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This invention relates to a process for the
manufacture of synthesis gas. Inone of its more
specific aspects, it relates to the production of
synthesis gas containing carbon monoxide and
hydrogen in the mol ratio of 1:2.

The production-of carbon monoxide-hydrogen
synthesis gas has been carried out in many dif-
ferent ways and for many different purposes.
By varying the reactants, various proportions
of carbon monoxide and hydrogen may be - ob-
tained, depending on the materials which are
to be synthesized. The most common volume
ratios of carbon monoxide to hydrogen produced
are 1:1, 1:2, and 1:3, and of these, probably the
most often vsed is 1:2 for the synthesis of hydro-
carbons. by the Fischer-Tropsch. method.
-.Table I below.shows various equations known
to the art for the preparation of .synthesis gas
showing the ratios of carbon monoxide to hydro-
gen which may be:.obtained. It may be seen that
a:mol ratio of .1:2 can be obtained by combin-
ing various of the equations or by reaction (4)
or (5) singly. It is not feasible to prepare 1:2
synthesis gas from carbon and steam as shown
in Equation 1. Likewise methane and steam
will not work in the desired manner because they
give a ratio of 1:3. The reaction of carbon di-
oxide with methane is not advantageous because
the ratio is 1:1 and also because carbon dioxide,
although freely available in fiue gases and proc-
ess” streams as well as in some natural gases,
is relatively expensive to recover and power is
consumed in its recovery. As mentioned above,
a mol-ratio of 1:2 may be obtained by the reac-
tions indicated in Equations-(4) and (5), how=
ever,  these also - have definite disadvantages.
The former, requiring oxygen, is expensive to
operate, requiring in addition to. the apparatus
for -producing synthesis gas, an oxygen plant.
The latter, utilizing air to furnish- oxygen, gives
a; gas mixture contaminated With a large quan~
tlty of nitrogen :
Table I

(@) C+H20->CO-+H2 Ratio=1:1

{2) CH:-}H20-CO+-3H2 Ratio=1:3
3) CH¢4-CO2—»2C0O--2H:2 Ratio=1:1
€4) . " CHs+102>CO-+2H2 Ratio=1:2"

5) CH4+1/202+2N2—900—|—2H2+2N2 Ra,tlo 1:2°

Many processes “for the manufa.cture of syn—
thesis .gas have been devised.- For ex ample
one process is to pass the reactants through a
ceramic-lined chambher which has previously
been heated to the desired temperature by such
meéans as hot flue ‘gases ‘or the combustion of
materials therein; another process is to pass the
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reactants through suitable pipes which are heated
externally; and still another process is to intro-
duce the reactants to a suitable chamber heated
internally. There are many variations of these
processes.

An object of this invention is to provide a
method for making carbon monoxide and hy-
drogen synthesis gas in a ratio of carbon mon-
oxide to hydrogen of approximately 1:2.° An-
other object is to make synthesis gas relatively
free from contamination. Another object is to
make synthesis gas from natural gas and steam.
Another object is to make economically carbon
monoxide-hydrogen synthesis gas in the ratio
of 1:2 from carbon, methane and steam. An-
other object is to make carbon monoxide-hydro-
gen synthesis gas utilizing a pebble heater.
Further objects and advantages of this invention
will be apparent to one skilled in the art from
the accompanying disclosure and discussion. -

T have discovered an improved process for the
manufacture of carbon monoxide and hydrogen
synthesis gas, preferably in the volume ratio of
1:2, from natural gas and steam, utilizing a
pebble heater through which is continually cir-
culated a moving mass of pebbles and wherein
natural gas is cracked in one zone, thus deposit-
ing a layer of carbon on the pebbles passing
therethrough, and natural gas and steam are
reformed in a second zone in the presence of
the carbon-covered pebbkles utilizing the carbon
thereon, producing synthesis gas in the desired
ratio. This process combines reactions (1) and
(2) of Table I in an advantageous manner.

