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1

This invention relates to a method of carrying
out exothermic reactions.

The invention has to do with the removal or
dissipation of heat liberated in exothermic reac-
tions such as in the hydrogenation of oxides of
¢arbon to produce compounds having two or more
carbon atoms per molecule.

More specifically, the invention involves effect-

ing the reaction in a reaction zone under prede- -

termined conditions of temperature and pressure
and introducing to the reaction zone a finely
divided solid adsorbent carrier material contain-
ing adsorbed or absorbed fluid which is vapor-
izable therefrom under the conditions of tempersa-

ture and pressure prevailing within the reaction °

zone. The carrier passes through the reaction
zone continuously and during such passage the
fluid is vaporized therefrom by the heat being lib-
erated in the reaction zone, The resulting vapor-
ized fluid is discharged from the reaction zone
and the carrier is drawn off. Additional fluid is
absorbed in the carrier drawn off from the reac-
tion zone and the carrier containing the addi-
tional fluid is recycled to the reaction zone.

Suitable adsorbent carrier materials contem-

plated comprise silica gel, alumina and charcoal.
The fluid used for absorption in, or for saturating,
the carrier may be water, alcohol, ammonia or
hydrocarbons, It is contemplated that the cool-

ing fluid will vaporize at the temperature and *:

under the pressure prevailing in the reaction zone
so that exothermic heat of the reaction is used
to provide heat of vaporization of the cooling fluid.

In synthesis reactions wherein carbon monox-
ide is reacted with hydrogen to produce normally
liquid hydrocarbons it is possible that a suitable
fraction of the hydrocarbon products may be
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used as the fluid for absorbing in, or saturating, _

the carrier passing to the reaction zone,
* Where the reactions are carried out in a con-
tinuous mannner and in which case a stream of
reactants is continuously passed to the reaction
zone for reaction therein, solid carrier saturated,
or partially saturated, with cooling fluid may be
injected in granular or powdered form into the
feed stream of reactants., In this way, the car-
rier is suspended in the stream of reactants and
resulting products of the reaction flowing through
the reaction zone, and likewise the carrier parti-
cles are carried out of the reaction zone in the
effluent stream of reaction products. During pase
sage through the reaction zone, the cooling fluid
‘is vaporized and expelled from the carrier at or
below the reaction temperature, the heat of the
reaction being used to provide the heat required
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for vaporizing the fluid and expelling it from the ‘

carrier.
The amount of carrier flowing through the re-
action zone and also its content of absorbed fluid

. as well as the nature of the fluid will depend vipon

the amount of heat which is to be removed or
dissipated from the reaction zone.  Conditions
may be maintained so that the heat of desorp-
tion of fluid from the carrier substantially bal-
ances the heat of reaction. .

Accordingly, an advantage of the invention in-
volves effecting close control of the temperature
prevailing in a reaction zone wherein a reaction
of highly exothermic character is being carried
out, such as hydrogenation and polymerization
reactions. '

The invention has applicatidn to non-catalytic
as well as catalytic reactions. It has particular
application in the hydrogenation of carbon mon-
oxide to produce liquid hydrocarbons or other
compounds and wherein carbon monoxide and hy-
drogen are subjected to the action of a synthesis
catalyst. The catalyst for this reaction comprises
either cobalt, iron or nickel, together with a pro-
moter such as the oxides of thorium, magnesium,
uranium and vanadium on a supporting material
such as diatomaceous earth or silica gel.

The synthesis reaction, as obtained with the
foregoing catalycts, is quite sensitive to tempera-

-ture. Thus, in carrying out the reaction with a

cobalt catalyst for the production of normally
liquid hydrocarbons the temperature in the re-
action zone must be maintained within a rather
narrow critical range of about 360 to 400° P, 1If
the temperature drops below this range, the re-
action practically ceases,. On the other hand, if
the temperature is substantially above this range
the product of reaction contains an excessively
large amount of gaseous material such as meth-
ane,

In accordance with the invention, the foregoing
synthesis is advantageously carried out with the
catalyst maintained in a fluidized state. A fluid-
ized mass of solid synthesis catalyst is confined
within a reaction zone while the reactant gases

_and suspended carrier powder pass through the

fluidized catalyst. The carrier, such as powdered
silica gel, is saturated with water at a temperature
in the range about 150 to 250° ¥. before introduc-
tion to the reaction zone. The carrier powder is
separated from the efluent stream from the re-

action zone and, after adding more water to it,

is recycled to the entering reactant gas stream,
By employing a fluidized catalyst it is feasible
to introduce the carrier powder at a temperature
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substantially below the reaction temperature
without causing the temperature of the catalyst
mass as a whole to drop below that necessary to
maintain the synthesis reaction. Due to the fluld-
ized condition of the catalyst, a uniform tempera-
ture level prevails throughout the mass even
thougk individual catalyst particles make fre-
quent and repeated contact with relatively cool
particles of carrier powder.

