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This invention relates to & method for making .

carbon monoxide and hydrogen from methane
and natural gas for use as a synthesis gas. More
particularly this invention has to do with a uni-
fled process for the- production of synthesis gas
wherein the heat supply necessary for the highly

endothermic reactions involved is furnished to

the reaction zones as sensible heat of a molten
metal. . A ‘

Numerous processes have been proposed for
the production of carbon monoxide and hydrogen
in suitable proportions for the synthesis of hy-
drocarbons. These processes generally. Involve
the interaction of hydrocarbons such ss methane
with steam and/or carbon dioxide or air to give
mixtures of hydrogen and carbon monoxide in
volume ratios of 1 to 1 up to 3 to 1, hydrogen to
carbon monoxide. The chief technical difficulty
confronting operation to produce these reactants
In quantity is the supplying of large amounts of
heat to the reacting gases at a high temperature
level and recovering the desired product free from
gaseous contaminants, particularly where air is
used as a reactant. The solution of this prob-
lem has been attempted in some Instances by
employing externally fired reaction chambers in
conjunction with regeneration heat-exchangers
of special design. However, the problem of de-
. slgning metallic reaction tubes which will with-
stand temperatures of 1800° F, or higher and the
necessity of using prchibitive lengths of ‘such
tubes to obtain capacities consistent with pres-
ent day requirements of large quantity produc-
tion make such a method of heat transfer im-
practical. Other methods of operating on the
thermal conversion cycle involve the passing of
the mixture of reactants through a conduit filled
with permeable refractory material previously
heated to about 2000° F. by an air-gas blast. - An
objection to this type of operation is the diffi-
culty of maintalning close temperature control of
optimum temperature levels in the reaction zone.

The object of the present invention is to pre-
pare hydrogen and carbon monoxide of relatively
‘high purity suitable for use as s hydrocarbon
synthesis gas. Another object of the invention
is to prepare hydrogen and carbon monoxide by
‘reacting methane or natural gas to produce ap-
proximately two volumes of hydrogen gas for each
volume of carbon monoxide in the product
stream. Still another object of the invention is
to process methane to form hydrogen and car-
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2
and further objects of the inveéntion will be ap-
parent from the following description taken to-
gether with the accompanying drawing which is .
a diagrammatic representation of the flow of heat
transfer media, reactants, and products when
operating our process in a three stage conversion -
system, ' '

In the presence of contact agents such as lime
and other porous. refractory solids, methane re-
acts with carbon dioxide to give free hydrogen
and carbon monox‘de, carbon belng deposited in
the refractory. This reaction is represented by
the equation ’ ,

2CHe+CO2-C+2C0O--4H3

The deposited carbon may then be reacted with
oxygen to form carbon dioxide for recycle to
the methane conversion step. In this reaction
methane may be “cracked” in a first stage to
form hydrogen according to the following equa-
tion ) :
‘ 2CH—~4H24-2C

One-half of the carbon deposited may be.reacted
with carbon dioxide to give two parts of carbo
monokxide according to the equation _ .

C+C01~%C0

thus producing carbon monoxide in one-half the
amount of volume of hydrogen produced in the
“cracking” step. In a third stage the remaining
carbon may be removed by burning to carbon
monoxide which can be recycled to the furnace
to be burned te carbon dioxide to furnish an ap-
preciable amount of the heat necessary for heat-
ing the circulating metallic heat transfer me-
dium and for furnishing the carbon dloxide for
the preceding conversion step. Since the neces-
sary carbon dioxide is furnished by burning the

- remaining carbon with a free oxygen containing

gas, preferably air, the overall reaction is
2CHt+4-03~2C0+4Hz3

Our process involves operating with molten metal
such as lead, tin or other metal having nonwet-
ting properties with respect to the refractory
packing in the contact towers as heat transfer
media to supply heat to the countercurrent flow-

- Ing reactant gases of a two stage or three stage
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bon monoxide in an apparatus which is capable

of close temperature control and high rates of
heat transfer to and from the reactants. These
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process. The accompanying drawing and. de-
scription thereof which illustrates one way in
which our invention may be employed should not
be interpreted .to limit the invention to the spe-
cific' procedure, apparatus and conditions. em-
ployed therein, ' : L
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Referring now to the drawing, furnace | is de-
- signed for heating of a relatively shallow, con-
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tinuously flowing body of molten metal, such as

melted lead, by impinging directly thereon the
flame and combustion products of carbon mon-

oxide and methane with air, the flow of melted .

