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The present invention reiates to high temperature }
exothermic reactions and is more particularly concerned with !
the interaction of a hydrocarbon and an oxygen-containing re-
actant 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 convenience in
illustration, will be described more particularly in connec-
tion with the preparation of synthesis gas from hydrocarbons;
nevertheless it will be understood that the principles there-
of are equally applicable to equivalent exothermic processes;
particularly where relatively high temperatures are desirably
maintained in the reaction zone.

In the copending Canadian application in the name
of PERCIVAL C. KEITH, Serial No. 603,641, filed July 19; 19504
there is disclosed a process and apparatus for the prépara-
tion of synthesis gas in the presence of a granular heat ab-

sorptive material (hereinafter referred to as a thermophore)

*

which absorbs the heat of reaction in the zone of heat libera
tion and is later passed countercurrently to incoming feed
gagses in order to transfer its sensible heat to the feed
gases, Operating in this manner, it is possible to supply
reactants to the reaction zone at such a temperature that
relatively high reaction temperatures of 2000°F., or materi-
ally thereabove; can be maintained, In accordance with that
disclosure; the granular heat absorbing material may be inert
or may comprise or include a 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 gasep

individually., By this means, intermixing of the reactants
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is avoided in advance of the combustion zone, and the serious
problems of preheating explosive mixtures are obviated.

This method of operation has the disadvantage that
hydrocarbon feeds, preheated to high temperatures, are sub-
jeet to thermal decomposition with the production of undesir-
able by-products, including carbonaceous material which tends
to deposit upon and foul the thermophore. On the other hand,
the aforesaid application contemplates overcoming this dif-
ficulty by recirculating the thermophore through the system
in such a manner that random portions thereof are continuous-
1y being diverted to the oxygen preheating zone, wherein
carbon is removed by combustion. This, however, tends to
introduce variable gquantities of carbon dioxide into the
gas generation zone and may, under some circumstances, re-
sult in an unfavorable heat distribution with excessive heat
energy being liberated in the preheating of oxygen.

It is an object of the present invention to ovér-
come the disadvantages of the foregoing procedure by provid-
ing é process wherein the preheating of the hydrocarbon feed
is restricted to & temperature range within which decompos-
ition is substantially avoided while supplying the heat
energy to the incoming stream of oxygen or oxygen-containing
reactant at a higher temperature level approaching that of
the exothermic reaction zone.

A further object of the present invention contem-
plates 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 con-

trolled temperature such that thermal decomposition is
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avoided. OQther and further objectives will be apparent from
a consideration of the fellowing disclosure, |
In order to more specifically illustrate the inven-
tion, reference is had to the figures of the drawing, wherein
Figure 1 represents more or less diagrammatically one combinar
tion of apparatus suitable for carrying out the present pro-
cess; Figure 2 illustrates a preferred combination of appar-
atus; and Figures 3, 4 and 5 respectively disclose, only
schematically, other suitable embodiments of the invention.
In Figure 1, the reference numeral 10 indicates a
combustion or reaction vessel provided with an internal re-
fractory lining 11 and containing a body of granular heat
absorbing material 12. The granular contents are supplied
through standpipe 13 by means of any suitable mechanical
feeding device such as star feeder 14 operated at a prede-
termined rate. The star feeder 14 and standpipe 13 continu-
ously receive a supply of the heat absorbing particles
through the agency of a worm conveyor 15, which in turn is
gupplied from an elevator 16 indicated only in dotted lines,
" The thermophore is continuously discharged from
the bottom of the reaction chamber 10 through outlet stand-
pipe 17 controlled by star feeder 18 cperating in coordina-
tion with the star feeder 14. Standpipe 17 discharges directy
1y into preheating chamber or zone 19, similarly advanta-
geously provided with a refractory lining 20. A further
standpipe 21, connecting with the bottom of the preheating
chamber 19 and controlled by a third star feeder 22, dis-
charges directly into a second preheating chamber 23, which

in most embodiments of the present invention need not be
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preheating chamber 23 similarly discharges into standpipe 24 %
leading by way of feeder 24LA to screw conveyor 25 which sup- !
plies the aforementioned elevator 16,

With the foregoing combination of feeding and/con-
veylng instrumentalities, therefore, the granular thermophore
may be passed in a continuous cycle from the lower portion of
the gecond preheating chamber through the elevator to the gas
reaction chamber and thence successively through the reaction
or combustion zene and the two preheating zcocnes. Under prope:
1y coordinated conditions of operation, it will be apparent
that the thermophore level can be maintained substantially
constant in each of the three chambers, as, for example, at
the level indicated by the reference numeral 26 in chamber 19
and by the reference numeral 27 in chamber 23.

