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(Cl. 48—212)

11 Claims.

1

The present invention relates to the generation
of gas and Is more particularly concerned with
the generation of essentially hydrogen-carbon
monoxide mixtures.

Such mixtures have wide utility and are of par-
tiéular significance as a feed stock in the catalytic
manufacture of hydrocarbons wherein the hydro-

gen catalytically reduces the carbon monoxide to .

multi-carbon atom hydrocarbons. The feed gas
is conventionally known in the art as “synthesis
gas” and this term will hereinafter for purposes
of convenience be employed to designate the prod-
ucts of gas generation irrespective of their in-
tended use.

While synthesis gas may be generated from a
number of source materials, the present inven-
tion concerns more particularly its production by
the interaction of a gaseous hydrocarbon and
oxygen, alone as well as in combination with car-
bon dioxide or water vapor or both. The reaction
may be carried out in the presence of a catalyst
or not but in either case it has been found that
relatively high temperatures and maintenance of
relatively uniform reaction conditions are advis-
able if there is to be a good quantitative conver-
sion to hydrogen and carbon monoxide. Intro-
duction of the reactants in separate streams into
a generation zone tends, inherently, to result in
variations throughout the zone depending upon
the progress of mixing of the reactants, the por-

tion of the zone required for mixing, the varia~.

tion in the rate of reaction in different parts of
the zone, and numerous other factors. It has
been proposed to use various methods of premix-

“ing, but this introduces the hazard inherent in
‘handling explosive mixtures of gases.

It has fur-
thermore been proposed to direct the reactants
upon g refractory material suitable for surface
combustion, and in one instance, to oppositely in-
troduce the reactants to a packed mass of refrac-

_tory. In such case, however, the recovery of the

products of combustion from the packed area
without impairing the reaction constitutes a
serious problem which is of increasing disadvan-
tage where the process is to be operated to con-
vert large volumes of gas on a commercial scale.

In accordance with the present invention, it
has been discovered that the hydrocarbon gas
may be caused to react with oxygen in apparatus
of moderate size and at a high rate of production
where the reactant gases are separately supplied
through spaced distributing walls or barriers hav-
ing outer faces set in an opposed spaced relation
and with the reaction or generation space there-
between free of packing. More particularly, the
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hydrocarbon gas is supplied to the interior sur-
face of a porous distributing barrier through
which it passes and is liberated on the exterior
surface thereof. Oppositely disposed in spaced
relation to the first named barrier is a second dis-
tributing barrier through which high-purity oxy-
gen, for example, passes and is more or less uni-
formly liberated on the outer surface. The two
outer surfaces are in spaced, facing relationship
so that the two reactants feed into the reaction
zone in effect from opposite sides thereof. Sur-
prisingly, reaction may be caused to proceed ap-
parently by surface combustion in the absence. of
an interior packing and the product gases may be
continuously withdrawn whereby to provide a
continuously operating generator wherein gas
generation proceeds under substantially uniform
reaction conditions. v

By the term “distributing barrier or wall” as
used herein is meant a wall capable under the
influence of diffusion or of a positive pressure
differential, of passing a gas more or less uni-
formly from' one face to the other. Such may
most conveniently be formed of a porous refrac-
tory material through which gases readily pass
under a positive pressure. The porosity of the
wall may be varied within wide limits in accord-
ance with the rate of gaseous feed which it is
desired to handle. Refractory members of this
type may consist of porous zirconia, magnesia,
Alundum, Carborundum or any number of addi-

_ tional refractory materials capable of being
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formed into rigid porous shapes, as will occur to
those skilled in the art in view.of the foregoing,
It is, of course, desirable for best operation that
the refractory barrier have a more or less uni-
form porosity through its area so that gas distri-
bution will be relatively uniform.

