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The present invention relates to & method for
effecting catalytic conversions wherein gaseous
reactants flow through a reaction zone in con-
tact with a solid catalyst to produce a reaction
product having a molecular weight greater than
that of the feed gases.

The present invention is concerned more par-
ticularly with carrying out g conversion reaction
wherein the gaseous reactants passing in contact
with a catalyst mass are'associated with an active
adsorbent material, effective under the reaction
conditions, which breferentially adsorbs produets
of reaction and thus, in effect, removes them
from the proximity of the reaction. In the usual
catalytic operation of the type mentioned above
the reactant gases in contact with the catalyst
mass are progressively converted to the desired
reaction products with the result that the feed
gases become relatively diluted as the reaction
progresses with the formation of. diluting reaction
products. Moreover, many reaction products tend
to adsorb on the surface of the catalyst itself
and tend to impair its function.

The present invention has as one of its primary
objects the adsorption of the reaction products,
with the result that the partia] pressure of the

residual reactant feed materials is maintained.

at a relatively high leve] to promote efficient re-
action.

A further object is to promote desorption from
the catalyst surface, with resulting improvement
in catalytic activity. )

The present invention may be effectively car-
ried out in any system wherein the adsorbent
agent, discrete from the catalyst, may be carried
through the reaction zone, and continuously re-
moved for the recovery of the adsorbed products
of reaction, preferably with continuous return of
the reactivated adsorbent material to the re-
actor.

This result may be achieved in a number of
ways. For example, a mixture of catalyst and
adsorbent material may be continuously circu-
lated through the reactor, continuously sepa-
rated from the efluent reactant gases, treated
for recovery of the adsorbed products, and again
returned to the reactor in contact with the fresh
feed gases. It is most advantageous, however,
to pass the gaseous reactants containing sus-
pended activated adsorbent material] in pow-
dered form, or in the form of a dust, through
a mass of relatively coarse catalytic material con-
fined within the reaction zone. While this type
of operation may be employed with fixed cata-
lyst bed operations wherein the particles of cata-
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lyst permit passage of the adsorbent entrained
in the reactants, the invention is ideally applied
in the case of a catalyst comprising a mass of
fluidized particles which are relatively coarse with
respect to the particles of the adsorbent agent
and thus confined within the reaction zone under
the conditions of flow prevailing.

In accordance with the preferred type of oper-
ation mentioned, the gaseous reactants and sus-
pended adsorbent material flow through the fluid-
ized mass of relatively coarse particles under
conditions such as to maintain the coarse parti-
cles in a state of substantially uniform Auidi-
zation along the vertical dimension of the reactor,
but such that there is no materia] entrainment
of coarse particles in the vapor stream from the
reactor. To this end, there preferably is no
substantial differential between the rate of flow
of the vapor and the adsorbent powder through
the reaction zone, and the concentration of ad-
sorbent powder in the efluent stream will be sub-
stantially the same as that in the stream enter-
ing the reaction zone.

The invention is of particular application to
the catalytic conversion of carbon oxides and

“hydrogen for the production of hydrocarbons,

oxygenated hydrocarbons.and the like. The
passage of the relatively fine adsorbent material
appears to facilitate fluidization of the relatively
coarser catalyst particles and at the same time
passes through the mass of catalyst in a turbulent
and relatively random flow. As a result, the ad-
sorbent tends to make good and repeated con-
tact with the separate and discrete catalyst par-
ticles, facilitating the accumulation of the reac-
tion products. In short, there is a continuous
scrubbing action which promotes the adsorption
and removal of the products of reaction from
the active surfaces of the catalyst into the mov-
Ing adsorbent solids with the result that there
is & more effective utilization of the residual and
unreacted feed gases as the reaction progresses.