During the progress of such cyele a hydrocarbon
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 relation
to the downcoming thermophore, emerging from its upper sur-
face 277and flowing by way of ocutlet pipe 29 to the lower
portion of the-combustion 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 rélation to the thermophore in the preheating
chamber 19, codlecting 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 regction products
evolved are conducted out through pipe 32 for further uge,
as br example to a system operating for the synthesis of

hydrocarbons.
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"In short, the invention provides an arrangement whereby a

In operation, therefore, methane and oxygen, for

example, mix and react in the chamber 10 heating its content

(143

of heat absorbing graniles to the desired reaction temperatur
Hot thermophore discharged from the reaction zone gravitates
into the vessel 19 at substantially reaction temperature and
is progressivély cooled to any desired degree by the counter-
current passage of incoming oxygen., Accordingly, the thermo-
phore leaving the chamber 19 and entering chamber 23 is at a
substantially lower temperature level depending upon the
quantity of sensible heat energy abstracted by the passage of
oxygen. The thermophore is further cocled to any desired
lower level by the countercurrent passage of the methane in
the lower chamber 23,

Following this method of operation it is obvious~
ly possible to preheat the oxygen stream to any desired temp-
erature approximating the reaction temperature, while at the
same time lowering the temperature of the thermophore supplieg
ﬁo the second preheating zone to a level favorable for pre~

heating the second reactant without adverse thermal affects,

faactant.gas, which has substantial or complete thermal
stability, is used to abstract sensible heat from the thermo-
phofe in advance of preheating a relatively thermally un-
stable 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. The heat exchanger 33
may take any conventional form, preferably a series of ver-

tically extending tubes joining with headers so configurated
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as to permit free gravitation of solid particles therealong.
Inlet pipe 3L 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 gen-
erate steam for the operation of the mechanical conveying
means or for Dther_purposes. Where the high temperature re-
action is insufficiently exothermic to compensate for heat
logsea from the system, exchanger 33 may be operated to
supply heat in amount to balance the losses.

Any conventional means may be employed for assur-
ing the introduction of the preheated feed gases intc the
’reaction zone in good admixture. Thus, pipes 29 and 31 ad-
vantageously discharge into the reactor in opposed relation-
ship. Alternatively, however, the two streams of gas may be
introduced through any conventional type of mixing nozzle so0
that they reach the interior of the zone in condition for
immediate reaction. The reaction products pass upwardly
through the thermophore in countercurrent heat exchange re-
lationship and are carried off through outlet condult 32 for
use. or disgposition as required,

From the foregoing, it will be apparent that the
present invention is particularly advantageous in the manu-
facture of synthesis gas for the production of hydrocarbons
and oxygenated 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 at a temperatureof 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
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proportions of reactant feed and by the use of substantially
pure oxygen, the reaction product, freed of reaction water,
may contain as much as 85% or more of the two desired gases,
the remainder being essentially nitrogen, carbon dioxide and
methane. 7

In accordance with one specific example of the
process, a stream of circulating thermophore, in a system
analogous to that described in connection 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 1/16 inch in
diameter. The thermophore stream withdrawn from the reactor
is passed countercurrent to an incoming stream of oxygen of
about 98% purity, having an initial temperature of about
atmospheric and being discharged at a final temperature of
2200°F,

The oxygen is introduced at the rate of approxim-
ately 2880 Cubic Feet per hour. The thermophore, cooled to
about 900°F. by contact with the oxygen stream, is withdrawn
and in a further zone passed in countercurrent relationship
to a stream of natural gas introduced at atmospheric temper-
ature and discharged at about 800°F. The natural gas stream
comprising about 75% methane, 13% higher hydrocarbons and 107
hydrogen, is introduced at the rate of about 3900 cubic feet
per hour. The respective streams of natural gas and oxygen
are adﬁixed in the reactor and proceed to react at the fore-
going reactor temperature with the production of a gas con-
taining, after removal of water of reaction, about 2% nitrogﬁn,
about 2% methane, and about 5% carbon dioxide, the remainder

being hydrogen and carbon monoxide in the molar ratio of 2:1.
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"félatibnship with the thermophore and at the predetermined

‘conduit 45, It is advantageocusly free from granular packing
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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 tempera-
ture of about 200°F. and returned to the reaction zone.

