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The present invention relates to the generation of gas and
is more particularly c.oncernecl with the generation of essentially
hydregen—carben monoxide mixtures,

Sueh mixtures have wide utility and are of particular
significance as & feed stock in ihe catalytic manufacture of hydro-
carbons wherein the hydrogen catalytically reduces the carbon monoxide
to multi-carbon atom hydrocarbons, The feed gas 1s conventionally
known in the art as "synthesis gas" and this term will hereinafter
for purposes of convenience be euployed to designate the products of
gas gensration irrespective of their intended use,

While synthesis gas may be generated from a number of scurce
meteriala, the present invention concerns more particularly its preduc-
tion by the Interaction of a ‘gaseous hydrocarbon and o:qrgen,‘ &lone as
well as in combination with carbon dioxide or water vaper or both. The
reaction may be carrisd out in the presence of a catalyst or noi but in
sither case it has been found that relatlvely high {emperatures and
maintenance of relatively uniform reaction conditions are advisable if
there is to be a good quantitative conversion to hydrogen and carbon
monoxide, Introduction of the reactants'in separate streams into a
goﬁarntion zone tends, :therenﬁly, to result in variations throughout
the zone depending upon the progress of mixing of the reactants, the
portion of the zone required for mixing, the variation in the rate of
reaction in different parts of the zone, and numercus other factors.

It has been proposed to use various methods of premixing, but this
introduces the hazard inherent in handling explosive mixtures of gases,
It has furthermore been propoaed to direct the reactants upon a
refractory meterial suiteble for surface combustiocn, and In one
instance, to oppositely introduce the reactants to a packed mass of

refractory. In such case, however, the recovery of the products of
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combustion from the packed area without impairing the reaction consti-
tutes a serious problem which is of increasing disadvantage where the
process is to be operated to convert large volumes of gas on a commer~
cial scale.

In accordance with the presemt iuvention, It has been dis-
covered that the hydroearbon gas may be caused to react with oxygen in
apparastus of moderate size and at a high rate of production where the
reactant gases are separately supplied through spaced distributing
walls or barriers having outer faces set in an opposed spaced relation
and with the reaction or generation spaée therebstween free 9.-‘;' packing.
More particularly, the hydrocarbon gas is supplied to the interlor
surface of a pérans distributing barrier through which it passes and

18 liberated on the exterier surface thereof, Oppositely disposed in

spaced relation to the first named barrier is a smecond dlstributing

barrier through which high-purlty oxygen, for) example, passes and is
more or less uniformly libsrated on the outer surface., The two outer
surfaces are in spaced, facing relationship so that the two reactants

fead into the reaction zone in effect from opposite sides thereof.

Surprisingly, Areaction may be caused to procesd apparently by surface . -

combustion in the absence of an interlor packing and the product gases
may be continuously withdrawn whereby to provide a continuously
opersting generator wherein gas generation proceeds wnder substantially
uniform reaction conditiona.

By the tem "dibt.ributing barrier or wall" as used herein ia
meant a wall capable under the influence of diffusion or of & poeitive
pressure differential, of passing a gas more or less uniform.].y"from
one face to the other, Such may moat conveniently be formed of a
porous refractory material through which gases readily pass under a

positive pressure, The porosity of the wall may be varied within wide
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limits in accordance with the rate of gasecus feed which it is desired
to handle. Refractory members of this type may consist of porous
zirconia, wagnesia, alundum, carborundum or any number of sdditional
refractory materlala capable of being formed inte rigid porous shapes,
as will eccur to thoss skilled in the art in viewj of the foregoing.
It is, of course, deairable for{‘ best operation that the refractory
barrier have a more or less uniform porosity through its area sc that
gas distribution will be relatively unifomrm.

