& o K.
w O
i~ w o i
T z
& «f E
i _ 2= 0
2 aino1 Al £ k-
<
o NOILdYOSaY * 08, 05 y % |S\U
LA . I @
mm!_ 2y +0d o % I
SNOBY VI OYAAH I
n 4HOM mm/_ v . 157 4e 2
3 0z- —ve : . 20 o &
S ' .
4 ‘ I 9ol
% 0% - 3 ®—=
B 9w ¢z 02
= 3 S.: ei-
. ()]
o & * S
- QUVHVIIS m
T . , zd SVO VL j¢ ez
A — e Q3ddIN LS L2 —
. Wv facd 7 —B—= -
> 8 = : o€
i 2i-| SLINN ONiddidLls
3 L -
T oo o e . % NOILJYOSEY e~ | ez
g o (A vez -
M Nl . zE~ ’ ﬁlm.@.l 62
7] SNOBYYDOHOM h v
&} e i
W - / — 7 T\@ = ™
&2 o A 7 L m\w H
' LINN /m ! LINN - Ay —_—
1H— SISIHLNAS 9
Noisuaanod || |~z
vy 91— I
| Up] —
D 17 SVYD vl W_
~ Holvyvd3Is / “N39AXO
n
Land .
5 I Sid
=

v

/
woo *Jaydoo 1us 1ed mwn /7 :d 11y



http://ww. Pat ent Gopher.com

Patented May 15, 1951

2,992,137

UNITED STATES PATENT OFFICE

2,552,737
PROCESS FOR PRODUCING SYNTHESIS GAS

Harry V. Rees, Chappaqua, N. Y., assignor to
Texaco Development Corporation, New York,
N. Y., a corporation of Delaware

Appiication May 25, 1945, Serial No. 595,710
(Cl. 48-—214)

6 Claims.
1

This invention relates to the manufacture of
hydrecarbons, oxygenated hydrocarbons and the
like by a process involving conversion of low
boiling hydrocarhons into carbon monoxide and
hydregen, which latter are in turn converted into
the aforesaid products.

The invention involves reacting a light hydro-
carbon such as methane with €O and steam,
advantageously formed conciurrently and in the
same reaction zone by combustion of a portion of
the feed hydrocarbon, to thereby produce a syn-
thesis gas containing CO and H:. The resulting
synthesis gas is subjected to the action of a syn-
thesis catalyst so as to effect conversion of CO
and H into the desired synthetic products.
products of the synthesis reaction may include
hydrocarbon gas and also substantial amounts of
CQO2, CO and H2. Therefore, provision is made
for separating these gaseous constituents from
the synthesis products and recycling them to the
process, as will be described in more détail.

The gaseous products from the synthesis reac-
tion may include, besides the aforesaid gases,
other gaseous materials such as nitrogen, and
provision is made for discharging such materials
from the system. ‘

A particular feature of the invention has to do
with the method for preparing the synthesis gas
which will now be described.

In accordance with the invention, the supply
of hydrocarbon feed gas is split into first and see-
ond streams. The first stream is mixed with
oXygen or an oxygen-containing gas in propor-
tions suitable to provide a combustible mixture.
This mixfure is subjected to surface combustion
on the interior surface of a porous tubular reac-
tion zone constructed from g refractory material
capable of withstanding elevated temperatures.
The second stream of hydrocarbon gas is caused
to flow within the tubular reaction zone wherein
the second stream hydrocarbons are brought into
intimate contact with the hot gaseous products
of combustion resulfing from the dforesaid sur-
face combustion.

Temperature conditions are maintained within
the reaction zone such that the second stream
hiydrocarbons react with COs and steam formed
from the surfsce coimbustion, thereby producing
gaseous products of cornversion containing CO
and Hs.

The resulting streani of synthesis gas, after
suitable adjustment of temperature, is passed
to g synthesis unit wherein CC and Ha are con-
verted into compounds containing one or more
carbon atoms per wmiolecule., As previously set
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forth, CO2, CO and H: are removed from the
products of the synthesis reaction and recycled
all or in part to the feed stream passing through
the interior of the aforesaid conversion reaction
tube. Provision may be made, if desired, for
treating the tail gas from the synthesis reaction
50 as to separately remove CO:z therefrom, the
separated COsz being recycled all or in part to the
inlet of the reaction tube, while residual tail gas
comprising mainly CO and Hz is recycled all or
in part to provide a portion of the gas stream
used for effecting surface combustion.