It is significant also that the continuous intro-
duction of the adsorbent particles to the reaction
Zone assures a high degree of temperature uni-
formity within the catalyst mass by a tendency
of the adsorbent to take up excessive heat which
may be locally liberated at minute points on the
catalyst surface, and distribute this heat at the
optimum controlled average temperature of the
mass. So also the heat loss of the recycling
adsorbent to the catalyst bed promotes overall
cooling and may be controllably enhanced if de-
sired by cooling of the adsorbent during recircu-
lation,
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It is to be understood, however, that in the case
of catalytic reduction of carbon monoxide and
other strongly exothermic reactions the primeary
means of heat transfer from the mass of fluids
and solids most suitably takes the form of ade-
quate cooling surfaces in contact with the cata-
lytic mass. Thus, for example, the
may comprise & vertical shell comprising a plu~
rality of vertical tubes extending through the
catalyst mass and supplied with a suitable cool-
ing liquid or fluid; or the reaction may be car-
ried out in the tubes which are in turn sur-
rounded by the cooling fluid so that heat re-
moval occurs indirectly through the walls of the
tubes. By this means the temperature through-
out the mass of catalyst can be kept within not
more than 5° F. variation from & predetermined
reaction temperature level.

The adsorbent powder should consist of par-
ticles of suitable fineness to permit fluidized
passage with the reactant vapors through the
reaction chamber. While the size thereof may

5

reaction zone

be widely varied in accordance with the velocity

of gaseous flow and the densiiy of the adsorbent
selected, I find that in terms of practical opera-
tion with which I am familiar the adsorbent may
consist of particles which pass through a 200

mesh screen. Where, however, high linear veloci-

the adsorbent material
large as 100 mesh size

cities are resorted to,
may comprise particles as
or even larger.

The catalyst particles on the other hand, in
the preferred form of operation, may range from
60 to 200 mesh when operating with the ad-
sorbent - agent of the preferred particle size
stated, although here again the particle size is
related to effective fluidization and maintenance
of the desired conditions of reaction. Those
skilled in the art of fluidization will appreciate
that the relative densities of the adsorbent and
the catalyst particles will influence the respec-
tive particle sizes chosen for the two materials.

A suitable catalyst for the reduction of carbon
monoxide may comprise an iron powder con-
taining about 1 to 2% potassium oxide and about
2 to 3% alumina. However, it is contemplated
that the catalyst may comprise other metals of
the iron group such as cobalt, nickel, ruthenium,
ete., and any other of the conventional promoters

may be employed such as the oxides of thorium, °

magnesium uranium and vanadium. Alterna-
tively,
ployed wherein the metal of the iron group to-
gether with the promoters are supported upon
a material such as diatomaceous earth, silica gel,
Filtrol and the like.

The ,relatively fine particle adsorbent is neces-
sarily selected from the class of active adsorbents
capable of preferentially adsorbing a material
proportion of hydrocarbon reaction products at
the conditions prevailing in the reaction zone.
While this may vary widely depending upon the
specific reaction carried out, the products pro-
duced, and particularly the temperatures and
pressures prevailing, the catalytic reduction of
carbon monoxide in the presence of an iron cata-
lyst, for the production of hydrocarbons and
oxygenated hydrocarbons, embodies a rather
severe application of this principle. Thus, for
example, such a reaction may be carried out at
a temperature above 500° F., preferably at 600°
¥, and under a pressure of about 200 to 250
pounds per square inch gauge. One adsorbent
suitable for operation under these conditions
comprises the commercial activated charcoal
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known as “coconut charcoal,” although various
other activated charcoals may be employed by
proper selection in accordance with the prevail-
ing conditions. Thus, for many purposes, in-
cluding the catalytic reduction of carbon mon-
oxide, such adsorbent materials as activated
alumina and silica gel are suitable equivalents.

_Operation of the foregoing illustrative process
under elevated pressure is particularly advan-
tageous in that reactivation can be accomplished
outside the reaction zone by simple release of
pressure accompanied, where desired, by ‘subse-
quent treatment with a suitable stripping gas.
In other cases, however, where elevated préssures
are not employed it will be necessary and desir-
able to reactivate the adsorbent at an increased
temperature or by other conventional means.

In order to illustrate the operation of the in-
vention in greater detail, reference is now made
to the accompanying drawing wherein numeral
{ indicates a vertical reaction tower containing
a fluidized mass of relatively coarse particles of
catalyst. Synthesis gas, flowing from g source
not shown, is conducted through a pipe 2 to the
interior of the reaction tower by way of the coni-
cal bottom 3.