‘The invention contemplates the introduction of
the gaseaus reactants either separately or in
separate mixtures individually incapable of prop-
agating a flame to the interior surfaces of the
opposed facing wall surfaces of the porous bar-
riers. In short, the opposed surfaces of the porous
barriers are separated by a free intervening reac-
tion space, and the respective opposite surfaces of
the barriers, herein referred to for convenience
as the interior surfaces, are appropriately asso-
ciated with suitable means for maintaining the
inflow of reacting gases separate; in other words
a conduit or feeding zone is provided for each
reactant stream so that mixture of the two reac-
tant streams can occur only in the region of the
reaction or generation space or zone which in-
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cludes the aforesaid opposed surfaces and the un-
occupied space therebetween. :

Referring now to the fizures of the drawing
wiaerein the invention is more specifically illus-
trated by reference to actual embodiments there-
of;

Fig. 1 shows a more or less diagrammatic sec-
tional view taken vertically through a gas gen-
erator embodying the principles of the present
invention; o,

Fig. 2 is more or less diagrammatic horizontal
section taken on the line A—A of Fig. 1;

Fig. 3 is more or less diagrammatic vertical

» section taken through an alternative form of

generator;

Fig. 4 is a horizontal section taken on the line
B—B of Fig. 3; and

Fig. 5 is a horizontal section taken on the line
C—C of Fig. 3.

Referring now to Figs. 1 and 2, the numeral (0
designates the cylindrical side walls of a generator
housing or chamber which includes a bottom wall
{1 and a top wall {2. The housing is advanta-
geously provided with a suitable layer of insula-
tion 13 in order to conserve the internal heat and
maintain a high temperature level suitable for
reaction. Although not shown in the figures, the
top wall 12 may be also insulated.

Interiorly the chamber is provided with a cy-
lindrical coaxial shell {4 welded or otherwise se-
cured to the top wall 12 as at 15 and depending
therefrom to a point spaced from the bottom
wall 12" As shown, the cylindrical shell 14 has
an inward flange (6 at its lower end, which in
turn terminates in a vertically extending flange

{7 in spaced relationship to the wall 4.

A porous refractory tube 18 is suspended from
the top 12 by a flanged ring 20 fitting snugly
against the flange 18a of tube 18. The lower

. end of the refractory tube 18 is partially em-

bedded in a mass of loose powdered refractory
material {9 which provides a seal between tube
18 and flange 17 to prevent undue gas leakage at

- this point. Some advantage is achieved by taper-

ing the lower edge of the tube {8 as at 18b to
facilitate relative movement of parts because of
differences in thermal expansion and contraction
between shell {4 and tube 18.

It will be observed that the combination of the
cylindrical shell {4 and the internal porous tube
I8 provides an interior annular space for one
reactant stream introduced from any convenient
source, not shown, through conduit 2f{. Any
number of inlet conduits may be provided even
though only one appears in Fig. 1.

A second cylindrical porous tube 22 is disposed
interiorly of the first named porous tube 8, co-

"axially in spaced relation so that the outer wall of

tube 22 is in spaced parallel relation to inner wall
of tube 8. The porous tube 22 is more particu-
larly closed at its bottom end as at 23 by a wall
area which preferably, though not necessarily, is
made non-porous or relatively impermeable to
g8s, e. g., by applying thereto a layer of refrac-
tory cement 23a.

One means for supporting the central porous
tube 22 is shown more clearly in Fig. 1 wherein
the top wall {2 of the generator is centrally aper-
tured to receive the body of the tube, the margins
of the aperture being flanged downwardly as at
24 and terminating in an extending flange 25,
thus providing an annular recess for receiving an
enlarged annular protuberance or flange 26
formed about the upper margin of the tube 22.
The aperture and recess are covered with g cir-
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cular plate 27, releasably secured to the top wall
12 by micans of fasteners 28, and centrally pro-
vided with an inlet fitting 29 for introduction of
the other reactant stream from any desired
source. ‘
Additional inlet means comprising inlet tube
30 is provided for the supply of further reactants
to the reaction zone between the two opposed
porous surfaces. An outlet tube 31 passing into
the upper portion of the cylindrical outer wall
10 of the generator permits withdrawal of the
synthesis gas for further use or treatment. Ad-
vantageously the top wall 12 of the generator is
removably fastened to the side walls 10 by-suit-

able fastening means 32 engaging within an ans~-

nular outwardly projecting flange 33 formed at
the upper margin of the cylindrical wall 10.

In operation of the foregoing device two re-
actant streams are separately introduced at the
inlet pipe 21 and 29. This operation can be best
illustrated by assuming that methane is intro-
duced through the former pipe and relatively pure
oxygen through the pipe 29. During settled oper-
ation, the two streams are continuously intro-
duced at relative rates equivalent to approximate- .
1y two mols of methane per mol of oxyzen, The
optimum proportions may be determined by rela-
tive adjustment until satisfactory operation is
established and the desired product is obtained.

