adapted to
‘deliver carbon dioxide to the oxygen supply manifold 20
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6
under the control of the valve 96. If it is desired to pro-
duce a reducing gas, say for use in the direct reduction
of iron ore, it is advantageous to have an excess of carbon
monoxide for the reason that in the reduction of iron ore
with carbon monoxide we have an exothermic reaction
while the reduction of iron oxide with hydrogen is endo-
thermic. If is desirable to operate the rednction shaft
furnace at an elevated temperature and in order to main-
tain this temperature the generation of heat by the ex-
othermic reduction is advantageous. In order to produce
a mixture of carbon monoxide and hydrogen in which
there is a greater proportion of carbon monoxide than
hydrogen, I enrich the synthesis gas with carbon mon-
oxide. ' I open the valve 96 to permit carbon dioxide to
be added to the oxygen. The net reaction will be as fol-
lows:
2CH4+-0,+4-CO,>3CO+-3H,-+-H,0

It will be seen that the partial oxidation of methane pro- -
duces two volumes of hydrogen to one volume of carbon
monoxide. In the reaction with carbon dioxide, however,
the proportion of carbon monoxide with respect to the hy-
drogen is increased. ;

The process can also be employed when it is desired
to produce a gas containing preponderantly hydrogen.
This is done by introducing steam through pipe 90 into
the methane manifold. The reaction is as follows:

2CH4+ 02+H209 CO+5H2+C02

The carbon monoxide and the carbon dioxide may be-
readily removed and pure hydrogen thus produced.

- My process is also applicable to the producing of syn-
thesis gas from carbonaceous fuels such as fuel oil and
coal, including all-grades from sub-lignites to anthracite.
In this case the coal, for example, is pulverized by grind--
ing in-a wet mill to form a slurry of finely divided coal
and water in which the coal is present in an amount of
from 40 percent to 60 percent by weight. The slurry is
pumped through a heater and the comminuted coal and
steam enters the reaction chamber at temperatures in the
vicinity of 1000° F. The technology of fuel atomization
is well known. In this case, the following series of reac-
tions takes place: -

C4150,5CO

By the use of a multiplicity of streams jetted against
each other I avoid the undesirable complete oxidation
of carbon to carbon dioxide and minimize the secondary
reaction between steam and carbon monoxide to form
carbon dioxide and hydrogen. These reactions are as
follows: : '

. C+0,~»CO,

CO +H20“-) COz+H2

It will be found that when using coal as a carbona-
ceous reactant that the output gas will have higher per-
centages of carbon dioxide present than when using gase-
ous fuel.

The method described herein permits the production of
synthesis gas substantially free of residual hydrocarbons,
and, as required in synthesis operations, free of residual
oxygen. : .

The extended surface of contact necessary for high
specification purity synthesis gas as required for com-
mercial operation is well illustrated by the arrangement
of the plurality of pairs of Tespective apposite nozzles
shown in FIG. 4, as supplemented in clearer detail in
FIG. 5. -The straight line rows of circular nozzles define
elongated slot-type jets of the respective reactants, with a
fully balanced equalized surface of contact for each react-
ant, the respective nozzles for each reactant balancing the
corresponding nozzle for the other reactant, as shown in
FIG. 5. . .

. In this manner there is no stratification of an individ-
ual reactant on contact in the reaction zone. There are
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methods known to the art which have not anticipated
this method. - Thus, reactants have been jetted against
each other with an unequalized surface of contact. In
'such methods, even with stoichiometric flow rates of react-
ants for producing 100% synthesis gas, there isa localized
excess of oxygen at the surface of contact with the hy-
drocarbon. Accordingly, due-the extremely high rate of
oxidation reactions, as set forth in Eastman et al,, a sub-
stantial portion of the oxygen is consumed in total oxida-
tion, rather than in partial oxidation.

Correspondingly, that portion of the hydrocarbon react-
ant which by-passes the surface of contact will stratify or
peel away from the oxidation zone. The by-passed hy-
drocarbon is highly heated by radiation from the ball-of-
flame oxidation reaction to cracking temperatures with
formation of soot which has been shown to be an impedi-
ment in the operation of commercial generators.

Thus it is essential to avoid localized excesses of oxygen
and of fuel at the surface of contact in generating high
specification commercial synthesis gas.

In the arrangement as shown, the size of the circular
nozzles is substantially critical. With small nozzles, in-
stantaneous admixing of reactants is readily effected. With
increase in nozzle size, the admixing becomes less efficient.
To a limited extent, this may be counter-balanced by a
higher oxygen flow rate with a higher oxidation reaction
temperature, but with a lower oxygen efficiency. For
larger nozzle sizes, that is circular mozzles with diam-
eters greater than about three-quarters inch, the efficiency
of instantaneous. admixing becomes critically ineffective,
which was one of the contributing factors in causing fail-
ure at Carthage Hydrocol. :

It will be understood that other arrangements of ap-
posite nozzles may be practiced in defining the extended
surface of contact, as will be known to those of skill
in the art, consistent with the fundamental principles as
herein set forth.

