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This invention relates to the synthesis of or-
ganic compounds. In one aspect this invention
relates to the hydrogenation of an oxide of car-
bon in the presence of & finely divided entrained
hydrogenating catalyst under conditions such
that organic compounds having more than one
carbon atom per molecule are produced. In
another aspect this invention relates to a method
and apparatus for the synthesis of organic com-
pounds in a multiple stage process. This in-
vention is applicable generally to the hydrogena-
tion of organic compounds containing a carbonyl
group and herein designated as carbon oxides.

It has recently been proposed in an applica~
tion filed by Luther R. Hill and Henry G. Mc-
Grath, Serial No. 726,620, filed February 5, 1947,
to effect the hydrogenation of carbon monoxide
in the presence of & finely divided hydrogenation
catalyst which is present in a gaseous reaction
mixture in a much smaller amount than here-
tofore practiced. According to the Hill and Mc-
Grath application the reaction mixture compris-
ing hydrogen and carbon monoxide and an en-
trained finely divided hydrogenating catalyst is
passed upwardly through a reaction zone at
velocities above about 6 feet per second and as
high as 40 feet per second. In & process using
such high velocities of the reaction mixture, the
catalyst is entrained in the reaction mixture and
passes through the reaction zone with the gases
and does not form the conventional pseudo-
liquid catalyst phase characteristic of lower
velocity systems. In such high velocity sys-
tems the residence time of the catalyst in
the reaction zone is comparatively short with
respect to conventional fluldized processes, and
the rate of heat transfer between the reaction
mixture and cooling fluids surrounding the re-
action zone is much greater than that hereto-
fore obtainable. The present invention consists
of a modification of the above described process.

It is an object of this invention to provide a
process and apparatus for the synthesis of or-
ganic compounds.

Another object of this invention is to provide
s multi-stage process for the hydrogenation of
carbon monoxide in the presence of finely divided
entrained catalyst.

Still another object of this invention is to carry
out the reaction between hydrogen and carbon
monoxide at a substantially lower temperature
than heretofore practiced.

A further object is to make operable the hy-
dregenation of carbon monoxide at lower recycle
and/or Ha:CO ratios.
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Various other objects and advantages will be-
come apparent to those skilled in the art from
the accompanying description and disclosure.

According to my invention, organic compounds
are produced by the hydrogenation of carbon
monoxide by continuously passing a mixture of
hydrogen and carbon monoxide containing en-
trained or suspended finely divided catalyst, such
as finely divided metallic iron, through a plu-
rality of reaction zones under conditions such
that the temperature of the first of said zones
is substantially lower than the temperature of
the last of said zones.

In a preferred embodiment of this invention,
a gaseous mixture of hydrogen and carbon mon-
oxide containing a finely divided hydrogenation
catalyst comprising metallic iron is passed
through two successive reaction zones. The
linear velocity of the gas passing through the
first of said two zones is at least 6 feet per sec-
ond and preferably between about 8 and about
40 feet per second, and & temperature between
300° F. and about 600° F. is maintained in said
first reaction zone, The gaseous effluent from said
zone is passed to a second reaction

average temperature of the effiuent in that zone
is raised at least 26° F. to at least about 100° F.
above the outlet temperature of said first reaction
gzone. An efluent is removed from the second of
said reaction zones and organic compounds are
removed therefrom as products of the process.

The mechanisms of the hydrogenation of car-
bon monoxide in the presence of a hydrogenation
catalyst are not thoroughly understood; however,
in general, at least the following three stages are,
roughly, characteristic of the hydrogenation to
produce organic compounds. The first stage is
the sorption of carbon monoxide on the catalyst.
The second stage is the hydrogenation of the
sorbed carbon monoxide and the growth of car-
bon-carbon chains. The third and last stage is
considered to be the stabilization and desorption
of the resulting synthesized organic molecules
from the catalyst. According to this invention,
therefore, each of these stages are effected un-
der its most favorable reaction conditions. To
effect each of these three stages under their most
favorable reaction conditions, the synthesis proc-
ess is carried out in a series of successive reac-
tion zones in which reaction zones one or more
of the above stages is carried out under the most
favorable reaction conditions. - According to the
preferred embodiment of this invention in which
two reaction zones are used to effect the syn-
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thesis of organic
carbon monoxide, the first two stages, 1. e., the
sorption of carbon monoxide on the catalyst and
the hydrogenation of sorbed carbon monoxide
and growth of carbon-carbon chains, are ef-
fected in the fArst reaction zone under their most
favorable known conditions, such as tempera-
ture, pressure, ete. The third stage, which is the
stabilization and desorption of the synthesized
molecules is effected in the second or last reac-
tion zone under conditions most favorable to that