lead being counter to flame propagation and
_ counter to the flow of combustion products. Rel-
atively cold melted lead is introduced to the fur-
nace near the exit points for the flue gases which
give up heat to the stream of lead. The lead
reaches its maximum temperature, i. e., within
the range of from about 1800° F. to 2400° F., say
about 2150° F'.,, near the point of flame impinge-
ment and is withdrawn from the bottom of the
molten stream. In order to prevent oxidation of
the metal, we superimpose or the molten metal
a relatively thin layer of & low vapor pressure
material, such as calcium metaphosphate, which

is liquid at furnace operating temperatures. This"

method of protecting oxidizable metals at high

temperatures is taught and claimed in the co- -

pending application of Armand J. Abrams, Serial
No. 574,611, filed January 25, 1945. This material
has & melting point of about 1790° F. and when
floated on the slowly moving stream of metal in

. ‘ 4

gravity from reaction towers 2, 3, and 4, to a tem-
perature suitable for pumping back to furnace i,
to furnish a second stage preheat for the meth-
ane passing to the reaction tower and also 8s
adsorption and desorption zones for carbon di-
oxide extracted from flue gas. These towers are
packed with a suitable alkaline earth carbonate

"~ or mixture of alkaline earth carbonates such as
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furnace |, it offers only slight resistance to trans- .

fer of heat to the metal if used in a film of from

. .about one-eighth to two inches in thickness. The
molten lead is withdrawn from the bottom of the
slowly moving stream and hence the protective
layer remains practically stationary, preventing
oxidation and minimiz.ng vaporization of the
molten metal.

Towers 2, 3, and 4, which are packed with re-
fractory material such as lump lime, crushed
brick or other porous refractory material, are
contact zones alternately used for contacting hot
metal under nonflooding cond.tions with meth-
ane to produce hydrogen and free carbon which
deposits in the packing material and then to con-
tact the packing material with hot metal and ear-
bon dioxide to form carbon monoxide in the sec-

ide producing stage of our process.

limestone or dolomite. Limestone, that is, cal-
cium carbonate, upon heating at .temperatures
above about 1500° F., decomposes to furnish car-
bon dioxide at approximately one atmosphere

‘leaving the solid refractory calcium oxide, which,

at temperatures below about 1400° F., is an ex-
cellent absorbent for carbon dioxide from flue gas
increasing in absorption efficiency as the tem-
perature is lowered. Molten metal leaving reac-
tion towers 2, 3, or 4, at temperatures of 1800° F.
or higher should be cooled to a temperature as
low as 1400° or. 1500° F. in order to be economi-
cally pumpable for recycle to furnace (. This
cooling is accomplished by passing the molten
metal through one of the carbonate packed tow-
ers 8, 9, 10, or 11, and simultaneously desorbing
carbon dioxide for the second or carbon monox-
These tow-
ers are operated alternately in a cyclic manner

- for the absorbtion and desorption of carbon di-
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ond stage of the process. Lump lime Is preferred -

as the packing material since methane can be
cracked over it with the carbon produced being
substantially completely retained by the lime in
amounts up to about 3 mols per mol of .ime as in-
dicated in Armand J. Abrams and L. B. Cook’s
copending application, Serial No. 419,238, now
Pat. No. 2,380,008, filed November 15, 1941. Fur-
thermore, the carbon produced in this way is in
an active form which allows the carbon-carbon
dioxide reaction to proceed readily. Only a part
of the carbon is removed in this second stage ani
hence the remaining carbon associated with the
packing in the third stage is subjected to ox'da~
tion to carbon monoxide while the other two
towers are on stream for the production of hy-

drogen and carbon monoxide as mentioned:

above, .

Towers § and 8, also packed with ceramic ware
or other refractory material, are lead recovery
towers. The hot hydrogen and carbon monoxide
leaving the lead contact towers carry an appre-

clable amount of metal vapor, especially if lead .

is used as the metal heat transfer agent. These
_ metal vapors are recovered in large part by scrub-
bing the vapor effluent from the metal contact re-
action towers with the relatively cool liquid met-
al the metal flowing to tower 71 for cooling by
preheating the methane or natural gas prior to
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introduction of said methane to the reaction

"~ tower,"

Towers 8, 8, 10, and {{, are polyfunctional in
that they serve to cool hot metal flowing by

75

oxide and as heat exchangers. The desorbed
carbonate is further cooled by the second stage
preheating of methane reactant feed as described
above and, ‘if desired, further cooling of the
packed tower to most efficient carbon dioxide
absorbing temperatures may b2 accomplished by
blowing the bed with relatively cold but dry
steam. The hot steam product can be used in our
process and/or the collateral refining of the
synthetic product therefrom. However, the
temperature of these carbon dioxile towers
should not be lowered by the use of steam to a -
temperature below about 1100° F. since below this
temperature in the presence of steam, the cal-
cium oxide will become hydrated.