It is lwmportant to point cut that the present in-
vention is nct limited to operation with a packed generator,
but, as is indicated in Figure 2, may function with a gener=~
ator having an open gas generation chamber provided the sensif
ble heat from the products of combustion is transferred to
the ¢irculating thermophore., Referring more specifieally
to this figure, the gaseous reactants are preheated in a
chamber 36 provided with a refractory lining 37, through

which the thermophore continuously gravitates as before,

The oxygen stream, for example, introduced by way of inlet

r=

pipe 38 passes upwardly in countercurrent'relationship throug
the hot thermophore, and is withdrawn to the lower portion
of the generator 43 by pipe 39. In the present embodiment,
the hydrocarbon gas 1s supplied by way of inlet pipe 40

through a heat exchange coil 41 disposed within the down-
embodiment passes in indirect countercurrent heat exchange

temperaﬁﬁre of preheat is discharged through outlet pipe 42
to the generater 43.
In this insgtance, the generator 43 comprises a

chamber having a refractory lining A4l -and an upper outlet

of any kind, so that the gases react in an open, unpacked

space. More specifically, in order to inhibit production of
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i
free carbon, I prefer to maintain the ratio of internal gen- |

erator 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 temperature closely
approximating reaction temperature in the vieinity of the
discharge standpipe 5h. The'final gases, having transferred
a large portion of their sensible heat content to the thermo-
phore, are discharged through pipe 47 for further use.

The circulation of thermophore may be accomplished
subgtantially in the same manner as the previous embodiments
by means of a standpipe 48 receiving thermophore from the
bottom of the preheating chamber 36, a screw conveyor 49
supplying an elevator represented only by the dotted line
50, and a receiving screﬁ conveyor 51 at the top of the
eleﬁator._ The screw conveyor 51 continuously supplies
thermophore to a standpipe 52 controlled by star feeder 53

and supplying the accumulator chamber 46, The solid gran-

contrelled by star feeder 55 and are received in the lower
or preheating chamber 36. As before, the mechanical means
are so operated as to maintain the indicated levels of
granular thermophore in the respesctive chambers.

In the operation of this device, it will be apparent
that the preheated oiygen reaches the generator at approxim-
ateiy reaction temperature, whereas‘the hydrocarbon gas is
suppliedat a somewhat lower temagrgfdre favorable, in the

Ry

aggregate, to a good overall heat energy utilization, .
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Referring to Figure 3, there is iundicated sche- j
matically a further modified embodiment of the invention, |
wherein the thermophere circulates continucusly thru a closed
cyclic path including two vertically disposed chambers or ro

5/ vessels &0 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
thermophore from vessel 60 to vessel 61, and the lower stand-
10{| pipe €7 and feeder 68 discharge into the elevator for return
to the vessel 60,

The relatively heat unstable reactant, as for ex-
ample methane, 1s passed into the lower portion of vessel 61
thru inlet pipe 69 and distributing head 70, passing upward-
15|l 1y in direct countercurrent exchange with the thermophore,
and leaving vessel 61 via pipe 71, in the preheated condition}
Pipe 71 feeds the preheated reactant into vessel 60 via dis-
tributing head 72 spaced vertically above the lower extremity
thereof’.
20 The relatively heat stable reactant, as for example
oxygen, is preheated in the portidan-of vessel 60 below the
{ﬁ ‘ distributor 72 by introducing it thru inlet 73. Products
of reaction are withdrawn thru outlet pipe Tk,

In this embodiment the two reactants meet, inter-
S || mingle and react in a section of the vessel just above the
inlet 72, indicated approximately by the bracket A. Above
this reaction zone the fluid products'of reaction rige in
direct countercurrent contact with the downcoming thermophore
f' ‘ and are cooled while heating the thermophore to the region of

; : 30]| reaction temperature. Accordingly, the thermophore is succesg-
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ively 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 Tigure 4 a single vessel 76
is continuously supplied with a downwardly gravitating mass
of thermophore circulated via the elevator 62 and feeders 64
and 68, The relatively heat stable reactant is introduced
at a low point in the vessel thru inlet 77, whereas the heat
unstable reactant passes thru inlet 78 and indirect heat ex-
changer 79. The heat exchanger 79 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

returned to the interior of the vessel 76 via distributing
head 8l.