When nitrogen is present in the oxygen feed
gas then provision is made for venting nitrogen
from the system. This may be done by discharg-
ing g portion of the residual tail gas, with or with-~
out first removing CO and H: therefrom.  Provi-
sion may be made for recycling residual tail gas,
or CO and Ha separated therefrom, to the syn-
thesis reaction.

The invention is of particular application as
applied to the type of conversion process de-
scribed in the copending application, Serial No.
586,004, of Harry V. Rees and Clifford G. Lude-
man, filed March 31, 1945, for Manufacture of
Hydrocarbons and the Like, issued as U. S. Pat-
ent No. 2,486,879,

The conversion unit for effecting the conver-
sion of normally gaseous hydrocarbons into syn-
thesis gas advantageously comprises g porous tube
or plurality of porous tubes constructed from a
refractery material such as carborundum. The
porous tubes are supported within or extend
through a chamber. A combustible gas mixture
is maintained within the chamber to provide a
gas blanket surrounding the porous tubes. Suf-
ficient pressure is maintained upon the combusti~
ble gas mixture so that it permeates the pores
of the porous tubes and thus passes to the in-
terior surfaces thereof upon which it undergoes
surface combustion, thereby maintaining the in-
terior surfaces of the tubes at g state of incan-
descence.

Advantageously, the composition of the gaseous
combustible mixture is such that it is substan-
tially entirely consumed by combustion to form
COz and steam.

A separate stream of hydrocarbon gas is intro-
dueced to the inlet of each porous tube, advan-
tageously after suitable preheating, and caused
to flow therein in intimate mixture with the hot
products of surface combustion so that the hydro-
carbons react with the produects of combustion to
produce the gaseous mixture containing CO and
s, If desired, steam may be introduced with the
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separate stream of hydrocarbon gas in order to
assist in the reaction.

‘An advantage of the invention is that it pro-
vides a simple and effective means for converting
hydrocarbons into synthesis gas at relatively high
temperatures in the range of 3000 to 3600° F. and
higher.

A further advantage is that by employing these
high temperatures the conversion is effectively
carried out without the necessity for employing
conversion catalysts.

The invention also provides a simple means for
effecting transfer of heat units between the exo-
thermic and endothermic reactions involved.

The invention is effectively employed in a
process wherein an iron type of catalyst is used
in the synthesis reaction and which type of cata-

lyst results in the production of synthesis prod-

uets containing CO: in substantial amount. In
accordance with the present invention, such COz
is recycled and ultimately converted into valu-
able products. Advantage is taken of this CO:z
recyele so as to avoid the presence of substantial
amounts of nitrogen in the system, since this re-
cycling of COgz reduces the amount of oxygen
feed gas required.

It is also contemplated using substantially
pure oxygen gas so as to reduce further the
amount of nitrogen entering the system. It is
contemplated venting tail gas from the system in
sufficient amount so that the nitrogen content of
the synthesis gas being produced will contain not
in excess of about 20 mol per cent nitrogen.

.In order to describe the invention in more de-
tail reference will now be made to the figures of
the accompanying drawing.

Pigure 1 comprises a diagram of flow for the
overall process.

Figure 2 illustrates diagrammatically the con-
struction of a conversion unit used for convert-
ing normally gaseous hydrocarbons into syn-

‘thesis gas.

Referring to Figure 1, a stream of natural gas
hydrocarbons consisting essentially of methane,
for - example, - is conducted from a source not
shown through a pipe I. This feed hydrocarbon
gas may comprise hydrocarbons having from 1
to 4 carbon atoms per molecule.

This feed gas stream is split into minor and
major proportions, the minor stream passing
through a branch pipe 2 while the major stream
passes through a pipe 3.

These streams may pass through suitable heat
exchange apparatus or a furnace (not indicated
in the drawing) fired by the vented tail gas to
which reference will be made later so as to ad-
just. the temperature of each stream to the level
desired prior to further processing.

The major stream from the pipe 3 passesb

through a reaction conduit 4 shown in dotted
lines within a conversion unit 5.

The minor stream diverted through the pipe 2
flows into the chamber § surrounding the reac-
tion tube 4. ‘The stream of oxygen or gas rich in
free oxygen is conducted, with or without pre-
heating, from a source not shown through a pipe
T and likewise introduced to the chamber 6 to
provide with the minor stream hydrocarbons a
combustible mixture of gas.

