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This invention relates to a process for the manu-
factu?e.of pas containing -carbon monoxide and hydrogen suit-
able for charging to a synthesls reactlon zone for the pro-
duetion of hydrocarbons, oxygen-containing compounds and the
like.

The invention comprises a process for effecting cond
version of carbonacepous material and particularly hydrocar-
Lons or other compounds containing carbon and hydrogen into
carbon monoxide and hydrogen by reaction with ocxygen under
guperatmospheric pressure and at relatively high temperature
substantially without carbon formatiocn and also with rela—
tively small formation of carbon dioxide and water.

Tn accordance with one embodiment of the inventioen,
a feed hydroearbon such as methane, and oxygen, Or a gas Ccon-
sisting mainly of free oxygen, are preferably separately pre-
heated to an elevated temperaturs substantially above that at
which the hydrocarbon and oxygen, if in admixture under the
conditions of preheating, would react violently. Good results
can be secured by preheating only the hydrocarbon or by
omitting preheating of both reactants. The reactants, pre-
heated or not preheated, are then separately passed to a reacq
tion zone of a generator substantially free of packing and
preferably free of catalyst and operating at a temperature in
the range of about 2000°F. and higher and under & pressure in
the range of about 200 to 300 pounds per square inch gauge.
The proportion of oxygen passed to the reaction zone relative
to hydrocarbons is maintained such that the reaction of hydro-
carbons to form carbon monoxide and hydrogen is gupported
without addition of hea£ to the reaction zone from external
sources except that as sensible heat of the entering reactants
and such that free carbon is substantially completely absent

from the product gas leaving the reaction zone.
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In the accompanying drawing, Figure 1 is a section
tawen along the horizontal axis of a gas generator, shown
somewhat diagrammatically.

Figure 2 is a longitudinal section of é preferred
form of gas feeder.

Figure 3 is a graph representing the relation of
the surface ratios of generators of dif ferent shapes as com-
pared to the surfaces of spheres of corresponding volumes.

Tn one embodiment of this invention a hydrocarbon
con31st1ng essentially of methane is reacted with oxygen,
in the absence of added steam and in tne absence of & untalyst
at a temperature in the range of about 2000- 2600°F, anda under
the aforesaid pressure range in a reaction zone in Whlch the
ratic of interior surface area to interior volume is relatlve-
ly small as later explained. The hydrocarboﬁ“gas, separately
preheated vo at least g00er., if preheatéd, and preferably
about 120CeF., preferably with no eracking, is charged at a
ratb “of about 1000-3000 cu. ft. /hr. Jou. ft. of reaction space.
The'oxygen.is, if preheated, separately preheated to rat least
600°F. and preferably apout 800°F. or higher and chafged to
the reaction zone 1n en amount such that combustioﬁ or what
can be termed a primgry reaction ocours with a substantlally
non-luminous flame within the reaction wone, except in the
relatively small region adjacent the point of initial contact
between entering gas and oXygen streams, this primary reac-

tion being substantially exothermic. 3ome of the products

into a secondary reactien or reactions which are substantially

endothermic. The final products of reaction are cont inuously

removed from the reaction zone as an effluent stream consist-
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ing essentially of carbon nonoxide and hydrogeh and contain-
ing appPOXimately 5 mol per cent water or less and substan-
tially less than 2 mol per cent of carbon dioxide basis water
free product. The effluent stream is substantially free from
suspended carbon in that it contains less than 1 gram/1000 cu.
ft. of broduct gas measured under standard conditions. The
residual methane content of the product gas does not exceed

L or 5 mol per cent. Ii contains carbon monoxide and hy-
drogen in the proportion of about 1 mol carbon monoxide to

2 mols of hydrogen. The molecular proportions depend,
however, upon other factors, such as the composition of the )
feed hydrocarbon, and these factors may be taken advantage

of in producing gas containing carbon monoxide and hydrogen
in the desired proportions.

The temperature of the efiluent stream leaving the
reaction zone is auickly reduced by quenching or coaling.