stage of the synthesis process,

compounds from hydrogen and

10

Since relatively low temperatures are favor- -

able for the first two stages of the synthesis
process above described, the first reaction zone
is maintained at g relatively low temperature,
usually between 300° F. and 600° P, preferably
when using s metallic iron catalyst between about
450° F'. and about 600° P. by removing heat there-
from as by cooling with a liquid. This relatively
low synthesis temperature has been shown to
result in a longer active catalyst life, decreased
carbon production, higher yields of ‘oxygenated
compounds, and higher average product molecu~
lar weight. Generally,
stage is less than 500 pounds Per square inch gage
and generally between about 80 pounds to about
400 pounds per square inch gage with an iron
catalyst. The velocity in this first reaction zone
should be at least 8 feet ber second and as high
as 40 feet per second to insure the continuous cir-
culation of the catalyst through the first reac-
tion zone and to prevent the formation of the
conventiona) pseudo-liquid catalyst phase. At
such velocities the catalyst concentr-tion is
usually less than 25 pounds per cubic foot of gas,
and generally between ahout 1 pound and about
18 pounds per cubic foot of gas. The residence
time of the reaction mixture or the contact time
of the reactants with the catalyst in the first
reaction zone should be sufficient for s substan-
tial chain growth of the organic compounds,
Usually less than about 5 to 7 seconds contact
ber pass of the gases with the catalyst in the first

reaction zone is sufficient to produce the desired |,

of any individual tube
of the reaction zone is usually less than about 2.5
inches in diameter and may be as small as 1 inch
in diameter or smaller. Such g relatively small
diameter of any individual tube provides in-
creased heat transfer surface for maintaining
the temperature in the first reaction zone at the
required level. The reaction zone may comprise
a single or g plurality of parallel tubes in which
hydrogenation is effected.

In the second reaction zone, in which the third
stage constituting the stabilization and desorp-
tion of the synthesized molecules is effected, the
temperature is maintained substantially higher
than the temperature of the first reaction zone
by maintaining the Zone under adiabatic condi-
tions or by adding heat thereto. Thus, prefer-
ably, the average temperature in the second re-
action zone is at least 25° F. to at least 100° P,
higher than the outlet temperature of the first
reaction zone. Generally the temperature of the
second reaction zone will he between about 600° .
and about 700° F, when using a metallic iron cata-
lyst. Asin the first reaction zone the pressure is
maintaineq less than about 500 pounds per square

the pressure in the first.
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" partial pressure of

inch gage, but, as lower pressures aid in the de-
sorption of the synthesized molecules from the
catalyst, partia] bressures lower than the pre-
vailing partial bressure in the first zone may be
used in some instances, such ag by decreasing the
the products to be desorbed by
injecting therein an ert gas, such as carbon di-

formed in that

as short as possible, preferably
less than about 3 seconds.

The gas velocity in the second reaction zone
may range from about 0.5 to about 40 feet per.

zone, the concentration of catalyst in the gaseous
mixture will also be similar, When the second
Zone is operated with g gas velocity below about 6
feet per second under conditions to form the con-
ventional pseudo-liquid catalyst phase, the cata-

The reaction efluent and catalyst are removed

56 from the second reaction zone for separation,

The catalyst is Separated from gases in the con-
ventional manner by settling and the like,
gaseous effluent substantially free of catalyst is

erated in the‘respective reaction zones, the third
stage does not dictate the lowest temperature for

catalyst may be retained by the use of a reaction
zone for the third stage alone. Each stage of the
synthesis process is carried out at its optimum
temperature by using multiple reaction zones in
the manner despribed,

In operating in accordance with this invention
with an entrained catalyst for a continuous catg.-
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iyst phase, a H2:CO fresh feedq ratio as low as
0.7:1 can be used with success. This mol ratio
will vary from about 0.7:1 to about 1.5:1 and
higher ratios may be used if desired.

