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9 Claims.

The present invention relates to high tempera-
ture exothermic reactions and is more particu-
larly concerned with the interaction of a hydro-
carbon and an oxygen-containing reactant with
partial combustion for production of mixtures
comprising essentially hydrogen and carbon
monoxide known in the art as synthesis gas.

While the invention, for purposes of con-
venience in illustration, will be described more
particularly in connection with the preparation
of synthesis gas from hydrocarbons, neverthe-
less it will be understood that the principles
thereof are equally applicable to equivalent exo-
thermic processes, particularly where relatively
high temperatures are desirably maintained in
the reaction zone.

In the co-pending
700,019, filed Sept. 28, 1946 in the name of
Percival C. Keith, there is disclosed a process and
apparatus for the preparation of synthesis gas in

_ the presence of a granular heat absorptive ma-

terial (hereinafter referred to as a thermophore)
which absorbs the heat of reaction in the zone
of heat liberation and is later passed countercur-
rently to incoming feed gases in order to trans-
fer- its sensible heat to the feed gases. Operat-
ing in this manner, it is possible to supply re-
actants to the reaction zone at such a tempera-
ture that relatively high reaction temperatures
of .2000° F., or materially thereabove, can be
maintained. In accordance with that disclosure,
the granular heat absorbing material may be
inert or may comprise or include & catalyst for
the reaction in question, and it is disclosed that
split streams of the heated solid may be employed
to preheat the respective reactant gases indi-
vidually. By this means, intermixing of the re-
actants is avoided in advance of the combustion
zone, and the serious problems of preheating ex-
plosive mixtures are obviated.

This method of operation has the disadvantage
that hydrocarbon feeds, preheated to high tem-
peratures, are subject to thermal decomposition
with the production of undesirable by-products,
including carbonaceous material which tends to
deposit upon and foul the thermophore, On the
other hand, the aforesaid application contem-
plates overcoming this difficulty by recirculating
the thermophore through the system in such a
manner that random portions thereof are con-
tinuously being diverted to the oxygen preheat-
ing zone, wherein carbon is removed by combus-
tion. This, however, tends to introduce variable
quantities of carbon dioxide into the gas genera-
tion zone and may, under some circumstances,
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result in an unfavorable heat distribution with
excessive heat energy being liberated in the pre-
heating of oxygen.

It is an object of the present invention to over-
come the disadvantages of the foregoing pro-
cedure by providing a process wherein the pre-
heating of the hydrocarbon feed is restricted to

.a temperature range within which decomposition

is substantially avoided while supplying the heat
energy to the incoming stream of oxygen or oxy-
gen-containing reactant at a higher temperature
level approaching that of the exothermic reac-
tion zone.

A further object of the present invention con-
templates the initial passage of relatively stable
reactant’ gases in heat exchange relation with
the hot thermophore prior to preheating a less
stable reactant feed, whereby the thermophore
reaches the less stable reactant at a controlled
temperature such that thermal decomposition is
avoided. Other and further objectives will be
apparent from a consideration of the following
disclosure.

In order to more specifically illustrate the in-
vention, reference is had to the figures of the
drawing, wherein Figure 1 represents more or
less diagrammatically one combination of ap-
paratus suitable for carrying out the present
process; Figure 2 illustrates a preferred com-
bination of apparatus; and Pigures 3, 4 and §
respectively disclose, only schematically, other
suitable embodiments of the invention.

In Figure 1, the reference numeral {6 indi-
cates a combustion or reaction vessel provided
with an internal refractory lining {{ and con-
taining a body of granular heat absorbing ma-
terial §2. The granular contents are supplied
through standpipe {3 by means of any suitable
mechanical feeding device such as star feeder
{4 operated at a predetermined rate. The star
feeder 4 and standpipe {3 continuously receive
a supply of the heat absorbing particles through
the agency of a worm conveyor 15, which in turn

. is supplied from an elevator 16 indicated only in
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dotted lines.