The invention contemplates the introduction of the gasecus
reactants elther separstely or in separate mixbureé' individually in-
capable of propagating a flame to the interior surfaces of the*opposed
facing wall surfaces of the porous barriers. In short, the opposed
surfaces of the porous*barriers are separated by a free intervening
reaction space, and the respeotive opposite surfaces of the barriers,
herein referred to for convenience as the interior surfaces, are
appropriately assoclated with suitable means for maintaiuipg the
inflow of reacting gases separate; in other worde, a condult or
feeding zons is provided for each reactant stream so that mixture of
the two reactant stresms can occur only in the region of the‘rsaction
or generation space or zone which includes the aforesaid opposed sur-
faces and the unoccupled space therebetween,

Referring now to the figures of the draw:i.ngdwhereiﬁ the

invention is more apecifically illustrated by referance to actual

embodinents thersof;

Fige 1 shows a more or less dlagrammatic sectional view taken
vertically through a gas generator embodylng the principles of the

present invention;

Fig, 2 is more or less diagrammatic horizontai sectlon taken

on the line A-A of Fig. 1}
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Fig. 3 is more or lsss a dlagrammatic vertical section taken
through en alternative form of generator;

Fig. 4 is a horlzontal sectlon taken on the line B-B of
Flg. 3; and

Fig. 5 1s a horizontal gsectlon taken on the line C-C of
Fig. 3.

Referring ﬁow to FMgs. 1 and 2, the numeral 10 designates
the cylindricel side walls of & gensrator housing or chamber which
inclndes & bottom wall 11 and a top wall 12, The houslng 1s advantage-
ously provided with a suitable layer of lnsulation 13 in order to
conserve the internel heat and maintain a high temperature levgl
suitable for reaction. Although not shown in the Figs., the top wall
12 may be alpo insulated.

Interlcorly. the chamber is provided with a c¢ylindrical coaxial
shell 1, welded or otherwise secured to the top wall 12 as at 15 and
depending therefrom to a polnt spaced from the bottom wall 11. 4s
shown, the cylindrical shell 14 has an inward flange 16 at its lower
end, which in turn terminates in a vertically extending flange 17 in
spaced relationship to the wall 14.

A porous refractory tube 18 is suspended from the top 12 by
a flanged ring 20 fitting snugly agalnst the flange 1Ba of tube 18,

The lower end of the refractory tube 18 is partially embedded in & mass
sf locse powdersd refractory material 19 which provides a aealwbetueen
tube 18 and flange 17 to prevent undue gas leakage at this peint, Some
advantage is achieved by tapering the lower edge of the tube 18 as at
18b to facilitate relative movement of parte because of differences in
thermal expansion and contraction between shell 1/ and tube 18,

T4 will be cbserved that the combination of the cylindrical

shell 1, and the internal porous tube 18 provides an Interjor anmilar
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space for one reactant stream introduced from any convenient source,
not shown, through conduit 2%, Any number of inlet condults may be
provided even though only one appears in Fig. l.

A second cylindrical porous tube 22 is dispoaed interioriy
5 of the first named porous tube 18, coaxially in spaced relation so
that the outer wall of tube 22 is in spaced parallel relaticn to inner
wall of tube 18, The porous tube 22 is more particularly closed at
its bottem end as at 23 by a wall erea which preferably, though not
neceasarily, is made non-poroua or relatively impermeable to gaB, €8s,
10 by supplying thereto a layer of refractory cement 23a. ‘

One means for supporting the central porous tube 22 s shown
more clearly in Fig. 1 wherein the top wall 12 of the generator is
centrally apertured to receive the body of the tube, the margina of
the aperture being flanged downwardly as at 24 and terminating in an
15 extending flange 25, thus providing an annular recess for recelviog an
enlarged annular protuberance or flange 26 formed about the upper
margin of the tube 22, The aperture and recess are covered with a
eircular plate 27, releasably secured to the top wall 12 by means of
fasteners 28, and centrally provided with an inlet fitting 29 for
20 | introduction of the other reactant stream from any desired source.

Additional) inlet means comprising inlet tube 30 is provided
for the supply of further reactanta to the reaction zone between the
two opposed porous surfaces, An outlet tube 31 pasaing into the upper
porticn of the cylindrical outer wall 10 of the generator permita
25 withdrawal of the synthesls gas for further use or treatment, Advan-
tageously the top wall 12 of the gemerabor ls removably faatened to the
aide walls 10 by suitable fastening means 32 engaging within an annular
outwardly projecting flange 33 formed at the upper margin of the

oylindrical wall 10.
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In operatlon of the foreguing device two reactant streams
ars separately introduced at the inlet pipes 21 and 29, This operation
can be best illustrated by asswning that methane is introduced ‘through
the former plpe and relatively pure oxygen through the pipe 29. During
settled operation, the two sireams are continuously introduced at
relative rates equi\‘falent to approximately two mols of methane per mol
of oxygen., The optimum proportions may be determined by relative
sdjustment until satisfactory operation is sstablished and the desired
product is obtained.