This gas may contain carbon monoxide and
hydrogen in the proportion of about 2 mols of
hydrogen per mol of carbon monoxide, and nor-
mally contains some additional diluent, as for
example about 14% carbon dioxide. Advan-

_tageously the synthesis gas may be preheated

to from about 200 to 500° F. depending upon
the type of catalyst employed and the nature

- of the reaction products desired. The synthesis

gas introduced into the conduit 3 entrains and
suspends therein an activated adsorption agent
supplied through means explained subsequently.
It is important to note that the velocity of the
gas flow upwardly through the reactor is to be
maintained at a sufficient value to carry the sus-
pended adsorbent powder upwardly through the
mass of relatively coarse catalyst, as well as to
maintain the coarse particles of catalytic ma~

3 terial in a state of uniform or so-called dense

phase fluidization throughout the vertical dimen-
sion of the reactor.

During flow through the fluidized mass the
synthesis gas undergoes conversion into the de-
sired products, e. g., hydrocarbons boiling with-
in the range of gasoline, when using the iron
powder catalyst described above at a tempera-
ture of 600 to 625° F. and under a pressure of
200 pounds per square inch gauge. The adsor-
bent particles entrained in the reaction gases
adsorb a substantial proportion of the hydro-
carbons as well as oxygenated hydrocarbons as
they are formed and pass out through the con-
duit 4 of the reactor 1.

Exothermic heat of reaction is extracted from
the reaction zone primarily by a heat exchange
element 5, comprising a plurality of vertical tubes
extending through the mass of catalyst and sup-
plied internally with a heat-conducting fluid such
as water, diphenyl, mercury, or the like. As is
known in the art, such fluid may undergo partial
or substantially complete vaporization within th>
tubes under controlled conditions of pressure such
as to regulate the effective average temperature
of the catalyst mass during reaction. The cool-
ing fluid is introduced from a source not shown
through pipe 6 at the lower end of the vertical
tubes, and the effluent liquid or vapor, as the case
may be, is removed through the upper or outlet
pipe 1. ) )
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The reaction gases flow through the conduit &
to a separator 9, which, while indicated more or
less diagrammatically, may comprise any num-
ber of units provided with mechanical or electri-
cal means for precipitating the adsorbent powder

from the entraining gases. The gases thus sep--

arated are continuously discharged through a
pipe 10 leading through a pressure reduction
valve 11, to any suitable cooling, separating, or
fractionating means of conventional type for re-
covery of the desired products.

The separated adsorbent powder passes from
the separator 8 into a hopper 9A and thence into
a standpipe 12 where it gravitates to any suitable
type of feed valve 13 which may take, for ex-

ample, the form of a star feeder, operated to-

continuously supply the powder through the pipe
12 into a reactivation chamber (8. Pipe 14 is.used
to introduce an serating gas, such as hydrogen,
methane, etc., to maintain the powder in pipe 12
in a free-flowing condition.

The reactivating chamber (5§ is maintained at
& substantially lower pressure than the reactor,
preferably atmospheric, whereby the adsorbed
hydrocarbons are released from the particles and
pass outwardly through pipe 16. The gases flow-

ing through pipe 16 discharge into cyclone {7 to,

separate any entrained particles and thence pass
through pipe 18 into the main product line 10.
The desired pressure differentia] may be main-
tained by conducting pipe 18 into the aforemen-
tioned pipe 10 just beyond the throttle valve 11,
which is set to reduce the elevated pressuré pre-
vailing in the reactor | to, for example, atmos-
pherie. .In the case of adsorbents requiring fur-
ther treatment for reactivation, additional heat-
ing or stripping means may be provided in the
lower portion of the reactivator. There is shown,
for example, a pipe 20 adapted to supply hydro-
gen, carbon dioxide, methane, steam or any other
suitable stripping gas, from a source not shown,
through the mass of particles therein accumulat-
ed. So also a heat exchanger may bhe provided in
standpipe 12 or reactivator 15 to facilitate reacti-
vation by heating. Any solids carried into cy-
clone {7 are returned to chamber i5 by way cf
standpipe 189. .