The thermophore is continuously discharged
from the bottom of the reaction chamber 18
through outlet standpipe 11 controlled by star
feeder 18 operating in coordination with the star

" feeder (4. . Standpipe 17 discharges directly into

preheating chamber or zone 19, similarly advan-
tageously provided with a refractory lining 20.
A further standpipe 21, connecting with the bot-
tom of the preheating chamber 19 and controlled
by a third star feeder 22, discharges directly into
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& second preheating chamber 23, which in most‘_

embodiments of the present invention need not
be provided with a refractory lining. The sec-
ond or lower preheating chamber 23 similarly
discharges into standpipe 24 leading by way of
feeder 24A to screw conveyor 25 which supplies
the aforementioned elevator 6.

With the foregoing combination of feeding and
conveying instrumentalities, therefore, the granu-

lar thermophore may be passed in & continu- |

ous cycle from the lower portion of the second
preheating chamber through the elevator to the
gas reaction chamber and thence successively
through the reaction or combustion zone and the
two preheating zones. Under properly co-
ordinated conditions of operation, it will be ap-
parent that the thermophore level can be main-
tained substantially constant in each of the three
chambers, as, for example, at the level indicated
by the reference numeral 26 in chamber {8 and
by the reference numeral 27 in chamber 23.

During the progress of such cycle a hydro-
carbon gas, such as methane, from any suitable
source not shown, is introduced through inlet
pipe 28 to the bottom of preheating chamber
23 and passes upwardly in countercurrent rela-
tion to the downcoming thermophore, emerging
from its upper surface 21 and flowing by way
of outlet pipe 29 to the lower portion of the com-
bustion chamber 10. At the same time, oxygen,
for example, is introduced from any suitable
source, not shown, by way of inlet pipe 30 and
similarly moves in countercurrent relation to
the thermophore in the preheating chamber 19,
collecting in the upper portion thereof above
thermophore level 26 and passing by way of
pipe 31 to the lower portion of the reaction zone
10. The reaction products evolved are conducted
out through pipe 32 for further use, as for ex-
ample to a system operating for the synthesis of
hydrocarbons.

In operation, therefore, methane and oxygen,
for example, mix and react in the chamber 10
heating its content of heat absorbing granules

to the desired reaction temperature. ¥Hot ther- .

mophore discharged from the reaction zone
gravitates into the vessel {9 at substantially re-
action temperature and is progressively cooled to
any desired degree by the countercurrent pas-

sage of incoming oxygen. Accordingly, the ther- ;

mophore leaving the chamber 18 and entering
chamber 23 is at a substantially lower tempera-
ture level depending upon the quantity of sensible
heat energy abstracted by the passage of oxygen.

The thermophore is further cooled to any desired ;

lower level by the countercurrent passage of the

‘methane in the lower chamber 23.

Following this method of operation it is ob-
viously possible to preheat the oxygen stream to
any desired temperature approximating the re-
action temperature, while at the same time
lowering the temperature of the thermophore
supplied to the second preheating zone to a level
favorable for preheating the second reactant
without adverse thermal effects. In short, the
invention provides an arrangement{ whereby a
reactant gas, which has substantial or complete
thermal stability, is used to abstract sensible
heat from the thermophore in advance of pre-
heating a relatively thermally unstable reactant

to a predetermined lower temperature for supply -

to a reaction zone.

Where excess heat energy is available in the
system, a heat exchanger 33 may be inserted in
any one or more of the three chambers shown.
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The heat exchanger 33 may take any conven-
tional form, preferably a series of vertically
extending tubes joining with headers so con-.
figurated as to permit free gravitation of solid
particles therealong. Inlet pipe 34 and outlet
pipe 35 permit circulation of any suitable heat
transfer medium such as water, Dowtherm or
mercury, and the device may be operated where
desired to generate steam for the operation of
the mechanical conveying means or for other
purposes. Where the high temperature reaction
is insufficiently exothermic to compensate for
heat losses from the system, exchanger 33 may
be operated to supply heat in amount to balance
the losses.