The immediately foregoing remarks refer par-
ticularly to settled operation with the reaction
zone at reaction temperature. An understanding
of the initial operation or start-up is believed
beneficial in providing a better understanding of
the function of the device. Thus normally, with
the generator in cool condition, oxygen is first
permitted to flood or sweep through the interior
of the generator passing from pipe 29 to the in-
terior of the tube 22, outwardly through -the
pores thereof to the reaction zone, downwardly
and around flange 16 into the outermost annular
space, and thence through outlet conduit 3f. At
this time the flow of the methane is started so
as to cause it to pass through the wall 18 into
the reaction zone and the two gases are there
ignited by any suitable ignition means, e. g., a
gas pilot light or an electric spark.

As the reaction zone becomes heated to incan-
descence, the flowof therespective gaseous streams

.is adjusted to obtain a synthesis gas of carbon

monoxide and hydrogen rather than a flue gas
consisting essentially of carbon dioxide and water
vapor. From this point on, reaction appears ic
proceed by a process similar to surface com-
bustion. Both opposed refractory wall surfaces
forming the sides of the resction zone seem to
acquire the same elevated temperature and under
a relatively uniform rate of passage of each re-
actant feed through the wall of each porous de- .
livery barrier, the internal reaction space op-
erates at substantially uniform temperature
throughout. In other words, while during the
initial start-up, large temperature variations
exist, after settled operation the opposed refrac-
tory walls and the intervening reaction space ap-
pear to assume more or less uniform temperature
and reaction conditions.

The product gases discharge downwardly about
the flange 16 and then pass upwardly between
the shell {4 and the outer cylindrical refractory
wall 13 of the generator 10 thus additionally pre-
heating the incoming methane before discharg-
ing by way of outlet conduit 31.

It is important to note that in addition to the
foregoing preheating effect, the incoming gaseous
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streams, during thelr passage respectively
through the tube 22 and the annular space about
the tube 18 are subjected to the preheating ef-
fect of the hot porous refractory walls of tubes 22
and 18, respectively. In other words, the incan-
descent opposed surfaces of the two refractory
walls tend to transmit heat energy into the in-
coming gas streams so that the gases reach the
reaction zone in a condition approaching the
ideal for the desired reaction.

While the foregoing embodiment has been ii-
lustrated in connection with the reaction of
methane and oxygen, the invention is not so lim-
ited but contemplates the reaction of hydrocar-
bon gas, by which is meant any gaseous or vapor-
ized hydrocarbons, with any of the conventional
gaseous reactants capable of resulting in the gen-
eration of a hydrogen-~carbon monoxide mixture.,
More specifically, the hydrocarbons may most ad-
vantageously comprise natural gas, which is
usually largely methane, but the feed may con-
sist of any of the higher gaseous hydrocarbons
such for example as propane, or even normally
liquid hydrocarbons which are readily vaporized
by preheating.

As indicated above, carbon dioxide or water
vapor, or both, may be used in conjunction with
oxygen. As is known to those skilled in the art,
however, these latter reactants combine with hy-
drocarbons endothermically in contrast with the
exothermic reactions of hydrocarbon and oxygen
and accordingly must be limited to quantities
which will permit the maintenance of the desired
reaction temperature. Generally, the volume of
carbon dioxide and/or water vapor is not more
than about 15% of the total volume of the re-
actants entering the generator. In other words,
the present system affords an ideal arrangement
whereby a portion of the exothermic heat energy
from the reaction of a hydrocarbon and oxXygen
may be used to “carry” the endothermic reaction
between the hydrocarbon and carbon dioxide or
water vapor. The carbon dioxide and/or water
vapor stream is supplied preferably in admixture
with the hydrocarbon feed to minimize cracking
and carbon formation during the preheating of
the hydrocarbon feed. They may also be ad-
mixed with the oxygen stream. Another point
of introduction is indicated by the inlet tube 30
which supplies these reactants directly to the
reaction zone through which they pass from one
extremity to the other before being withdrawn
from the outlet 31.