It will be observed that the arrangement of apposite
nozzles is essentially different than in other methods known
to the art. The method as practiced avoids impingement
of the reactant nozzle structures with the hot reacting
gases which progressively, and often dramatically, leads
to burnout failures.

In this respect it should be noted that in the partial
oxidation of methane, the volume of the reaction products
is twice that of the reactants. At the high reaction tem-
peratures, this volume ratio is further multiplied by a
factor of about three, thus giving an actual product vol-
ume ratio of about six to one. With other hydrocarbons,
the volume ratio is appreciably higher, being as high as
ten to one, and higher.

Accordingly, at the surface of contact, there is a sudden
expansion in volume of about six to one or higher. Ac-
cordingly, the partial oxidation reaction is effected com-
pletely away from the reactant nozzles to avoid impinge-
ment of the initial hot reacting gases on the reactant
nozzle structures, either within the nozzle, or along the
outside. As shown in the drawings, this is accomplished,
together with intimate and instantaneous commingling of
the reactants, by jetting the reactants together in a blunt
or obtuse angle which is substantially less than a straight
angle. Thus, each reactant is jetted in a substantially
downstream direction of flow of the reacting gases, with
the reaction products being removed at a distant point
from the surface of contact of the reactants, again avoid-
ing impingement of the reactant nozzle structures with
hot reacting gases.

With a shallow angle of contact of jetted streams, the
efficiency of instantaneous and intimate commingling of
reactants decreases, progressively becoming critically in-
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effective to prodice the required specification high purity -

synthesis gas essential to competitive commercial opera-
tion. This is a function which varies in degree with each
hydrocarbon reactant. The higher hydrocarbons are
more easily thermally cracked, and therefore are prone
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to higher rates of soot formation. Similarly, natural gas

‘containing appreciable quantities of gaseous hydrocar-

bons heavier than methane will produce more soot than .
high purity methane. Therefore, the lower ranges of
oblique angles of contact are generally inefficient and, de-
pending on individual circumstances, critically defective,
as may be separately determined by standard testing pro-
cedures. :

In addition to the foregoing, there is no flame exposed
burner surface in the terms oftentimes used in the tech-
nology, as in other apparatus known to the art but rather
the zones surrounding and between the hydrocarbon
nozzles and the oxygen nozzles are completely open and
unrestricted as is apparent from the drawings. Thus, by
way of illustration for purposes of clarification, in the past
there have been attempts to use burners adopted from
technologies other than synthesis gas. Typical of these -
are the so-called combustion channels of various types
and flow patterns. ‘The problems encountered are several.
The individual reactants are admitted into the chanmnel
at velocities in excess of 100 f.p.s., corresponding to tur-
bulence conditions of gale force or hurricane intensity.
As dictated by economic considerations in the generation
of high parity oxygen, there is a periodic rythmic im-
balance in the oxygen flow, with a corresponding continual
imbalance in stoichiometric relations of reactant streams,
with corresponding pulses of total oxidation reactions.
With high purity oxygen, the hypothetical instantaneous
reaction temperature is above 10,000° F., or well above
the vaporization temperature of metal of 5,500° F, These
pulses which occur with explosive force are a constant
source of mechanical failure of the channel construction
and a consequent explosion hazard typical of the unitary
mechanical structure of the combustion channel arrange-
ment.

There are further problems of critical distinction. A
typical combustion channel will embody appreciable dead
space backstream of the reacting components. Eddy cur-
rents of the reacting components will necessarily flow into
this dead space where they will burn and consequently
convert the nozzle structures into a flame-holder, with
the burning occurring directly on the exposed metal sur-
face. Alternatively, there is concomitant extensive crack-
ing of the eddy current hydrocarbon with a consequent
deposition of coke in the dead space. The coke becomes
encrusted on the metal surface. Depending on various
hydro-kinetic factors, the coke deposit grows by accumula-
tion, eventually constricting the reactant port. Alter-
natively, portions of the encrusted coke will burn with
oxygen, with the burning again taking place on the ex-
posed metal surface, and again leading to direct mechan-
ical failure. .

The failures of the past are documented in public rec
ords. Maximum periods of operation have been limited to
about forty days’ duration. The required shutdowns for
repairs and other emergencies have generally exceeded
the time period of operation, with a consequent operat-
ing time factor of less than 50%. Further, the operation
has been restricted to capacities well below rated capac-
ity, with a resultant overall operating efficiency well be-
low 50%, which is far below required commercial op-
erating standards.

With my method, I am enabled to operate at fully rated
capacity for periods in excess of 40 days. At shutdowns
for maintenance inspection, it is evident from the lack
of any signs of wear that the plant is entirely capable of
operation for indefinite periods of time, corresponding to
time efficiencies approximating 100% as essentially re-
quired for commercial utility. That this surprising re-
sult is newly attainable will be clearly evident from FIG.
5 which shows that the ball-of-flame representing the ex-
tremely high temperature initial reaction zone occurs at
a distance entirely away from the nozzle structures, thus
making burn-out failures of the prior art virtually impos-
sible. Further, it will be evident from the chimney-effect
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hydro-kinetics of the arrangement, that there cannot be
any back-stream dead-spaces where eddy currents of the
reactants might occur with the consequent burning of the
reactants on exposed metal surfaces or concomitant coke
deposition as hereinbefore set forth. It will be under-
stood that the ball-of-flame pattern will vary with par-
ticular circumstances, as known to combustion flame tech-
nology, particularly with atomized fuels. Further with
such fuels which contain minor amounts of ash which
tend to flux with the generator refractory walls, a suitable
vapor shield may be adapted, as known to the technology.