It is desirable to reduce the temperaturs, for example, from
about 2600°F. to about 1000-1500°F. in not moré than 1 second
50 as to avolid undesirecd secondafy reactions, some of which
lead to'carbon formation ét this stage.

Oxygen of relatively high purity, at least 80 per
cent and preferably at least 95 per cent, is used, thereby
eliminating a large amount of nitrogen from the reactant
feed to the pas generator. This materially reduces the
heat regquirements and also results in a synthesis gas more
suitable for the synthesis operation.

The proportion of oxygen charged to the gas
generator relative to the nydrocarbon feed appears critical
from the standpoint of avoiding free carbon production and
excessive carbon dioxide and water formation. Suitable con-

ditions of operation are realized at the preferred minimum of
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2000°F. by initially regulating the oxygen charged to the gen-
erator, or as it can be otherwise stated, the 0/C ratio
(atomic ratic of total oxygen to total carbon in the feed)
within .the relatively broad iimits of approximately 1.0 to 1.2
and adjusting the 0/C ratic within these limits, so that the
residual methane content of the effluent gas from the genera-
tor is in the range of 0.5 to 5 mol per cent and preferably
2 to 3 mol per cent. This principle applies whether the O
be from substantially pure oXygen, an oxygen-enriched gas or
air and the C be from a solid hydrocarbon as coal, a liquid
nydrocarbon as fuel oil, or a gaseous hydrocarbon as natural
gas.

When the residual methane content of the effluent
gas from the generator exceeds about 5 mol per cent under
the aforesaid conditions, free carbon is preduced in at
least appreciable amount, as evidenced by notlceable dis-
coloration of water used in quenching the effluent stream.
There appears to be no discoloration of the quench water
when the residual methane content amounts to 5 mol per cent
or less. It is thus desirable to maintain the residual
methane content of the effluent gas in the range about G.5
to 5 mol per cent, this being accomplished by maintaining the
0/C ratio between 1.0 and 1.2 and adjusting it within this
range. If sufficient oxygen is charged so that methane is
absent from fhe effluent gas, then a relatively large pro-
portion of the oxygen digsappears in the form of carbon dioxide
and water. In addition, the reaction temperatures tend to be
excessive.

From the standpoint of realizing maximum gonversion

of carbon in the feed gas into synthesis gas (carbon monoxide
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and hydrogen) and the formation of little or no free carbon,
maintaining the methane content of the generator effluent

in the range of about 0.5 to 2 mol per cent is advantageous.
Below the lower figure, there appears to be an exXcess pro-
duction of carbon dioxide and water. On the other hand,
maximum conversion of oxygen to synthesis gas appears to be
realized when the methane content i mainteined around 2 to
3 per cent, the yield declining cutside this range.

Under the conditions of temperature and pressure
contemplated and with a feed hydrocarbon consisting es-
sentially of methane, for example, the oxygen usually amounts
£o about 5 to 15 mol per cent in excess of that stoichiometris
cally required to convert all of the carben in the hydrocarbor
gas to carbon monoxide with the formation of no other oxy-
genated compounds. The concentration of oxygen is such that
under the conditicns of temperature and pressure contemplated
in the generator and with the aforesaid preheating of the
reactants, the reaction is effected without necessity for ex-
ternal heating of the reaction zone. By separately preheating
the reactant gases and effecting mixing of the preheated gased
entirely within the reaction zone, backfiring in the feed
lines and the preheaters ié prevented.

Mixing of the reactant gases 1is accomplished
entirely_within the reaction zone by introducing the
separate streams of hydrocarbon and oxygen so that they
impinge upon each other within the reaction zene while flow-
ing at high velocity, i.e., 100 feet per second or in the
range of about 30 to 200 feet per second.