The combustible ‘gas mixture may be main-
tained within the chamber 6 at substantially
combustion temperature; that is, at a tempera-
ture in the range of about 800 to 1200° F. It is

‘also-maintained under a pressure. sufficient to

force the gas through the pores of the reaction
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tube 4 so that it undergoes surface combustion
on the interior wall surface of the reaction tube
4, thereby maintaining the wall surface at tem-
peratures in the range 3000 to 3600° F. or more.

‘The major stream hydrocarbons thus react
with COs and steam, formed by the surface com-
bustion and also with COz recycled from the syn~
thesis reaction, to produce CO and Ha.

The effluent stream of synthesis gas leaves the
outiet end of the reaction tube 4 and flows
through a pipe 8 to a synthesis unit 9. Before
entering the synthesis reaction, the gas flowing
through the pipe 8 is advantageously subjected
to heat exchange (in apparatus not shown) so as
to reduce-it to & temperature effective for the
synthesis reaction; for example, to a tempera-

‘ture ranging from about 300 to 600° F.

In the synthesis, the gas is subjected to contact
with a synthesis catalyst which may comprise
about 30%. iron, 60% diatomaceous earth or
other supporting material, and about 10% pro-
moting substances such as the oxides of thorium
or magnesium. It will be understood, of course,
that instead of iron, other hydrogenating metals
such as cobdlt and nickel may be employed it
the catalyst.

As a result of contact with the synthes1s cata~
lyst, CO and H2 react to form hydrocarbons or
oxygenated hydrocarbons which are mainly nor-
mally liquid, although some gaseous compounds
such as methane are formed and a substantial
proportion of the CO is converted to COsg, par-
ticularly when an iron type of synthesis catalyst
is employed. The products of reaction also in-~
clude some water.

The products of the synthes1s reactlon are
conducted through a pipe 8 to a separator {4
wherein gaseous hydrocarbons, CO2, and un-
reacted CO and H2 are continucusly separated
from. the liguid constituents. The synthesis
products are cooled hefore or after introduction
to the separator [l so as to effect condensation
of normally liguid compounds and steam.

Assuming that the process is operated to pro-
duce hydrocarbons, the liquid hydrocarbeons and
water accumulating in the separator [l are
drawn off through a pipe 12 to a separator {3
wherein separation between hydrocarbons and

" water occurs. The water is discharged from the

system through a pipe {4 while the hydrocarbons
are discharged through pipe {8. 'These hydro-
carbons comprise normally liquid constituents
including naphtha and higher boiling hydrocar-
bons.

The gaseous fraction separated in the sepa-
rator {1 is discharged through a pipe 16. Pro-
vision is made for discharging all or a portion

- of this gaseous fraction through a pipe 1. How-

ever, it is preferred to conduct this gaseous frac-
tion through a pipe {8 to an absorpiion unit 19
‘which may be of conventional type adapted to

_effect removal of light hydrocarbons such as pro-

pane, butane, pentane and heavier from the
residual or tail gas. These light hydrocarbons
are discharged through a pipe 20.

The residual gas is conducted through a pipe
.21 to a stripping unit 22 adapted to effect re-
moval of COz from the gas. This unit may be
of the absorption type wherein the CO: is ab-
sorbed in a suitable scrubbing liquid.

The COz solution is drawn off through a pipe
23 to a still 2§ wherein COzq is liberated from the
absorption = liquid,  the " latter -being returned
through a pipe 25 to the stripping unit 22.

The liberated CO: is conducted through pipes
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26, 27 and 28 t0 the previously-mentioned pipe 3
leading fo the conversion reaction tube 4. If de-
sired, part of this CO2 may be diverted through
pice 29 and pipe 2 to chamber 6.

The stripped tail gas from which CO2 has been
removed is conducted through a pipe 30. This
gas may be discharged all or in part from the
system or instead may be passed in part through
pipes 3f, 28 and &, for return to the conversion
reaction. If desired, this stripped tail gas con-
taining unreacted CO and H: may be recycled in
part through pipe 32 tc the synthesis unit 9.

Also, as indicated, provision may be made for
recycling directly to the conversion unit a por-
tien of the tail gas from the top of the separator
(1. The desired portion of this gas may pass
through pipes {8, 28, 29 and 3 for recycling.