It will be seen that I have accomplished the objects of
my invention. I have disclosed an improved method for
the generation of synthesis gas which will operate con-
tinuously at maximum capacity and high efficiency without
repeated burning out of the reactant nozzles. By provid-
ing a multiplicity of nozzles whereby to jet the reactant
streams in fractional finely divided jets I insure direct
and instantaneous mixing of the reactants. Thus, the con-
stituents of the feed will react in stoichiometric relation-
ship to produce the desired primary reaction, that is, the
direct partial oxidation of the carbonaceous fuel to car-
bon monoxide and hydrogen. My method minimizes the
undesirable secondary reactions, thus avoiding the forma-
tion of excessive amounts of carbon dioxide and steam
which accompany complete oxidation. At the same time,
the unbalance produced by complete oxidation is avoided,
thus minimizing thermal cracking to form solid carbon.

In this manner, in the example as recited, I am en-
abled to produce a high specification purity synthesis gas
which, practically speaking, is substantially free of residual
hydrocarbon, approaching the ultimate requirement of a
small fraction of a percent. Thus, I am enabled to op-
erate with maximum conversion of hydrocarbon feed and
maximum efficiency of oxygen utilization. The associated
process auxiliaries are not burdened with excess soot
formation, nor are there progressive burner failures char-
acteristic of the prior art. Thus I am enabled to operate
over prolonged periods, characteristic of petroleum prac-
tice, with scheduled yearly shutdowns solely for poljcy
and safety inspection standards. I am not limited to hlfgh
purity methane, but may use natural gas with substantial
concentrations of the higher gaseous hydrocarbons. I
am also enabled to use other hydrocarbons in the manner
as recited. Also in the example as recited, I am ena-ble;d
to utilize fully the heat energy of the generated synthesis
gas to effect a greater overall process eﬁ“l-ciel_lcy. In the
given example, this heat energy is the_equwalept of a
30,000 kw. power generator, and supplies a major por-
tion of the process power requirements, with a corresponc.l-
ing major improvement in overall process economies in
the desired synthesis of hydrocarbons.

While the invention has been described in terms of cer-
tain embodiments, they are to be considered illustrative
rather than limiting and it is intended to cover all furtl}e'r
modifications and embodiments that fall within the spirit
and scope of the appended claims.

I claim:

1. In a process for the production of synthesis gas sub-
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§tan’_oial!y free of hydrocarbons the improvement compris-
Ing jetting a gaseous hydrocarbon in a plurality of finely
divided streams from a plurality of nozzles communicat-
ing vyith a hydrocarbon nozzle pipe into a flow reactor
reaction zone, jetting oxygen in a plurality of finely di-
v1fied streams from a plurality of nozzles communicating
yvlth an oxygen nozzle pipe into said reaction zone, the
jetted streams of hydrocarbon and oxygen being directed
against each other whereby they intersect at an angle in
said reaction zone whereby said hydrocarbon and oxygen
are intimately and instantaneously commingled to react
in said zone in a direction of flow away from and without
impingement on the respective reactant nozzle pipes, the
zones below and around said hydrocarbon nozzle pipe
and said oxygen nozzle pipe being open and unrestricted
thereby providing a chimney effect whereby the initial
ball-of-flame reaction in said reaction zone is free of dead-
space flame-holder reaction pockets, the amount of oxy-
gen being in excess of that required to convert all the car-
bon in said hydrocarbon to carbon monoxide and sub-
stantially less than required to convert all the carbon to
carbon dioxide, whereby the temperature is maintained
above the ignition temperature of said hydrocarbon, and
synthesis gas substantially free of hydrocarbon is pro-
duced, and recovering synthesis gas therefrom.

2. A method as in claim 1 in which said gaseous hy-
drocarbon is natural gas. ’

3. A method as in claim 1 in which said hydrocarbon
is liquid hydrocarbon in gasiform phase.

4. A method as in claim 1 in which said reaction tem-
perature is in the range of about 1800° F. to about
3000° F.

5. A method as in claim 1 in which said intimate and
instantaneous commingling of reactants is effected by
jetting said reactants through a plurality of pairs of re-
spective apposite nozzles whereby localized excesses of
oxygen and of hydrocarbon at the surface of contact of
the reactants are avoided.

6. A method as in claim 5 in which the rate of flow
of reactant through each respective nozzle is less than
about three percent of the total of said reactant.

7. A method as in claim 5 in which the rate of flow of
reactant through each respective nozzle is in the range of
about 0.5 to about 1.5% of said reactant.

8. A process as in claim 1 wherein said hydrocarbon
is a finely divided solid dispersed in steam.
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