A portion of the total oxygen charged may be premixg

with the hydrocarbon gas, providing the resulting mixture is

incombustible under the prevailing conditions of preheating.
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For instance, the oxygen or oxygen-enriched gas may be
divided into major and minor streams, the major stream
containing about 55 to 85 per cent of the total oxygen
supplied, while the minor stream contains from 15 to
L5 per cent of the total oxygen. Preferably, the division
is effected so that the major stream constitutes about 60
to 75 per cent of the total oxygen and the minor stream
about 25 to 40 per cent. The major stream of oxygen is
combined with the hydrocarbon such as methane and preheated
to a temperature of about 100C-1200°T., this temperature
being practicable because of the proportions of the mix.
Adequate mixing is secured by forming the preheater in a
manner to effect turbulence of the two reactants. |

The minor stream of oxygen or oxygen-enriched gas
is heated in a separate preheater, the limit of preheat
being governed by the material of which the preheater and
conducting pipes are formed. Ordinary carbon steel permits
heating of the oxygen to only about 800°F., whereas with a
high temperature alloy such as Hastelloy, the oxygen may
be preheated to about 1500°F., provided there is only a
small pressure differential between the interior and ex-
terior of the tube or pipe in which the oxygen 1is preheated.

Mixing of the two streams 1s accomplished in the
reaction zone by introducing them in a manner to impinge
upon one another while flowing at high velocity as already
described.

Another important feature is the employment of an
unpacked reaction zone with unobstructed flow of radiant en-

ergy between the adjacent walls, all wall surfaces belng

within easy reach of the source or sources of such radiant
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energy as is evolved by that portion of the reactants under-
going exothermic reaction, i.e., in the primary reaction.
With methane as the hydrocarbon, as much as 25 per cent
thereof may underge combustion forming carbon dioxide and
water vapor which products in turn react endothermically
with additionzl methane in the reaction zone to form carbon
monoxide and hydrogen. This primary exothermic combustion,
which supplies energy required for the secondary endothermic
reactions, appears to be effected mainly in the small region

of initial contact between entering gas and oxygen.

It has been found that as regards the most efficient
utilization of the energy from the primary or exothermic reac-
tion in the secondary or endothermic reactions, the generator
in addition to being devoid of packing, should be of a shape
such that the internmal surface area is small relative to the
internal volume as in the case of a sphere. Howsver, because
of other design requirements, a sphere is not always a prac-
tical shape, & shape such as a cylinder with a concave or
convex end or ends being usually preferred. '

The surface-volume ratio of such a generator can
best be defined with reference to its relation to a sphere of
the corresponding volume, it being readily apparent that the
surface-volume ratio of the generator will approach but never
quite reach the surface-volume ratic of a sphere of equal
volume. This degree of approach to the surface-volume ratio
of a sphere can be expressed by & constant K in terms of
the ratio of the overall length to the radius of any generally
cylindrical generator regardless of whether one or both ends
be flat, concave or conical. The constant K can be defined as

the ratio of the surface of a sphere to the surface of a

—g-
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generator, the two being of equal volune.

The value of the constant K as related to the ratio
of the overall length and the radius of a pure cylindrical
generator, and considering the feed and product ports as a
5 continuous part of the surface in which they are located,
can be determined as follows:

gurface of the generator (Sg) = 2wR® + 27RL
Volume of the generator (Vg~) = RRL

where B is the radius of the generator and L is the overall
10} length.

The surface and volume of a sphere of equal volume
can be determined as follows:

Surface of the sphere (SS) = knR%

Volume of the sphere (Vg) = Eﬂﬂi
3

15} where Ry 1is the radius of the sphere but Vg = Vs’ 50

wB2L = gthi
Ri = JR4L
L
(3 ZL)']"-'
R = =R 3
Lo

Since the volumes of the sphere and the generator are assumed

20l equal, K is determined as follows, i.e.:

¥ = Surface of the sphere = UIg
Surface of the generator 5
g

2

or K = AT‘R:L = 2RE

e Em—

2m{R* + RL) RS + RL
Subétituting the value of Ry,

2

" 2{3g21,)
K = (ZF L)’E
: Rz + RL

25 The following table illustrates the value of K for

¢ylindrical generators of selected ratios of overall length

to radius:
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Overall
L L/R K

0l

fet

L)
.
.
-
*

10.
20.