Reference will now be made to the accompany-
ing drawing which comprises a flow diagram illus-
trating one mode of application of the invention

10

for carrying out the hydrogenation of carbon -

monoxide to produce normally liquid hydrocar-
bons,

As shown in the drawing, carbon monoxide and
hydrogen usually in the proportion of about. 1
mol of carbon monoxide to 2 mols of hydrogen are
drawn from a source not shown through a pipe
which communicates with a vertical conduit 2.
The.conduit 2 leads to the bottom of a vertical
reaction vessel 3. )

The carbon monoxide and hydrogen are ad-
vantageously preheated to about 365° F. prior.to
introduction to the conduit 2. In the reaction
vessel 3, the gases are subjected to intimate con-
tact with a-synthesis catalyst which may com-
prise, for example, about 32% cobalt, 64% Filter
Cel, and about 4% thorium and magnesium
oxides by weight.

The catalyst is in the form of re]atively dense
particles or granules of about 50 to 150 microns
in diameter. The rate of gas flow through the
. reactor is sufficiently high to maintain these
catalyst particles suspended in the gas body but
insufficient to carry the catalyst particles out of
the top of the reactor, at least to any substantial
extent. )

The efiuent stream comprising gaseous and
liquid hydrocarbons, unreacted carbon monoxide
and hydroger, as well as water vapor is continu-
ously passed through a conduit § to 2 dust separa-
tor 6. The function of the dust separator is to
remove the entrained particles of solid carrier
material which, as will be described later, are in-
troduced to the reactor 8 through the conduit 2.

‘The carrier comprising sillca gel, for example,
having a particle size in the range about 10 to 50
microns is relatively less dense than the catalyst
particles, which latter are retained in the reactor.
Since the carrier particles are relatively less
dense, they rise through the suspended or fluid-
ized catalyst mass in the reactor.

The separator 6 may be of either the centrifugal
or electrical type or may comprise a combination
of these types.

The gas and vaporized hydrocarbon products of
reaction leave the separator 8 through a pipe 1
and are passed through a cooler 8.

From the cooler 8 the stream is passed to a
separator 9 wherein high boiling material, mostly
of waxy nature, is separated and drawn off.

The lower boiling hydrocarbons and gas are
passed through a pipe i1 to a fractionator or frac-
tionating unit 12, The fractionation is carried
out so as to separate normally gaseous material
from the gas oil, naphtha and water. The gase-
ous fraction is passed through pipe 13 to an ab-
sorption unit {4, shown diagrammatically.

In the unit 14, the gaseous stream may be sub-
Jected to contact with a suitable adsorbent mate-
rial such as silica gel or charcoal so as to absorb
condensible hydrocarbons having 3 to 4 carbon
atoms per molecule. These condensibles are dis-
charged through a rize 185.
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The residual gases, including carbon monoxide,
hydrogen, methane, etc., are drawn off through
& pipe {68 and may be further processed to recover
carbon monoxide and hydrogen therefrom for re-
cycling to the reactor 3. The methane may also
be recovered for subsequent conversion into syn-
thesis gas. The residual gas fraction or any por-
tion thereof may be passed to @& synthesis gas
generator, not shown.

The residual liquid fraction drawn off from the
bottom of fractionator (2 through a pipe 20 is
passed to a separator 2{ to permit settling of
water which is discharged through a pipe 22.

The hydroearbons, including naphtha and gas
oil, are passed through a pipe 28 and heater 24
and from there to a fractionator or fractionating
unit 28. i

The fractionating unit 28 is operated so as to
separate the hydrocarbons into any number of
fractions of desired boiling range. Thus, the op-
eration may be conducted so as to separate the
naphtha from the higher boiling gas oil con-
stituents,

As indicated, & naphtha fraction may be re-
moved as a distillate through & pipe 26 and con-
denser 27 to & drum 28. The condensed naphtha
is discharged from the drum 28 through a pipe 28.

