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This invention relates to a process for the
manufacture of carbon monoxide and hydrogen.
In one of its more specific aspects, it relates to an
improved fluidized bed process for the manufac-
ture of carbon monoxide and hydrogen synthesis
gas by the oxidation of methane or natural gas
with oxides of the metals in the VIII group of the
4th series of the periodic table, and preferably
iron oxide, wherein a gaseous oxidant is intro-
duced to the reaction zone.

One method for making synthesis gas compris-
ing carbon monoxide and hydrogen by use of a
fluidized bed is disclosed in the copending appli-
cation of B. J. Mayland and A. Clark, Serial No.
43,320, filed August 9, 1948, now U. S. Patent
2,566,620, issued September 4, 1951. By the proc-
ess of that invention, methane is contacted with
jron oxide in a fluidized bed at an elevated tem-
perature thus converting the methane by the
process of oxidation into carbon monoxide and
hydrogen. At least a portion of the heat of the
above reaction may be supplied by the iron oxide
which is heated to about 2500° F. in a regenera-
tion zone in the presence of air which reoxidizes
the reduced iron.

Several problems arise in connection with such
a procedure which are solved by the use of my
invention disclosed herein. One inherent prob-
jern in all processes is that of obtaining maximum
yields of product materials per volume of re-
actants. Another problem specific to the proc-
ess of the above-identified copending applica-
tion is obtaining the proper ratio of carbon
monoxide to hydrogen in the product gas. Still
another problem is to obtain sufficient heat in the
reaction zone, where the methane is oxidized, to
maintain the reaction at its optimum tempera-
ture for best operation without having to circu-
late too great a quantity of iron oxide. This par-
ticular problem is solved in part in the copend-
ing application by the use of a heat transfer ma-
terial which is heated along with or separate from
the iron oxide.

It is an object of this invention to provide an
improved process for the manufacture of carbon
monoxide and hydrogen. Another object is to
produce carbon monoxide and hydrogen synthesis
gas by the oxidation of methane. Another ob-
jeet is to obtain a maximum yield of carbon
monoxide and hydrogen per volume of methane
treated. Another object is to obtain carbon
monoxide and hydrogen synthesis gas in maxi-
mum quantities from the oxidation of natural
gas with iron oxide. Still another object is to
manufacture carbon monoxide and hydrogen in
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mazximum quantities by the oxidation of methane
by introducing a gaseous oxidant to a fluidized
bed reaction zone. Another object is to produce
carbon monoxide and hydrogen synthesis gas by
the oxidation of methane with iron oxide where-
in a gaseous oxidant is used to react with a por-
tion of the methane which would remain unre-
acted in the absence of such an oxidant. Another
object is to adjust the ratio of hydrogen to car-
bon monoxide in synthesis gas as desired. Fur-
ther objects and advantages of this invention will
be apparent to one skilled in the art from the
accompanying disclosure and discussion.

I have discovered that by introducing a gas-
eous oxidant, in particular steam, carbon dioxide,
and/or oxygen to a fluidized reaction zone where-
in carbon monoxide and hydrogen are being pro-
duced by the oxidation of methane with iron ox-
ide, a maximum portion of the methane is re-
acted, giving a greater yield than would be had
when not using a gaseous oxidant. I have fur-
ther discovered that by using certain of these
oxidants or mixtures thereof that additional heat
for the reaction may be obtained. '

The following discussion will serve to describe -
and exemplify my invention.

My process is a reaction based on the oxida-
tion of methane under controlled conditions.
The most readily available source of methane for
such a reaction is from natural gas. However, my
invention is not to be limited by the means of ob~
taining methane.

In g synthesis gas preparation process as de-
seribed above and in copending application Serial
No. 43,320, filed August 9, 1948, now U. S. Patent
2,566,620, issued September 4, 1951, it is disclosed
that the range of oxygen in the iron oxide bed for
the synthesis gas reaction is approximately 18 to
23 weight per cent. Best operation is obtained
when the oxygen content of the iron oxide is
maintained at about 19 weight per cent, and
when the iron oxide is introduced at about
2500° F. and is removed at about 1600° F., the lat-
ter being the optimum operating temperature of
the reaction zone. TUnder these conditions,
natural gas, for example one having a composi-
tion of 8 per cent nitrogen and 92 per cent hy-
drocarbon (mostly methane), will give an efiu-
ent having a composition (dry basis) of about
28.8 per cent carbon monoxide, 49.8 per cent
hydrogen, 1.2 per cent carbon dioxide, 17.1
per cent methane, and 3.1 per cent nitrogen. A
lower hydrocarbon content can be obtained, but
when this Is done by changing the conditions of
operation there is an increased tendency toward .
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the formation of carbon which indicates that the
hydrocarbon is being cracked rather than re-
formed. The ratio of carbon monoxide to hydro-
gen in this particular case would be 1:1.73.

By the practice of this invention whereir} a
gaseous oxidant is introduced to the reaction
zone, the 17.1 per cent of unreacted methane is
greatly reduced and little or no carbon is formed.

