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The present invention, which is a continuation-
in-part of my copending application, Serial No.
681,912, filed July 8, 1946, now abandoned, ie-
lates to the exothermic conversion of gaseous
reactants, and more particularly concerns the
catalytic conversion of synthesis gas comprising
hydrogen and carbon monoxide into hydrocar-
bons, oxygenated hydrocarbons and mixtures
thereof.

This invention contemplates preparing a sus-
pension of the finely divided catalyst in a liquid
carrier; the suspension of catalyst in the liquid
carrier is continuously introduced into a. reaction
zone as an atomized fog comprising the catalyst
barticles dispersed in the fog droplets of liquid
carrier. The gaseous reactants are introduced
into the reaction zone angd passed therethrough
intimately intermingled with the -catalyst-
containing fog droplets, and are thereby sub-
stantially converted into the desired products
‘of reaction by contact with the dispersed par-
ticles in the reaction zone. While exothermic
heat of reaction may, advantageously, be ab-
sorbed as latent heat of vaporization of the liquid
carrier or of some additional liquid, not more
than a portion of the liquid carrier is, in any
event, permitted to vaporize in the reaction zone
50 that all of the finely divided catalyst particles
remain as a suspension in the carrier liquid and
are delivered tc the outlet of the reaction zone
in unvaporized liquid particles of fog.

In other words, the catalyst particles remain
suspended in the fog droplets of carrier liquid
throughout their residence in the reaction zone
and are withdrawn from the reaction zone with
the effluent gasiform products and thereafter sep-
arated from the gasiform products of reaction by
zimply coalescing the fog droplets.

Atomization of the suspension and liquid car-
rier is most advantageously effected by intro-
ducing the suspension of finely comminuted
catalyst and liquid carrier into the reaction zone
with a stream of gaseous reactants through an
atomizing device such as a two-fluid nozzle. In
this manner, the atomized fog of suspended cat-
alyst and the gaseous reactants are intimately
intermingled, and thereafter caused to flow con-
currently through the reaction zone. The veloc-
ity at which the gaseous reactants are passed
through the reaction zone is regulated so that
the droplets containing finely comminuted cat-
alyst particles remain entrained as a fog in the
gas stream.

As above intimated, the fog droplets are dis-
charged from the reaction zone together with
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the products of reaction. If a portion of the
liguid carrier is vaporized in the reaction zone,
then the amount of fog actually discharsed will
be correspondingly decreased. If no substantial
vaporization takes place in the reaction zone,
then the amount of fog discharged is substan-
tially the same as that introduced. In any event,
however, the catalyst particles remain suspended,
in the unvaporized fog droplets of carrier which
are discharged from the reaction zone with the
products of reaction.

The heat which is evolved during the catalytic
conversion of the gaseous reactants may be par-
tially absorbed as sensible heat of atomized par-
ticles. Since the atomized particles consist of
finely divided catalyst particles disposed within
and upon liquid droplets of carrier, the sensible
heat capacity of both the catalyst particles and
the liquid carrier may be utilized to absorb ex-
othermic heat of reaction. Also, a portion of the
temperature control may be provided as above
intimated, by employing a liguid carrier which
is partially vaporizable under the conditions of
conversion, so that the heat of reaction is ab-
sorbed as the latent heat of the liquid ecarrier.
Alternatively, the liquid carrier may be substan-
tially unvaporizable under the conditions of re-
action, and temperature control may be effected
by simultaneously atomizing a separate stream
of vaporizable liquid within the reaction zone, or
by any other suitable temperature regulating
means.

'The suspension, consisting of catalyst particles
in liquid carrier, may be introduced into the re-
action zone at a temperature of 200-400° F. be-
low reaction temperature. This allows the ab-
sorption of considerable heat as the sensible heat
of the atomized droplets.

As above intimated, the present invention has
particular application to the catalytic conversion
of synthesis gas comprising hydrogen and car-
bon monoxide into hydrocarbons, oxygenated hy-
drocarbons and mixtures thereof. This reaction
is strongly exothermic and requires very close
temperature control in order to cobtain the de-
sired products.