A side stream comprising either higher boiling
naphtha or hydrocarbons boiling in the range of
kerosene or Diesel oil or a fraction comprising
light gas oil is drawn off through a pipe 36 and
cooler 31 to & drum 32 from which it is dmcharged
through a pipe 33. -

Gas oll or other higher boiling constituents are
drawn off as a residual fraction through pipe 34.

The carrier material is removed from the sepa-
rator 6 through a conduit 40 which communi-
cates with a conduit 44 leading into the bottom
of a vessel 42 wherein the carrier is saturated
with water at a temperature of about 150 to
250° F.

In some instances, it may be desired to treat
the carrier with solvent or other suitable agent to
remove adhering waxy material. In such case,
provision may be made for drawing off the car-
rier through a branch pipe 44 to an extraction
unit 4§, -shown diagrammatically, wherein the
carrier is extracted with a solvent such as ben-
zene for the purpose of removing the adhering
waxy material.

The so treated carrier is then passed through
conduit 48 and then conducted to the vessel 42.

The vessel 42 is substantially similar in design
and operation to the reactor 3.

A stream of inert gas containing the cooling
fluid, in this case water from a pipe 61, dispersed
therein is conducted from a pipe 50 into the con-
duit 41 at sufficiently high velocity to carry the
carrier powder or particles into the vessel 42 and
to maintain them suspended in the body of gase-
ous material moving upwardly through the ves-
sel. The gas used may be from an external
source. Gas and suspended solid particles are
carried out of the top of the vessel 42 through a
conduit 81 to a separating unit 52 which may he
substantially similar to the separator § previ-
ously mentioned. The entrained carrier particlds
are separated from the residual gas and removed
from the separator through a conduit or stand-
pipe §3 while the residual gas is discharged
through pipe 64. Provision may be made for dis-
persing more water in this residual gas and then
recycling it through the vessel 42. i

_ The conduit §3 communicates with the previe
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ously-mentioned conduit 2 leading to the resc-
tord. .

* . Some of the carrier particles may settle in the
lower portion of the vessel 42. Therefore, provi-
sion may be made for removing this material
from the bafiled section at the bottom of the.ves-
sel 42 through a conduit 55 which communicates
with the conduit 53 as indicated. -

The carrier flowing through . the conduits 63
and 55 contains cooling. finid which it has ab-
sorbed during passage through the vessel 42
and consequently is now in a condition for return
to the reactor 8. .
« The inert gas used for propelling the absorbent
particles through the vessel 42 may be from an
internal source such as - the residual gas dis-
charged from the absorption unit 4. In this
case, ‘a branch pipe 62 provides a means ‘for
diverting all or a portion of the inert gas from
a pipe 16 into the previously mentioned pipe 50
leading to the vessel 42. :

* Water used as a cooling fluid for saturating
the carrier in the vessel 42 may be that ‘drawn
off from the drum 2! through a pipe 22. The
water so used may be passed through a pipe 70
communicating with the pipe 50.

-~ While not shown, provision may be made for
adjusting the temperature of the gaseous mixture
passing through the pipe 58. For example, this
mixture may enter the conduit 41 at a tempera-
ture not in excess of about 300° F. and prefer-
ably in the range about 150 to 250° F,

While the catalyst in the reactor 3 has been
described as ‘being maintained suspended in the
reaction vessel, nevertheless it is contemplated
that a fixed contact mass may be employed under
certain circumstances. For example, the syn-
thesis catalyst may be in the form of Raschig rings
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" through the reactor;
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or in some other form which permits flow of the