In addition to this, the ratio of carbon monoxide.

to hydrogen may be varied depending upon tl_le
gaseous oxidant used. For instance, steam W{ll
increase the proportion of hydrogen, carbon di-
oxide will reduce it, and oxygen will maintain
it substantially the same. The following table
will show the ratio of carbon monoxide and hy-
drogen formed when steam, oxygen and carpon
dioxide are reacted with methane, the principle
hydrocarbon constituent of natural gas.

Table. I

1) CH¢+4+H20-»>CO--3Hz. Rati.o 1:3
(3] CH:} 103> CO-+2Ha. Rat}o 1:2
(€)) CH:-+CO2->2C0O+-2H2 Ratio 1:1

In one embodiment of this invention wherein

the gaseous oxidant used is steam, said steam is °

introduced in the upper portion of the reaction
zone and within the fluidized bed in such a man-
ner that it contacts and reacts with the residual
hydrocarbon in the presence of partially reduced
iron oxide which catalyzes the reaction of steam
and methane to form carpon monoxide and hy-
drogen. In this embodiment, the steam is pre-
heated and introduced to the fluidized bed at 2

temperature in the range of 900 to 1500° F. and |
in an amount of about 0.05 to 1 mol, but pref- -«

erably 0.15 mol, per mol of methane trea}ted.
If the reaction is allowed to reach equilibrium,
which in commerical operation it is not, there

would be an increase in yield of carbon monoxide:

and hydrogen of 58 per cent and also the per
cent of inert material would decrease. In com-
mercial operation, the reaction of steam and
methane will not attain equilibrium, but will

only approach it. How close it will come-depends-

on the contact time allowed.

In another ombodiment of my invention, oxy-
gen or an oxygen-containing gas such as air, is
used as the gaseous oxidant. This may be in=
troduced in several ways. For example, one
method for introducing oxygen to the reaction
zone is to burn a portion of methane or natural
gas with an excess of air in a combpustion cham-
ber and then pass the hot product gases, which
include the excess of oxygen, to the reaction zone

wherein methane is being oxidized to carbon-

monoxide and hydrogen. By introducing these
hot materials to the reaction zone in the vicinity
of the outlet for the synthesis gas: produced
therein but within the fiuidized bed in such a
manner that they contact the gases to be with-
drawn, there is supplied additional heat for the
reaction and oxygen to react with the methane
which would ordinarily pass unreacted through
the reaction zone. In addition to this, there is
also some oxidation of the synthesis gas already
produced which adds still more heat.to the re-
action zone. This heat is made available
throughout the reaction zone by virtue of the

fact that the iron oxide particles move rapidly.

within all parts of the fluidized bed.

Another method for introducing oxygen or air
to the reaction zone of a fluidized. iron oxide-
methane synthesis gas process is to introduce. the

gaseous oxidant directly to the reaction zone in-
75

the same manner as-described in the-first: em~
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bodiment above. In this manner of operation,
the oxygen reacts with the methane which would
have passed through the reaction zone unreacted
and also burns with some of the already formed
synthesis gas to furnish additional heat.

In either of the two methods for practicing this
embodiment, the amount of oxygen, as such, is
calculated so that the desired volume of unre-
acted methane is oxidized, and if desired, the
right amount of heat is supplied. In either of
these two methods, the ratio of carbon monoxide
to hydrogen remains about 1:2.

A third embodiment of my invention comprises
introducing carbon dioxide to the reaction zone.
In this embodiment, the carbon dioxide is pref-
erably heated to an elevated temperature by such
means as, for example, heat exchange with the
broduct synthesis gas, and then passed to the re-
action zone as in the other embodiments. By
operating in this manner, the methane which
would have passed through the reaction zone un-
oxidized is reacted producing addition synthesis
gas. Further than this, the ratio of carbon mon-
oxide to hydrogen is changed, increasing the
amount of carbon monoxide.

It is well within the scope of my invention to
introduce two or more of the gaseous oxidants
to the reaction zone either together or separate-~
ly, the proportions being selected to give the de-
sired amount of heat and desired final composi~
tion of synthesis gas.

In any of the above embodiments of my in-
vention, natural gas may be substituted for
methane, particularly because it is more readily
available, and because pure methane would be
too expensive to use. It is also within the scope
of my invention to utilize other light paraffin hy-
drocarbons in place of methane. The ratio of
H2/CO obtained with these hydrocarbons can be
varied by addition of steam or carbon dioxide.
Such light parafiins as ethane, propane, and bu-
tane are quite suitable.

A further understanding of some of the many
aspects of my invention may be had by referring
to the drawings, which are schematic flow dia-
grams, in conjunction with the following discus-
gion.  Various additional valves, pumps, and other
conventional equipment, necessary for the prac-
tice of this invention, will be familiar to one
skilled: in' the art and have been omitted from
the drawings for the sake of clarity. 'These
descriptions of the drawings provide two methods
of operating my process. It is understood, how-
ever, while these are representative in general
of my process, various minor changes may be
made in adapting the process to the various
conditions within the secope of the invention.