The catalyst employed in the present inven-
tion is a finely divided powdered catalyst of a
metal or metal oxide which is or becomes in the
reaction zone a catalyst for the hydrogenation
reaction. Finely divided metallic iron or iron OX-
ides or a mixture thereof are an example of the
catalyst employed in this invention. Other
metals and metallic oxides
catalysing the hydrogenation of carbon monoxide,
such as cobalt, nickel, and other metals of Group
VIII of the periodic table may be employed.
While the catalyst powder usually consists of such
catalytic metals or their oxides, it may also in-
clude a minor amount of promoting ingredients,
such as alkalis, alumina, silica, titania, thoria,
manganese oxide, and magnesia. The catalyst
may also be supported on a suitable support, such
as a bentonite type clay, alumina, silica gell,
«guper Filtrol,” and mixtures of these supports.
In the following description catalyst powders con-
sisting of a metal or a metal oxide and contain-
ing at most a minor proportion of promoters are
referred to as a “finely divided metal hydrogena-
tion catalyst.”

Preferably, the powdered catalyst initially con-
tains no more than a minor proportion by weight
of material whose particle diameter is greater
than 250 micrens. The greater proportion of the
catalyst mass preferably comprises a material
whose particle diameter is smaller than 100
microns including at least 25 per cent of a ma-
terial having a particle size smaller than 40
microns. An example of a desirable powdered
catalyst, especially when a pseudo-liquid catalyst
phase is present in the second or last reaction
zone, is one which comprises at least 75 per cent
by weight of a material smaller than 150 microns
at least 25 per cent by weight of a material
smaller than 40 microns. The actual size distri-~
bution of the particles in the catalyst mass is not
as important a factor with a relatively high ve-
Jocity system as it is with a relatively low velocity
system.

A fresh feed gas having a hydrogen to carbon
monoxide ratio in the amount heretofore de-
scribed is employed and the ratio of hydrogen to
carbon monoxide in the reaction zone itself may
be varied from these ratios to a desired value by
recycling a portion of the unconverted reactants
in the reaction effluent after removal of a part or
all of the normal liquid product by condensation.
A portion of the effluent after removal of the
greater part of the liquid product is recycled to
the reaction zone in a volumetric ratio of re-
cycle to fresh feed gas of about 0.5:1 to about
10:1, preferably about 1:1 to about 3.5:1. Up
to about 3.5:1 recycle ratio and with no preheat-
ing of the recycle gas substantially no preheating
of the feed is necessary while at higher recycle
ratios of 5 or 6:1 preheating of the feed is usually
necessary. The ratio of hydrogen to carbon mon-
oxide in the reaction zone itself is usually about
1:1 to about 3:1 and according to this process
may be maintained at about 1:1 without detri-
mental effect on the synthesis reaction. For very
low hydrogen to carbon monoxide fresh feed ra-
tios of less than 0.9:1 the ratio in the reaction
zone itself may be even less as 2 result of the
consumption of hydrogen relative to carbon mon-
oxide in a ratio greater than the feed ratio and
because of recycling. Once through operations
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without recycle, although not generally used, aré
within the scope of this invention. ‘

The linear velocity of the gaseous reaction mix-’
ture passing upwardly through the reaction zones
is the linear velocity the fresh feed stream would
assume if passed through the reactor in the ab-
sence of catalyst. .

Although the invention has'been described with
reference to an upwardly flowing gaseous stream
of reactants and catalyst, it should be understood
that the catalyst and reactants may flow together
downwardly, horizontally, or even angularly
through a reaction zone without departing from
the scope of this invention. The important re-
quirements of this invention are that the cata-
iyst be entrained in the synthesis gas or reaction
mixture and passed through 2 plurality of reac-
tion zones maintained under optimum reaction
conditions characteristic of the reaction stage ef-
fected in the respective reaction zone. It has
been found that, by upward flowing of gas through
a substantially vertical reaction zone, the en-
trainment of the catalyst and the reaction time
may be controlled conveniently and accurately
and the tendency for segregation and stratifica-
tion of catalystis minimized.

The temperature requirement of the first reac-
tion zone may be achieved conveniently by indi-
rect heat exchange with a cooling medium sur-
rounding the reaction zone, such as by cooling
with liquid water or Dowtherm, by vaporization
of a liquid surrounding the zone, or by direct in-
jection of a gas or liquid into the zone.