o bt e e e R e

0
C.l
0.2
0.5
1.0
2.0
5.0
0.0
0.0
0.0
100.0
The aforesaid values of K and L/R are plotted as

the solid Line in Figure 3 on a logarithmic scale. It will

be noted therefrom that in varying the ratio of L/R;X for
the cylinder with flat ends approaches and then receﬂes from
a value of 1, the S/V ratio of the sphere never being attained
The remaining curves in Figure 3 represent the K
versus L/R ratios fbr cylinders of the end shapes indicated
and a generator of square cross-section, the radius of an
inseribed circle in the latter being taken as R. For cylinder
of other than flat ends, R is taken as the radius of the
cylindrical section. In the case of the conical ends, the
included angle has been taken as 60°. Such curves can readily
be determined in the case of each cylinder by‘the following
formulas. '
For a cyllndrlcal generator having one hemlspherlcal

end
’ K = 4{0. 5R3 + 0.75 RzL)"‘

3R¢ + 2 RL

where L is the length of the puré eylindrical section. .
For a cylindrical generator with two hemispherical

ends, k= 2(R3+0.75 R2L)§

oR2 + 2 RL

where L is the lepgth of the pure cylindrical section.

~10=
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For a cylindrical generator with one 60° conical

end,

2
K = b /R2(0.75L + 0,L330127R)7 3
R (3R + 2L}

where L is the length of the pure cylindrical section.
For a cylindrical generator with two 60° conical

ends,

2
k = 2 [FA{0.75L + 0.8660254R)7 3~
T (L + 2R

where L is the length of the pure cylindrical section.

For a rectangular parallelopiped of square cross-

secticon of a side dimension w,
2
K= 2.417988 (lw°) 3
2Lw + w*

In the case of the cylindrical generator with one
hemispherical end, the L of the L/R ratio is taken as the

overall length of the generator, i.e., L + R, the correspond-

ing curve in Figure 3 being derived from the Ffollowing data:
) Overall L

R L of the formula 3] K

1 0.0 1.0 0.8399
1 0.01 1.01 0.8427
1 0.1 1.1 0.8643
1 0.2 1.2 0.8828
1 0.5 1.5 0.9148
1 1.0 2.0 0.9283
1 2.0 3.0 0.9071
1 5.0 6.0 0.8073
1 10.0 11.0 0.6957
1 20.0 21.0 0.5783
1 50.0 51.0 0.4389
1 100.0 101.0 0.3520

In the case of the cylindrical generator with two
hemispherical ends, the L of the L/R ratio is taken as the
overall length of the generator, i.e., L + 2R, the correspond-

ing curve on Figure 3 being derived from the following data:

-11-
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I=

L of the formula Overall L K
R

1.000
0.999% 4
0.9979
0.5892
0.9681
0.9210
0.8073
0.6942
0.5722
0.4385
0.3518
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In the case of the cylindrical generator with one
60° conical end, L of the L/R ratio is vaken as L + 1.73205R,
the corresponding curve on Figure 3 being derived from the

following data:

R L of the formula Overill L K

1 0 1.73205 0.7631
1 0.01 1.74205 0.7668
1 0.1 1.83205 0.7958
1 0.2 1.93205 0.8210
1 0.5 2.23205 0.8675
1 1.0 2.73205 0.894L8
1 2.0 3.,73205 0.8867
1 5.0 6.73205 0.7988
1 10.0 11.73205 0.6918
1 20.0 21.73205 0.5766
1 50.0 51.73205 - 0.4384
1 100.0 101.73205 0.3516

