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The present invention is eoncerned with the
ramaval of heat from an exothermic reaction,
particularly when employing & suspended fuid
catalyst. ' In accordance with the present proocess,
exothermie heat of resction 1s absorbed as sen-
sible heat of the fluld catalyst which Is removed
from the reaction zone and cooled by the regen-
erztion of steam and, if desired, the superheat-
ing of the same in a cooling zone. The invend
tion is partienarly adoepted to the manufacture
of products by g reaction Inveiving hydrogen and
oxides of carbon., Tn accordance with the pres~
-~ ent process, the temperature within the reaction
zone Is positiively eontrolled by regulating the
temperature of the catalyst ina manner as here-
inafter described.

It Is known in the art to conduct varioug
exothermic chemieal reactions ang to remove the
heat of reaction by suitable means, Thesa means
usually comprize liquid cooling mediums which
are cireulated within er without the reaction

()

_pperation may he more éficiently a.nd economl.

cally conducted. - My process overcomes inherent
difficulties present in the remaoval of the heaf of
reaectioir {rom {he cataiyst and producss addition.
a] beneflts, In accordance with my process, the
eatalyst is withdrawn from the feaction zone and
bassed into & cooling zone wherein the sane is
caoled by vaporizetion of water, producing rela-

. tively laree quantities of steam.
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The protess of my invention may be readily
understood by reference to the drawing flustrat-
Ing an embodiment of the same, The fiure il-

E Tustrates an operation emplovine a powdered sus-
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zohe. Circulation of the cocling means within -

the reaction zone, however, is frequently imposst-
ble or inadvisable owing to ihe effect of the cool.
ing medium on the course and extent of the re-
action, difficuliy In separating the cooling me-
dium from reaction products or eatalytie ma-
terial, reduction in resction space cansed by the
presence of the medium, ete.  On the other hand,

clreulation of covling means without the reaction o

zone i$ not entirely satisfactory for certzin oper-
ations owing {o the fact that the tempsrature

‘within 'the reaction zone is relatively difficulf to
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eontrol within a narrow range, particularly when -

a catalytic material is emploved, and that local :

overheating ooceurs along the surface of the
catalytic material agross the path of the Howing
gases. 'These disadvantages are particutarly ag-
gravaied and emphasized in chemical reactions
Involving the hydrogenation of carbon oxides for
ihe preduction of hydroenrbens having more
than one carbon atom in the moleeule, sinee it is
essential that the tempersture in these reactions
he controlled so that no substantla! temperature
variation during the course of the reaction re-
suits,

I{ hes, therefore, been proposed that a fuid
suspended catalyst be employed in varions types
of exothermic reactions and that exothermic heat

of reaction he remaved by absorbing the same as 5

sensible heat of the catalyst, withdrawing the

catalyst from the reaction zone, removing the

exothermic heat of reachtion, and recycling tha
cooled catalyst to the reaction zone.
I have now discovered a process by which this

4an

panded catalyst utilized in & reaction for the
production of hydrocarbon constituents contain-
ing more then one ¢arbon atom in.the moleeule
by the hydrogenation of oxides of carbon. The
feed gases comprising oxides of earbon and hy-
drogen are intreduced into reaction zome 1 by
means of feed line 2. These gases flow upwardly
through resction zone 1 and countercurrently
vonfact a downflowing powdered suspended cata-
lyst which is introdueced into zome | by means of
line 8, It is fo be understood that z+ne | com-
priges sultable means o contro]l the temperature
of reaction within the desired range, at least part
of which involves absorpiion of reaction heat as
sensibla heat of the catalyst. Reaction products
comprising vaporiged hydrocarbon constituents
confaining more than one earbon atem in the
molecule alorg with fixed gases and other im-
purities erec withdrawn overhezd from reaction
zone 1 by means of line 4 and handled, in 4 man-
ner adapted o segregnie the desired pmducts,
Further processed in ehy manner desirable.

The powdered calalyst Hows downwardly in
Zone | and absorhs exothermic heat as sensible
heat of the catalyst, and is withdrawn from zone
| by means of line 5. These gases are passed
along cooling zone § wherein the sensible heat of
the catalyst is removed by eobtaciing the same’
with water which is introduced into zane & by

- means of Yine 7. The amount of waler iniro-
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duced is adjusted so that complete vaporization
of the same is sscured. In general, it is prefer-
aple to introduce the water at a plurality of sta,ges
by meens of lines |5 and 16.

The cooled catalyst together with steam passes

upwardly through zone § and pesses into sepa- .

ration zone 3 wherein a separation is made be-
tween lhre stearn, which is withdrawn by means

of line (6 and the cooled catalyst which is with-
drawn by means of line 3 and reoycled to the
reaction zone. Fresh catalyst may be inbro- -

% duced by means of Une 2 while spent catalysk
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is withdrawn by means of line #3, The femper-
ature of the catalyst may be further controlled
if neeessary by passing the same through sult-
¢hle heating or cooling MEARs,

The process of the present Invention may be
widely varied and is not Jimited to the constrae-
tion of the figure, It is to be uhderstond that
the respective Zomes may comnprisa any suitable
number, arrangement, and position of units. The
inventlon i5 particularly beneficial in that the
catalyst 1 suspended in the steam and passed
to the top of the reactlon chamber from where
it may readily be recycled. The invention may
be readily zdapted for the removal of heat from
any chemical reaction in which heat Is evolved.
Tt is, however, particularly suitable for use when
employing & suspended powdered catalyst, espe-
clally tn the resctions invelving the hydrogena-
tion of oxides of carbon conducted under econdi-
tians to produce hydrocarbon products contain-
ing more than one earbon atom n the mnlecule.