Th‘e imnediately foregoing remarks refer particularly to
gettled operation with the reaction zone at reaotion tanperatﬁre. in
understanding of the initial of:erétion or start-up is believed bene-
fioial in providing a better understanding of the function of the
device, Thus normally, with the generator in cool condition, oxygen is
:irsh permitted to flood or sweep through the interior of the generator
pasaing from pipe 29 to the interior of the tube 22, outwﬁ.rdly through
the pores thereof to the reaction zone, downwardly and around fiange 16
into the outermost annular space, and thence through outlet conduit 31.
At this time the flow of the methane is started so aa to cause it to
pass through the wall lé into the reacticn zone and the two gases are

there ignited by any suitable ignition means, e.g., & gas pllot light

"or an electric spark.

As the reaction zone becomes heated to incandescence, the
flow of the respactive 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 to proceed by a process similar to surface combustion,
Both opposed refractory wall surfaces forming the sides of the reaction

gone seem to acquire the same elevated temperaturs and under 2 relative-
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1y uniform rate of passage of each reactant feed through the wall of
each poroué delivery barrier, the internal reaction space operates at
substantially uniform temperature throughout. In other words, while
during the initial start-up, large temperature variations exist, after
settled operation the opposed refractory walls and the interveming
reaction space sppear to agsume more or lese uniform tsmperaturs and
reaction conditions.

The product gases diacharge downwardly about the flange 16
and then pass upwardiy between the shell 14 and the outer cylindrical
refractory wall 13 of the generator 10 thus additionally prehpa‘bing the
incoming methane before discharging by way of outlet‘ conduit 31,

It 1s important to note that in addition to the foregoing
preheating effect, the incoming gaseous atreams, during their passage
respectively through the tube 22 and the annular space about the tube 18
are subjected to the preheating effect of the het porous refractory
walla of tubes 22 and 18, respectively. In other words, the incandes-
c.ont oppoasd surfacea of the two ref.ra.utoi-y walls tend to transmit heat
energy into the incoming gas streams so that the gases reach the re-
actlon zone in a condition approaching the ideal for the desired
reaction,

While the foregoing ambodiment has been illustrated in con~
'nection with the reaction of methans and oxygen, the invention is not
so limited but contemplates the resction of hydrocarbon gaa, by which
is mant any gaseous or vaporlzed hydrocarbons, with any of the conven-
tional gaseous reactants capsble of reswlting in the generation of a
hydrogen~carbon monoxide mixture. Wore specifically, the hydrocarbons
may most advantageously comprise natural gas, which is usually largely
methene, but the feed may consist of any of the higher gaseous hydro-

carbons such for example as propane, or even normally liquid hydro-
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carbons which are readily vaporized by preheating.

Ae indicated above, carbon dioxide or water vapor, or both,
may be used in conjunction with oxygen. As 1s known to thoge skilled
in the art, however, these latter reactants combine with hydrocarbons
endothermically in contrast with the exothermic reactions of hydro-
carbon 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 readtants entering the
generstor, In other words, thé present system affords a.n idesl arrange-
ment whereby a portlon of the exothermic heat energy from the reaction
of & hydrocarbon and o:qrgaﬁ 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 ls supplied preferably in
admixturs with the hydrocarbon feed to minimize cracking and carbon
formation during the preheating of the hydrocarbon feed. They msy also
be admixed with the oxygen atresmm. Ancther point of introduction is
indicated by the inlet tube 30 which supplies these reactante directly
to the reaction zone through which they pass from one extremity to the
other before belng withdrawn from the 'outlet 3l.

Advantageously, operation of the foregoing device may be best
'adjusted by experimentation., As indicated above, the temporsture pre-
vailing in the reaction zone is quite an important factor and normally
ghould be maintained above 2000°F., preferably above about 2400%F., for
optimum yleld and product compositien. Om the other hand, if the re-
fractory surfaces of the generation zone are lmpregnated with a suitable
cabalyst for the reaction, as for example, nickel, a somewhat lower
temperature may be satisfactory, This modification is also contemplated.