It is to be noted that the inlet 81 is disposed a
substantial distance above the heat exchanger 79 so that the
other reactant traverses a substantial path where it initial-
ly contacts the downcbming hot thermophere and ie heated to
a higher temperature level than the relatively heat unstable
réactant, while cooling the thermophore to reduce it to an
appropriately lower temperature level.

This preheating space may be occupied by a second
heat exchanger 82 supplied with a suitable heat transfer
fluid via inlet 83 and outlet 84, By this means heat energy
may be added to or withdrawn from the system. ¥or example,
a coolant may be circulated, where required, toc maintain the
temperature of preheating in the exchanger 79 below a safe

maximum limit.
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Pursuant this arrangement preheating of reactants
oceurs in the zone below inlet 81, the less stable reactant
receiving its preheat in the lower section of the zone after
predetermined cooling of the hot thermophore has been effect-
> || ed. Reaction is completed in the zone A, and thereabove 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
10|- the vessel 85 just above distributing inlet 87 for the less
stable reactant. The thermophore circulates 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 preheating vessel 90 whereas standpipe 89 aischarges
?I 15 thrulstar feeder 91 into preheating vessel 92. The two
preheating vessels in turn discharge thru standpipes 93 and
s 94 and feeders 95 and 96 into the conveyor and elsvating
system 62 for return to the top of vessel 86 via standpipe
97 and feeder 98, .

20 Methane, for instance, is supplied to preheating

-vessel 92 thru distributing inlet 99, passed upwardly thru
the hot thermophore and, at the selected level of.preheat,
conducted to inlet 87 via the pipe 100. Oxygen, on the

other'hand, is concurrently fed into the lower portion of

-25 vessel 90 thru distributing inlet 101 and passes upwardly

‘and succesgively thru that vessel, the standpipe 88 and the
lower section of vessel 86,

Above the inlet 87 the two reactants meet and ke-
act in the zone A, The relatively more stable reactant,

30 foxygen in the above illusfration, is preheated by direct
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countercurrent exchange with the thermophore in the vessel
90, the standpipe 88 and the vessel 86, the last stage of
preheating serving to cool the hot thermophore to any select-
ed level suitable for contact with the reactant in vessel

92, Obviously by suitable relative proportioning of the
thermophore streams in vessels 90 and 92, and by properly
proportioning the lower preheating zone of vessel 86, the
preheating in vessel 92 may be controlled within narrow
limits. A heat exchanger may be incorporated in the lower
portion of vessel 86 if additional 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 pur-
poses. 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 diox-
ide and/or water vapor may be employed along with oxygen
without lowering the reaction temperature below that required
for optimum operation. The use of carbon dioxide or steam
is of advantage in permitting adjustment of the relative
proportions of hydrogen and carbon 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 instrumentalities with which it
comes in contact. Thus, it will be noted that, in accord-
ance with the present invention, the high temperature oxygen

contacts only relatively inert thermophore or the relatively
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inert refractory lining of the preheating vessel, and is
discharged directly into the generator, but for the inter-
connecting pipes or conduits which may be adequately pro-
tected.

With reference to the temperatures of preheat,
methane may normally be heated to temperatures as high as
900°F, without material decomposition. It will be apparent
from the foregoing, that the invention, however, is appli-
cable to other hydrocarbons each having, as is known, a
characteristic limiting upper temperature above which thermal]
decomposition may be objectionable. The invention, thereford
contemplates the heating of each hydrocarbon to a temperaturg

below the range of undesired thermal decomposition, and is

' therefore applicable to all of the gaseous hydrocarbons in-

¢cluding ethane, ethylene, propane, butane, and the like.
The invention, morecver, is adaptable to use with liquid
hydrocarbons.

-As a corollary to the foregoing, the rate of ther-
mbphqre circulation should be so adjusted that the heat ex-

tracted by the oxygen or oxygen-containing gas is sufficient

" to reduce the thermophore“temperature to the appropriate

level required in the prehéating of the hydrocarbon.

It is to be understood that many granular heat

abéorptive'solid materials are suitable. Necessarily, this

solid possesses refractory characteristics enabling it to

_maintain its discrete solid condition at temperatures which

may'desirably range above 1800°F. and as high as 3000°F. or
thereabove. By way of example, suitable materials are

magnesia, zirconia, thoria, alundum, carborundum, temperaturg

resistant alloys and many others. So, also, it may be

’




10

15

20

25

‘same elevated pressure to produce the synthesis gas.