Methane or natural gas in line (2 Is passed via
heat exchanger 13 angd line |4 to furnace 1. Pre-
heated air is introduced to the burners of furnace
{ through line 15, heat exchanger 16 and line IT.
To the air in line 1T may be added at least a part
of the carbon monoxide containing product gas
in line 18, supplied by regeneration tower 4
through lines 195, 106, and 107. Hot flue gases
pass from the furnace via line 25 to line 25. At
least a part of the hot flue gas may be sent o a
regenerative heat exchange system (not shown)
for cooling and to furnish preheat for gases pass-
ing to furnace | or for preheatiny any other
stream before passing from the process. How-
ever, we prefer to direct the major part of the .
flue gas from line 25 to line 27 and thence via
heat exchange system 28 and lines 29, 30 and 31
to the carbon dioxide absorption lime packing in
tower 8, previously cooled as described herein
above. If desired, a gas filter or other form of
guard chamber may be inserted in line 27 or
line 29 for the protection of the carbon dioxide
absorbent in towers 8, 9, 10, and {1 against con-
tamination with suspended solids in the flue gas
effuent from furnace I. The carbon dioxide in -
the flue gas is absorbed in tower 9 and the resi-
due gas flows via lines 32, 33, and 34, to line 3§
and thence to heat exchanger {3 for cooling
prior to elimination from the process via line 36.

In the molten metal heat transfer cycle of our
process melted lead is passed via line 40 to fur-
nace | where it Is heated to a temperature of
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about 2150° F'. The hot metal passes by gravity
via.line 41 to lines 42, 43, and 44, which lead to
the top of the refractory packing in towers 2 and
3, respectively. As the heated liquid passes down-
ward over the surface of the packing in these tow-
ers it gives up a part of its sensible heat to the
packing and.to the countercurrent stream of
* methane in tower 2 and carbon dioxide in tow-
er 3, the methane being “cracked” to hydrogen
and carbon which is deposited in the packing

while the carbon dioxide in tower 8 is converted to

carbon monoxide by interaction with carbon in
the packing in this tower. The liquid metal flows
from towers 2 and 8 at a temperature within the
range of from about 1800° F. to about 2050° F.
through lines 45 and 46 to manifold line 471 and
thence to lime carbonate tower 8 which has been

oxide passes overhead through line 80 to mani-

_fold line 81 and thence by lines 82 and 83 to tower

3 where it contacts the carbon deposited in the
methane cracking stage. Heat for this endother-
mic reaction to produce carbon monoxide is pro-
vided by the molten lead at a temperature within

. the range of from 1800° to 2400° P, that is, at

10

13

previously cooled before absorbing the carbon di-

oxide from the flue gas. As the metal flows over
the packing in tower 8 it gives up more of its
sensible heat to the tower packing and to the
endothermic desorption of the carbonate until
the temperature of the metal in exit line 48 is
below about 1600° P, preferably helow 1500° ¥,
and the liquid metal passes via line 48 to mani-
fold line 49 whence it is picked up by the pump
80 for recycle to furnace | via lines 81 and 40,

In the hydrogen producing cycle of our process,
methane previously purified with respect to hy-