Obviously, the proportion of ox.ygah required $o support these tempera-
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tures 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 rechangular enclogsure
having aide walls 35 and pr;)vided with a bottom wall 37. The generator
is lined with refractory 36. In the arrangement shown, the bottom wall
is provided with a series of inlet conduits 38 and 39 communicating
therethrough with the interior of porous refractory tubes 40, It will
Pe seen that each of the porous refractory tubes 40 is closed at its
upper end as ab 41, which end is preferably impermeabls, to provide a
eylindrical open-ended chamber inverted over its respective inlet tube
38 or 39, and capable of belng internally supplied with 4 flow of re-
actant gas through the inlet tube, The cylindrical refractory members
are preferably arranged and supported upon the lower wall 37 of the
generator and are secured in place by the layer of refractory 36a on
wall 37, In other words, the open ends of the porcus refractory tubes
seat within respective cylindrical recesses., Tiiese refractory members
may be csmented to layer 36a or, advantageously, may be spaced inwardly
from the sldes of recssses in layer 36s with the intervening annular
space occupled by a loose powdered refractory material of sufficient
denaity to resist displacement by leskage of fesd gas therethrough.

From the foregoing it will be apparent thai the several re-
fractory tubea provide opposed refractory surfaces to which separate
atreams of reactant feed gases are supplied from the interlor of the
tubes, thus £illing the intervening and unoccupied reaction space with
the gases. So that opposed, facing refractery surfaces will be supplied
with complementary reactant streams, each alternate refractory tube is

supplied interiorly with a different reactant feed atream, To thiz end
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the inlet tubes 38 and 39 are connected as shown more clearly in Fig. 5
where inlet tubas 38 join through intermediate manifolds L5 with a main
manifold 46, and the inlet tubes 39 join through intermediate manifolds
L7 with a main manifold 48. Accordingly, each glternate porous barrier
supplies one reactant feed gas in opposed facing relationship to the
reactant feed gas sﬁppliad by the opposed surfaces of the adjacent
p.orousA barriers. |

The products of reaction are withdrawn through outlet conduit
49 In the top wall 50 of the gemerator. Outlet means may be disposed
about the side walls 35; it is advaniageous in some instances‘to witﬁ-
draw the produsts of reaction laterally with respect to.the upright
porous surfaces.  The generator is gupported by four legs 55.

It is desirable to provide a shield or baffle for esach of the
porous refractory walls or tubes in the vieinity of the refractory
1ining 36 of the generator., To this end, shields or deflectora 51 and
52 extending upwardly throughout the lenghh of the eylindricel porous
tubes 4O are used, The shields 51 and 52 embrace only those portions
of the .poroua refrac’ﬁory surfaces not in opposition to an opposed porous
rofractory surface supplying a complementary reactant and therefore
when located at & corner occupy a greater portion of the cylindrical
surface than when disposed at an intermediate point, These shields or
'baffles areé of particular significance in the vicinity of any outlet
tubes that may be disposed in the side walls 35.

In place of a shield substantially the same effect may be
achieved bjr malking the corresponding portions of the tubes impermeable
as by coating with a refractory cement, In short, the obj'acf.iva is
aimply to prevent outward flow of gas through thoss porticns of the
refractory barriers which are not opposite a complamentary porous

surface supplying a sscond flow of reactant gas, Stated in another way,
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the porous barriers advantageously discharge only toward cpen generator
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 temperature as hereinbefore mentioned,
natural gas is supplied through inlet header 46 and substantially pure
oxygen through inlet header 48 at the relative molar ratio of about
2:1; generally, however, there is wsed a small exceas of oxygen amount-
ing to a few percent over the theoretical ratlo of 2:1 for methane and
oxygen, The synthesis gas withdrawn from outlet pipe 49 vd.].l: conalat
essentially of hydrogen and carbon monoxide in the molar rati;: of
about 2:1 with usually less than 2 to 3% of carbon dloxlide. As in the
provicus embodiment, some water vapor or carbon dioxide may be adnixed
with eilther the natural gas or oxygen entering the generator.