gas and solid granular absorbent through the
contact mass without an excessive pressure
gradient. The contact mass should permit rela-
tively easy flow therethrough of the reactant
gases laden with solid granular absorbent.
" According to another modification contem-
plated, the synthesis catalyst may move through
the reaction zone. Thus, a physical mixture of
solid catalyst particles and carrier particles may
be injected in the feed stream of reactants and
move through the reaction zone while remain-
ing suspended in the flowing gases. The com-
posite mixture is continuously removed in the
effluent stream and subjected to separation. The
separated mixture of catalyst and carrier is then
Subjected to contact with additional cooling fluid
to saturate the carrier particles, following which
the mixture is returned to the reaction zone.
* In this latter type of operation, provision may
be made for accumulating some of the solid mix=<
ture in the bottom or baffled section of the re-
gctor 3 from which it is drawn off either through
a conduit 80 for resaturation with the cooling
fluid, or through a conduit 81 for reactivation of
the catalyst portion of the mixture by treatment
with hydrogen at elevated temperature so as to
rernove the waxy material adhering thereto.
Make-up catalyst may be drawn from a source
not shown through a pipe 83 and injected into
the stream of fluid rising through the conduit 2.
The cooling fluid may be a fraction of the
hydrocarbon products produced in the process,
which fraction boils either approximately at or

substantially below the average reaction tem-
perature, or in the lower range of temperature
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2 rator 6 may be diverted

may be the previously-mentioned side streami
drawn off from the fractionator 25 and accumus
lated in the drum 32." The pipe 33 through which
the hydrocarbon liquid is discharged from the
drum 32 communicates with a pipe 60 which in
turn communicates with the previously-men-
tioned pipe 50,

In the actual operation for the production of
normally liquid hydrocarbons the carbon monox-
ide and hydrogen are continuously introduced to
the reactor 3 in the proportion of about 1 mol of
carbon monoxide to 2 mols of hydrogen at a
temperature of about 360 to 380° F. With a
cobalt type of catalyst, the amount of heat lib-
erated by the reaction amounts to about 70
B. t. u. per cubic foot of entering gas mixture.

The temperature of the efluent hydrocarbon
stream from the reactor is maintained at about
400° F. by continuously vaporizing within . the
reactor sufficient cooling fluid such as water con-
tained in a silica gel carrier powder flowing
One pound of silica gel at
a temperature of about 150° F. carries about 0.3
pound of water which is equivalent to about
350 B. t. u. Therefore, the silica gel saturated
with water at about 150° F. ig continuously in-
troduced to the reactor 3 in the proportion of
ab.out 1 pound per 5 cubic feet of entering gas
mixture, including recycled 8as, measured at
60° F. and atmospheric presstre, '
. It is contemplated that the synthesis process
may be modified to include provision for re-
cycling of a portion of the reaction products.
Thus, a portion of the effluent leaving the sepa-
4 through a pipe 73, heat
exchanger T4, and pipe 15 to the pipe {. The
recycled stream may be cooled and thus used as
a means of removing some of the heat of re-
action. :

While a cobalt catalyst has been described with
reference to the flow diagram, it is’contemplated
that othe;' hydrogenation catalysts may be used,
Such as an iron type catalyst. With an iron
type catalyst a somewhat higher reaction tem-
perature is employed, for example in the range

-450 to 550° F.

50

] Olqviously many modifications and variations of
the invention as above set forth may be made -
without departing from the spirit -and scope
thereof, and therefore only such limitations
should be imposed as are indicated in the ap-

‘perided claims.
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1. In a conversion reaction process involving a
reaction of exothermic character the method of
removing heat of reaction and controlling  the
reaction temperature which comprises effecting
said exothermic reaction in a reaction zone at
a predetermined elevated temperature, continu-
ously passing to the zone a stream of solid gran-
ular adsorbent carrier material containing ad-
sorbed fluid which is vaporizable therefrom
under the conditions of temperature and pres-
sure prevailing within the reaction zone, pass-

" ing said carrier through the reaction zone in in-

timate contact with the reactants undergoing
reaction therein, vaporizing fluid from the ecar-
rier during said passage through the zone by
said exothermic heat of reaction, removing va-
porized fluid and reacted material from the re-
action zone, continuously removing from the re-
action zone a stream of carrier from which fluid
has been vaporized, reducing the temperature of
removed carrier substantially below said prede-.

prevailing within the reactor 3. This fraction 75 termined temperature, absorbing further said
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fluld in the cooled removed carrier during its
absence from the reaction zone, and returning
it to the reaction zone substantially free of un-
absorbed liquid.