Any conventional means may be employed for
assuring the introduction of the preheated feed
gases info the reaction zone in good admixture.
Thus, pipes 29 and 31 advantageously discharge
into the reactor in opposed relationship. Alter-
natively, however, the two streams of gas may
be introduced through any conventional type of
mixing nozzle so that they reach the interior of
the zone in condition for immediate reaction.
The reaction products pass upwardly through
the thermophore in countercurrent heat ex-
change relationship and are carried off through
outlet conduit 32 for use or disposition as re-
quired.

From the foregoing, it will be apparent that
the present invention is particularly advan-
tageous in the manufacture of synthesis gas
for the production of hydrocarbons and oxy-
genated hydrocarbons by the catalytic reduction
of carbon monoxide by hydrogen. Thus, with
a reactant feed approximating 1 mol of oxygen
for each 2 mols of methane, for example, and a
temperature of 2100° F. and upwardly in the
reaction chamber 10, the reaction gases will
consist essentially of hydrogen and carbon
monoxide in the molar ratio of about 2:1. With
proper control of temperatures and proportions
of reactant feed and by the use of substantially
pure oxygen, the reaction product, freed of re-
action water, may contain as much as 85% or
more of the two desired gases, the remainder
being essentially nitrogen, carbon dioxide and
methane. .

In accordance with one specific example of the
process, a stream of circulating thermophore, in
a system analogous to that described in con-
nection with Figure 1, passes through a reaction
zone in which the thermophore is heated to a
temperature of about 2300° F. The thermophore
comprises particles of carborundum of about
& inch in diameter. The thermophore stream
withdrawn from the reactor is passed counter-
current to an incoming stream of oxygen of
about 98% purity, having an initial tempera-
ture of about atmospheric and being discharged
at a final temperature of 2200° F. )

The oxygen is introduced at the rate of or-
proximately 2880 cubic feet per hour. The
thermophore, cooled to about 900° F. by contct
with the oxygen stream, is withdrawn and in a
further zone passed in countercurrent relation-
ship to a stream of natural gas introduced at at-
mospheric temperature and discharged at about
800° F. The natural gas stream comprising
about 75% methane, 13% higher hydrocarbons
and 10% hydrogen, is introduced at the rate of
about 3900 cubic feet per hour. The respec-
tive streams of natural gas and oxygen are ad-

‘mixed in the reactor and proceed to react at the

foregoing reactor temperature with the produc-
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tion of a gas containing, after removal of water
of reaction, about 2% nitrogen, about 2% meth-
ane, and about 5% carbon dioxide, the remainder
being - hydrogen and carbon monoxide in the
molar ratio of 2:1. The rate of thermophore
circulation is readily adjusted to maintain the
foregoing temperatures in the. respective zones.
Thus, when operating as above, the thermophore
is discharged from the lower preheating zone to
the elevator at a temperature of about 200°
and returned to the reaction zone.

It is important to point out that the present
invention is not limited to operation with a
packed generator, but, as is indicated in Figure 2,
may function with a generator having an open
gas generation chamber provided the sensible
heat from the products of combustion is trans-

ferred to the circulating thermophore. Refer--

ring more specifically to this figure, the gaseous
reactants are preheated in a chamber 36 pro-
vided with a refractory lining 31, through which
the thermophore continuously gravitates as be-
fore. The oxygen stream, for example, intro-

duced by way of inlet pipe 38 passes upwardly in -

countercurrent relationship through the hot
thermophore, and is withdrawn to the lower por-
tion of the generator 43 by pipe 38. In the pres-
ent embodiment, the hydrocarbon gas is sup-
plied by way of inlet pipe 40 through a heat ex-
change coil 44 disposed within the downflowing
mass of thermophore. In short, the methane in
this embodiment passes in indirect countercur-
rent heat exchange relationship with the ther-

mophore and at the predetermined temperatnra’

of preheat is discharged through outlet pipe 42
to the generator 43. ' '

In this instance, the generator 43 comprises a
chamber having a refractory lining 44 and an vo-
per outlet conduit 45. It is advantageously free
from granular packing of any kind, so that the
gases react in an open, unpacked space. More
specifically, in order to inhibit production of free
carbon, I prefer to maintain the ratio of in-
ternal generator surface, to generator volume at
as low a value as possible.