Fram the foregoing it will be apparent that the present
invention provides 2 simple and effectlive gas generator capable of
handling relatively large flows of reactant feed under substantially
constant and uniform reaction conditions and capable of control within
wide ranges for the production of a predetermined synthesia gas. As
indicated above, the reaction surfaces of the porous b;u'riers may con-
tain any suitable catalyst or promoter, for examplae, nickel oxide. The
‘proceas of ‘surface combustion may also be enhanced where desired by use
of any suitable catalyst such as thoria or strontia, elther applied to
the exterior surfaces of Lhe porous barriers or impregnated in the
porous refractory material.

It is importent to relterate that the present invention
particularly contemplates operation of the gzs generatien zones &s free
spaces and unoccupied by catalyst, refractory or any othar pé.ckingg
Within ressonsble limits, the space between the opposed porous barrier
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surfaces defining the generation zone may be varied without disadvantage.

Tn 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 wlde

variation in configuration and arrangement of the porous surfaces and
to extremely variant shapes and construction of the generator chambsr,.
Tt i3 to be observed that the invention is applicable to the
generation of synthesis gas at pressures varying from atmospheric to
about 500 pounds per square inch geuge, preferably gt. about 200 to 300
pounds per square inch gauge. Oﬁviously, the preassure of the‘ gas
passing through the barrier must be somewhat higher than the pressure
maintained within the reaction zone, The difference in pressurs will
vary with the poroaity and thicknesa of the barrier and the desired

. velocity of gas passing therethrough. In general, a presaure 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 esteblish

the desired flow of gas through the porous barriaer.

Furthermore, it is advantageous to use oxygen of high purity, .

usually at least about 80% by volume of oxygen and preferably at least

sbout 95%. The oxygen stream fed to the generator is generally pre-

'hested to & temperature of about 600°F. or higher, while the gaseous

hydrocarbon stream is fed st a Lemperature approaching about 1000°F,

In some cases, there will be a tendency for the hydrocarbon
stresm passing through the porous barrier to deposit' carbon within the
pores of the barrier. In such cases, it is advisable to switch perlod-
ically the flows of the hydrecarbon and oxygen streams se that the
oxygen stream passes through the porous barriers in which durmg a

preceding period of operation ths hydrocarben stream depcsited some
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carbon, In this manner, by burning the carbon with oxygen before the
carbon ggeumulates to the polnt where the pores are plugged, the opera-
‘t.ion of the generator may be continmued substantially uninterrupted for
extended periods., When water vaper and/or carbon dioxide are admixed
with the hydrocarbon gas, the tendency for carbon deposition in the
porous barriers ia minimized.

Those akilled in the art are fully cognizant of the diffi-
culties Jcommonly encountered in the operation of conventional synthesis
gas gensrators, particularly generators filled with packing material
whether simply refractory or cetalytic, because of the f.omat:ion of
free carbon 1n the course of the reaction ylelding synthesis éas.
Prominant among the causes of these troubles are the poor mixing of the
gessous reactants and the preaénce of excessive surface within the
generator, It ia clear from the specification that the present inven-
tion assures wrform mixing of the gaseous reactanta and avoids the use
of packing material or extensive surface within the zone in which the
synthesle gas is generated, Not only does the invention thus make it
poasible to generate synthesis gas without the formation of free carbon
as a by-product but also, where some carbon ls formed through poor
control or accidental interruption of control of the proportions of the
reactants.and other factors :mfluencing the generation of synthesis gas,
auch carbon formation doea not have the same serlous effect on the
operation as in prior processes because the carbon formed is carrled
out of the generator of the present invention as innocuous particles
puspended in the aynthesls gas and easily separable therefrom, In
prior generators, the carben tends to bulld up so that eventually the
generator baoomeé choked and operatlon 1s suspended until the carbon
ia:clesned out. Such stoppages are eliminated by this invention.