Advantageously operation of the foregoing de-
vice may be best adjusted by experimentation.
As indicated above, the temperature prevailing

.in the reaction zone is quite an important fac-

tor and normally should be maintained above
2000° F., preferably above about 2400° F., for
optimum yield and product composition. On the
other hand if the refractory surfaces of the gen-
eration zone are impregnated with a suitable
catalyst for the reaction, as for example, nickel,
a somewhat lower temperature may be satisfac-
tory. This modification is also contemplated.
Obviously, the proportion of oxygen required to
support these temperatures will depend upon
the amount of preheat in the reactants, the
amount of heat leaks from the generator and
the proportion, if any, of carbon dioxide and
water vapor in the reactants,

Referring to the alternative embodiment shown
In Figs. 3, 4 and 5, the generator chamber takes
the form of a rectangular enclosure having side
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walls 38 and provided with a bottom wall $1.
The generator is lined with refractory 36. In
the arrangement shown, the bottom wall is pro-
vided with a series of inlet conduits 38 and 39
communicating therethrough with the interior
of porous refractory tubes 40. It will be seen that
each of the porous refractory tubes 40 is closed
at its upper end as at 41, which end is prefer-
ably impermeable, to provide a cylindrical open-
ended chamber inverted over its respective inlet
tube 38 or 39, and capable of being internally
supplied with a flow of reactant gas through the
The cylindrical refractory members
are preferably arranged and supported upon the
lower wall 387 of the generator and are secured
in place by the layer of refractory 36e¢ on wall
31. In other words, the open ends of the po-
rous refractory tubes seat within respective cy~
iindrical recesses. These refractory members
may be cemented to layer 36a or, advantageously
may be spaced inwardly from the sides of recesses
in layer 36a with the intervening annular space
occupied by a loose powdered refractory material
of sufficient density to resist displacement by
leakage of feed gas therethrough.

From the foregoing it will be apparent that the
several refractory tubes provide opposed refrac-
tory surfaces to which separate streams of re-
actant feed gases are supplied from the interior
of the tubes, thus filling the intervening and un-
occupied reaction space with the gases. So that
opposed, facing refractory surfaces will be sup-
plied with complementary reactant streams, each
alternate refractory tube is supplied interiorly
with a different reactant feed stream. To this
end the inlet tubes 38 and 39 are connected as
shown more clearly in Fig. 5 where inlet tubes
38 join through intermediate manifolds 45 with
8 main manifold 46, and the inlet tubes 39 join
through intermediate manifolds 47 with a main
manifold 48. Accordingly, each alternate porous
barrier supplies one reactant feed gas in opposed
facing relationship to the reactant feed gas sup-
plied by the opposed surfaces of the adjacent
porous barriers. :

The products of reaction are withdrawn
through outlet conduit 49 in the top wall 50 of
the generator. Outlet means may be disposed
ahout . the side walls 35; it is advantageous in
some instances to withdraw the products of re-
action laterally with respect to the upright po-
rous surfaces. The generator is supported by four
legs 55. .

It is desirable to provide a shield or baffle for
each of the porous refractory walls or tubes in
the vicinity of the refractory lining 36 of the gen-
erator. To this end, shields or deflectors 51 and
52 extending upwardly throughout the length of
the cylindrical porous tubes 40 are used. The
shields 51 and 52 embrace only those portions
of the porous refractory surfaces not in opposi~
tion to an opposed porous refractory surface sup-
plying a complementary reactant and therefore
when located at a corner occupy a greater por-
tion of the cylindrical surface than when dis-
posed at an intermediate point. These shields
or baffles are of particular significance in the
vicinity of any outlet tubes that may be dis-
posed in the side walls 35. .

In place of a shield substantially the same ef-
fect may be achieved by making the correspond-
Ing portions of the tubes impermeable as by coat-
ing with a refractory cement. In short, the ob-
jective is simply to prevent outward flow of gas
through those portions of the refractory barriers
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: whlc'hv are n&t opposite a complementary porous

surface supplying a second flow of reactant gas.
Stated in' another way, the porous barriers ad-
vantageously discharge only toward open gener-
ator zones into which a complementary reactant
is flowing and wherein the temperature and other
reaction conditions are substantially uniform.