Reaction products, essentially hydrogen and
carbon monoxide, pass by way of conduit 45 into
the lower portion of a heat transfer chamber or
accumulator 46, wherein they pass upwardly in
countercurrent relationship with the content of
granular thermophore, heating it to a tempera-
ture closely approximating reaction temperature
in the vicinity of the discharge standpipe 54.
The final gases, having transferred a large por-
tion of their sensible heat content to the thermo-
phore, are discharged through pipe 41 for fur-
ther use. »

The circulation of thermophore may be accom-
plished substantially in the same manner as the
previous embodiments by means of a standpip=
48 receiving thermophore from the bottom of
the preheating chamber 36, a screw conveyor 48
supplying an elevator represented only by the
dotted line 50, and a receiving screw conveyor 51
at the top of the elevator. The screw conveyor
51 continuously supplies thermophore to a stand-
pipe 52 controlled by star feeder §3 and supplying
the accumulator chamber 46. The solid granules
pass out of the accumulator by way of standpipe
54 controlled by star feeder 55 and are received
in the lower or preheating chamber 36. As be-
fore, the mechanical means are so operated as
to maintain the indicated levels of. granular
thermophore in the respective chambers.

2,636,852
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In the operation of this device, it will be ap-

'parent that the preheated oxygen reaches the
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generator at approximately reaction temperature,

whereas the hydrocarbon gas is supplied at a

somewhat lower temperature favorable, in the

:iggregate, to a good overall heat energy utiliza-
on. :

Referring to Figure 3, there is indicated sche-
matically a further modified embodiment of the
invention, wherein the ‘thermophore circulates
continuously thru a closed cyclic path including
two vertically disposed chambers or vessels 60
and 61 and an elevator system represented by
the dotted line 62. The upper vessel 60 is fed

‘with thermophore at its upper end, thru inlet

standpipe 63, controlled by star feeder 64.
Standpipe 65 and star feeder 66 convey the ther-
mophore from vessel 60 to vessel 61, and the
lower standpipe 671 and feeder 68 discharge into
the elevator for return to the vessel 66.

The relatively heat unstable reactant, as for
example methane, is passed into the lower por-
tion of vessel 61 thru inlet pipe 69 and dis-
tributing head 70, passing upwardly in direct
countercurrent exchange with the thermophore,
and leaving vessel 61 via pipe 71, in the pre-
heated condition. Pipe 711 feeds the preheated
reactant into vessel 60 via distributing head 12
spaced vertically above the lower extremity
thereof.

The relatively heat stable reactant, as for ex-
ample oxygen, is preheated in the portion of ves-
sel 60 below the distributor 72 by introducing it
thru inlet 73. Products of reaction are with-
drawn thru outlet pipe 14.

In this embodiment the two reactants meet,
intermingle and react in a section of the vessel
Jjust above the inlet 72, indicated approximately
by the bracket A. Above this reaction zone the
fluid products of reaction rise in direct counter-
current contact with the downcoming thermo-
phore and are cooled while heating the thermo-
phore to the region of reaction temperature. Ac-
cordingly, the thermophore is successively heated
by reaction products, passed thru the reaction
zone, and thereafter passed first, in direct heat
exchange relation with the incoming, relatively
heat stable reactant and thereafter, with the
relatively heat unstable reactant.

In the embodiment of Figure 4 a single vessel
16 is continuously supplied with a downwardly
gravitating mass of thermophore circulated via
the elevator 62 and feeders 64 and 68. The rela-
tively heat stable reactant is introduced at a low
point in the vessel thru inlet 17, whereas the heat
unstable reactant passes thru inlet 78 and in-
direct heat exchanger 79. The heat exchanger 19
may take any conventional form, as for example,
a series of tubes joined by headers past which the
thermophore is free to gravitate. The hot
thermophore passing the tubes indirectly heats
the internal stream of reactant which is with-
drawn thru outlet 80 and returned to the interior
of the vessel 16 via distributing head 81.