For a cylindrical generator with two 60° conical ends,
L of the L/R ratio is taken as L + 3.46410R, the correspond-

ing curve on Figure 3 being derived from data such as the

following: .
R L of the formula Overall L . X
R

1 0 3.4641 0.9085
1 C.01 34741 0.9092
1 0.1 3.5641 CeGlls
1 0.2 3.664L1 0.9188
1 0.5 3,9641 0.9239
1 1.0 LoL6ELL 0.9181
1 2.0 54651 0.8878
L 5.0 84,641 0.7921
1 10.0 13.4641 0.6868
1 20,0 234641 0.5740
1 50.0 53.46L1 0.4375
1 10G.0 103.4641 0.3514
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For a rectangular parallelepiped of square cross-

section, w has been taken as the diameter of an inscribed

cirele, w being also the width of any one side. In calculat-

ing the following data for the curve of Figure 3, 0.5 w has
5l been taken as the radius.
W L of the formula Overall L K
0.5w
2 0.01 0.01 0.07000
2 0.1 0.1 0.2983
2 0.2 0.2 O.4341
10 2 0.5 0.5 0.6397
2 1.0 1.0 0.7616
| 2 2.0 2.0 0.8060
{ 2 5.0 5.0 0.7423
\ 2 10.0 10.0 0.6427
i 15 2 20.0 20.0 0.5344
i 2 50.0 50.0 0.4054
2 100.0 100.0 00,3249

With the thus derived curves of Figure 3, it 1is
apparent that the value of K can be determined for any of

20l the resctors of different shapes, providing the ratio of

L/R is known. The actual dimensions of the reactor are
immaterial.

For example, if it is desired to use a generator

formed as a cylinder with one flat end and one hemispherical
25 || end, one of the most practical shapes, reference can be made
to the curve for such a shape whereupon it will be found
i that the closest approach fo tne surface to volume ratio of"
the sphere of cerresponding volume is found where K is about
0.93. The corresponding L/R ratio is about 2.0. Thus if

30 || the selected reactor is to be 10 feet long overall, the radiug

s ey s s

ghouid be 5 feet.

For the purpose of this invention, a range of L/R
from about 0.67 to 10 is desirable, the preferred ratio being

in the range of 1 to L.

TR T AT T
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in any case, it is desirable for the open reaction

zone tco be sufficiently compact so that the temperature is
uniform throughout the entire reaction zone.

Avoidance of sxternal firing of the reaction zone
5 || and the absence of refractory packing material from the
interior thereof overcomes serious apparatus, construction
and operating limitations that have existed heretofore.
Absence of packing not only avoids a substantial pressure
drop through the reaction zone, but also materially reduces
10! the tendency toward carbon formation and deposition since it

appears that large surface area increases free carbon forma-

tion. Deposition of carvon also increases the pressure
differential through the reaction zone.

4 further advantage of the absence of packing and
154 the surface-volume or length to radius ratio already described
is found in the fact that the clear unobstructed space S0
formed, with its large volume relative to its internal surface|,
enables a substantially complete transfer of the energy from
the primary exothermic reaction to the secondary endothermic
20!l reactions by radiation. Whatever energy may be radiated from
the exothermic reaction onto the surrounding walls of the
reactor. is immediately re-radiated back into the reaction
zone, very little energy being lost, the wall surfaces being
preferably of a character to insure maximum re-radiation.
25| Moreover, all the products of the primary reaction, whether
they be in the form of radicals, activated molecules, etc.,
are free to proceed to the secondary reaction in a highly
mixed and energized state without interference by a physical
body such as packing. The absence of packing insures a free

30 || path of travel for both the radiant energy from the primary

wllym
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reaction and the radiant energy re-radiated from the walls
to the zone of secondary rezction, therevy csusing the secondH
ary reaction or reactions ho proceed faster and at a higher
and more wniform tempersture or energy level at which a better
product composition is atbained.

This action is in decided contrast to the action in
a packed reactor, wherein {1) the preducts of the exothermic
reaction come into physical contact with packing almost im-
medistely upon formation, causing them to react to form more
stable molecules, depesit carbon on the packing surfaces, and
to deactivate the zctive molecules, so losing energy that
would othervise be available to the secondary reaction, (2)
the products entering into the gsecondary reaction are
shielded to a material extent from the radiant heat of the
wxothermic reaction and any re-radiation from the walls,
and (3] the products of the exothermic reaction tend to
pocket in the interstices of the packing with conseguent
carbon deposition and loss of Ifinal product.