The oxygen gas entering the system through
pipe T may consist of about 99% % oxygen or may
contain from about 50 tc 100% oxygen.

t is advantageous to adjust the proportions
and compositions of the several reactant streams
passing to the conversion unit § so that the syn-
thesis gas stream flowing through the pipe 8 will
consist essentially of CO and Hz in predetermined
preportions; for example, in the proportion of
about 1 molecule of CO to 1 molecule of X2 such
as is desired when using the synthesis gas for
the production of normally liguid hydrocarbons
over an iron catalyst.

Reference will now be made to Figure 2 which
represents diagrammatically a view of a section
taken along the diameter of a conversion untt
consisting of a single reaction conduit extending
through an individual combustible gas ehamber.

The numeral 59 designates a single porous re-
action tube formed from a refractory material
such as carborundum.

The numeral §{ designates a cylindrical metal

or ceramic chamber through which the tube 59 "

extends.

The numeral 52 designates the annular space
between the interior surface of the chamber 51
and the exterior surface of the tube 50.

The portion of the tube 50 within the chamber
51 is porous, while the ends thereof projecting
heyond the closed ends of the chamber 5f are
impervious.

As indicated in Figure 1, a stream of methane
gas flows through a pipe | {o the inlet end of
the tube 50 while a stream of methane and OXy-
gen fiows through a pipe 2 to the annular
spacse §2.

The rroducts of conversion comprising CO and
Ha are discharged from the outlet end of the tube
58 through pipe 8.

In commencing the operation, the mixture of
combustible gas is first introduced through pipe
2 to provide a blanket of gas in the annular space
52 surrounding the porous portion of the reaction
tuke. This blanket of gas is maintained under
sufficient pressure to force it through the pores
of the tube at a rate sufficient to prevent Rame
propagation back through the pores into the
annular space. The combustible mixture diffus-
ing through the pores to the inner and porous
surface of the tube 58 is ignited at the inner sur-
face 50 that it undergoes surface combustion,
thereby maintaining the inner surface of the
tube in an incandescent condition. Combustion
thus takes place without the appearance of
actual flame.

The combustible gas chamber 5t may be sur-
rounded with a concentric and outer chamber,
not shown, thus providing an annular space be-
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" .amounts  to ‘about 156 pounds per hour.

tween the inner surface of the outer chamber
and the outer surface of the cylinder 5f. This
annular space is then used as a preheating cham-
ber for any one of the reaction streams.

It will be understood that instead of a single
conversion tube §0, the conversion unit may com-
prise a plurality of such tubes extending through
a closed combustible gas chamber. Also if de-
sired, the unit may be arranged so that surface
combustion occurs on the exterior surface of the
tubes.

The following is an example in which a hydro-
carbon gas having the following composition is
charged to produce synthesis gas for conversion
with an iron type synthesis catalyst:

N2—-0.4 mol per cent
C02—0.1 mol per cent
CH4+—98.3 . mol per cent
C2H—1.2 mol per cent

This gas is divided into two streams; namely
a minor stream of 23.6 mol per cent and a major
stream of about 76.4 mol per cent. The minor
stream is passed through the pipe 2 to the con-
version unit 5 at the rate of about 49.25 pounds
per hour, while the major stream is passed
through the pipe 8 at the rate of about 149.71
nounds- per hour.

The synthesis gas passing through the pipe 8
to the synthesis unit 9 amounts to about 1000
rounds per hour aud has the following composi-
tion:

H2—42.5 mol per cent
N2—11.3 mol per cent
02—90.1 mol per cent
CO—33.3 mol per cent,
CO2—3.8 mol per cent
H20—9.0 mol per cent

The combined light and heavy hydrocarbons
discharged through the pipes 15 and 20, respec-
tively, amount to about 122 pounds per hour and
are composed of about 48 pounds of gasoline,
31 pounds of gas oil and 43 pounds wax.