. In operation of the last described embodiment,
assuming the parts have reached operative tem-
perature as hereinbefore mentioned, natural gas
is supplied through inlet header 46 and substan-
tially pure oxygen through inlet header 48 at
the relative molar ratio of about 2:1; generally,
however, there is used a small excess of oxygen
amounting to a few percent over the theoretical
ratio of 2:1 for methane and oxygen. The syn-
thesis gas withdrawn from outlet pipe 49 will
consist essentially of hydrogen and carbon mon-
oxide in the molar ratio of about 2:1 with usually

less than 2-3% of carbon dioxide. As in the 2

previous embodiment, some water vapor or car-

bon dioxide may be admixed with either the

natural gas or oxygen entering the generator.
From the foregoing it will be apparent that the

present invention provides a simple and effective

gas generator capable of handling relatively large
flows of reactant feed under substantially con-
stant and uniform reaction conditions and ca-
pable of control within wide ranges for the pro-
duction of a predetermined synthesis gas. As
indicated above, the reaction surfaces of the
porous barriers may contain any suitable catalyst
or promoter, for example, nickel oxide. The
process of surface combustion may also be en-
hanced where desired by use of any suitable
catalyst such as thoria or strontia, either applied
to the exterior surfaces of the porous barriers or
impregnated in the porous refractory material.
It is impotant to reiterate that the present in-
vention particularly contemplates operation of
the gas generation zones as free spaces and un-
occupied by catalyst, refractory or any other
packing. Within reasonable limits, the space be-
tween the opposed porous barrier surfaces defin-

ing the generation zone may be varied without -

disadvantage. In the embodiment shown in Figs.
1 and 2, I prefer to have these barrier surfaces
spaced from 1 to 3 inches apart.

From the foregoing it will be apparent that
the present invention lends itself substantially
without limit to an extremely wide variation in
configuration and arrangement of the porous
surfaces and to extremely variant shapes and
construction of the generator chamber.

It is to be observed that the invention is ap-
plicable to the generation of synthesis gas at
pressures varying from atmospheric to about 500
pounds per square inch gauge, preferably at about
200 to 300 pounds per square inch gauge. Obvi-
ously, the pressure of the gas passing through the
barrier must be somewhat higher than the pres-
sure maintained within the reaction zone. The
difference in pressure will vary with the porosity
and thickness of the barrier and the desired ve-
locity of gas passing therethrough. In general,
a pressure difference of 10 to 40 pounds per square
inch -will suffice, but in some cases lower and
higher pressure differences are resorted to in
order to establish the desired flow of gas through
the porous barrier.

Furthermore, it is advantageous to use oxygen
of high purity, usually at least about 80% by
volume of oxygen and preferably at least about
959%. The oxygen stream fed to the generator
is generally preheated to a temperature of about

2,620,025

8 . ,
600° F. or higher; while the gaseous hydrocarbon
stream is fed st a temperature approaching
about 1000° F.. .

In some cases, there will be a tendency for the
hydrocarbon stream passing through the porous
barrier to deposit carbon within the pores of the
barrier. In such cases, it is advisable to switch
periodically the flows of the hydrocarbon and
oxygen streams so that the oxygen stream passes
through the porous barriers in which during a
preceding period of operation the hydrocarbon
stream deposited some carbon. - In-this manner,
by burning the carbon with oxygen-before the
carbon accumulates to the point where the pores
are plugged, the operation of the generator may

be continued substantially uninterrupted for ex-

tended periods. When water vapor and/or car-
bon dioxide are admixed with the hydrocarbon

- gas, the tendency for carbon deposition .in the

porous barriers is minimized.

Those skilled in the art are fully cognizant of
the difficulties commonly encountered in the op-
eration of conventional synthesis gas generators,
particularly generators filled with packing mate-
rial whether simply refractory or catalytic, be-
cause of the formation of free carbon in the
course of the reaction yielding synthesis- gas.
Prominent among the causes of these troubles

_are the poor mixing of the gaseous reactants and

the presence of excessive surface within the gen-
erator. It is clear from the specification that
the present invention assures uniform mixing of
the gaseous reactants and avoids the use of pack-
ing material or extensive surface within the zone
in which the synthesis gas is generated. Not
only does the invention thus make it possible to
generate synthesis gas without the formation of

.- 'free carbon as & by-product but also, where some
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carbon is formed through poor control or acci-
dental interruption of control of the proportions,
of the reactants and other factors influencing the
generation of synthesis gas, such carbon forma-
tion does not have the same serious effect on the
operation as in prior processes because the car-
bon formed is carried out of the generator of the
present invention as innocuous particles sus-
pended in the synthesis gas and easily separable
therefrom. In prior generators, the carbon tends
to build up so that eventually the generator be-
comes choked and operation is suspended until
the carbon is cleaned out. Such stoppages are
eliminated by this invention.