In Figure 1, the numeral 1 designates a cylindrical
vessel lined with refractory material 2. A baffle formed
of walls 3a and 3b is provided within the vessel to divide
it into two sections, one section being the reactlon 'zone 5
which, for example, is about 8Ifeet in length along its
norizontal axis, while the other section é is used for cool-
ing the resulting product gases. With a radias of 2 1/2 feet
the L/R ratio is about 3.2 which is well within the preferred
rangé. Walls 3a and 3b are designad to permit flow of reac-
tion gases therethrough with no substantial drop in pressure
while protecting the interior of the cooling section from
direct radiation from the reaction section and insuring re-

radiation back to the reaction zone, this peing accomplished

~15—




10

15

20

25

30

490840

by the stegpgered arrangement of the openings 3c.

A cooling coil 7 is embedded in the refractory
iining of the reaction section snd adapted for the circula-
tion therethrough of water, or any other fluid heat carrier,
the purpose bveing to prevent overheating of the metal shell.
The heat, so absorbed, may be used for preheat purposes and
for steam or power generation for use elsewhere in the procesd

The reactant gases are intreduced to the reaction
zone through a plurality ol gas feecders & which are described
in more detail in connection with Figure 2.

The reaction products are discharged from the gen-
erator through passages 3 ¢ into cooling section 5 where they
are reduced to a temperature suitable for introduction te an
intermediate storage facility or to the synthesis reactor by
a water spray 9. The quench water passes out opening ba with
the synthesis gas. With a”éynthesis catalyst of the iron
type, these gases are reduced in temperature by the quench
water and while still under pressure of about 200-250 pounds,
pass in contact with the synthesis catalyst at that tempera-
ture so as to effect conversion of carbon monoxide and hydro-
gen into hydrocarbons, oxygen-containing compounds and the
like.

The gas feeders 8, as indicated in Figure 2, com-
prise essentially two concentric tubes 1l and 12 terminating
in a water cooled tip 13. Thus, the tip 13 is of hollow con-
struction having a water space l4 to which water is introduced
through a tube 15 and removed through a tube 16.

One of the reactant gases flows through the annular
space between the tubes 11 and 12, while the other reactant
flows through the interior of the inner tube 12. Thus
methane may flow through the annular space, while oxygen
flows through the inmner passage, or vice versa. Thus,

the methane and oxygen streams impinge upon each other at

~16-
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the point of discharge frowm the tip 13 which is just inside
the reaction zone. As indicated in Figure 1, the feeder tips
may be substantially flush with the interior surface of the
refractory lining of the vessel l.

In operation there is a small zone of blue flame,
flow or radiation immediately adjacsnt the tip while in the
rest of the reaction zone there is no visible flame. It is
in this smail region where blue flame exists, and where as
much as 25 per cent of the entering methane may undergo rele-
tively complete comibustion, forming cerbon dioxide and water
vapor which products subsequently react with additicnal metharn
in the reaction zone to form carbon monoxide and hydrogen.

There may be a plurality of the feeders §. For
example, there may be several uniformly disposed in the end
of the vessel 1.

By way of example, a feed gas consisting essentially
of methane is preheated to a temperature of about 930°F., and
a stream of substantially pure oxygsn is separately heated to
a temperature of about 800°F., the preheated gas streams are
passed into an unpacked reaction zone, naving a L/R ratio of
about 2.7 which is within the aforesaid preferred range of
abous 1 to k4, operating under a pressure of about 250: pounds
per square inch gauge and subjected to compustion therein at
temperature of about 2000°F. in the absence of a catalyst.
The hydrocarbon or feed gas is chargea at the rate of about
2000 cubic feet {S8.C.) per hour per cubic foot of total reac-
tion zone volume. The guantity of oxygen charged to the re-
actor is maintained at about 39.3 mol ver cent of the total
gas charged, i.e., both oxXygen and feed gas. The product gas

amounts o about 3.2 mols of total gas per mol of hydrocarbon

~17~
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feed 'gas. The compositions of the hydrocarbon feed gas and

of the product gas are:
| Mol % Feed Gas Product Gas
CH; 83.6 2.8
5 Callg 16.2 -
C3Hg L5 -
C Hlo Ocl -
062 1.0 1.4
Adr 0.6 -
; 10 co - 32.9
| Hy - 56.9
i No - 0.9
| H20 - 5.1
i 100.0 100.0
!. 15 Under such conditions, more than 80 per cent of

the oxyzen charged is converted to carbvon monoxide and the
quench water used for cooling the hot product gas is subsﬁan-
tially free from solid carbon.