The liquid carrier in which the catalyst is sus-
pended is advantageously a conversion product.
Other compounds which are inert under reaction
conditions and which will not poison the catalyst
may also be used. In the catalytic conversion
of synthesis gas, a gas oil fraction may be em-
ployed as a liquid carrier. While it is permis-
sible to use a gas oil fraction, a substantial por-
tion of which will vaporize under the conditions
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of reaction to assist temperature control, never-
theless, it is to be noted that the fraction is
such that a substantial portion remains un-
vaporized, so that all the finely divided catalyst
particles remain suspended therein and are de-
livered to the reaction zone. More specifically,
it is preferred that a major portion, at least, of
the carrier liquid remain unvaporized.

The selection of the specific gas oil fraction
as a liquid carrier depends upon the parficular
catalyst and the reaction conditions which are
chosen for the catalyst conversion. For example,
if a finely divided, unsupported iron-type cata-
lyst is used, a gas oil fraction boiling in the
range of about 550-650° F. may be employed;
whereas, if a cobalt catalyst is employed, a gas
oil fraction boiling in the range of about 400-500°
P, may ke employed. In either event, however,
higher end point gas oils up to about 750° F.
are suitable, particularly where very restricted
vaporization is desired. The extent to which
the fog particles of carrier liquid which vapor-
izes during passage is controlled in aceordance
with well-known physical principles which, per
se, form no part of the present invention, but
which depend upon the vapor pressure of the
carrier liquid, the partial pressure of equivalent
vaporform products in the reaction zone, the
extent of volume contraction caused by the re-
action, the extent to which the vapor equilibrium
is approached during the limited contact time
prevailing and the relative rate at which the
atomized fog is fed through the reaction zone.
In view, however, of the impracticability of de-
termining in advance the effect of these complex
variables, the appropriate rate of addition and
the character of the carrier liquid comprising the
fog droplets, is best determined by trial, such
that a substantial portion thereof, sufficient to
entrain all of the catalyst particles in suspension
therein, remains unvaporized and is withdrawn
from the reaction zone.

As previously stated, the gaseous reactants
and atomized droplets containing the catalyst

particles flow concurrently through the reaction .

zone in the preferred modification of the inven-
tion. By correlation with the density and par-
ticle size of the atomized droplets with the ve-
locity of the gaseous reactants, the atomized
catalyst-containing droplets remain substantially
entrained in the gas stream flowing from the
reactor. 'The effluent leaving the reaction zone
comprises products of reaction containing the
entrained fog of unvaporized liquid carrier con-
taining the suspended catalyst particles and may,
as above indicated, include a vaporized portion
of the carrier.

Coalescence of the fog droplets to effect sepa-
ration of the catalyst from the gaseous constit-
uents of the efluent may be carried out with
any of a large number of separating means.
Effective coalescence takes place in conventional
separating means, such as cyclone separators,
electrical precipitators, mechanical devices and
the like, since the agglomeration of the atomized
liquig particles which is provided therein, in-
herently results in the formation of larger liquid
masses which separate readily and completely
from the accompanying gas phase. In place of
the separating devices mentioned above, coales-
cence of fog droplets may be advantageously
effected by scrubbing the effiuent product gas
with a suitable liquid, such, for example, as a
serubbing liguid immiscible with the carrier
liquid or else, with a portion of the recovered
carrier liquid itself.
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Water or a water solution of glycol may pro-
vide the immiscible scrubbing phase where the
carrier comprises an oil fraction, for example.
In such case, the liquids from the scrubbing step
are separated by decantation, the scrubbing phase
preferably being returned continuously to the
serubbing zone, while the recovered oil phase,
containing the suspended catalyst, is cycled to
the atomizer supplying fog to the reaction zone.

Where scrubbing is effected with recovered
carrier liquid, a portion of the thus coalesced
suspension discharged by the serubber is con-
tinuously recyeled fo the scrubber to effect the
coalescence of additional fog droplets, the re-
mainder being returned to the atomizer as before.