Several methods may pe used to achieve the
desired temperature of reaction in the second or
last reaction zone, and to maintain that tempera-
ture a substantial amount above the temperature
of the first reaction zone. One of these methods
comprises raising the temperature in the last
reaction zone by means of the internal heat of
reaction of the reactants. According to this
method of controlling the temperature of the sec-
ond or last reaction zone, the exothermic heat of
reaction is not removed from the second reaction
zone but it is retained therein which results in a
continuous rise in temperature. In other words,
a portion of the first and second stage reactions
are carried out in the third stage under sub-
stantially adiabatic conditions. This is the least
desirable of the various methods for controlling
the temperature of the second or last reaction
zone since it requires some first and second stage
reactions to be carried out in the last reaction
gone. However, it is the most desirable from the
standpoint of apparatus simplicity because it is
only necessary to follow the first reaction zone,
which is usually externally cooled by indirect heat
exchange with a cooling medium, with a shorter
second reaction zone which may not be cooled
in any manner. At least, the second reaction
zone is not cooled to such an extent that the tem-
perature is not allowed to rise to the desired value
in that zone and above the outlet temperature
of the first reaction zone.

A second method of controlling the tempera-
ture in the last reaction zone is by imparting
heat to the reaction fluid from an external
source. Various methods may be utilized to ap-
ply heat to the reaction gases in the last re-
action zone with a heating medium. These
methods comprise heating a liquid or gas and
transferring sufficient sensible heat of the pre-
heated liquid or gas to the gaseous mixture in
the last reaction zone by indirect heat exchange
to raise the temperature therein. Another
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method comprises introducing a gaseous mixture
at a relatively high temperature directly into the
" gaseous mixture in
another method is to allow condensation of &
gas in indirect heat exchange with the last reac-
tion 2one to transfer latent heat to the reaction
mixture which raises it to the desired tempera-
ture. A convenient method for heating the last
reaction zone comprises introducing all or a por-
tion of the recycle gas after preheating directly
into the last reaction zone to raise the tempera-
ture therein. When the recycle gas is divided
between the reaction zones,
divide the recycle gas to the first and second
zones in a ratio between about 0.5:1 and about
3:1, usually about 1:1,
heating the last reaction zone will be discussed in
more detail in the description of the drawing.

The cross-sectional areas of the first and last
reaction zones may vary to g considerable extent
from each other. The cross-sectional area of the
last reaction zone may be somewhat larger than
the cross-sectional ares, of the first reaction zone
to allow a lower velocity of gases in the Iast re-
action zone, such as when a Dseudo-liquid cata-
lyst phase is present in the last zone,

The invention will be discussed further by
reference to the accompanying drawing which
comprises views in elevation, partly in Cross-
section, of suitable apparatus for carrying out
the process of the bresent invention. Fig. 1 of
the drawing is an elevational view diagrammat-
ically illustrating a plurality of reaction zones
and suitable auxiliary equipment for carrying
out an embodiment of the invention, Fig. 2 of
the drawing is g modification of the reaction zone
of Fig. 1 embodying the essential features of the
bresent invention,

In Pig. 1 of the drawing a synthesis gas com-
prising hydrogen and carbon monoxide present
in a ratio between about 0.7:1 and about 1.4:1 is
obtained from any suitable source. For example,
& suitable source of hydrogen and carbon mon-
oxide is the conversion of steam, carbon dioxide,
and methane in the bresence of a catalyst, such
as nickel. The resulting mixture of such g con-
version usually contains sulphur and sulphur
compounds and the gas is usually purified to re-
move such compounds. If g sulphur resistant
catalyst is used, the purification step is unneces~
sary. After purification in conventional man-
ner, known to those skilled in the art, the mix-
ture of hydrogen and carbon monoxide is in-
troduced into the lower end of a conduit 4, as
shown, and passed upwardly through g plurality
of reaction zones comprising a reaction zone 6
and a reaction zone {0, Reaction zone ¢ com-
brises & bundle of tubes 7 enclosed by a shell to
form an annular space 9 between the shell and
tubes 1. The diameter of each of tubes 7 is
usually less than about 2.5 inches, however,
larger diameter tubes are within the scope of
this invention. Gases bass upwardly through
first or low temperature reaction zone 6 to g sec-
ond or last reaction zone 10 of higher tempera-
ture. Reaction zone (g may comprise a bundle
of tubes surrounded by a shell similar to re-
action zone 6 or it may simply comprise an en-
larged cross-sectional conduit without the an-
nular space, such as annular space § of reaction
zone 6. The temperature of reaction zone § is
maintained below about 600° F. and under other
reaction conditions as previously described. The
gaseous mixture passes ‘through reaction zone §
al & velocity of at least 8 feet per second and into

the last reaction zone. Still .