Obviously many modifications and variations
of the invention will be apparent to those skilled
in the art in the light of the foregoing disclosures
without any enlargement of the spirit and scope
thereof and therefore only such limitations should
be imposed as are indicated in the following
claims.

I claim: ‘

1. In the generation of synthesis gas from
reactants comprising a hydrocarbon gas and
oxygen, the steps which comprise passing separate
streams of said reactants through spaced and
opposed porous barriers into the intervening space
which provides a generation zone substantially
free of internal packing, maintaining an elevated
reaction temperature in said generation zone,
permitting the reactant streams to react in said
generation zone and withdrawing the products of
reaction. . i

2. In the generation of synthesis gas from re-
actants comprising a hydrocarbon gas and
oxygen, the steps which comprise providing two
separate gaseous streams each containing at least
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one of said reactants in a condition incapable
of propagating a flame, said streams jointly con-
taining said reactants in reaction proportions
suitable for interaction at high temperature to
produce a mixture of hydrogen and carbon
monoxide, passing said separate streams through
spaced and opposed porous barriers into the in-
tervening space which provides a generation zone
substantially free of internal packing, maintain-
ing an elevated reaction temperature in said gen-
eration zone, permitting the reactant streams to
react In said generation zone to yleld essentially
hydrogen and carbon monoxide, and withdrawing

-the products of reaction. .

3. A process, as defined in claim 2, wherein

n additional reactant of the class consisting of

carbon dioxide and water vapor is infroduced into
the generation zone.

4. In the generation of synthesis gas from re-

actants comprising a hydrocarbon gas and
oxygen, the steps which comprise providing two
separate gaseous streams each containing at least
one of said reactants in a condition incapable
of propagating a flame, said streams jointly con-
taining said reactants in reaction proportions
suitable for interaction at high temperature to
produce a mixture of hydrogen and carbon
monoxide, passing said separate streams through
spaced and opposed porous barriers into the in-
tervening space which provides a generation zone
substantially free of internal packing, maintain-
ing an elevated reaction temperature in said gen-
eration zone, permitting the reactant streams to
react in said generation zone to yield essentially
hydrogen and carbon monoxide, withdrawing the
products of reaction, and periodically switching
sald separate streams so that each .of said streams

* passes through a porous barrier through which

the other of said streams passed during a preced-
ing period of operation.

5. In the generation of a synthesis gas from
reactants comprising a hydrocarbon gas and
oxygen, the steps which comprise providing
separate streams of the hydrocarbon gas and the
oxygen in relative ratio suitable for interaction
to produce essentially hydrogen and carbon mon-
oxide at an elevated reaction temperature, pass-
ing said separate streams through spaced and

opposed porous barriers into the intervening:

space which provides a generation zone substan-
tially free of internal packing, maintaining an
elevated reaction temperature in said generation
zone, permitting the streams of gas to react in
said generation zone and withdrawing the prod-
ucts of reaction from said generation zone.

6. In the generation of a synthesis gas from
reactants comprising a hydrocarbon gas and
oxygen, the steps which comprise passing a stream
of one of said reactant gases through a porous
barrier to an opposite surface of said barrier,
passing a second stream of the other reactant
gas through a second porous barrier to an opposite
surface of said second barrier, said barrier sur-
faces being in spaced opposed relation and de-
fining, together with the intervening space, a
generation zone which is substantially free of
internal packing, maintaining said generation
zone at an elevated temperature and under con-
ditions appropriate for the interaction of the
hydrocarbon gas and oxygen, maintaining the re-
spective rate of flow of reactant gas streams
through said barriers such that the reactants
are supplied in a ratio appropriate for their in-
teraction to produce essentially hydrogen and
carbon monoxide, causing the reactant stream to
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react at the generation zone and withdrawing
the products of reaction, .

7. In the generation of a synthesis gas from
reactants comprising a hydrocarbon gas and
oxygen, the steps which comprise passing a stream
comprising at least one of said reactant gases
in a condition incapable of propagating a flame
through & porous barrier to an opposite surface
of said barrier, passing a second stream of the
other reactant gas through a second porous
barrier to an opposite surface of said second
barrier, said barrier surfaces being in spaced
opposed relation and defining, together with the
intervening space, a generation zone which is
substantially free of internal packing, maintain-
ing said generation zone at an elevated tempera-
ture and under conditions appropriate for the
interaction of the hydrocarbon gas and oxygen,
maintaining the respective rate of flow cf re-
actant gas streams through said barriers such
that the reactants are supplied in a ratio appro-
priate for their interaction to produce essentially
hydrogen and carbon monoxide, causing the re-
actant’ streams to react at the generation zone
and withdrawing the products of reaction in
countercurrent heat exchange relationship.to at
least one stream of reactant gas.