The water discharged through the pipe 14
The
tail gas flowing through the pipe 21 amounts to
about 722 pounds per hour and has the follow-
ing composition:

H2—29.99 mol per cent
N2—21.65 mol per cent
CO—10.84 mol per cent
CO2—25.57 mol per cent
H20—6.46 mol per cent
CH+—5.0 mol per cent
C2oHs—0.04 mol per cent
C2Hs—0.30 mol per cent
C3Hg—0.04 mol per cent
C3Hs—0.11 mol per cent

The recycled CO: gas flowing through the pipe
26 amounts to about 352 pounds per hour and
has the following composition:

H>—1.7 mol per cent
N2—0.9 mol per cent
CO—0.7 mol per cent
C0O2—89.8 mol per eent
H20-—6.5 mol per cent
CH4+—0.4 mol per cent

While mention is made of recycling CO: to
the pipe 3, the operation may be such that all
of the CO: is recycled to the pipe 2, or may be
split in any proportions between the two. ILike-
wise, the recycled stripped tail gas may be split
in any proportions between pipes 28 and 28¢ to
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thér‘ebsE distribute: it as desired between -pipes
2'and 3.
- The invention is not only applicable to the
production of normally liguid hydrocarbons bub
also to the production of other compounds such
as’ oxygenated ~ hydrocarbons, including com-
pounds such as methanol, ethanol, formaldehyde
and formic acid, acetic acid, acetone, etc.

Tt'is contemplated that the gaseous feed hydro-
carbon . entering the combustible mixture zone
may be mixed therein with oxygen in stoichio-

- metrical proportions so as to effect substantially

complete . combustion of the hydrocarbons in
the mixture into CO: and Hz0. On the other
hand, a deficiency of oxygen may be used so as
to result in the formation of some oxygenated
compounds such as aldehydes within the reac-
tion conduit or reaction zone. In this latter
case, the resulting synthesis gas will- contain this
oxygenated material which may pass with CO
and H: directly to the synthesis reaction zone.

‘Obviously many modifications and. variations
of the invention as above set forth may be made
without. departing from the spirit and scope
thereof, and therefore only such limitations
should be imposed as are indicated in the ap-
pended claims.

T claim:
© 1. The method of preparing synthesis gas con-
taining CO and H2 from normally gaseous hydro-
darbons involving reaction of a feed hydrocarbon
with COs and H20 during flow through a’con~
duit having -a porcus wall and formed from a
refractory material capable of withstanding
elevated temperatures, which comprises sur-
rounding the exterior of said porous wall with
2 combustible mixture comprising a gaseous
hydrocarbon together with free oxygen in rela-
tive combining proportion at which water vapor
and carbon dioxide comprise the products of
combustion under g pressure such that said
combustible mixture passes through said pores
to the interior wall surface, effecting surface
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combustion of said mixture on said interior wall .

surface thereby forming hot combustion gas
containing COz and -H:0, introducing to the

inlet of said conduit a stream of hydrocarbon

gas in the proportions required for reaction with
said COz and H20 to form essentially CO and
H», effecting reaction of so-introduced hydro-
carbons with said CCz and H:0 during flow
through the -interior of said conduit to form
essentially CO and Hs, and discharging from the
outlet of said conduit a stream of effiuent gas
containing CO and H: in proportions suitable
for said synthesis gas. .

9. The method of preparing synthesis gas con-
taining CO and He derived from-normally gas-
eous hydrocarbons and involving reaction of a
gaseous hydrocarbon-with COz and HO during

flow through a reaction conduit having a porous

wall and formed from a refractory material ca-
pable of withstanding elevated temperatures,
which comprises maintaining a supply of hydro-
carbon feed gas containing a normally gaseous
hydrocarbon, splitiing said hydrocarbon feed into
first and second streams, intreducing said first
stream in admixture with free oxygen in an
amount suficient to burn said hydrocarbon with
the formation of essentially H20 and COz to a
zone surrounding  said reaction conduit under-
‘pressure sufficient to force the mixture through
the porous wall to the interior wall surface of the

“conduit; effecting surface combustion of said mix-

ture. on said interior wall surface such that said
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mixture is converted to combustion gas contain-~
ing essentially CO2 and Hz0 and the said interior
wall surface is maintained at incandescence, in-
troducing said second stream of gaseous hydro-

carbon to the inlet of said conduit in the propor-

tions required for combination with said COs
and HzO to produce essentially CO and Ha, ef-
fecting reaction of said second stream hydrocar-
bons with said COz and H20 in the presence of
said incandescent surface during flow through
the interior of said conduit to form essentially
CO and Hs: and discharging from the outlet of
said conduit a stream-of effluent gas containing
CO and Hz in proportions-suitable for said syn-
thesis gas. .