It is to be noted that the inlet 81 is disposed

" a substantial distance above the heat exchanger .

({]

719 so that the other reactant traverses a sub-
stantial path where it initially contacts the
downcoming hot thermophore and is heated to
a higher temperature level than the relatively
heat unstable reactant, while cooling the thermo-
phore to reduce it to an appropnately lower tem-
perature level.

This preheating space may be occupied by a
second heat exchanger 82 supplied with a suit-
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able heat transfer fAluid via inlet 83 and outlet
84. By this means heat energy may be added to
or withdrawn from the system. For example, a
coolant may be circulated, where required, to
maintain the temperature of preheating in the
exchanger 19 below a safe maximum limit.

Pursuant this arrangement preheating of re-.

actants occurs in the zone below inlet 81, the
1less stable reactant receiving its preheat in the
Jower section of the zone after predetermined
cooling of the hot thermophore has been effected.
Reaction is completed in the zone A, and there-
above the reaction product gases are cooled to
any desired degree by exchange with the stream
of thermophore, being withdrawn as at 85.

In the embodiment of Figure 5, reaction occurs
in the vessel 86 just above distributing inlet 81 for
the less stable reactant. The thermophore cir-
culates downwardly and at the base of the vessel
86 is split into two streams by branch standpipes
88 and 89. Standpipe 88 passes directly into pre-
heating vessel 90 whereas standpipe 88 dis~
charges thru star feeder 91 into preheating ves-
sel 92. The two preheating vessels in turn dis-

charge thru standpipes 93 and 94 and feeders y;

95 and 96 into the conveyor and elevating sys-
tem 62 for return to the top of vessel 86 via stand-
pipe 97 and feeder 98.

Methane, for instance, is supplied to preheat-
ing vessel 82 thru distributing inlet 99, passed
upwardly thru the hot thermophore and, at the
selected level of preheat, conducted to inlet 81
via, the pipe 100. -Oxygen, on the other hand, is
concurrently fed into the lower porfion of vessel
80 thru distributing inlet 10f and passes up-
wardly and successively thru that vessel, the
standpipe 88 and the lower section of vessel 86.

Above the inlet 87 the two reactants meet and
react in the zone A. The relatively more stable
reactant, oxygen in the above illustration, is pre-
heated by direct countercurrent exchange with
the thermophore in the vessel 88, the standpipe
83 and the vessel 86, the last stage of preheat-
ing serving to cool the hot thermophore to any
selected . level suitable for contact with the re-
actant in vessel 92. Obviously by suitable rela-
tive proportioning of the thermophore streams in
vessels 99 and 92, and by properly proportioning
the lower preheating zone of vessel 86, the pre-
heating in vessel 92 may be controlled within
narrow limits. A heat exchanger may be incor-
porated in the lower portion of vessel 86 if addi-~
tional control is required.

While mention has been made of oxygen as one
of the reactants, it is to be understood that this
refers only to a preferred embodiment submitted
for illustrative purposes. In place of oxygen,
various oxygen-containing gases such as air may
be supplied. .

As is known, moreover, the oxygen compounds
such as carbon dioxide and/or water vapor may
be used in addition to oxygen. . Frequently, as
much as 20 or 30% of carbon dioxide and/or water
vapor may be employed along with oxygen with-
out lowering the reaction temperature below that
required for optimum operation. The use of
carbon dioxide or steam is of advantage in per-
mitting adjustment of the relative proportions of
hydrogen and carbonn monoxide in the synthesis
gas produced.

The invention is of advantage in obviating the
normal detrimental effects of high temperature
oxygen upon heat exchangers or other instru-
mentalities with which it comes in contact. Thus,
it will be noted that, in accordance with the
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present invention, the high temperature oxygen
contacts only relatively inert thermophore or the
relatively inert refractory lining of the pre-
heating vessel, and is discharged directly into the
generator, but for the interconnecting pipes or
conduits which may be adequately protected.