In the event that scrubbing is effected at a
temperature which resulis in any substantial
product condensation, the condensed product is
advantageously recovered from. the liquids dis-
charged by the scrubber. For example, where
the fog carrier liquid is an oil fraction miscible
with the liquid phase, any desired portion of the
condensed product may be recovered by fraction-
ation of the coalesced liquid from the scrubber,
prior to returning the residual catalyst suspen-
sion to the atomizer. The gasiform constituents
of the effluent from which the catalyst containing
particles have been separated are subjected, in
any event, to condensation and separation into
various fractions through conventional means.
Tha products can be separated into a normally
gaseous fraction, a gasoline fraction, a gas oil
fraction, a fuel oil fraction, and a heavy waxy
residuum. The normally gaseous fractions are
recyeled, at least in part, to the reaction zone.

Means are provided to adjust the temperature
of the suspension of catalyst in liquid carrier to
any desired temperature prior to its reintroduc-
tion into the reaction zone in an atomized state.

The catalyst should be ground so that sub-
stantially all of it will pass through a 200-mesh
sereen and 20 to 40 percent will pass through a
40¢-mesh screen. The particle diamefer should
lie in the range of 5 to 200 microns.

The stream of reactants may enter the reac-
tion zone at a space velocity of 500 to 2,000, space
velocity being defined as volume of gas per re-
actor volume per hour. Preferably, a space ve-
locity of 1,000 to 1,500 is employed.

The present invention is of particular advan-
tage from the standpoint of the intimate con-
tact between the reactants and catalyst parti-
cles. This is believed due in large part to the
tendency of the catalyst particles to concentrate
at the liquid-gas interface. In any event, how-
ever, the extensive contact area afforded by the
minute fog droplets is in striking contrast to
that resulting from prior proposals, the bubbling
of reactant gases upwardly through a suspension
of catalyst in a continuous phase of carrier liquid.

Of particular advantage, however, is the ef-
fective and complete separation of catalyst from
the effluent products of reaction which is realized
simply by coalescing the liquid carrier. In com-
parison, the complete separation of finely divided
dry solig particles from a moving stream of gas
is difficult and objectionable from the standpoint
of cost involved. Manifestly, the present inven-
tor eliminates these problems in yielding a prod-
uct free of catalyst.

In order that the invention may be more fully
understood and aptly described, reference will
now be made to the accompanying drawing in
which an adaptation of the method of the in-
vention to catalytic conversion of carbon monox-
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ide and hydrogen into desired products is pre-
sented.

Synthesis gas containing carbon monoxide and
hydrogen in a molecular ratio which may vary
from about 1:1 to about 1:4, but which is usu-
ally about 1:2, is obtaineq from a source, not
shown, through pipe |. Various well-known
means of synthesis gas preparation may be em-~
ployed, such as the water gas reaction or the
oxidation of methane with g limited amount of
oxygen.

The synthesis gas may be at atmospheric pres-
sure, as it is introduceq into g reactor 4 through
the pipe | or the synthesis gas may be deliv-
ered to the reactor at superatmospheric pres-
sures which may range up to 1500 pounds per
square inch. The conversion of synthesis gas to
liquid hydrocarbons in the gasoline range is ad-
vantageously carried out at g pressure of about
250 to 300 pounds per square inch.

A recycle stream containing normally gaseous
products of a catalytic conversion such as car-
bon diozide, hydrocarbon gases and unreacted
carbon monoxide and hydrogen is combined with
the fresh feed of synthesis gas in the pipe [ prior
to ifs introduction into the reactor 4. The source
of this recycle stream will be described in de-
tail later.

During the initiation of the catalytic con-
version, the synthesis gas may be heated to de-
sired reaction temperature prior to its introduc~
tion into the reactor 4. This may be accomplished
in a preheater which is not shown in the draw-
ing. Once the reaction is under way and the
unit is in full operation, preheating of the syn-
thesis gas may be eliminateg and the synthesis
gas may be introduced into the reactor at at-
mospheric temperature,

The pipe | connects with g, distributor 5 within
the reactor 4. The distributor 5 is adapted to
the introduction of two fluids in the reactor 4.
The distributor 5 may be designed on the princi-
ple of a two-fluid nozzle or other well-known

device by which a gas is employed to aid in the-

atomization of a liguid.