A second star feeder 21 is provided for the pur-
pose of delivering powdered reactivated adsorbent
agent from the reactivator 15 into the hopper 22.
The adsorbent is discharged from hopper 22
through feed valve 23 and pipe 24 into pipe 2 for
entrainment in the incoming feed gases and re-
turn to the reactor . ‘

It will be apparent from the foregoing that
where heating is resorted to for reactivation, sub-
sequent cooling means of any conventional form
is desirably inserted in hopper 22. The present
invention, in the preferred form illustrated, con-
templates entrainment of the activated adsorbent
in the incoming stream of feed gases, passage of
the reactant materia] and the adsorbéent parti-
cles through the fluidized mass of catalyst in the
reactor, subsequent separation of adsorbent par-
ticles from the reaction products, reactivation of
the adsorbent, and return of reactivated adsorb-
ent to the incoming stream.

By way of llustration, when operating the
process for the production of hydrocarbons ap-
proximately in the gasoline boiling range the re-
actor contains a mass of catalytic iron powder
promoted with about 1 to 2% potassium oxide
and 2 to 3% alumina, the particle size being of
about 60 to 200 mesh. The synthesis gas compris-
ing about 1 mol of carbon monoxide to 2 mols of
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hydrogen and with about 14% carbon dioxide is
introduced through pipe 2 at a temperature of
about 550° F. Before entering the reaction zone,
the synthesis gas entrains about 0.1 pound of
powdered activated coconut charcoal per stand-
ard cubic foot of feed gas. The activated char-
coal is of such particle size that all of the mate-
rial passes through a 200 mesh sereen.

The feed gas passes through the mass of rela-
tively coarse catalyst particles at a linear velocity
of about 1%, feet per second (determined on the
basis of the volume flow of inlet gas and the in-
ternal volume of the reactor neglecting the space
occupled by the solids). Under the conditions
prevailing in the reactor the coconut charcoal
particles in the reactor are carried out by en-
trainment in the efluent reaction gases at a rate
equivalent to that of their introduction.

The reaction zone is maintained at a tem-
perature of about 600° F., and under a pressure .
of 200 pounds per square inch gauge. The ef-
fluent mixture of reaction vapors and entrained
adsorbent from the reactor are separated and the
adsorbent particles are passed into a zone of
atmospheric pressure for reactivation. The hy-
drocarbon vapors released during ‘the reactiva-
tion are combined with those separated from the
adsorbent and together they are passed to means
for further treatment and fractionation. The
reactivated particles are then reintroduced into
the incoming stream of fresh feed and thus re-
peatedly recycled to the reaction system.

When operating in this manner, a substantial

" proportion of the reaction products are taken up
33 by the adsorbent particles in the immediate
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vicinity of their formation within the reactor,
are withdrawn from the reactor by these par-
ticles and are liberated from the particles in
the reactivation chamber. Thereafter the lib-
erated products are treated, separated, etec., in
any desired manner.

While mention has been made of specific tem-
perature conditions, it is contemplated that the
temperatures may range from: 200 to 700° P.
depending upon the catalyst employed and the
type of product required. As f&-ther indicated,
the invention is also applicable to other types of
exothermic reactions and may have application
as well in the operation of endothermic con-
version reactions wherein it is desired to adsorb
reaction products as a means of promoting reac-
tion.

The present invention thus provides a process
by which a portion at least of the reaction prod-
ucts are adsorbed from the active surfaces of
the catalyst as they are formed, thus promoting
the conversion and in effect increasing the partial
bressure of the remaining fresh reactant gases
In contact with the catalyst. Tt is particularly
significant that the action of the usual adsorbent
agent is such as to take up the higher molecular
weight reaction products. Thus, particularly in
the case of the reduction of carbon monoxide,
there is a tendency to withdraw from the reac-
tion, products which have reached a Dpredeter-
mined molecular weight whereby the reaction
products tend to be maintained within a limited
molecular size. In other words, in following this
invention in the synthesis of motor fuel there is
a tendency to increase the production of liquid
hydrocarbons boiling in the gasoline range and
to decrease the formation of higher boiling hy-
drocarbons, e. g., diesel oil. .