it is preferred to-
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reaction zone 10 which is maintained at a tem-
perature at least about 25° P to at least 100° P,
above the outlet temperature of reaction zone §.
The linear gas velocity in reaction zone 10 may
be the same as the Velocity in the reaction zone
8 or the velocity may be somewhat less, even
lower than 6 feet per second, to form a pseudo-
liquid dense phase of catalyst therein,

The temperature_ot reaction in resction zone
6 is maintained at the desired optimum by In-
troducing g liquid or vapor cooling medium
through conduit {2 into annular space 9 and re-
moving it therefrom through conduit 3 Al
ternatively, conduit 13 may be closed and a liquid
introduced into annular space 9 through conduit

12 and maintained under

densed and returned thereto,

The reaction efiuent from reaction zone 19 is
bassed to a catalyst separation zone 1§ through
conduit {f, In separation zone {6 the velocity
of the gases is decreased by the increased cross-
sectional area of separation zone (6 to such an
extent that substantially all of the catalyst sep-
arates by gravity from the reaction mixture and
basses downwardly from the separation Zone 16
into a stripping zone 34 to be discussed more
fully hereinafter,

Vaporous reaction efluent containing a smal]
amount of entrained catalyst fineg 13 passed from

phase is formed. Condenser 19 may comprise g
single or g series of condensers or heat exchang-
€rs and is maintained at about 150° F. and un-
der the pressure brevailing in the last reaction
Zone. The liquid condensate, which is at g tem-
perature of about 150° F. or higher in accumu-
lator 21, is withdrawn from accumulator 2{
through conduit 22 and is passed to suitable sep-
arating and burification means (not shown) for
the separation and purification of organic prod-
ucts of the process, such as hydrocarbons and

‘OXygenated organic compounds.

According to g modification

and 26, heater 21, conduitg 29 and 3¢
to reaction zone 10. The uUncondensed vapors
comprising unreacted hydrogen and/or carbon
monoxide, carbon dioxide and relatively low bojl-
ing hydrocarbons, such as methane, propane, etc.,
are heated in heater 27 to a sufficiently high tem-.
berature so that, when they are either introduced
directly into the reaction mixture in zone {0
as is preferred or indirectly heat exchanged with
the reaction mixture in Zone 10, the temperature
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of the recycle gas and by lowering the partial
pressure of these organic compounds. Some
reaction may take place between the hydro-
gen, carbon monoxide and any low boiling un-
saturated organic compounds contained in the
uncondensed gases. In many instances it will
be undesirable to introduce all of the recycle
gas into reaction zone 0 through conduit 3t
and for this reason a portion of the recycle gas
is passed by means of a compressor (not shown)
through conduit 29 to the lower portion of con-
duit 4, as shown. All of the recycle may be
passed through line 29 to conduit 4, if desired,
without departing from the scope of this inven-
tion. A portion of the reaction effluent prior to
condensation may be introduced into reaction
zone 10 through conduits 32 and 26, heater 21,
conduits 29 and 3i. In many instances it will
be unnecessary when passing a portion of the
reaction effluent to reaction zone 10 to heat this
entire portion and, therefore, part of the recycle
reaction effluent may by-pass heater 27 by means
of conduit 28. A portion of the reaction effluent
recycle from conduit 32 may be combined with
the recycle gases from line 24, if desired.

All or a portion of the uncondensed vapors from
accumulator 2f may be removed from the sys-
tem through line 23 and passed to a recovery
system (not shown) for the recovery of hydro-

carbons and oxygenated organic compounds

therefrom as products of the process.

The separated catalyst passed from separa-
tion zone {6 to stripping zone 34 is deflected by
bafles 36 and further stripped of relatively high
boiling hydrocarbons and waxes by an upward
flowing gas, such as hydrogen, steam, recycle gas,
etc., introduced into stripping zone 34 through
conduit 37. The stripped catalyst is passed from
stripping zone 34 into a standpipe 38 from which
the catalyst is passed through g valve 41 to con-
duit 4. Valve 4! may be used to regulate the
circulation of catalyst. An aeration gas, such
as hydrogen, recycle gas, or fresh feed gas, may
be introduced into standpipe 38 through inlet

conduit 39. The weight of the catalyst in stand- j;

pipe 38 forces the catalyst into conduit 4 with-
out the use of other mechanical means when the
pressure in separating zone {6 and reaction zone
I8 is approximately the same as the pressure in
reaction zone 6. The pressure head in stand-
pipe. 38, which forces the catalyst to flow, is ob-
tained by virtue of the difference in densities in
the reaction zone and the standpipe.