A vessel & serves as storage tank for suspen-
sion of catalyst in liquid carrier. In the descrip-
tion of this invention, an iron catalyst will be em-
ployed to effect the catalytic conversion of syn-
thesis gas. More specifically, the invention will
be described using an unsupported iron catalyst
containing 93 to 97 per cent iron, 3'to 7 per cent
aluming and 0.2 to 2 per cent alkali metal oxides
Such as potassium oxide. It is understood, how-
ever, that other catalysts such as supported iron
catalysts and supported or unsupported cobalt
and nickel catalyst may be employed to effect the
desired conversion.

The catalyst of the type described is com-
minuted to a finely divided state and then in-
troduced into the vessel § where a suspension
of the catalyst in liquig carrier is maintained
by vigorous agitation. Catalyst should be ground
50 that the particle diameters lie within the range
of 5 to 200 microns.

The most favorable reaction temperature with
an iron catalyst of the above description lies
hetween about 550-650° . As above indicated,
2 gas oil fraction provides a good liquid carrier.
A portion of the carrier may vaporize within the
reaction zone, provided, however, that sufficient
portion remains unvaporized to retain and de-
liver all of the catalyst- particles in ‘suspension
therein to the outlet of the reaction zone. It
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should be noted that other liquids which are inert
under the prescribed reaction conditions may
also be employed as liquid carriers,

A pipe 8 connects the storage vessel § with a
line 8 which leads to the distributor 5. A heat
exchanger 7 is inserted in the Pipe 8 whereby
the suspension may be brought to any desired
temperature prior to its introduction into the
reactor 4. Suspension of catalyst in liquid car-
rier flows from the vessel § through the pipe 8
to the line 9 which leads to g pump 10. The pump
10 is used to deliver suspension of catalyst parti-
cles in liquid carrier to the distributor 5 through
& pipe 11 at an elevated pressure.

Atomization of the catalyst-containing sus-
pengion is favored by two factors, namely sud-
den release of pressurized suspension through a
vlurality of fine jets in the distributor 5 into the
free space of the reactor 4 and the velocity at
which the gaseous reactants enter the reactor 4
through the distributor 5 which is arranged in
the form of a suitable device for effecting atom-
ization, such as a two-fuid nozzle.

The velocity at which synthesis gas and recycle
8as enter the reactor is correlated with the
density and size of the droplets so that the parti-
cles become entrained in the gas stream pass-
ing through the reactor 4. A space velocity of
about 1,000 to 1,500 has broven usefyl in ef-
fecting such, entrainment; depending upon the
density and droplet size of the atomized fog,
space velocities varying between 500 and 2,000
may be employed.

Synthesis gas is converted into hydrocarbons
by contact with iron catalyst during the passage
of catalyst and reactants ‘through the reactor.
The conversion of synthesis gas into hydrocar-
bons liberates a large quantity of heat.

As above indicated, exothermic heat of reaction
may be continuously absorbed as retained heat
of a portion of the liquid carrier. However, tem-
perature regulation may be effected by internal
cooling surfaces in the reactor or by any of the
other means above mentioned.

The exothermic heat of reaction is partially
absorbed as the sensible heat of the atomized
liquid-enclosed catalyst particles. The suspen-
sion of catalyst in liquid carrier is delivered to
the distributor 5 at a temperature substantially
below reaction temperature. In this case where-
in an iron catalyst is used, the suspension of
catalyst and gas oil is delivered to the distributor
5 at a temperature of about 150° to 400° P,

A further portion of the exothermic heat of
reaction is absorbed in heating the stream of
gaseous reactants up to reaction temperature
since synthesis gas is introduced into the reactor
4 at a temperature substantially below conversicn
temperature once the reaction is initiated,

Ninety per cent or better conversion is effected
An efluent, comprising usually a small amount
by passage of the reactants through the reactor 4.