drogen sulfide content, is introduced to the lower

part of tower T through line 60 for picking up heat
in a first stage preheat from hot metal intro-
duced to tower T from towers B and 6 through
manifold line 6{.
- temperature within the range of from 1000° F. to
about 1400° P. in tower T and passes thence via
lines 62 and 638 to carbon dioxide recovery tower
{1 where it picks up heat in the second stage pre-
heating step by absorbing sensible heat from the
hot desorbed carbonate packing. From tower (1
the methane passes overhead through lines 64
and 65, manifold line 66 and line 87 to tower 2
where it is “cracked” to hydrogen and carbon as
described above. The overhead gaseous product
from tower 2 consisting of more than 90 percent
hydregen and about 8 percent methane with a
small amount of lead vapors nasses from tower 2
at a temperature of about 2000° F, through lines
70 and 71 to tower B for the recovery of lead
vapors. Liquid lead is introduced to this re-
covery system by means of pump 72 in line 13
and is delivered to the top of tower 5 via cooler
74 and lines 75 and 76, The temperature of the
Houid lead at the top of tower § will be above
about 650° F'. and above about 1800° F., as it leaves
tower B via line 77 which connects with manifold
line 81. As the relatively cold liquid lead flows
over the packing in tower 8, it contacts the hydro-
gen product and scrubs therefrom the major part
of the lead vapor and the product, cooled to a
temperature of from 700° F. to 750° F., passes from
tower § via overhead line 78. If desired, the
gaseous product may be further cooled to solidify
the residual lead which may be recovered by pass-
ing the cold gas to a cyclone separator or: other
separation means well known to the art for re-
covering the last traces of lead. As described
hereinabove, the hot lquid lead in line 8 fur-
nishes preheat to methane feed in tower 1 as it is
cooled to a temperature below about 1000° T,
whence it is passed via line 19 to line 73 for fur-
ther cooling in cooler T4 and recycle to tower §.
Returning now to the carbon dioxide desorp-
tion step in tower 8, as the hot metal from line
47 contacts the carbonate in tower 8 carbon di-

The methane is heated to &
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.the hot, carbon impregnated: packing.

carbon monoxide stream,

about 2160° F'., the lead flowing downward over
Only &
part, that is, about one-half the carbon, is re-
moved as carbon monoxide in tower 3 and the

gaseous overhead product at a temperature of

about 2000° ¥, passes overhead via lines 84 and
85 to manifold line 88 which leads to the bottom
of tower 6. This gaseous product also contains
lead vapors which are recovered in tower 8 by
scrubbing the gas with relatively cold liguid lead
introduced to tower 8 through line 15 and with-

"drawn for cooling and recycle through line 81.

The carbon monoxide product passes from tower

8 through line 88 at a temperature of about 750°

F. to a cooling system and further separation of

any residual lead. This cooling and separation

may be made in the same system as provided for

the final purification of the hydrogen. The final

purified with respect to-
lead vapors, will contain less than two percent

carbon dioxide and the daily volume produc-

tion is approximately one-half the gas produc-

tion on the hydrogen cycle thus providing for & '
final mixture of hydrogen and carbon monoxide in

the ratio of 2 to 1, assuming that only one-half

the carbon deposited in the packing in the hydro-

gen production cycle is removed in the carbon.
monoxide cycle.. This ratio may be changed by

varying the length of the cycle in either the hy-

drogen or carbon monoxide production side of

the process.

The extent of conversion in towers 2 and 3 will
be determined by space velocities in these towers
as well as by the temperatures.. Space velocities
within the range of from about 0.2 to 3.0, prefer-
ably from about 0.5 to 1.5, volumes of methane
or natural gas per .volume of packed . reaction
space per minute, may be used in the hydrogen
production cycle and space velocities of carbon
dioxide within this same range may be used in
the carbon monoxide production cycle. Space
velocities in this cycle are from 0.3 to 3.0 volumes
of carbon dioxide gas per volume of catalyst space
per minute. The preferred range is from about
0.4 to about 1.0. The space velocities should be
adjusted to obtain relatively pure streams of hy-
drogen and carbon monoxide at the particular
operating temperatures chosen. The operation of
these cycles Is at atmospheric or. slightly higher
pressures up to fifteen pounds gauge pressure.
The: above space velocities are expressed as vol-
umes of gas measured at standard conditions of
temperature and pressure. .

While towers 2 and 3 are on stream producing

‘hydrogen and carbon monoxide, tower 4, which

has bheen taken off stream from the carbon mon-
oxide cycle, is subjected to regeneration by re-
moval of the remaining deposited carbon. This
is accomplished by burning the carbon to form .
carbon monoxide. The flow of molten lead to
tower & is discontinued during this carbon burn-
ing cycle. Air is introduced through line {00
and passes through heat exchange system. 10(
where it is heated in withdrawing heat from flue
gas in line 29. It is then passed via. manifold line
102 and lines 103 and 104 to tower & near the
bottom .of which the carbon is first burned in
carbon dioxide. . As the carbon dioxide passes
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upward in contact with additional carbon deposit,
the carbon dioxide is reconverted to .carbon
monoxide which passes from the tower via over-
head line 105 and line 106 to manifold line 107.
As stated hereinabove, at least a part of this
gas in line 107 may be used in the fuel gas for
heating in furnace [. If desired, the regenera-
tion air in line 102 may be diluted with respect
to oxygen by introducing hot flue gas from line
108 which leads from flue gas line 21. The car-
bon dioxide content of such dilution flue gas is
converted to carbon monoxide in tower 4 during
the regeneration cycle. At the end of the re-
generation cycle the refractory bed is relatively
free of carbon deposit and being at a relatively
high temperature is in condition for the hydro-
gen production cycle.