When the apparatus of Fig. 1 is operated such
that the heat supplied to reaction zone {0 is
obtained from the sensible heat of the reaction
effuent from reaction zone 6 and from exothermic
heat from a portion of first stage and second
stage reactions effected therein without the ap-
plication of external heat, reaction zone 10 is
heavily lagged or lined with insulation material,
such as abestos, in order to retain the heat in
zone I0 and to afford a substantially adiabatic
system therein.

Fig. 2 of the drawing is another arrangement
of apparatus comprising multiple stage reaction
zones similar to Fig. 1 and will be discussed only
briefly. The synthesis gas comprising hydrogen
and earbon monoxide and containing entrained
catalyst passes through conduit 4 into tubes 1 of
reaction zone 6 and thence into reaction zone 0.

Reaction zone § is constructed similarly to the’

corresponding reaction zone in Fig. 1. Reac-
tion zone 18 of Fig. 2 corresponds to reaction zone
10 of Fig. 1 except it contains a bundle of tubes

(%73

10

20

60

65

70

75

10

5{ through which the reaction efluent from reac-
tion zone 10 passes. The outer shell of reaction
zone 10 forms an annular space 52 surrounding
tubes 5. The reaction efluent is removed from
reaction zone §0 through conduit 1{ and passes
to subsequent equipment previously described in
connection with Fig. 1 for separation of catalyst
and products of the process. In the modification
of the apparatus shown in Fig. 2 liquid Dowtherm
is passed from accumulator 57 through conduit (3
into annular space 8 of reaction zone 6. The
pressure on the annular space 9 of reaction zone
6 is such that the Dowtherm boils below the de-
sired reaction temperature in that zone whereby
the temperature of reaction is maintained at the
optimum by removing the exothermic heat of re-
action as latent heat of vaporization of the Dow-
therm liquid. Dowtherm vapor and liquid from
annular space 9 is removed therefrom through
conduit 12 and passed to an accumulator 57.
Dowtherm vapor from accumulator 57 is passed
to annular space 52 through conduit 54 by means
of a suitable low head compressor §5. Vapors
in conduit 54 may be preheated by means not
shown prior to introduction into annular space
52. In annular space 52 of reaction zone 10,
Dowtherm vapor at a higher temperature and
pressure than it was in annular space 9, gives up
its sensible and latent heat to the reaction effluent
in tubes 5{ and is condensed therein. Condensed
liquid and any uncondensed vapor are passed
from annular space 52 through a conduit 56 back
to accumulator §7. In accumulator 57 the pres-
sure is equalized. Any vapors formed by the
equalization of pressure and excess vapors from
annular space 9 are passed overhead irom ac-
cumulator 57 through a conduit 58 to a condenser
or waste heat boiler 59 in which the vapors are
cooled and condensed. Any uncondensed gases
are removed from the system through a conduit
61. Condensate from condenser or boiler §9 is re~
turned through a conduit 62 to accumulator 57
for recirculation. .

Since a somewhat lower velocity may be main-
tained in reaction zone 10 than in reaction zone 6,
tubes 51 are constructed of a larger diameter than
tubes 1, as shown. Reaction zone 10 may be heat-
ed or maintained at the desired temperature in a
similar manner as reaction zone 6, that is, by
maintaining a suitable heating liquid under pres-
sure at which it boils at the desired temperature.
The vapors then are removed from annular space
52, condensed and returned thereto. In this man-
ner several successive reaction zones may be main-

; tained at their desired temperature by using

Dowtherm under successively greater pressures
in each reaction zone such that the temperature
in each reaction zone is maintained at the de-
sired value. Various other modifications of cool-
ing and heating the various reaction zones of this
invention may be practiced without departing
from the scope of this invention.

Certain valves, coolers, heaters, pumps, etc.
have been omitted as a matter of convenience and
their use and location will become obvious to
those skilled in the art. The size and length of
certain conduits of Figures 1 and 2 of the draw-
ing are not proportional to the amount of fiuid
passing therethrough and the distance travelled
but are merely diagrammatical. It is not in-
tended to limit any particular location of inlets
and outlets as shown in the drawing, for example
recycle may be introduced through conduit 29
into conduit 4 before or after the introduction
of catalyst therein without departing from the
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scope of this invention. The example and theory
in connection with this invention are offered as
illustration and should not be construed to be un-
necessarily limiting.