With reference to the temperatures of preheat,
methane may normally be heated to temperatures
as high as 900° F. without material decomposi-
tion. It will be apparent from the foregoing,
that the invention, however, is' applicable to
other hydrocarbons each having, as is known, a
characteristie limiting upper temperature above
which thermal decomposition may be objection-
able. The. invention, therefore, contemplates
the heating of each hydrocarbon to a temperature
below the range of undesired thermal decom-
position, and is therefore applicable to all of the
gaseous hydrocarbons including ethane, ethylene,
propane, butane, and the like. The invention,
moreover, is adaptable to use with liquid hydro-
carbons.

As a corollary to the foregoing, the rate of
thermophore circulation should be so adjusted
that the heat extracted by the oxygen or oxygen-
containing gas is sufficient to reduce the thermo-
phore temperature to the appropriate level re-
quired in the preheating of the hydrocarbon.

It is to be understood that many granular heat
+bsorptive solid materials are suitable. Neces-
sarily, this solid possesses refractory characteris-
ties enabling it to maintain its discrete solid con-
dition at temperatures which may desirably range
above 1800° F. and as high as 3000° F. or there-
above. By way of example, suitable materials are
magnesia, zirconia, thoria, alundum, carborun-
dum, temperature resistant alloys and many
others. So, also, it may be advantageous in many
instances to substitute for the inert thermophore
a catalyst for the reaction in question or to em-
ploy an inert thermophore having such a catalyst,
as nickel, deposited thereon. The thermophore
particles should be of a size such that they are
easily handled -in apparatus of the type con-
templated. Furthermore, the particles should be
of such size and shape that gases and vapors can
flow up through a bed thereof without large pres-
sure drops. Generally, it is advisable to employ
fairly uniform-sized particles not smaller than,
say,; 40 mesh material. Preferably, particles of
about v to % inch diameter are used, but other
sizes are feasible.

It is advantageous to make synthesis gas in a
system of the type depicted in Figure 2, since not
only is the formation of carbon avoided in the
preheating of methane but also the tendency to
carbon production during the reaction is sub-
stantially eliminated by the omission of refrac-
tory packing within the reaction zone.

Where the synthesis gas is required for the
production of hydrocarbons by contact with an
iron-type catalyst at pressures of 200 to 250 lbs.
per sq. in. gauge, it is advisable to operate the
process of the present invention at the same ele-
vated pressure to produce the synthesis gas.

Many other specific modifications and adapta-
tions of the present invention will be obvious to

- those skilled in the art from a consideration of

the foregoing more or less exemplary disclosure
and it is therefore understood the invention is not
limited to any such details except as defined by
the following claims.

I claim:

1. In the high temperature manufacture of
synthesis gas composed essentially of hydrogen
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and carbon monoxide by the reaction of reactants
comprising a hydrocarbon and an oxygen-con-
taining gas, the steps which comprise supplying
said reactants to a reaction zone operating at
reaction temperature, and in relative quantities
operative for the production of a reaction product
containing essentially carbon monoxide and hy-
drogen, transferring heat energy from the reac-
tion zone to a mass of solid, granular heat car-
rier bodies, and continuously and individually
preheating said reactants by separate passage in
countercurrent heat exchange relationship to said
mass of solid heat carrier bodies in such order
that the oxyen-containing reactant initially
meats said mass of solid heat carrier bodies and
substantially lowers its temperature, and there-
after the hydrocarbon reactant is passed in heat
exchange relationship and preheated to a rela-
tively lower temperature.

9. The method as defined in claim 1, wherein
the solid heat carrier bodies leave the oxygen
preheating zone at a temperature below about
1000° F. and wherein the hydrocarbon is there-
after preheated to a temperature below about
1000° F.