3. In the preparation of a synthesis gas com-
prising hydrogen and carbon monoxide, the steps
which include passing a combustible mixture of
hydrocarbon gas together with free oxygen in a
relative combining proportion effective to con-
vert the hydrocarbon into combustion products
comprising predominantly carbon dioxide and
water vapor, through a porous wall formed of re-
fractory material capable of withstanding ele-
vated temperatures, effecting surface combustion

‘of the gaseous mixture at the outlet surface of

said porous wall at an elevated temperature in
the range of incandescence, simultaneously pass-
ing a second stream of gaseous hydrocarhon
across said incandescent surface, effecting endo-
thermic oxidation of said second stream of gase-
ous hydrocarbons by said surface combustion
products in the presence of said incandescent
surface to form carbon monoxide and hydrogen,
and discharging from the vicinity of said suriace
the product gas containing substantial propor-
tions of carbon monoxide and hydrogen.

4. In the preparation of synthesis gas contain-
ing CO and Hz from normally gaseous hydrocar-
bons involving reaction of feed hydrocarbons with
CO2 and HOz the method which comprises
maintaining within a conversion zone a. porous
wall formed from a refractory material capable
of withstanding elevaied temperatures and adapt-
ed to provide a surface for efiecting surface com-
bustion maintaining on one side of said wall a
body of combustible gas comprising a gaseous
hydrocarbon together with sufficient free oxy-
gen to burn the hydrocarbon to H2O and CO2
under -a pressure such that said gas passes
through the pores to the opposite side of said
wall, effecting surface combustion -of said com-
bustible gas on the surface of said opposite side
such that said combustible gas is substantially
entirely consumed to. form hot combustion gas
containing CO:z and H:20, directing gaseous hy-
drocarbons in the proportions required for com-
bination with said CO: and H20 to produce es-
sentially CO and H: onto said opposite side of said
wall such that said hydrocarbons commingle with
said gaseous products of combustion in at least
close proximity to said surfase combustion, ef-
fecting reaction of so-directed hydrocarbons with
said CO2 and H20 s0 as to form essentially CO
and He, and discharging from the conversion zone
a stream of effluent gas containing CO and Ha
in proportions suitable: for said synthesis gas.

5. A method of preparing synthesis gas con-
taining CO and H: from normally gaseous hydro-
carbons involving reaction of feed hydrocarbons
with CO2 and HaO during flow through a conduit
having a porous wall and formed from a refrac-
tory ‘material capable of withstanding elevated
temperatures, which comprises surrounding the

75 exterior of said porous wall with a combustible
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gaseous mixture comprising a gasiform hydro-
carben together with free oxygen in a combining
proportien sufiicient to consume said hydrocar-
bon with the production of essentially H20 and
COz under a pressure such that said combustible
mixture passes through said pores to the interior
wall surface, effecting surface combustion of
said mixture at said interior wall surface such
that said mixture is converted essentially to CO2
and H20 at elevated temperature, introducing to
the inlet of said conduit a stream of hydrocarhon
gas in the proportions required for combination
with said CO2 and H:0 to produce essentially CO
and Hos, effecting reaction of so-introduced hy-
drecarbons with said products of said combustion
during flow within the interior of said conduit so
as to form essentially. CO and H, and discharg-
ing from the outlet of said conduit a stream of
effluent gas containing CO and H: in proportions
suitable for said synthesis gas.

6. A method of preparing synthesis gas eon-
taining CO and Ha from normally gaseous hydro-
carbons involving reaction of feed hydrocarbons
with CO2 and H20 during flow through a conduit
having a porous wall and formed from a refrac-
tory material capable of withstanding elevated
temperatures, which comprises surrounding the
exterior of said porous wall with a combustible
gaseous mixture consisting essentially of methane
and oxygen under pressure sufficient to cause said
mixture to pass through said ports to the interior
wall surface, effecting surface combustion of
methane and oxygen at said interior wall sur-
face relative combining proportion at which the
products of combustion are essentially H:0 and
CO:z such that the mixture is substantially en-
tirely converted by combustion to COz and H20,

19 ‘
introducing to the inlet of said conduit a sepa-~
rate stream of methane in the proportions re-
quired for combination with said CO:z and H:0
to preduce essentially CO and Ho, effecting re-

5 action of so-introduced methane with said prod-
ucts of said combustion during flow within the
interior of said conduit to form essentially CO
and H, and discharging from the outlet of said
conduit a stream of efluent gas consisting essen-

10 tially of CO and Hoa.

HARRY V. REES.
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