". Returning now to the carbon dioxide absorp-

tion step, the lime in tower 10 following the initial-

precooling in the second stage methane preheat-
ing as described above in connection with tower
11, may be further reduced in temperature. by in-

troducing relatively cool but dry steam to the
bed through manifold line {10 and lines {11 and
112. As stated above, the temperature of the

packing should not be below about 1100° F. Tem-
peratures within the range of from about 1100° F.
to about 1400° F. are suitable for the absorption
of carbon dioxide by the line packing in tower 0.
The hot steam passes from tower {0 through lines
118, ({4, and (15, to manifold line |18 and thence

to heat exchange equipment for use in any heat-
ing step of our process or allled synthetic hydro-~
carbon refining process. ) .
Although we have described our invention as

a three stage process wherein hydrogen and car-
bon monoxide are produced in separate reaction
zones, we do not wish to be limited to the separate
production of hydrogen and carbon monoxide.
‘As stated hereinabove, methane and carbon di-
oxide may be reacted simultaneously in the same
reaction zone to form hydrogen, carbon monoxide
and free carbon, thus combining. the first and
second stages of the process. In fact, it may be of
advantage by way of economy in the number of
towers required to so combine stages | and 2, thus
providing greater flexibility with respect to the
_ operation of stage 8, that is, the conversion of
the residual carbon to carbon monoxide which

operation requires a longer cycle time than either

stage | or stage 2 in order to completely convert

sald residual carbon to carbon monoxide for use

-in the metal preheating step. On the other hand,
the three stage process provides greater flexibility

with respect to converting methane to hydrogen

“and carbon to carbon monoxide in suitable pro-
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drogen is to react a part of the carbon monoxide
from the second stage with steam by means well
known to the art ‘(nickel catalyst, for instance,
760-1100° F.) to produce hydrogen and carbon di-
oxide. The carbon dioxide is then scrubbed out
of this gas and the hydrogen thus produced is
combined with the remaining carbon monoxide
and the hydrogen from the first stage. To pro-
duce a synthesis gas having 2 parts of hydrogen
and 1 part of carbon monoxide, 15 of the carbon
monoxide produced in the second stage is reacted
with steam. The COz required for this operation
may be obtained in part or entirely from the flue
gas leaving the furnace which heats the lead. ‘In
case the steam-carbon monoxide conversion is

_ used, part of the carbon dioxide required may be

20

furnished from this source.

Still another alternative is to combine the two
stages in the scheme above by passing a mixture
of methane and carbon dioxide in a 1 to 1 ratio
through a packed reactor using lead to furnish

~ the endothermic heat of reaction. When operat-

ing in this way there is no net production of car-

. bon and the product gas contalns carbon mon-
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portions if these products are produced.in sepa-

rate streams for blending in a 2 to 1 ratio of hy-
drogen to carbon monocxide: Hence, we may oper-
ate our process interchangeably as a two stage or
three stage process in order to obtain the advan-
tages peculiar to each type of operation.

60

As another alternative, we can operate in such '

a way that all of the carbon produced by the
cracking of methane in a first stage is removed in
~ & second stage by reaction with carbon dioxide
. to produce carbon monoxide. In both stages a
packed reactor is employed and molten lead fur-
nishes the heat of the endothermic reactions. By
mixing the hydrogen from the first stage with the
carbon monoxide from the second stage, syn-
thesis gas, having a ratio of 1 to 1, is obtained.
This may be brought to a ratio of. 2 to 1 by in-
troducing hydrogen from an outside source. An-
other method of enriching the product with hy-

P
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oxide and hydrogen in a 1 to 1 ratio. This gas
may be enriched by bringing in hydrogen from
another source or by reacting it with steam as:
above and scrubbing out the carbon dioxide pro-
duced. -