2. In a conversion reaction process involving
a reaction of exothermic character the method
of removing heat of reaction and controiling
the reaction temperature which comprises con-
tinuously passing through a reaction zone a
stream of reactants, effecting said exothermic
reaction therein at a predetermined elevated

10

temperature, suspending in said reactant stream ' -

solid granular adsorbent carrier material con-

taining adsorbed fluid which is vaporizable there- -

from under the conditions of temperature and
pressure prevailing within the reaction zone, va-
porizing from the carrier within the reaction zone
said absorbed fluid by the exothermic heat of
reaction, removing a stream of reacted material
including said vaporized fluid, continuously re-
moving from the reaction zone carrier from whizh
fluid has been vaporized, reducing the tempere-
ture of removed carrier substantially below saicd
predetermined temperature, absorbing further
said fluid in the removed cooled carrier during
its absence from the reaction zone, and recy-
cling it to the reaction zone substantially free of
unabsorbed liquid.

3. In a conversion reaction process involving a
reaction of exothermic character the method of
removing heat of reaction and controlling the
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reaction temperature which comprises continu-

ously passing through a reaction zone a stream
of reactants, effecting said exothermic reaction
therein at & predetermined elevated tempera-
ture; suspending in said reactent stream solid
granular adsorbent carrier material substantially

saturated with adsorbed fluid which is vaporizable

under the conditions of temperature and pres-
sure prevailing within the reaction zone, vapor-
izing from the carrier within the reaction zone
said absorbed fluid by the exothermic heat of
reaction, removing a stream of reacted material
including said vaporized fluid, continuously re-
moving from the reaction zone carrier from which
fluid has been vaporized, reducing the tempere-
ture of removed carrier substantially below said
predetermined temperature, saturating the with-
drawn carrier with further ssid fluid during its
absence from the reaction zone, and recycling ‘it
to the reaction zone substantially free of unab-
sorbed liquid. .

4. In the continuous catalytic hydrogenation
of an oxide of carbon to form compounds having
two or more carbon atoms per molecule by con-
tact with a hydrogenation catalyst, said hydro-
genation reaction being of exothermic charac-
ter, the steps comprising maintaining a reaction
zone containing said catalyst under conditions
such that the oxide is hydrogenated to form said
compounds, continuously passing hydrogen and
carbon oxide to said reaction zone for contact
with the catalyst at a predetermined elevated
temperature, continuously introducing to said
reaction zone a stream of solid granular ad-
sorbent carrier material containing adsorbed fluid
vaporizable therefrom under the conditions of
temperature and pressure prevailing within the
reaction zone, passing sald carrier through the
reaction zone in intimate contact with said cata-

ing passage through the reaction zone by said
exothermic heat of reaction, removing products
of reaction including vaporized fluid from the

40
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reaction zone a stream of carrier from which
fluid has been vaporized, reducing the tempera-
ture of removed carrier substantially below sald
vredetermined temperature, absorbing further
said fluid in the cooled removed carrier during
its absence from the reaction zone and return-
ing it to the reaction zone substantially free of
unabsorbed liquid.

§. The process according to claim 4 in which
the carrier passing to the reaction zone contains
absorbed therein a liquid boiling at approxi-
mately the reaction temperature. .

6. In the continuous catalytic hydrogenation of
an oxide of carbon to form compounds having
two or more carbon atoms per molecule by con~
tact with a hydrogenation catalyst, said hydro-
genation reaction being of exothermic character,
the steps comprising passing carbon monoxide
and hydrogen through & reaction zone at rela-
tively high velocity in the gas phase, maintain-
ing suspended in the body of gas within the
reaction zone said hydrogenation catalyst in the
form of relatively dense solid particles, effect-
ing hydrogenation of the oxide to form said
compounds at a predetermined elevated tem-
perature, continuously introducing to sald re-
action zone a stream of solid granular adsorbent
carrier material relatively less dense than the
catalyst and containing absorbed fluid vaporiza-
ble under the conditions of temperature and pres-
sure prevailing within the reaction zone, pass-
ing the carrier through the suspended catalyst,
vaporizing fluid from the carrier during said pas-
sage by said exothermic heat of reaction, con-
tinuously discharging products of reaction in-
cluding vaporized fluid from the reaction zone,
continuously removing from the reaction zone
carrier from which fluid has bheen vaporized,
reducing the temperature of removed carrier sub-
stantially below said predetermined temperature,
absorbing further fluid in withdrawn carrier dur-
ing its absence from the reaction zone, and re-
turning the carrier containing added fluid to the
reaction zone. !