In a preferred embodiment of my invention
natural gas and air are buined in the top por-
tion, .or combustion zone, of a pebble heater,
thus heating the pebbles flowing downwardly
therethrough. A second stream of nafural gas
contacts the heated pebbles in & lower portion
of this same chamber and is.cracked under
such conditions as to form catrbon and cause it
to adhere to the pebbles. The hydrogen pro-
duced passes upward freely in countercurrent
flow to the flow of pebbles and is burned along
with the natural gas in the combustion zone thus
giving additional heat. The heated pebbles upon
which carbon has been deposited pass. freely
into a lower reforming chamber where they are
contacted with natural gas and steam  which
reacts with the carbon, producing carbon mon-
oxide and hydrogen synthesis gas in the ratio
of 1:2 according to the following equation: (6)
C4-CH4--2H20-2C0O+4H2 Ratio=1:2. TUncon-
taminated synthesis gas is withdrawn from the
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reforming chamber for use as desired, such as
Fischer-Tropsch synthesis. The pebbles, which
have become cooled by supplying heat for the re-
forming reaction, are removed from the bottom
of the reforming chamber and returned to the
top of the pebble heater chamber.

The term “pebbles” as used herein refers to
a fluent, particulate mass of refractory ele-
ments. These pebbles are preferably substan-
tially spherical and relatively uniform in size,
but may be rod shaped or irregular in shape or
size. Spheres of about 1% inch to 1 inch in di-
ameter are suitable and these of ¥ inch to %

inch are usually preferred. In cracking organic

materials at elevated temperatures, pebbles of
highly refractory character and ruggedness must
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be utilized. In conducting endothermic reac- .

tions at elevated temperatures such as the pro-
duction of carbon monoxide and hydrogen syn-

thesis gas discussed herein it is important to g

operate, with pebbles of relatively high specific
heat in order to introduce sufficient heat for the
reaction. Pebbles of pure alumina fired at tem-
peratures between 3000 and 3500° F. are suit-
able for use in this invention. Other materials
such as beryllia, silicon carbide, mullite, peri-
clase, and zirconia are also satisfactory. Under
certain conditions it may be desirable to im-
pregnate pebbles of the above-named materials
with a catalyst such as iron or nickel which will
help. promote the reactions.

A more detailed understanding of some of the
many aspects of my invention may be had by
referring to the attached schematic flow dia-
gram in conjunction with the following discus-
sion which will also. serve to exemplify my in-
vention. Various additional valves, pumps, and
other conventional equipment, necessary for the
practice. of this invention, will ke familiar to
one skilled in the. art and have been omitted
from the drawing for the sake of clarity. This
description of the drawing provides one method
of operating my process. It is understood, how-
ever, that. while this is representative in general
of my process, various minor changes may be
made in adapting the process to the various
conditions within the scope of the invention.

In the drawing, reactor i, through which is
passed a. contiguous mass of pebbles, comprises
an upper combustion zone 12 and a lower crack-
ing zone I3, with free communication between
both zones. A mixture of air and natural gas
is introduced through line {8 into the lower
portion of combustion zone {2 where it burns,
heating the downwardly flowing mass of peb-
bles. The pebbles may be heated to a tempera-
ture up to 3000° F. but preferably up to 2500°
F. From combustion zone 12, the pebbles pass
directly to cracking zone (3, where they counter-
currently contact mnatural gas introduced into
the lower portion of the zone through line 4.
The natural gas which comprises primarily
methane is cracked upon contacting the heated
pebbles, carbon depositing on the pebbles and
hydrogen and other combustible materials pass-
ing upward to the combustion zone, where they
are burned. The combustion products are with-
drawn through line {5 along with flue gases
from, the c¢ombuystion of the natural gas. The
cracking reaction is endothermic and therefore
ahsorbs heat from the pebbles thereby cooling
same to-a temperature ordinarily within the ap-
proximate range of 1800 to 2300° F.