As Indicated hereinabove, our process offers
certain advantages over previous methods of pro-
dueing hydrogen and carbon monoxide for use
as synthesis gas. One of the chief advantages of
our process is the efficient method of direct heat
transfer to the reacting gases whereby large vol-
umes of these gases can be converted at high tem-
peratures which can be-controlled within nar-
row ranges. Another advantage is the conserva-
tion of hydrocarbon material. A relatively large
proportion of the hydrogen, carbon and fuel value
of natural gas is used in our process, there being
very little loss over and above the loss occa-
sloned by normal heat losses in high temperature
operation. :

In describing our invention, we have, for rea-
sons of simplicity, omitted certain auxiliary equip-
ment, such as pumps, compressors, blowers, waste
heat boilers and supplementary equipment for
storing and purifying feed material and product
of the process. Reactors, absorbers and heat ex-
change equipment, direct and indirect, may be
used in multiple to better integrate the several
stages of the process and to conserve the large
amount of heat necessary for this type of hydro-
carbon conversion,

Having thus-described the nature of our inven-
tion and the means of practicing the same, but
without intending to I'mit our invention to such
specific means save as expressly set forth in the
apoended claims. we claim:

1. The continuous process for the conversion of
methane to a hydrocarbon synthesis gas consist-
ing essentially of from about 1 to about 2 volumes
of hydrogen per volume of carbon monoxide
which ‘comprises the steps of (1) continuously
contacting countercurrently sald methane at a
temperature within the range of from 1800° F. to
2400° F. with a quueﬂed’ metal under nonflooding
conditions in one of a plurality of refractory
packed reaction zones whereby hydrogen is
formed and carbon is deposited in the refractory
packing in said reaction zone, (2) continuously

.contacting in a separate reaction zone porous re-

(]

s

fractory packing having therein carbon previ-
ously deposited by the process of step 1 with air
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to form: a gaséous mixture comprising carbon
monoxlqe and nitrogen-and to remove said car-
bon from said packing, (3) continuously oxidiz-
ing the carbon monoxide in at least a part of the
gaseous product mixture of step 2 to carbon di-
oxide, (4) absorbing the carbon dioxide from step
3 in a carbon dioxide absorbent material and
removing unabsorbed nitrogen, (5) desorbing the
carbon dioxide absorbed in step 4 to produce a
substantially pure carbon dioxide stream, (6)

10

step 7 from metal vapors in sald gaseous emuents ‘
by scrubbing said effluents with a relatively cold -
liquid stream of the same metal as used in steps
2 and 1.

5. The process of clalm 4 wherein the metal of
step 1 is lead.

6. The process of claim 4 wherein the alkaline

- earth oxide of step 5 is calcium oxide.

10

continuously pyrolyzing the carbon dioxide of .

step 5 in one of said refractory packed reaction
zones in the presence of carbon formed in step 1
while in counterflow with liquefied metal under
nonflooding - conditions to. produce carbon mon-
oxide, (7) separating the hydrogen in the gaseous
‘effluent stream of step 1 and the carbon monoxide
in the gaseous effluent stream of step 6 from
metal vapors in said gaseous effluent streams, and
(8) recovering said hydrocarbon synthesis gas as
a blend of at least a part of the purified hydrogen
and carbon monoxide obtained in step 7 of the
process.

2. The process as described in claim 1 wherein
step 1 and step 6 are carried out simultaneously

in the same reaction zone.

" 3. The process as described in c]alm 1 wherein
step 1 and step 6 are carried out simultaneously
in separate reaction zones.

4, A process for the manufacture of hydrogen
and carbon monoxide from methane and a free
oxygen containing gas in a plurality of porous re-
fractory packed reaction zones which comprises
the steps of (1) preheating a liquid metal of
group IV of the periodic table selected from the
class consisting of tin and.lead in a heating zone
to a temperature within the range of from‘1800°
F. to 2400° F.,, (2) introducing the preheated
metal at g point near the top of one of said re-
fractory packed reaction zones and flowing said
metal downward under nonflooding conditions
over the packing in said reaction zone counter-
current to a stream of methane whereby hydrogen
is formed and carbon is deposited in said refrac-
tory packing and the temperature of said liquid

metal is reduced, (3) contacting in a separate re- -
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7. The process of claim 4 wherein the alkaline

earth oxide absorbent of step 5 comprises a mix- . .

ture of magnesium oxide and calcium oxide.