By contrast, when operating the reactor under sup-
20 )| stantiaily the same conditions of temperaturs and pressure buj
regulating the oxygen content so that it amounts to about
35 mol per cent of the total gas charged, the methane content
of the product gas is at least 10 mol per cent and productiocn
of solld carbon is excessive as evidenced by the fact that thd
25 | quench water is distinctly black in color due te its large
content of free carbon.

On the other hand when operating the reactor so

that the oxygen charge amounts to 42.2 mol per cent of the

total gas charged, in which case the product gas contains only

AT

ﬁf 30 || a trace of methane, substantially less than 80 per cent of thg
oxygen is converted to carbon monoxide, the carbon dioxide

and water beilng increased.

~18-
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The following exaemple shows the relationship be-
tweeu’methane content oi the effluent gas‘from the zenerstor
and the yield of carton monoxide and hydrogen when charging
hydrocarbon gas of the zime composiblon as bhat praviously
set forth to the ceneretor opersting under a pressure of about
250 pounds and at a temperature of about 2000°F, The hydro-
carbon gas was preheated to about 830°F., while the oxygen
was sebarately preheated to about 60C°F. The oxygen charge
rate was in the proportion of about 53 to 62 volumes per

85 volumes of hydrocarbon gas:

Mol % CH) in Yield of CO + Ho as Mol %
Effluent Gas of Thecretical Max. Yield
6.0 . 71.9
3.2 75.6
0.4 70.9
0.1 69.0

From the foregoing data, it is seen that a yield of
75.6 per cent basis the theoretical vield is obtained when c¢or
ditions are maintaiﬂed so that the efifluent gas contains 3.2
per cent methane. When the methane content of the effluent
gas is either substantially below 3 mol per cent or substan-
tially above it, the yield of synthesls gas is less. The
yield of 75.6 per cent corresponds to sbout 80.5 per cent
conversion of oxygen to carbon monoxide.

While mention has been made of auenching the prod-
uct gas with water, other methods of cooling involving
steam generation may be used.

Mention has been made of charging methane or a gas
consisting essentially of metnane to the penevator. It is
contemplated, however, that the hydrocarben charge to the

generator may comprise higher wolecular weight hydrocarbons
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either nermally gaseous or normally liquid. The hydrocarbon
charge may consist essentially of liquid hydrocarbons or

it may comprise a combination of gaseous and liquid hydro-
carbons. For the purposes of £his invention, liguid hydro-
carbons may embrace not only relatively high boiling hydro-
carbon mixtures boiling in the range of fuel oil, but alsc
asphalt and other solid hydrocartons which melt and flow
when heated. Coal and lignite are examples of solid carbon-
aceous materials that may be reacted with oxygen to form
synthesis gas in a reaction zone such as described. Such
material may be introduced to the generator in the form of
finely divided particles suspended in steam or other gas,
steam being preferably added to supply the needed hydrogen
where a hydrogen-carbon menoxide mixture is desired. Obvious-
ly such a generator must be mechanically designed for proper
feed of solid material such as ccal and the discharge of slag
thersiTom.

Liquid hydrocarbons when charged to the reactor
undergo some decomposition intc light hydrocarbons including
methane. Furthermore, the gases in the reactor tend to
produce some methane in accordance with the reaction:

co + 3 H2 = CH, + 820

4
Therefore, when charging liquid hydrocarbons, it also appears
that regulation of the oxygen charge so that the product gas
contains not in excess of the aforementioned small amount of
methane avoids formation of free carbon.