. From reactor {1 the hot pebbles are passed
to- a reforming zone 16 through suitable equip-
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ment such as pebble throat (7. The pebbles also
pass through the reforming zone in a contiguous
mass. A mixture of steam and natural gas is
introduced into the lower portion of reforming
zone {6 through line 8 where it contacts coun-
tercurrently the hot pebbles upon which carbon
has been deposited. There the natural gas,
steam, and carbon are converted to carbon mon-
oxide and hydrogen in a mol ratio of 1:2. The
desired molar proportions of the reactants are
readily determinable from the equations pre-
viously discussed. A suitable pressure differen-
tial is maintained between pebble heater {1 and
reforming zone [§ so that there will be no flow
of combustion sases into the reforming zone to
contaminate the synthesis gas. This is done by
maintaining a slightly greater pressure in the
reforming zone than in the pebble heater so
that if there is any flow of gases from one zone
to the other it will be from, rather than into,
the reforming zone. The synthesis gas produced
in. zone 1§ is removed through line {9 to suit-
able storage means or to suitable reaction equip-
ment, not shown. During the course of the re-
forming step the pebbles, which reach the re-
forming zone at a temperature of about 1800
to 2300° F., are cooled to a temperature of about
500° F. The cooled pebbles are removed from
the bottem of zone {6 through line 20 and are
passed through suitable elevation apparatus, such
as a screw conveyor- indicated at 2f, to the top
of reactor i{ where they are again heated and
passed downwardly. Other types of elevation
apparatus, such as chain-and-bucket: Qonveyors
or gas lifts may be used if desired.

Higher temperatures may be maintained with-
in the cracking and reforming zones by pre-
heating the natural gas and natural gas-steam
mixture introduced to each, respectively, by
means not shown. It is often desirable to pre=
heat these two streams, preferably indirectly,
with the hot flue gases removed from combus~
tion zone 12 through line % and/or with hot
synthesis. gas removed from reforming zone 16
through line i9. The process as described will
ordinarily be conducted at approximately at-
mospheric pressure or slightly higher. It may
however be conducted at reduced pressures or
at substantial superatmospheric pressures if
desired. 'The several feed streams are ordinarily
available at pressures ranging from atmospherlc
to about 500 p. s. i.

It may be seen from the above description and
discussion that my invention is a novel method
for the continuous production of 1:2 carbon
monoxide-hydrogen synthesis gas. It is an eco=
nomical process because there are no periods of
shut down for reheating the cracking zone, and
difficulties inherent in heating metal pipés or
reaction tubes to temperatures in the range: of
17 t0..2500° F'. are reduced or eliminated. Wost
important of all is the fact that- my invention
is a continuous process for producing synthesm
gas free of impurities and inert diluents.

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 preparatvon o,f
synthesis. gas eontaining carbon monoxide and
hydrogen in. a mol ratio of 1:2, which comprises
hurning a mixture of methane and air in an
upper. portion of a pebble heating zone and
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thereby heating pebbles passing downwardly
therethrough to a temperature up to akout 2580°
F., introducing methane to a lower portion of
said pebble heating zone and cracking same
therein by contacting with the heated pebbles in
such a manner that carbon is depcsited upon said
pebbles and the temperature of said pehbles is
reduced to within a range of about 1700 to 1900°
¥, passing hydrogen formed by said cracking
countercurrent to the flow of said pebbles and
mixing and burning same with said mixture of
methane and air in said upper porticn of said
pebble heating zone to supply additicnal heat to
said pebbles, passing said heated pebbles upon
which carbon is deposited to a reforming zone
wherein they are contacted countercurrently
with a mixture cf methane and steam in a mol
ratio of carbon to methane to steam of 1:1:2 and
under such conditions as to form carbon monox-
ide and hydrogen synthesis gas in a mol ratio of
1:2 by the interreaction of said carbon, said
steam and said methane, said reaction coocling
said pebbles to about 500° ., removing said peb-
bles from the bottom of said reforming zone and
recycling same to the top of said pebble heating
zone, and recovering carbon monoxide and hy-
drogen synthesis gas effluent from said reforming
zone as a product of the process.