3. In the high temperature manufacture of
synthesis gas composed essentially of hydrogen
and carbon monoxide by the reaction of reactants
comprising a hydrocarbon and an oxygen-con-
taining gas, the steps which comprise supplying
said reactants to a reaction zone operating at re-
action temperature, and in relative quantities
operative for the production of a reaction product
containing essentially carbon monoxide and hy-
drogen, transferring heat energy from the reac-
tion zone to a mass of solid heat carrier bodies
and continuously and individually preheating said

- reactants by separate passage in heat exchange

relationship to said solid heat carrier bodies in
such order that the oxyzen-containing gas ini-
tially meets the solid heat carrier bodies and sub-
stantially lowers their temperature, and there-
after the hydrocarbon reactant is passed in heat
exchange relationship and preheated without sub-
stantial decomposition.

4. In the high temperature manufacture of
synthesis gas composed essentially of hydrogen
and carbon monoxide by the reaction of reactants

- comprising a hydrocarbon and an oxygen-con-

taining gas, the steps which comprise supplying

‘said reactants to a reaction zone operating at re-

action temperature, and in relative quantities
operative for the production of a reaction product
containing™ essentially carbon monoxide and hy-
drogen at said high temperature, transferring
heat energy from said high temperature reaction
product to a mass of solid heat carrier bodies to
raise the temperature thereof, continually passing
said hot solid heat carrier bodies through first
and second preheating zones in succession and
then returning them into heat transfer relation-
ship with hot reaction product, and continually
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and individually preheating said reactants by sep-=- -

arate passage in heat exchange relationship to
said solid heat carrier bodies in such order that
the oxygen-containing gas initially meets the

solid heat carrier bodies in the first preheating-

zone and substantially lowers the temperature
thereof, and thereafter, the hydrocarbon reactant

is passed in heat exchange relationship in the su¢-
ceeding preheating zone and preheated without
substantial decomposition.

5. The method according to claim 4 wherein
transfer of heat energy to the solid heat carrier
bodies is effected within said reaction zone.

6. The method according to claim 4 wherein
the transfer of heat energy from the hot reaction
product to the solid heat carrier bodies is effected
in g heat transfer zone separate from the reaction
zone.

7. The method according to claim 4 wherein
said oxygen-containing gas is composed of high
purity oxygen.

‘8. In the high temperature manufacture of
synthesis gas composed essentially of hydrogen
and carbon monoxide by the reaction of reactants
comprising a hydrocarbon and an oxygen-con-
taining gas, the stéps which comprise supplying
said reactants to a:reaction zone operating at re-
action temperature, and in relative quantities op-
erative for the production of g reaction product
containing essentially carbon monoxide and hy-
drogen, continuously feeding a stream of solid
heat carrier bodies to said reaction zone, transfer-
ring heat energy from the reaction zone to said
solid heat carrier bodies to substantially raise the
temperature thereof, withdrawing hot solid heat
carrier bodies from the reaction zone, and con-
tinuously and individually preheating said react-
ants by separate passage in heat exchange rela-
tionship to said solid heat carrier bodies in such
order that the oxygen-containing gas initially
meets the heat carrier bodies and substantially
lowers their temperature, and thereafter, the hy-
drocarbon reactant is passed in heat exchange
relationship and preheated without substantial
decomposition. i

9. In the high temperature exothermic reaction
of reactants, comprising a heat-stable fluid and -
a relatively heat-unstable fluid, which react with
the evolution of heat to form desired products of
reaction, the steps which comprise supplying said
reactants to a reaction zone operating at reactioch
temperature, and in relative quantities for pro-
duction of the desired product, transferring heat
energy from the reaction zone to a mass of solid
heat carrier bodies, and continuously and individ-
ually preheating said reactants by separate pas-
sage in countercurrent heat exchange relationship
to said solid heat carrier bodies in such order that
the relatively heat-stable fluid initially meets the
solid heat carrier bodies and substantially lowers
their temperature, and thereafter, the relatively
heat-unstable reactant is passed in heat exchange
relationship and preheated without substantial
decomposition.

PAUL W. GARBO.
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