8. A process for the manufacture of hydrogen
and carbon monoxide from methane and sir
which comprises the steps of (1) contacting a
mixture of methane and carbon dioxide obtained
in the manner hereinafter described countercur-
rently with & hot liquefied metal of group IV of
the periodic table selected from the class con-
sisting of tin and lead under nonflooding condi-
tions in a reaction zone packed with a porous re-
fractory solid at temperatures sufficiently high
to react said methane and carbon dioxide to form
hydrogen and carbon monoxide and deposit car-
bon in said refractory solid, (2) separating the
hydrogen and carbon monoxide in the gaseous
effluent of the reaction zone of step 1 from metal

- vapors in said gaseous effluent by scrubbing in a

separate zone said effluent with said liquefied
metal, (3) circulating the hot liquid metal from
step 1 to a zone containing calcium carbonate to
cool said metal to condition the same for pump-

" ing to the metal preheating zone and to decom-

0d

pose the calcium carbonate in sald zone to cal-
cium oxide and carbon dioxide, (4) continuously
passing the carbon dioxide of step 3 to the re-
action zone of step 1, (5) diverting the flow of hot
liquid metal, methane and carbon dioxide to pro-
duce counterflow of the metal with these gases in

' 8 second reaction zone to continue the process as

40

action zone refractory packing having therein -
carbon previously deposited by the process of step -

2 with air to form a gaseous mixture comprising
carbon monoxide and nitrogen and to remove said

carbon from said packing, (4) oxidizing the car-.

bon monoxide in at least a part of the gaseous
product mixture of step 3 by burning to carbon
dioxide to supply at least a part of the preheat
of the metal, (5) absorbing carbon dioxide from
the combustion gases resulting from preheating
step 1 including carbon dioxide formed in step 4

50
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in an absorption zone containing an alkaline

earth metal oxide from the class consisting of
magnesium oxide and calcium oxide, (6) subse-
quently - introducing by gravity, the hot liquid
metal from step 2 to the absorption zone of step 5
whereby said liquid metal is cooled to a tempera-
ture below about 1500° F. and .carbon dioxide is

desorbed, (7) continuously passing the carbon.

dioxide desorbed in step 6 to the reaction zone of
step 2 in countercurrent flow with the metal in
the temperature range as described in step 1
whereby carbon monoxide is formed and carbon
is removed from the refractory packing, (8) re-
cycling the cooled metal of step 6 by pumping the
same from the carbon dioxide desorption zone of
step 6 to preheating step 1, and (9) recovering
the hydrogen in the gaseous effluent of step 2 and
the carbon monoxide in the gaseous efiuent of
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described in step 1, (6) regenerating and heating
the refractory in the reaction zone of step 1 by
oxidizing the deposited carbon to carbon mon-
oxide, (7) burning the carbon monoxide of step 6
with air to carbon dioxide to supply at least a part
of the heat necessary for reheating the metal
for step 1 in a metal heating zone, and (8) ab-
sorbing carbon dioxide formed in stép 7 in the
calcium oxide produced in step 3 to separate ni-
trogen and reform calcium carbonate.

9. A multistage process for the manufacture
of hydrogen and carbon monoxide from methane
and free oxygen containing gas which comprises
the steps of (1) contacting methane counter-
currently with a liquefied metal under nonflood-
ing conditions in a reaction zone packed with a
refractory solid at temperatures sufficiently high
to decompose said methane to hydrogen and de-
posit carbon in said refractory solid, (2) con-
tacting said carbon deposited in step 1 with car-
bon dioxide obtained in the manner hereinafter
defined in counterflow with a stream of said
liquefied metal in a second stage at & tempera-
ture sufficiently high to cause a part- of said
carbon to react with said carbon dioxide to form
carbon monoxide, (3) separating the hydrogen in
the gaseous effluent of the reaction zone of step 1
and separating the carbon monoxide in the gase-
ous effluent of the reaction zone of step 2 from
metal vapors in said effluent streams by scrub-
bing said. stream with relatively cold liquid
streams of the same metal used in steps 1 and 2,
(4) removing in a third stage at least a major
part of the carbon remaining associated with the
refractory solid following step 2 by oxidation to
produce a gas stream containing carbon monox-
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ide, (5) burning at least a part of the carbon

monoxide from step 4 in the presence of a free
oxygen contalning gas to form-carbon, dioxide
and to preheat the liquefied metal passing to steps
1 and 2, (6) absorbing carbon dioxide from the
gaseous combustion products of step 5 in an alka-
line earth oxide selected from the class consisting

of magnesium oxide and calcium oxide to form~

the corresponding alkaline earth carbonate, and

(7) passing the hot metal efluent from steps 1
and - 2 through the alkaline+earth carbonate
formed in step 6 to cool said metal-and to desorb

carbon dioxide for recycle to stép 2 of the process.