2. An improved process for the preparation of
synthesis gas containing carbon monoxide and
hydrogen in a mol ratio of 1:2, which comprises
burning a mixture of natural gas and air in an
upper portion of a pebble heating zone and
thereby heating pebbles passing therethrough to
a temperature in the range of 2560 tc 3000° F.,
introducing natural gas to a lower portion of said
pebble heating zone and cracking same therein
by contacting with the heated pebbles in such a
manner that carbon is deposited upon said peb-
bles and the temperature of said pebbles is re-
duced to within a range of about 1760 to 2300° &,
mixing and burning hydrogen formed by said
cracking with said mixture of natural gas and air
in said pebble heating zone to supply additional
heat to said pebbles, passing said heated pebbles
upon which carbon is deposited to a reforming
zone wherein they are contacted couniercur-
rently with a mixture of natural gas and steam
in a mol ratio of carbon to natural gas to steam
of 1:1:2 and under such conditicns as to cool said
pebbles and form carbon monoxide and hydrogen
synthesis gas in a mol ratio of 1:2 by the inter-
reaction of said carbon, said steam, and said
natural gas, removing said pebbles from the bot-
tom of said reforming zone and recycling same to
the top of said pebble heating zone, and recover-
ing carbon monoxide and hydrogen synthesis gas
effluent from said reforming zone as a product of
the process.

3. An improved process for the preparation of
synthesis gas containing carbon monoxide and
hydrogen in a mol ratio of 1:2, which comprises
burning a mixture of natural gas and air in an
upper portion of a pebble heating zone and
thereby heating pebbles passing therethrough to
an elevated temperature, introducing natural gas
to a lower portion of said pebble heating zone and
cracking same therein by contacting with the
heated pebbles in such a manner that carbon is
deposited upen said pebbles and the temperature
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of said pebbles is reduced, mixing and burning
hydrogen formed by said cracking with said mix-
ture of natural gas and air to supply additional
heat, passing said pebbles upon which carbon is
deposited to a reforming zone wherein they are
contacted with a mixture of natural gas and
steam in a mol ratio of carbon tc natural gas o
steam of 1:1:2 and under such conditions as to
form carbon monoxide and hydrogen synthesis
gas in a mol ratio of 1:2 by the interreaction of
said carbon, said steam, and said natural gas,
removing said pebbles from said reforming zone
and recycling same to the top of said pebble
heating zone, and recovering carbon monoxide
and hydrogen synthesis gas from said reforming
zone as a product of the process.

4. An impreved process for the preparation of
synthesis gas containing carbon monsxide and
hydrogen in a mol ratic of 1:2, which comprises
heating in an upper portion of a pebble heating
zone pebbles passing therethrough, eracking nat-
ural gas in a lower portion of said pebbie heatin
zone in such a manner that carbon is deposited
upen said pebbles, burning hydrogen formed by
said cracking to supply additional heat to said
pebbles, passing said pebkles upon which carbon
is deposited to a reforming zone wherein they are
contacted with a mixture of naturzal gas and
steam in a mol ratic of carbon to natural gas to
steam of 1:1:2 as to form carbon monoxide and
hydrogen synthesis gas in a mol ratio of 1:2, re-
moving said pebbles from said reforming zone
and recycling same to said pebble heating zone,
and recovering carbon monoxide and hydrogen
synthesis gas from said reforming zone as a prod-

ct of the process.

5. An improved process for the preparation of
carbon monoxide and hydrogen synthesis gas
which comprises heating in an upper portion
of a pebble heating zone pebbles passing there-
through, cracking natural gas in a lower portion
of said pebble heating zone in such a manner
that carbon is deposited upon said pebbles, pass-
ing said pebbles upon which carbon is deposited
to a reforming zone wherein they are contacted
with a mixture of natural gas and steam in a
ratio of carbon to natural gas to steam of 1:1:2
and thereby forming synthesis gas, recycling
said pebbles from said reforming zone to said
rebble heating zone, and recovering carbon
monoxide and hydrogen synthesis gas having a
carbon monoxide:hydrogen mol ratio of greater
than 1:3 as a product of the process.

BERTRAND J. MAVLAND.
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