7. In the continuous cetalytic hydrogenation
of an oxide of carbon to form compounds hav-

. ing two or more carbon atoms per molecule by

50

contact with a hydrogenation catalyst, said hy-
drogenation reaction being of exothermic char-
acter, the steps comprising passing a stream of
carbon monoxide and hydrogen to the reaction
zone, maintaining within the reaction zone a

- body of carbon monoxide and hydrogen gas flow=

6o

65

ing therethrough at relatively high velocity, sus-
pending in said body said hydrogenation catalyst
in the form of relatively dense solid particles,
maintaining the reaction zone under predeter-
mined conditions of elevated temperature and
pressure such that carbon monoxide is hydre-
genated to form said compounds, injecting info’
said stream passing to the reaction zone solid
granular adsorbent carrier in the form of par-
ticles relatively less dense than the catalyst, said.
carrier containing absorbed water, passing said
carrler through the reaction zohe, vaporizing
water from the carrier during said passage, con-’
tinuously removing from the reaction zone a
stream of reaction prodicts including vaporized
water and carrier from which it has been va-

70 porized, separating from the removed stream
1yst, vaporizing said fluid from the carrier dur- .

the carrier contained therein, reducing the tem-
perature of separated carrier substantially be-.
low said predetermined temperature, substane
tially saturating said separated and cooled car-

reaction zone, continuously removing from ’the 76 rler with further water at substantially below sald
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predetermined temperature during its sbsence

from the reaction zone, and recycling the satu-

rated carrier to the stream of entering feed.
8. In a conversion reaction process involving

a catalytic reaction of exothermic character the

method of removing heat of reaction and con-
trolling the reaction temperature which com-
prises maintaining within g reaction zone a
fluidized mass of solid catalyst particles at pre-

- determined pressure and elevated temperature,

continuously passing through said catalyst mass
a gaseous reactant stream having suspended
therein finely divided solid adsorbent relatively
less dense than said catalyst and being substan-
tially inert catalytically with respect to said exo-
thermic reaction, adsorbing in said adsorbent
prior to introduction to the reaction zone and
while at a temperature substantially below said
predetermined temperature liquid which is va-
porizable therefrom at t:e temperature and pres-
sure prevailing within the reaction zone, effect-
ing substantial conversion of gaseous reactants
during contact with the catalyst with liberation
of exothermic heat, vaporizing liquid from said
adsorbent during passage through the catalyst,
removing from the reaction zone an effluent
stream of gas containing products of reaction
and suspended adsorbent and substantially free
from catalyst, separating adsorbent from said
effluent stream and recycling separated adsorbent,
after cooling and readsorption of further va-
porizable liquid, to the reaction zone.

9. In the continuous catalytic hydrogenation
of an oxide of carbon to form compounds hav-
‘ing two or more carbon atoms per molecule by
contact with a  synthesis catalyst, the method
comprising maintaining within a reaction zone a
fluidized mass of solid synthesis catalyst parti-
cles at predetermined pressure and elevated tem-
perature, continuously passing through said cata-
lyst mass a gaseous reactant stream containing
carbon monoxide and hydrogen and having sus-
pended therein finely divided solid adsorbent rel-
atively less dense than said catalyst, adsorbing
in said adsorbent prior to introduction to the
reaction zone and while at a temperature sub-
stantially below said predetermined temperature

which is vaporizable therefrom at the tempera-
ture and pressure prevailing within the reaction
zone, effecting substantial conversion of gaseous
reactants during contact with the catalyst with
liberation of exothermic heat, vaporizing liquid
from said adsorbent during passage through the
catalyst, and removing from the reaction zone
an efluent stream of gas containing products
of reaction and suspended adsorbent and sub-
stantially free from catalyst.
11, In the continuous catalytic hydrogenation
of an oxide of carbon to form compounds hav-
ing two or more carbon atoms per molecule by