An effluent, comprising usually a small amount
of unreacted carbon monoxide and hydrogen, the
gasiform products of reaction, the catalyst par-
ticles suspended in the entrained fog of unvapor-
ized liquid carrier fog; and some vaporized liquid
carrier, leaves the reactor 4 through conduit 28.

The effiuent passes into a vessel 24, in which
the catalyst particles are separated from the
gaseous or vaporous constituents of the effluent
by coalescence of the carrier droplets in which
they were suspended. The means used to effect
this separation are conventional. A series of
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éyclone separators efficiently accomplishes the
separation. The separated catalyst particles in
the unvaporized carrier liquid flow through con-
duit 26 into the vessel 6, in which additional cata-
lyst particles and additional liguid carrier may
be admixed.

Gas oil, which is obtained by fractionaticn of
the liquid hydrocarbon products, may be intro-
duced into the vessel 6. Uniform distribution of
the catalyst throughout the suspension is main-
tained by continuous agitation of the suspension
in the vessel 8.

Catalyst suspension which is continuously pre-
pared in this fashion passes through the conduit
8 into an exchanger 1 in which the temperature
of the suspension is adjusted to the desired level
which lies in the range of 150 to 400° F. From
the exchanger 1, recycled suspension is iatro-
duced through the pipe 9 into the compressor i0
in which it is pressurized. Pressurized recycled
suspension flows through the pipe (i into the
distributor 5 through which it is atomized into
the reactor & by means of the entering stream of
gaseous reactants.

The gaseous and vaporous constituents of the
effluent from the reactor 4 leave the vessel 24
through a pipe 32 which leads to 2 cooler 38. In
+he cooler 3¢, condensation of the normally liguid
constituents of the effluent is effected. After
{reatment in the exchanger 38, the effluent passes
into & separator &4 in which the normally gaseous
components are separated from the condensed
normally liquid components.

The gaseous components comprising carbon
monoxide, hydrogen, carbon dioxide, normally
gaseous hydrocarbons and nitrogen leave the
separator 41 through a pipe 42. In order to pre-
vent accumulation of nitrogen in the system, &
portion of this gas stream is discharged through
a vent £3. This discharged gaseous fraction may
ke used as a fuel to supply heat to the reaction
system wherever needed. The unvented portion
proceeds along the pipe 42 and is returned there-
through to the pipe i through which the fresh
feed of synthesis gas is flowing. In the pipe |,
recycle gas stream combines with fresh synthesis
gas to form the total reactor feed which is deliv-
ered to the reactor 4 through the distributor 5.
A recycle ratio of about one mol of recycle gas
to onie mol of fresh feed has proven 4o be agvan-
tageous. However, the recycle ratio expressed
as mols of recycle gas to mols of fresh feed may
vary from about 6.5:1 %0 10:1.

The condensed products leave the separator 41
through a pipe 4§ and are introduced into a
decanter &1. In the decanter 47 water is sepa-
rated from the hydrocarbon phase. Water is
withdrawn from the decanter 47 through &
pipe 48.

Liguid hydrocarbons flow from the decanter 47
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through a2 pipe 49 inic a fractionating column

5Q. In the fractionating column 58, liquid hy-
droearbons are divided into component fractions.
A gasoling fraction is taken off overhead through
a pipe 5i. A gas oil cut is withdrawn from the
side of the column 50 through a pipe 52. Heavier
hydrocarbon components are withdrawn from the
column 58 through a drawoff pipe §3. 'These
various fractions may then be piped to storage,
not shown.

A portion of the gas oil fraction obtained from
the fractionating column 58 through the pipes
52 is used as a liquid carrier for the catalyst sus-
pension. A portion of this gas oil fraction is
diverted from the pipe 52 through 2 pipe 55 which

75

leads to the vessel § in which the suspension is
prepared.