The invention is to be sharply distinguished

© from processes wherein adsorption is limited to
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that which may occur on the catalyst particles
or on the carrier material in the case of sup-
ported catalysts.

_'The invention is particularly useful in con-
fection with the operation of a staged process
wherein the reactant feed gases are partially
converted in a controlled reaction zone, the re-
action gases being successively passed to succed-
ing reaction zones for further completion of the
reaction with or without intermediate treatment
or selective removal of products. Thus while this
arrangement has not been specifically illustrated
above, it will be fully appreciated from the fore-
going disclosure that the problem to which the
present invention is directed may be more severe
in later stages of a staged operation where the
molecular weight and/or proportion of the re-
action products may become greater.
ingly, it is desirable in some processes to utilize
the invention set out in
above, for instance, as a second and/or later
stage of a multi-stage process with the attendant
advantages.
~ For the preferred embodiment of this inven-
tion involving fluidization, it is important that
the adsorbent powder have a smaller settling
rate than that of the catalyst powder employed.
The rate of settling of a powder is dependent
on the size, shape and density of the particles
and generally it is convenient to select a powder
of smaller particle size to attain a smaller settling
rate. This explains the frequent references in
this specification to relatively fine adsorbent.
particles and relatively coarse catalyst particles.
Broadly, however, the adsorbent powder does not
have to be any finer and may even be coarser
than the catalyst powder if there is sufficient
difference in the densities of the adsorbent and
catalyst particles. Thus, for instance, a powdered
adsorbent because of its low density and/or plate-
shaped particles might have a coarser particle
size than the powdered catalyst used in the
reactor and still be operative in accordance with
the principles of this invention. Those familiar
with fluidization will appreciate that a powder
of smaller settling rate is one whose particles
tend to fall or settle less rapidly through the
gaseous suspending medium than do the particles
of the powder having greater settling rate. It
is readily possible for one skilled in the art to
select the proper powdered adsorbent and catalyst
for any operation in view of the foregoing prin-
ciples supported by experimental tests.

Accord-

the specific example.
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It will moreover be apparent from the fore-

going, that in the operation of the preferred em-
bodiment of the invention it will be desirable to
select a mixture of adsorbent and catalyst par-
. ticles of such relative settling rates that for the
rate of gas flow employed, there will result good
fluidization of the catalyst particles of higher
settling rate substantially without entrainment
thereof in the gaseous effluent and yet without
excessive classification.
1t is well to note that the apparatus shown in
the accompanying drawing may be extensively
modified while still permitting circulation and
reactivation of the adsorbent particles and their
remixture with the catalyst particles. Thus in
place of the separator shown, a filter of porous
alundum or the like may be interposed between
the reactor and the outlet tube 4. Such a filter
may take any conventional form such, for ex-
ample, as a porous tube communicating at its
upper end with the tube 8, closed at its lower
end and extending down into the reactor. This
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75 perature effective

filter serves to separate entrained particles {from
the efluent gases, the separated particles either
dropping back into the fluidized mass or being
periodically blown off the filter by periodic blow-
backs. Under these conditions the adsorbent
particles of lower settling rate would tend to ac-
cumulate at the pseudo-liquid level of the fluid-
ized mass. A standpipe connected to the reactor
in the vicinity of the pseudo-liquid level would
be used to withdraw the adsorbent’ particles
downwardly into a suitable reactivation chamber
and then the reactivated adsorbent particles re-
turned to the lower portion of the reactor in any
desired .manner. This cyclic flow of the ad-
sorbent particles of lower settling rate, a8 in the
previous embodiment, ensures the maintenance
of a well-fluidized mixture of adsorbent particles
and catalyst particles of higher settling rate by
compensating for any tendency of the mixed
particles to classify. A modified form of appara-
tus suitable for this specific operation is disclosed
in detail in the copending Riblett application,
Serial No. 669,007, filed on May 11, 1946. As in
the present application, the copending ‘Riblett
application is directed to an operation in which
particles of relatively high settling rate and par-
ticles of relatively low settling rate are main-
tained in a state of good fluidization and ad-
mixture by returning the particles of lower
settling rate which tend to accumulate at the
pseudo-liquid level to the bottom of the fluidized
mixture.