8. In a gas generator for the production of
synthesis gas from reactants comprising a hy-
drocarbon gas and oxygen, a substantially ey-
4indrical porous refractory barrier; a second co-
axially disposed porous refractory barrier of sub-
stantially cylindrical configuration having a
smaller diameter than the first named barried
and disposed inwardly thereof in radially
spaced relation whereby to provide an annular
space therebetween; means for supplying g

.stream of reactant gas to the outer surface of

said first named barrier; means for supplying
a second stream of reactant gas to the inner
surface of said second barrier, the opposed sur-
faces of said barriers together with the interven-
ing space comprising a gas generation zone which
is substantially free of internal packing, said ga§
generation zone being formed as an enclosed,
heat-retaining chamber for maintaining an ele-
vated reaction temperature in said gas genera-
tion zone; and means for withdrawing gaseous
products of reaction.

9. In a gas generator for the production of
synthesis gas from reactants, comprising a hy-
drocarbon gas and oxygen, a generator housing;
a substantially cylindrical porous = refractory
barrier, means associated with the outer surface
of said cylindrical porous barrier for supplying
a stream of reactant gas to the outer surface of
said barrier; a second substantially cylindrical
porous refractory barrier of smaller diameter
than the first named barrier disposed mternally
thereof in substantially coaxial relationship with
its outer surface in spaced relation to the inner
surface of said first named barrier; means for
supplying a second stream of reactant gas in-
ternally of said second named barrier for passage
therethrough to the outer surface thereof, the
inner surface of said first named barrier, the
outer surface of said second named barrier and
the intervening annular space comprising a gas
generation zone which is substantially free of
internal packing and substantially enclosed to
retain heat for maintaining an elevated reaction
temperature within said gas generation zone
whereby the gases introduced through said porous

78 refractory barriers are subjected to reaction con-
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ditions; and means for withdrawing the products
of reaction from said gas generation zone.

10. In a gas generator for the production of

synthesis gas from reactants comprising a hy-

‘drocarbon gas and oxygen, a generator” housing; -

a substantially -cylindrical porous refractory

" barrier; means associated with the outer. surface
. of sald cylindrical porous barrier for supplying
" a stream. of reattant ‘gas to the outer surface.of

said barrier; n second substantially cylindrical

" porous refractory barrier ‘of sthaller diameter

than the first named barrier disposed internally

10

thereof in substantially coaxial relationship with -

- its outer surface in spaced relation to the inner

surface of said first named barrier; means for
supplying a second stream of reactant gas in-
ternally of said second named barrier for passage
therethrough to the outer surface thereof, the in-
ner surface of said first named barrier, the outer
surface of sald second named barrier, and the in-

tervening annular space comprising a gas genera-.

tion zone which is. substantially free of internal
packing and substantially enclosed to retain heat

. for maintaining an elevated reaction tempera-

ture within said gas generation zone whereby
the gases-introduced through said porous refrac-

. tory barriers are subjected to reaction conditions; -
/ and means for withdrawing the products of re-

' action, sald last named-means directing said

' products of reaction in indirect heat exchange

relation with reactant gas being supplied to at
least one of sald porous refractory barriers. -

20

30

. 12 .

11. A generator for the production of synthesis
gas from reactants comprising a hydrocarbon gas
and oxygen, including a generator housing; a
plurality of spaced enclosures within said housing
having walls formed of porous refractory ma-
terial and so disposed that the major portion, at
least, of the outer surfaces of said porous walls
are disposed opposite similar walls of adjacent
enclosures; means for supplying one of said re-
actant gases to the interior of each alternate en-
closure; means for supplying the other reactant
gas to the interior of intermediate enclosures
whereby said gases pass outwardly through’said
porous refractory walls to the intervening spsaces,
the outer surfaces of said porous walls together -
with the intervening spaces forming & gas gen-
eration zone which is substantially free of pack-
ing material and substantially enclosed to retain
heat for maintaining said gas generation zone at
an elevated reaction temperature; and means for.
withdrawing the products of reactlon_ therefrom,
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