Obviously, many modifications and variations of the invention
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will be apparent to those skilled in the art in the light of the fore-
going dlsclosures without any enlargement of the spirit and scope
thereof and therefors only such limitations should be imposed as are

indicated in the following claims,

3 (i et ¢ i
i
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The embocdiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. In the generation of synthesls gas from reactants com=-
prising a hydror.:a.rbon gas and oxygen, the steps which comprise passing
geparate streams of sald reactanta through spaced and opposed porous
barriers into the intervening space which provides a generation zone
subatantially fres of intamal packing, maintaining an elevated
reaction temperature in said generation zone, permitting the reactant
streams to react in said generation zome and withdrawing the products
of reaction, .

2. In the generatlon of synthesis gas from reactants com-
prising & hydrocarbon gas and oxygen, the stepa which comprise provid-
ing two separate gasecus streams sach containing at least one of sald
reactants in & condition incspable of propagabing a flame, sald streams
Jointly containing sald reactants in reaction proportions sultable for
i;lteraction at high temperature to produce a mixture of hydrogen and
_carbon monoxide, passing sald separate streams through spaced and
opposed porous barriers into the intervening space whiich provides = °
generation sone substantially free of internal packing, maintaining an
elevated reaction temperaturs in sald generation zone, permitting the
veactant streams to react in sald generation zone to yleld essentially
'hydrogen ard carbon monoxlde, end withirawing the products of reaction.

3, A process, as defined in claim 2, wherein an additional
reactant of the class consisting of carbon dioxide and water vapor ia
introducsed into the generation zone.

Le In the generation of synthesis gas from reactants com-
prising a hydrocarbon gas and oxygen, the steps which comprise provid-
ing two separate gaseous streams sach contalning at lesat one of sald

reactants in a condition incapable of propagating a flame, said streams

/&
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Jointly conbaining said reactants in reaction proportions suitable for
intaraction at high tempersture to produce a mixture of hydrogen and
carbon monoxide, passing sald separate streams through spaced and
opposed porous barriers into the intervening sp'ac which provides a
generation zone substantially free of internal packing, malotaining an
elevated reaction temperature in sald generati{)-n zone, permitting ti‘le
reactant stresms to react in said generation zone to yisld esdg_n't.ially'
hydrogen and carbon monoxide, withdrawing the products of reaction, and
periodically switching said separate streams so that each of-.sa.id
atretms passes through a porous barrier through which the other of said
streams passed during a preceding peried of operation,. -

5, In the generation of a synthesis gas from reactanta com=-
prising a hydrocarbon gas and oxygen, the steps which comprise providing
separate streams of the hydrocarbon gas and the oxygen in relative ratio

auitable for interaction o produce essentially hydrogen and carbon mon-

oxide at an elevated reaction temperature, passing sald separate streams

through spaced and opposed porous barriers into the intervening space
which provides a generation zone substantially free of internal packing,
majntaining an elevated reaction tenperature in said generation zone,
permitting the streams of gas to rsact in sald generation zone and with-
drawing the products of reactlion from sald generation zone.

6., In the generation of a synthesis gas from reactants com—
prising 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, pasaing & second stream of the other
reactant gas f.hrough a second porous barrier to an opposite surface of
sald second barrier, said barrier surfaces being in spaced opposed
relation ard defining, together with the intervening apace, a generation

gone which is substantially free of inbternal packing, maintaining said

//
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generation zone at an elevated temperature and under conditions appro-
priate for the interaction of the hydrocarbon gas and oxygen, maintain- .
ing the reapective rate of flow of reactant gas streams through said
barriers such that the reactants are supplied in a ratlo appreopriate
For their interaction to produce essentially hydrogen and carbon '
monoxide, causing the reactant stresm to react at the generation zone
and withdrawiﬁg the products of reaction. ' |

7. In the generation of a synthesis gaa from reactants com—
prising a hydrocarbon gas and oxygen, the steps which comprise passing
a strean comprising at least one of said reactant gases in a conditien
incapable of propasgating a flame through a porous barrier to an opposite
auri'ace. of said barrier, passing a second stream of the other reactant
gas through a second porous barrier to an oppusite gurface of said
gecond barrier, sald barrier surfaces belng in spaced opposed relation
and defining, together with the intervening epace, & generation zone
which 1s substantially free of internal packing, maintaining said

generation zone at an elevated temperature and under conditlons sppro-

priate for the interaction of the hydrocarbon gas and oxygen, maintain-

ing the respective rate of flow of reactant gas streams through sald
barriers such that the reactants are supplied in a ratic appropriate

for thelr interaction to produce essentially hydrogen and carbon mon-

‘oxide, causing the reactant streams to react at the generation zone and

withdrawing the products of reactlon in countercurrent heat exchange
relationship to at least one stream of reactant gas.