While mention has been made of several possi-
ble methods of separating the adsorbent mate-
rial from the reaction gases, the present inven-
tion, where iron or other magnetic materials are
used as a catalyst, lends itself particularly to the
use of magnetic separation at such times as it
may be necessary to separate the catalyst and ad-
sorbent particles for regeneration of the former.
"Thus, such an arrangement also permits the con-
current passage of the adsorbent and catalyst
particles through the reaction zone and with-
drawal of both therefrom by entrainment in the
effluent gases; the mixed solids may be segre-
‘zated by a magnetic separator, the catalytic par-
ticles revivified in a suitable chamber, the ad-
sorbent particles purged of adsorbed products in
another chamber, and both types of particles
would be returned to the reaction zone in good
admixture, to complete the cycle of operation.
The invention moreover is particularly advan-
tageous when used in connection with metallic
catalysts unassociated with a support, in which
instance the adsorbent tends to accumulate &
relatively larger proportion of the reaction prod-
ucts because the relative adsorption propensity
of the adsorbent particles is greater than that
of the catalyst particles.

Obviously many modifications and variations
of the invention as set forth above may be made
without departing from the spirit and scope
thereof, and therefore only such limitations
should be imposed as are inherent in the ap-
pended claims.

I claim:

1. A process for effecting catalytic hydrogena-
tion of carbon oxides to produce hydrocarbons,
oxygenated hydrocarbons and mixtures thereof,
involving continuously passing snythesis gas
comprising hydrogen and carbon monoxide
through a dense fluidized mass of relatively
coarse, solid particle hydrocarbon synthesis cata-
lyst within a reaction zone at an elevated tem-
for said catalytic reaction,



2,583,611

9

passing through said dense fluidized mass, in
suspension in said synthesis gas, relatively fine,
adsorbent particles substantially free of adsorbed
material and capable of adsorbing a substantial
amount of the normally liquid products of re-
action at the temperature prevailing in said re-
action zone, withdrawing from the upper portion
of said reaction zone said adsorbent particles
after they have adsorbed said normally liquid
products of reaction, recovering the adsorbed
products of reaction from the withdrawn ad-
sorbent particles, and continuously maintaining
said passage of ‘adsorbent particles through said
dense fluidized mass at a rate such that g sub-
stantial amount of said normally liquid products
of reaction are adsorbed by said adsorbent par-
ticles and withdrawn therewith from said re-
action zone.

2. The process according to claim 1 wherein
the adsorbed products of reaction are recovered
from the withdrawn adsorbent particles by sub-
jecting said adsorbent particles to a substantial
decrease in pressure.

3. The process according to claim 1 wherein
the adsorbed products of reaction are recovered
from the withdrawn adsorbent particles by con-
tacting said adsorbent particles with stripping
gas.

4. The process according to claim 3 wherein
the withdrawn adsorbent particles are contacted
with the stripping gas while being maintained as
a dense fluidized mass.

5. The process according to claim 1 wherein
the adsorbent particles are activated charcoal.

6. A process for effecting catalytic reaction of
gaseous reactants into products of higher mole-
cular weight by contact with a .solid catalyst
within a reaction zone maintained under reaction
conditions, involving continuously passing said
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gaseous reactants through a dense fluidized mass
of relatively coarse particles of said catalyst
within said reaction zone, passing through said
dense fluidized mass, in suspension in said gas-
eous reactants, relatively fine, adsorbent particles
substantially free of adsorbed material and capa-
ble of adsorbing a substantial amount of the
normally liquid products of reaction under re-
action conditions, withdrawing from the upper
portion of said reaction zone said adsorbent par-
ticles after they have adsorbed said normally
liquid products of reaction, recovering the ad-
sorbed said normally liquid products of reaction
from the withdrawn adsorbent particles, and
continuously maintaining said passage of adsorb-
ent particles through said dense fluidized mass
at a rate such that a substantial amount of said
normally liquid products of reaction are ad-
sorbed by said adsorbent particles and with-
drawn therewith from said reaction zone.

FREDERICK W. SULLIVAN, Jr.
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