- 16 - AL

advantageous inmny instances to substitute for the inert
thermophore a catalyst for the reaction in question or to
employ an inert thermephore having such a catalysé, as nickel
deposited thereon. The thermophore particles should be of a
size such that they are easily handled in apparatus of the
type'contemplated, Furthermore, the particles should be of
such size and shape that gases and vapors can flow up through
a bed thereof without large pressure drops. Generally, it is
advisable to employ fairly uniform-sized particles nct small-
er than, say, 40 mesh material. Preferably, particles of
about 1/16 to 3/16 inch diameter are used, but other sizes
are feasible.

It is advantageous to make synthesis gas in a syster
of the type depicted in Figure 2, since not only is the for-
mation of carbon avoided in the preheating of methane but
algo the tendency to carbon production during the reaction is
substantially eliminated by the omission of refractory pack-
ing within the reaction zone.

Where the synthesis gas is required for the produc-
tien of hydroecarbons By contact with an iron~type catalyst at
pressuréé of 200 to 250 lbs. per sg. in. gauge, it is advis-

able to.operaté the process of the present invention at the

_ Many other specific modifications and adaptations
of the present invention will be obvious to those skilled
in the art ffom a consideration of the feregoing mere or
less exemplary disclosure and it is therefore undsrstood the
lnvention is not limited to any such details except as

defined by the following claims.
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The embodiments of the invention in which an excluslve

property or privilege is claimed are defined as follows:

1, In the high temperature manufacture of synthesls ges
compoged emsentially of hydrogen and carben monoxide by the reaction of
reactants comprising a hydrocerbon and an oxygen-contalning gas, the
steps which comprise supplying said reactants to a reaction zone operat-—
ipg at reaction temperature, and in relative quantities operative for
the production of a reaction product conteining sssentially carbon
monexide snd hydrogen, transferring heat emergy from the reaction zone
to & mass of so0lid, granular heat carrier bodies and contimiously and
individually preheating said reactants by separate passage in counter-
current heat exchange relationship to said mass of solid heat cerrier
bodies in such crder that the axygen-ccntaining reasctant initially -
meets said mass of solid heat cerrier bodies and substantially lowers
its temperature, and thereafter the hydrocarbon reactant is passed in
heat exchenge relationship and prekeated to a relatively lower tempera-

ture.

2. The method as defined in c¢laim 1, wherein the aclid heat
carrler bodies leeve the cxygen preheating zmone at a temperature below
|° :
about 1000 F. and whereir the hydrocarbon is thereafter preheated to a

tomperature below about 1000°F.
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3. In the high temperaturs marufacture of synthesls gas
composed essentially of hydrogen and carbon monoxide by the reaction of
resctants eamprising a hydrocarbon and an oxygen-containming ges, the
steps which ccmprise supplying said resctants to a reaction zone 0peratin%
at reaction temperature, and in relative guantitles cperatlve for the
production of a reactlon product containing essentially carbon monoxilde
and hydrogen, transferring heat energy from the reaction zone to a mass
of solid heat carrier bodies, and contimiously and individually preheat—
ing saild resctants by separate passage in heat exchange relationehip to
sald solid beat carrier bodles in such order that the cxygen—containing
gas initislly meets the solld heat carrier bodies and substantially
lowers their temperature, and thereafter the hydrocarbon reactant is
passed In heat exchange relatlonship and preheated without substantial

decomposition.

4e In the hlgh temperature manufacture of synthesis gas
composed ossentially of hydrogen and carbod monoxide by the reaction of
reactants comprising a hydrocarbon and an oxygen-contalning gas, the
gteps which comprise supplying said reactants to a reaction zone operat~
ing at reaction temperature, and in relative quantitles operative for
the production of & reaction product contalning essentially carben
monoxide and hydrogen at sald high temperature, transferring heat‘energy
from said high temperature resction product to & mass of aolid heet
carrier bodles to ralse the temperature thereof, contlmually passing
gaid hot solid hest carrier bodies through first and second preheating
zones in succession and then returning them inte heat transfer'relation-
ship with hot reactlon product, and contimislly and individually pre-
heating seid remctents by separate passege in heat exchange relationship
+0 said s0lid hest carrier bodies in such order that the oxygen-containe

ing gas initially meets the solid heat carrier bodies in the first pre-

[
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hesting zone and substantially lowers the temperature thereof, and
thersafter, the hydrocarbon reactant is passed in heal exchange relation
ship in the succeeding preheating zone and preheated without substantiel

decomposition.