A preferred modification of the invention has
peen described in which concurrent flow of cata~-
lyst particles in gaseous reactants is employed.
As stated previously, countercurrent flow of gase-
ous reactants and atomized catalyst particles is
included within the concept of the invention.
If this type of operation is employed, catalyst
particles are continuously withdrawn from the
lower portion of the reactor and then combined
with gas oil to reform suspension which is re-
cycled to the reactor in an atomized state. In
this type of operation, advantage is not taken,
however, of the atomizing ability of the gaseous
reactants.

Obviously many modifications and variations
of the invention, as hereinbefore sef forth, may
be made without departing from the spirit and
scope thereof and, therefore, only such limita-
tions should be imposed as are indicated in the
appended claims.

I claim:

1. In the synthesis of organic compounds
wherein a synthesis gas comprising hydrogen
and carbon monoxide is contacted with a hydro-
carbon synthesis catalyst at an elevated tem-
perature at which the catalyst is effective to con-
vert the reactants into desired synthesis prod-
uets, the improvement which comprises atomizing
into said synthesis gas reactant stream a liquid
carrier material carrying suspended therein the
hydrocarbon synthesis catalyst in the form of
finely divided solid particles to form a fog of

5 minute, finely divided droplets with the reactant

gas mixture, passing said intimately intermingled
mixiure of synthesis gas and fog droplets through
a reaction zone maintained under teraperature
and pressure conditions effective for substantial
conversion of said synthesis gas into said desired
products of reaction, said passage of the fog
through the reaction zone being effected without
vaporization of more than a portion of said car-
rier liquid such that all of the finely divided cata~
lyst particles remain suspended in, and are de-
livered to the outlet of the reaction zone in the
unvaporized liguid particles of said fog and with-
drawing said efiuent products of reaction con-
taining the entrained fog droplets of unvaporized
carrier liquid with the catalyst particles suspend-
ed therein.

9. The method according to claim 1 wherein
the catalyst is separated from the withdrawn re-
action zone effftuent by coalescing the droplets of
said fog.

3. The method according to claim 1 wherein
the unvaporized liquid particles are separated
by coalescing the droplets of fog with a scrubbing
ligquid.

4. The method according to claim 1 wherein
said carrier liquid comprises & hydrocarbon frac-
tion having a boiling point substantially above
the temperature of said reaction zone.

5. In the catalytic synthesis of hydrocarbons,
oxygenated hydrocarbons and mixtures therecf
wherein a synthesis gas comprising hydrogen
and carbon monoxide is subjected to the influence
of a solid particle hydrocarbon synthesis catalyst
in a reaction zone under reaction conditions in-
cluding an elevated temperature and pressure ab
which said synthesis gas is converted into said
desired products of reaction, the improvement
which comprises forming a suspension of finely
ground hydrocarbon synthesis catalyst in a sus-
pending liquid, & substantial portion, at least, of
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which remains unvaporized under said reaction
conditions, atomizing said liquid suspension into
said reactant stream of synthesis gas to form a
fog comprising minute, finely divided droplets
of said liquid intimately dispersed in the reactant
gas phase, passing said intimate fog mixture of
catalytic droplets and reactant gas through said
reaction zone under said reaction conditions to
effect substantial conversion of said reactants into
desired products of reaction without vaporization
of more than a minor portion of said liquid, with-
drawing from said reaction zone the effluent gasi-
form products of reaction containing said droplets
of liquid suspension and separating the catalyst
containing liquid droplets from the effluent prod-
ucts of reaction.

6. The method according to claim 5 wherein a
major portion at least of the suspending liquid
comprises fractions which remain unvaporized
under said reaction conditions,

7. The method according to claim 5 wherein
said suspending liquid comprises a liquid hydro-
carbon.

<t
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8. The method according to claim 5 wherein
said suspending liquid comprises product frac-
tion oil having a boiling point above the tempera-
ture of said reaction zone.

9. The method according to claim 5 wherein
said droplets of suspending liquid containing cat-
alyst are separated from the withdrawn reaction
zone efiluent by coalescencg of said droplets.
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