As previously mentioned, it is contemplated employ-
ing ne preheating, preheating of only the hydrocarbon, or
separate preheating of the hydroecarben and oxygen streams.
These streams may be preheated to temperatures as high as

conveniently possible having regard to the inherent limita-

20




i Al A e

1¢

15

20

490840

tions in existing materials of construction. The preheating
of an oxygen stream to relatively high temperatures requires
employment of preheating apparstus constructed of material
resistant to'oxygen at such temperatures. It is advisable
to preheat separately the oxygen stream to as high as 600 to
800°F, and higher if possible and the hydrocarbon stream to ag
high as 800 to 12C0°F. Higher preheats cause the attainment
of higher effective reaction temperatures which are deszirabie
in that higher overall yields are obtained, the production
of undesirable carbon dioxide and methane is reduced, and
there are reduced tendencies toward carvon formatien at low
0/C ratics.

If necessary, the hydrocarbon feed may be treated
to remove sulfur compounds prior to introduction to the geners
tor. This is desirable in corder to produce a synthesis feed
gas free from or substantially free from sulfur compounds.

Obviocusly, many modifications and variations ¢f the
invention as above set forth may be made without departing
from the spirit and scope thersof, and therefore only such
limitations should be imposed as are indicated in the ap-

pended claimg.
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The embodiments of the invention in which an ex-
clusive property or privilege is claimed are defined as

follows: ~

1. A process for the production of carbon monoxide
and hydrogen substantially free from solid carbon by reaction
of a hydrocarbor with an oxygen-containing @s, the improve-
ment which comprises centinuously passing sald hydrocarbon
and oxyzen-containing gas inte an unpacked substantially
completely closed and uncbstructed reaction zone of generally
cvlindrical shape in which the ratio of internal length te
the internal radius is within the range of from about 0.67 to

10, autogenously maintaining said reaction zone at a sub-

stantially uniform temperature above about 2,000°F., supplyiné

said oxyzen-containing gas to said reaction zZone in an amount
such that the total gquantity of oxygen supplied to the reactig
zone is in excess of that required theoretically for con-
version of all of the carbon in the feed Lo carbon monoxider
but substantially less than the amount theoretically required
for conversion of all of the carbon in the feed to carbon di-
oxide, and continuously removing from the reaction zone an

affluent stream comprising carbon monoxide and hydrogen sub-

stantially free from carbon and containing not more than about

5 mol per cent methane.

2. A process according to claim 1 wherelin said
oxygen-containing gas ls selected from the group consisting
of substantially pure oxygen and oxygen-eanriched air contain-

ing at least 40 volume per cent oxygen.
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3. A procese acconding to claim 1 in which the

hydrocarbon is a normally gaseous hydrocerbon,.

: b A process according to e¢lalm 1 in which the

hydrocarbon 1s = liquid hydrocarbon.

5e A process according te eny of claims 2, 3, and 4,
in which sald oxygen-containing gas is supplied to saild re-
action zome In g quantity sueh that the ratio of total oxygen

to cerbon charged to the reaction zone is within the range of
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from sebout 1.0 to l1.2.

6. A procees as defined in any of claims 1, 3, and
4 whereln sald reaction zone is mainteined at a pregsure within

the range of from sbout 200 to 300 pounda per square inch gauge.

7. A process according to any of olaims 1, 3,and
4 wherelin the ratio of intermal length to internal radius of

sald reaction zome la within the range of from about 1 to 4.

8. A process as defined in claim 1 wherein the oxyzen-
containing gas 1s preheated to an elevated tempsrature of at
loast 600°F. and the hydrocarbon is preheated to a temperature

of at least 800°F.

9. A process ag defined in any of claims 1, 2y and

8 wherein the oxygen-containing gas and the hydroearbon are
supplied to the reactlon zone as separate streams and sre in-
timately mixed within the rsaction zone by impingement of said
streams upon one another at a veloclty in excess of 30 feet pex

gecond.
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