Ezxample

The following example illustrates a commercial
application of the present invention to the hydro-
genation of carbon monoxide to produce hydro-
carbons having more than one carbon atom per
molecule and oxygenated organic compounds.
The production of such organic compounds is ef-
fected 'in two successive reaction zones through
which a gaseous reaction mixture containing an
entrained finely divided iron catalyst flows.
Fresh feed is introduced into the first of the two
reaction zones and passes upwardly therethrough.
The first and second stage reactions heretofore
described are effected in this first reaction zone.
The effluent from the first reaction zone passes
upwardly through the second reaction zone in
which the so-called third stage reaction is ef-
fected. Catalyst and gaseous components are
removed together from the upper portion of the
second reaction zone for the separation and re-
covery of catalyst and products. -

The fresh feed rate is about 2,920,000 standard
cubic feet per hour (8. C. F./hr.) of synthesis
gas having a 1.4:1 H2:CO ratio and an approxi-
mate composition as follows:

. ‘Components: Mol per cent
Na -— 11

- C 52.7

" CO - - 376
CO2 — 6.9

CHa 1.0

H0 : -~ 07
100.0

The synthesis pressure is approximately 250
pounds per square inch gage in both reaction
zones and the average temperatures in the first
and second reaction zones are about 575° F. and
625° ¥, respectively. About 40 per cent of the
heat necessary to maintain this temperature dif-
ferential is adiabatic reaction heat and the re-
mainder is obtained by injecting heated recycle
gas. Circulated catalyst is stripped with hot re-
cycle gas which further raises the catalyst tem-
perature to 630° F,

The catalyst circulation is approximately
2,000,000 pounds per hour, sufficient to provide a
net catalyst loading in the transfer line of ap-
proximately 3.5 pounds per cubic foot of gas at
flowing conditions. The composition of the cir-
.culated catalyst is approximately as follows:

Component: Welght per cent
Oil and wax -— T4
Carbon _____ — —— - 268
Total iron - 588
Oxygen (by difference) - 7.0
100.0

In additlon to the above constituents the cata-
lyst also contains minor percentages of promot-
ing and stabilizing agents. The oxygen is as-
sumed to be in the form of ferrous oxide.

The reactor effluent is cooled to about 400° F.
and purified of entrained catalyst by an oil
scrubbing operation after which the uncondensed
vapor is further cooled to about 150° F. At this
point a recycle gas stream is segregated from
the net gas, oil, and aqueous product streams,

10

15

20

30

35

40

45

50

66

a0

a5

70

({3

12
This recycle gas amounts to 5,140,000 8. C. F'./hr.
and has the following approximate composition:

Component: Mol per cent
CHqy - 6.8
Cz2H4 25
C:z:Hs 11
C3Hs 2.2
C3Hs 0.3
CsHs - 12
CsHio 0.1
Cs 10
Ce+ 1.0

Total hydrocarbons _.________________ 16.2
N2 e 2.6
= C 304
Cco . 8.8
COz i __ 39.6
O . 14
Oxygenated Compounds _.______________ 1.0

Total --100.0
The disposition of the recycle gas is as follows:

8.C.F./hr.

(a) To first reaction zone (mixed with

synthesis gas) ... ___________ 2,060,000

(b) To second reaction zone (heated to

~ 840° F.) 2,400,000

(¢) To stripper (heated to 840° F.) ___ 680,000

A two-stage centrifugal compressor is used to
supply pressure head for overcoming friction in
the recycle circuit. ‘The part which is mixed
with the synthesis gas (stream a) is withdrawn
at the interstage of the recycle compressor be-
cause 1t requires less pressure than the remain-
der, which goes through a fired furnace.

The gas for recycling to the second reaction
zone and to the stripper is heated to about 840°
F. in a furnace which has a duty of 61,500,000
B. t. u/hr. Compared with a synthesis system in
which recycle gas is not heated, this duty is
recovered as additional steam generation from
the cooling surface surrounding the first reac-
tion zone.

The first reaction zone comprises 1050 steel
tubes 2.0’ O.D, x 36’-0''x1;,"’ average wall. The
Inlet velocity is approximately 9 feet per second
and the outlet velocity somewhat less because of
the volume decrease in the course of the reaction.
The residence time for gases and vapors in this
zone is about 5 seconds, and for catalyst a little
longer than 5 seconds because of slippage. Al-
though the net catalyst loading is about 3.5
pounds per cubic foot, the combined effects of
volume shrinkage and slip cause the average
actual fluid density to fall in the range of ap-
proximately 7 to 10 pounds per cubic foot at flow-
ing conditions.