8., In a gaa generstor for the productidn of asynthesis gas
from reactants comprising a hydrocarbon gas and oxygen, & substantially
cylindrical porous refractory barrler; a second coaxially disposed
porous refractory barrier of substantially cylindrical configuration

having a amaller diameter than the first named barrier and disposed

yas
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inwardly thereof in radially spaced relation whereby to provide an
annular space therebetween; means.for supplying & stream of resctant ’
gas to the outer surface of sald first nemed barrier; means for supply- :
ing a second stream of reactant gas to the inner surface of said second
barrier, the opposed surfaces of said barriers together with the inter~
vening space compriéing & gas generation gzone which is substantially
free of internal packing, sald gas generation zone being formed as an
enclosed, heat-retalning chamber for maintaining an elevated reaction
temperature in said gas generstion zone; and means for withdrawing
gasecus products of reaction.

9, In & gas generator for the production of synthesis gas
from reactants comprising a hydrocarbon gas and oxygen, 2 genarator
houaini;; a substantially cylindrical porous refractory barrier; means
assoclated with the outer surface of said cylindriesal porous barrier
for supplying a stream of reactant ges to the outer surface of sald
barrier; a second substantially cylindrical porous refractory barrier
of smaller diameter than the firsi named barrier disposed internally
thereof in substantially cosxial relationship with its outer aurfa.ee in
ppaced relation to the inner surface of said first named barrier; means
for supplylng & secon] atream of reactant gas internally of sald second

named barrier for passage therethroﬁgh to the outer surface thereof,

"the inner surface of sald first named barrier, the outer aurfﬁce of sald

gocond named barrier and the intervening snnular space comprising a gaa
gonerstion zone which is aubstﬁnti_a,lly free of internal packing and
subatantially enclosed to retaiﬁ heat for maintaining an elevated re-
action temperature \'uithin. aidrga‘s generation zone whereby Lhe gases
introduced through said porous refractory barriers are subjected to
reaction conditions; end means for withdrawing the products of reaction

from said gas generation zone.
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10, In a gas generator for the productlon of synthesls gas
from reactants comprising a hydrocarbon gas and oxygen, & generator
housing; @ sﬁbatantially cylindrical porous refractory barrler; means
assoclated with the outer surface of sald cylindrical porous barrier
for supplying a stream of reactant gas to the outer surface of sald
barrier, 2 second substantially cylindrical porous rafractory barrier
of smaller diameber than the first named barrier dispesed internally
theresf 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 gaa‘internally of paid
second named barrier for passage thersthrough to the outer surface
thereof, the lnner surface of sald first namedlbarrier, the outer
surface of sald second named barrier and the intervening annular space
comprising a gas generatlion zone which 1s substantially free of internal
packing and eubstantially enclosed to retain heat for maintaining an
elevated resction tempersture within sald gas generation zone whereby
the gases introduced through sald porous refractory barriers are sub-
Ject to reaction conditions; and means for withdrawing the products of
reaction, sald last named means directing sald producta of reactien in
indirect heat exchange relation with reactant gas being supplied to at
loast one of said porous refractory barriers.

‘ 11, A gemerator for the production of synthesls gas fron
renctants comprising & hydrocarbon gas and oxygen, including & genera-
tor housing; a plurality of spaced enclosures within said housing
having walls formed of porous refractory materlal and so disposed that
the major portion, at least, of the outer surfaces of sald porous walls
are disposed opposite similar walls of adjacent enclosures; means for
supplying one of sald reactant gases to the interior of each ellernate

enclosurs; means for supplying the other reactant gas to the interior
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of intermediate enclosures whereby said gases psss outwardly through
said porous refractory walls to the intervening apaces, the outer
surfaces of said porous walls together with the intervening spaces
forming a gas generabtion zone which is substantially free of packing
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 reaction therelroim.
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