5. The method sccording to claim 4 wherein transfer of
heat emergy to the solid heat carrier bodies is effected within paid

reaction zeone.

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

ZONEe .

7. The method according to claim 4 wherein sald cxygen-

containing gas is camposed. of high purity oxygen.

8. In the high temperature manufacture of synthesis gas
composed esgentlally of hydrogen and carbon monoxide ky the reaction
of resctants comprising a hydrocarben and an oxygen-centaining gas,
the“ ptepe which comprige supplying said reactants to a reaction zone
opefa‘bing at resction temperature, and in relative quantities operative
for. the production of a reaction product containing essentially carbon
monoxide and hydrogen, continuously feeding a siream of 8011d heat
cerrier bodles to said reaction zone, t:a.naf.‘erring heat energy from
the reaction zone to smid solid heat carrier bodies to substantially
ralse the femperature thereof, withdrewing hot'solid heat cerrier
bodies from the reaction zone, and contimcusly and individually pre~
heating said redotants by separate passage in heat exchange relationship
to sald solid heat carrier bodies in such order that the oxygen~contain-

ing gas initielly meets the heat carrier bedles and substantially lowers

K
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their temperature, and thereafter, the hydrocarbon resctant 1s passed
in heat exchange relationship and preheated without substantial decom-

position.

9, In the high temperature exothermic reaction of reactants,
comprising & heat-stable £luid and a relatively heat-unstable fluid,
which react with the evolution of heat to form desired profucts of
reaction, the steps which comprise supplying sald reactants to a re-
action zone operating at reaction temperature, and in relative guantitiled
forlproduction of the desired product, transferring heat energy froem the
réact;on zone to & mass of solid heat carrier bodies, and contlinucusly
and individually preheating said reactants by separate passage in
countercurrent heat exchange relationship to said solid heat carrier
bodies in such order that the relatively heat-stable fluid initially
meets the eolid heat carrier bodies and substantislly lowers thelr
teiperatwe ’ énd thereafter, the relatively heat-unstable reactant 1s
passeﬁ in heat exchange rgiationship and preheeted without substantial

decomposeition.

. 10. The method as defined in elaim 1, wherein the reaction
zone is an open, unpacked space which is free from granular packing
and has & low ratic of internal surface to volume spproximating that of
& aphere of equal vo]_.un;e vwhereby to inhibit the production of free
carbon and wherein the transfer of heat energy from the reaction zone
to the mass of heat carrier bodies ia effected by withdrawing the re-
sction product from said resction zone at high tempersture end passing
the seme in contact with sald mess of heat carrier bedies in a heat

trangfer zone separate from sald reactlon zone.
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11, The method accerding to claim 6 wherein the reaction
zone iz an open, unpacked space which is free from graruler packing
and has a low ratic of internal surface to volume approximating that of
& sphere of equal vlolume whereby to inhibit the production of free

carbon.

12. The method according to claim 11 wherein the hydrocarbon
is natural gas and the mqrgan-containing{ gas is high purity oxygen and
wherein the ratio of int.ernal surface to volume is less than 1, said
surface and said volume being computed in terms of feet as the linesr

unit of measurement,

13, In the high temperature manufacture of synthesis gas
composed epsentially of hydrogen and csrbon monoxide by the reaction of
reactents comprising e hydrocarbon and an cxygen~contalnlng ges, the
steps which comprise separately preheating said resctants, supplylng the
preheated reactants to an open, unpacked reactlon zone free from grénular
facking and having a low ratio of inta_rnal surface to volume approximat-
ing that of a sphere of equal volume whereby to inhiblt the preduction
of free carbom, said preheated reactants being supplied in relative
quantities cperative for the éroduc’tion of & reaction product containing
essentially carbon monoxide and hydrogen, and maintaining said reaction
zone at a temperature of at least 2100°F. and a pressure of at least

200 1bs. per sq. in, gauge.

14. The method according to claim 13 wherein the hydrocarbon

is natural gas and the oxygen-contalning gas is high purlty oxygen.

15. The method sccording to c¢laim 13 wherein the retlo of
internal surface to volume in said reaction zons is less than 1, sald
gurface and geid volume being computed in terms of feet as the linear

unlt of measurement.
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