- contact with a synthesis catalyst, the method

20

40

comprising maintaining within a reaction zone a

‘fluidized mass of solid synthesis catalyst par-

ticles at predetermined pressure and elevated
temperature, continuously passing through said
catalyst mass a gaseous reactant stream con-
taining carbon monoxide and hydrogen and hav-
ing suspended therein finely divided solid adsorb-
ent relatively less dense than said catalyst, ad-
sorbing in said adsorbent prior to introduction
to the reaction zone and while at a temperature -
substantially below said predetermined tempera-
ture liquid vaporizable therefrom at the tem-
perature and pressure prevailing within the re-
action zone effecting substantial conversion of
carbon monoxide and hydrogen into higher mo-
lecular weight compounds with liberation of exo-
thermic heat, vaporizing liquid from said 'ad-
sorbent during passage through the catalyst mass,
and continuously removing from the reaction
zone an effluent stream of gas containing prod-
uects of reaction and suspended adsorbent said
stream being substantially free from catalyst.
12. In a conversion reaction process involving
a reaction of exothermic character, the method
of removing heat of reaction and controlling the
reaction temperature which comprises effecting
said exothermic reaction in a reaction zone at

" a predetermined, elevated temperature, continu-

45

liquid vaporizable therefrom at the temperature .

and pressure prevailing within the reaction zone
effecting substantial conversion of carbon monox-
ide and hydrogen into higher molecular weight
compounds with liberation of exothermic heat,
vaporizing liquid from said adsorbent during pas-
sage through the catalyst mass, continuously re-
moving from the reaction zone an effluent stream
of gas containing products of reaction and sus-
pended adsorbent said stream being substantially
free from catalyst, separating adsorbent from
said effluent stream and recycling separated ad-
sorbent, after cooling and readsorption of fur-
ther vaporizable liquid, to the reaction zone.

10. In a conversion reaction process involving
a catalytic reaction of exothermic character the
method of removing heat of reaction and con-
trolling the reaction temperature which com-
prises maintaining within a reaction zone a
fluidized mass of solid catalyst particles at pre-
determined pressure and elevated temperature,
continuously passing through said catalyst mass
a gaseous reactant stream having suspended
therein finely divided solid adsorbent relatively
Jess dence than said eatalyst, adsorbing in said
adsorbent prior to introduction to the reaction
zone and while at a temperature substantially
below said predetermined temperature liguid
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ously passing to the said zone a stream of solid,
granular, adsorbent carrier material, substan-
tially inert catalytically with respect to the said
exothermic reaction and containing adsorbed
fluid which is vaporizable therefrom under the
conditions of temperature and pressture prevail-
ing within the reaction zone, effecting the in-
troduction of said carrier material in a condi-
tion substantially free of unabsorbed liquid, pass-
ing said carrier through the reaction zone in
intimate contact with the reactants undergoing
reaction therein, vaporizing fluid from the car-
rier during said passage through the zone by said
exothermic heat of reaction, removing vaporized
fluid and reacted material from the reaction zone,
and removing from the reaction zone carrier from
which fluid has been vaporized.

13. In the continuous exothermic catalytic hy-
drogenation of an oxide of carbon to form com-
pounds having two or more carbon atoms per
molecule by contact with a synthesis catalyst,

"the method comprising providing g reaction zone

containing a mass of solid synthesis particles at
predetermined pressure and elevated tempera-
ture, continuously passing through said catalyst
mass a gaseous reactant stream containing hy-
drogen and carbon monoxide, continuously in-
troducing to said reaction zone a stream of solid,
granular, adsorbent carrier material which is sub-
stantially inert catalytically with respect to said
exothermic reaction and containing an adsorbed
fluid vaporizable therefrom under the conditions
of temperature and pressure prevailing within
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the reaction zone, effecting a substantial con-
version of the hydrogen and carbon monoxide URITED STATES PATENTS
into said higher molecular weight compounds Number Name - Date
with the liberation of exothermic heat, vapor- 2,309,03¢ BAIT - Jan. 19, 1043
izing liquid from said adsorbent during passage ; 2312,006  Thiele oo Feb. 23, 1943
through the reaction zone by said exothermic =~ 2,356,680 Maranetk __________ Aug. 22, 1944
heat of reaction, continuously removing from 2,367,351 Hemminger ...o--. Jan. 16, 1945
the reaciion zone a stream of carrier from which 2,376,564 Upham ceeceee May 22, 1945
fiuid has been vaporized, and removing from said 2,393,636 JONNSON e Jan. 29, 1946
zone products of reaction, including said vapor-, 10 2,393,909  Johnson .o Jan. 29, 1948
ized fluid. 2,406,851 RedeaY wocmmeeeeee Sept. 3, 1946
HAROLD V. ATWELL. 2,417,164 Huber, IT. oeeeeeee Mar. 11, 1947
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