These reactions are generally conduected at &
temperature in the range from sbout 370° fo
410° P, If is essential in order to secure a Sat-
istectory yield of the desired quality product
that the temperature of the reaction does not
vary substantizily from thé predetermined op-
crating temperature, In general, fo secire sabe
isfactory results it is essential that the femper-
ature of the reaction in processes of this char-
acter must not vary over & temperzture range in
excess of about 10° F. and preferably should
not vary over 2 temperature range in eXeess of
5 P The catalyst employed in this process may
be any sniteble catalyst selected from the class
of substances which are known as sulkable for
aiding the hydrogenation of oxides of carbon.
Satfsfactory cetalysts are, for example, cerlum,
chromiura, cobalt, manganese, osmium, pal-
ladium, titenium, zine, iron, and oxides or other
compounds of these metgls, Mixtures of these
catalysts may be employed or the same impreg-
nated with suiteble agents adapted io increase
their efficlency or strength. In general, in car-
rving out the present process I have found it
preferable to employ s finely divided or pow-
dered catalyst of about 200 to 400 mesh. Al-
though the operation has been described em-
ployine & countercurrent fow between the cata-
Iyst and the gases in the reaction zone, it is to
be undertsood that concurrent flow, either up-
flow or downflow, may be employed, 'When em-
ploying & powdered catalyst in an operation of
this character, the same inay be uniformly dis-
tributed ms it freely falls through the reaction
znona and intimate contact Is obtzined bztween
the concurrently flowing gases and powdered
catalyst. A modificstion of my invention is to
repulete the fow of synthesls gases and eatalysts
in o manner whereby the yelocity of the catalyst
passing through the reaction zone exceeds the
velocity of the flowing synthesls gases, When
concurrent fAow 15 used an additional zome to
separate the catalyst from resction products
may he provided. Provision of this suxilisry
separating zone may also be desirable with coun-
tercurrent flow in the reaction, as, for instance,
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cu line & of the accompanying drawing, from
which the separated cetslyst would Join line 5
for charging to the cooling zone.

The axtent to which the catalyst is cooled may
bo readily conirolled by the quantity of water
Introduced Inte the cooling zone. In genersl,
my process 1s best adapted to operations in which
the catalyst is cooled o & temperature not sub-
stantially helow ahout 300° F. If the catalyst s
much below this temperatire, tha water does
;gilﬂash readily to steam at & useful Dressure
+ Tt is essential, particwiarly when. employing a
powdered catalyst that the guantify of water
added to the cooling zone be of an amount that
will readily vaporize and that the reactivn 2one
he substantiafly completely free of Holid water.
‘The temperature of the water added may vy
widely, but in general i§ 1s preferred theb the
added water be at its bolling poini with respect
to the pressure emplo¥Yed. A pariicularly desir-
ahle operation as cutlined sbove, is to introduce
an aguepus mixture comprising about 5% to
10% of steam into the resctlon zome under
conditions so that the Houdd will be Hashed im-
mediately. Much the same effect is oitained in
part by introducing the water at a plurality of
stages along the path of the flowing eatalyst in
the eooling zone,

What T claln as new and wish to protect by

Lefters Patent ds:

1. A method of removing hezt from reaction
chambers i which exothermic reactions are car-
ried out and wherein the desired remction tem-
perature is materizlly above the boiling point
of water under oblalning pressure conditions
which eomprises cootinuousty introducing into
said resction chamber 8 stream of finely divided,
heat-absorptive, solid material, sald soli@ mate-
rial being In indirect contact with the reaciants
within sald reaction chamber, the inlet tempera-
‘ture of said finely divided solids 50 introduced
being below the deslred reaction temperafitre
wheraby heat Hberated during said reaction may
be absorbed by sald solid material, continuously
withdrawing & stream of said finely divided con-
tact matcrinl from said reaction chamher while

. ak said yenetion temperature, Injecting water
into said strearn of soltd maferial so withdrawn.
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miting the amount of water so introduced to
completely vaporize the water so injected and to
cool sald solid materinl, scparating the steam
formed by the vaporization of the water fram
the zold materinl, continuously returning the
cooled solid material separated from said steam
to the reaction chambar, and regulating the re-
twn of flow of s3id solid materlal through the
reaction chamber to maintzin the desired tem-
perature therein, -

2, The method defined by claim 1 wherein the
solid, heat-ghsorptive material forms = cataiyst
for said exothermic reaction. .

3, The method deflned by ¢laim 1 wherein
carbon monoxide and hydrogen are reaoted
within said resction chamber to form higher
moelecular weight hydrocarben products.

FRANRK T. BAEE.