Refer now to Figure 1 which is one embodiment
of'my invention. Natural gas is introduced near
the bottom of reaction chamber 10 via line 1.
Iron oxide, freshly oxidized and heated, is infro-
duced to chamber 18 via line 2 where it oxidizes
the natural gas to earbon monoxide and hydrogen
according to Equation 2 above and where it is
maintained in a fluid state by the flow of gases
therethrough. A gaseous oxidant such as steam,
oxygen, carbon dioxide, or.a mixture thereof is
introduced to chamber {8 via line i3 and heat
exchanger 14 to further react with natural gas
which has not heen oxidized by the hot iron oxide.
Efftuent synthesis gas is removed from the top
of chamber 1§ via-line 15. A portion of this
is passed via line 15 to heat exchanger {4 where
it imparts heat to.the'gaseous oxidant. Cool
reduced iron-oxide is removed from the bottom
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of chamber 10 via line 17 to a regeneration unit
not shown where it is heated and reoxidized.
Refer now to Figure 2 which is another em-
bodiment of my invention. Hot regenerated iron
oxide is passed from regeneration zone 23 via
line 21 to reaction zone 22. Natural gas to be
oxidized ig introduced to the reaction zone via
line 23 in such a manner that the iron oxide intro-
duced near the top of the zone is maintained
in substantially a fluidized bed. Within the
reaction zone the methane in the natural gas is
oxidized by the oxygen from the iron oxide to
produce synthesis gas. Natural gas and air
are introduced to a combustion zone 24 via lines
25 and 27 where the gas is burned with an excess
of air producing an oxygen-rich hot gas mixture.
This mixture is passed from zone 24 via line 28
into reaction zone 22 near the top of the fluidized
bed. In this manner, additional heat for the
reaction is supplied and any unreacted methane is
oxidized by the excess oxygen. Efluent synthesis
gas is removed from zone 22 via line 29 and used
as desired. Reduced iron oxide is removed from
the bottom of zone 22 via line 30 and passed to

regeneration zone 2§ where it is reoxidized and @

heated.

The term “fluidized” as used herein in connec-
tion to a metal oxide bed or a process, refers to
the condition where a particulate mass is main-

tained in a high state of agitation, turbulence, :

or ebullition by the flow of gases therethrough.
In this invention, the gas maintaining the metal
oxide in a fluidized state is methane, or a meth-
ane-rich gas, such as natural gas.

One of the main advantages of this invention
is to reduce the volume of unreacted methane
which passes through the reaction zone of a
fluidized iron oxide-methane process for mak-
ing carbon monoxide and hydrogen synthesis gas.
Another advantage of my process is the addition
of heat to the reaction zone which reduces the
amount of heat necessarily supplied by the iron
oxide or other solid heat carrier.

Although this process has been described and
exemplified in terms of its preferred modifica-
tions, it is understood that various changes may
be made without departing from the spirit and
scope of the disclosure and of the claims.

I claim:

1. An improved process for the manufacture
of carbon monoxide and hydrogen synthesis gas
which comprises maintaining in a synthesis gas
producing zone a first bed of small solid particles
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of iron oxide in a fluidized condition by sus-
pension in a gas flowing at a sufficiently low
rate that the bulk of the particles are maintained
together as a dense highly agitated phase, in-
troducing said iron oxide at a temperature in
the range of 2000 to 2500° F. into an upper por-
tion of said fluidized bed, introducing natural
gas to a lower portion of said fluidized bed as
said gas, maintaining a temperature above about
1600° F. and just below the regeneration tempera-
ture of said iron oxide in said fluidized bed to
liberate oxygen from said iron oxide and to oxi-
dize said natural gas and thereby produce carbon
monoxide and hydrogen synthesis gas, contain-
ing unoxidized natural gas, introducing an oxi-
dant selected from the group consisting of steam,
oxygen, and carbon dioxide from an external
source directly to the upper portion only of said
synthesis gas producing zone in close proximity
to the outlet for product synthesis gas and within
the fluidized bed in sufficient quantity to react
in the presence of partially reduced iron oxide
with the natural gas which would pass through
said reaction zone unreacted in the absence of
such added oxidant, thereby producing a greater
quantity of synthesis gas per volume of natural
gas introduced fo said reaction zone, removing
synthesis gas from the top of said zone, remov-
ing reduced iron oxide at a temperature of about
1600° F. from a lower portion of said fluidized bed
and passing same to a regeneration, oxidizing
said reduced iron oxide in the presence of hot
combustion gases containing free oxygen to such
an extent that when it is returned to said fluid-
ized bed the oxygen content of the iron oxide
therein is maintained in the range of 18 to 23
weight per cent, said combustion gases maintain-
ing said iron oxide in a second fluidized bed, and
returning said oxidized iron oxide from said sec-
ond fluidized bed to said first fuidized bed.

2. A process according to claim 1 wherein the
natural gas is comprised substantially of methane.

BERTRAND J. MAYLAND.
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