. 10. A process for the manufacture of hydrogen
and carbon monoxide ffom methane and carbon
dloxide comprising the steps‘of (1)’ pyrolizing
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methane in countercurrent flow with & molten

‘metal in a reaction zone packed with a porous
refractory solid to produce a hydrogen overhead
efluent and deposit carbon in said -refractory
" solid, (2) passing the molten metal efluent from
the reaction zone of ‘'step 1 through a calcium
carbonate packed tower to cool said molten metal
and simultaneously decompose said carbonate to
calcium oxide and carbon dioxide, (3) passing the
carbon dioxide from step 2 to a second porous
refractory solid packed reaction zone which has
been previously subjected to the methane pyro-
lyzing reaction of step 1 for the deposition of
carbon and contacting saild carbon dioxide with
the carbon deposited on the refractory solid in
sald second reaction ‘zone while in counterflow
with & molten metal to form carbon monoxide
from at least a part of said carbon deposit, and
(4) recovering the hydrogen from the overhead
efluent from’the reaction zone of step 1 and the
carbon motioxide from the overhead efiuent from
steps.. = :

. -11]A unitary process for the manufacture of
‘s hydrocarbon synthesis gas consisting essential-
ly of a mixture of about two volumes of hydrogen
and about one volume of carbon monoxide com-
prising the steps of (1) countercurrently contact-
ing with a liquefied metal under nonflooding con-
ditions in a reaction zone packed with a porous

9,440,360
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‘volumes of hydrogen per volume of carbont mon-
oxide from methane and carbon dioxide which
comprises contacting methane countercurrently
with a liquefied metal under nonflooding condi-
tlons in & reaction zone packed with a porous
refractory solld at temperatures sufficiently high
to decompose said methane to Liydrogen and de-
posit carbon in said refractory solid, and then in
& separate reaction stage contacting said carbon
in said refractory solid with countercurrent
streams of a lquefled metal and carbon dioxide
at a sufficlently high temperature to form carbon
monoxide, and blending at.least a part of said
hydrogen and at least a part of said carbon mon-
‘oxide to obtain said synthesis gas.

. 13. In a process for the production of hydrogen
and carbon monoxide from a methane containing

. gas and ‘carbon dioxide wherein said methane is .
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converted to hydrogen and carbon and said car-
bon is’ converted to carbon-monoxide by inter-
action with carbon dioxide and wherein the endo-
thermic heat requirement for the conversion of
the methane to hydrogen and carbon and said

.- carbon and carbon dioxide to carbon monoxide
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is furnished by circulating a molten mass of metal
at temperatures above 1800° F. in direct counter-

- current contact with said methane, carbon and -

carbon dioxide in at least one refractory packed

- reaction zone, the improvement which comprises
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cooling the molten metal following contact in said
ab least one refractory packed reaction zone by
passing the molten metal downward from said
reaction zone and through- g vessel containing at
least one alkaline earth carbonate selected from
the class consisting of calcium carbonate and

- magnesium carbonate to decompose said carbon-
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refractory solid a mixture of carbon dioxide ob- -

tained in the manner hereinafter described and
methane of such proportions and at a tempera-

ture such that the methane and carbon dioxide

react to form a gaseous mixture comprising hy-
drogen ‘and carbon. monoxide in approximately
the ratio of 2 volumes of hydrogen to 1 volume
of carbon monoxide and deposit carbon in said
refractory solid, (2) recovering said mixture of

hydrogen and carbon monoxide from any asso- -

clated vaporized metal, and (3) regenerating said
refractory solid packed reaction zone by burning
the deposited carbon therefrom in a stream of air
to produce carbon dioxide for recycle to step 1.

12, A unitary process for the manufacture of
& hydrocarbon synthesis gas comprising about 2
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ate to the corresponding alkaline earth oxide

and to carbon dioxide for use in the carbon mon-

oxide producing refractory packed reaction zone.
14. The improvement of claim 13 wherein the

molten metal is lead.

. 15. The improvement of claim 13 wherein the

alkaline earth carbonate is calcium carbonate.

ARMAND J. ABRAMS.
MANUEL H. GORIN.
CHARLES OVID BAKER."
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