A heat quantity of approximately 106,500,000
B. t. u/hr. is removed from the first reaction
zone in order to maintain the desired low aver-
age temperature. This is accomplished by gen-
erating 120,000 pounds per hour of steam at 300
bounds per square inch gage pressure In contact
with the outside surface of the tubular elements.

The second, or high temperature, reaction zone
comprises essentially only the volume of the over-
head conduit from the first zone to a disengaging
vessel, which conduit is sufficient in length and
diameter to afford a contact time of about 1
second. Although it would be preferable to avoid
carbon monoxide conversion in the second zone,
under the conditions specified roughly 10 per cent
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of the total reaction heat will be liberated in
this zone.

The reaction efluent is passed to conventional
recovery units for recovery and separation of or-
ganic products of the process. The table below
indicates the approximate recovery of organic
compounds from the synthesis process on the
basis of barrels per stream day.

TABLE

Recovered products from synthesis reactor
B.P.S.D.
Propylenes ...-- — 290
Butylenes .- e —— 230

Equivalent to catalytic polymers by con- -
version of propylenes and butylenes._._. 3756
400° B. P. gasoline - 730
650° E. P. Diesel blending stock_ . ___ 155
Waxy bottoms — - 18

Oxygenated compounds, ‘(7,350 1b./hr.)

Having described my invention, I claim:

1. A process for hydrogenating carbon monox-
ide to produce organic compounds having more
than one carbon atom per molecule which com-
prises passing a gaseous mixture comprising hy-
drogen and carbon monoxide upwardly through
a plurality of elongated successive reaction zones,
entraining in said gaseous mixture a finely divided
metal hydrogenation catalyst comprisingironinan
amount between about 1 and about 18 pounds per
cubic foot of gas, maintaining the velocity of said
upwardly flowing gaseous mixture greater than
about 6 feet per second under conditions such that
& dense pseudo-liquid phase of catalyst is not
formed and such that the finely divided catalyst
continuously moves in the direction of flow of
the gases in said plurality of reaction zones, main-
taining the outlet-temperature in the first of said
plurality of reaction zones between about 450 and
about 600° F., maintaining an average tempera-
ture in the last of said plurality of reaction zones
between about 600° F. and about 700° F. and at
least 25 degrees above the outlet temperature in
the first of said plurality of reaction zones, main-
taining a pressure between about 80 and about
500 pounds per square inch gage in said plurality
of reaction zones, continuously withdrawing from
the upper portion of the last of said plurality of
reaction zones an effluent comprising organic
compounds and entrained catalyst, separating en-
trained catalyst from said effluent, recycling the
separated catalysf, and recovering organic com-
pounds from said effluent as products of the
process.

2. A process for hydrogenating carbon monox-
ide in the presence of a finely divided catalyst
to produce organic compounds having more than
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one carbon atom per molecule which comprises *

passing a fluid mixture comprising hydrogen and
carbon monoxide in a feed ratio between about
0.7:1 and about 1.5:1 containing entrained finely
divided metal hydrogenation catalyst comprising
iron through a plurality of successive reaction
zones under conditions such that organic com-
pounds are produced, maintaining in the first of
said plurality of reaction zones a linear velocity
between about 8 and about 40 feet per second, a
concentration of catalyst between about 1 and
about 25 pounds per cubic foot of gas and an
outlet temperature below about 600° F., main-
taining in the last reaction zZone a linear velocity
below about ~ feet per second and a concentra-
{ion of catai-st between about 35 pounds and
about 120 pounds, per cubic foot of gas, raising
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the average temperature in said last reaction zone
to a-value substantially above the outlet tem-
perature of said first reaction zone, maintaining
a pressure on said plurality of reaction zones be-
low about 500 pounds per square inch gage, re-
moving an efluent containing organie products
of the process from the said last reaction Zzone,
and separating organic products of the process
from said effluent, - ‘

3. A process for hydrogenating carbon monox-
ide to produce organic compounds having more
than one carbon atom per molecule which com-
prises passing a gaseous mixture comprising hy-

drogen and carbon monoxide upwardly through

a plurality of successive reaction zones under con-
ditions such that organic compounds are produced,
entraining in said gaseous mixture a finely divided
metal hydrogenation catalyst in an amount be-
tween about 1 and about 18 pounds per cubic foot
of gas, maintaining the velocity of said upwardly
Aowing gaseous mixture greater than about 6 feef
per second under conditions such that a dense
pseudo-liquid phase of catalyst is not formed and
such that finely divided catalyst continuously
moves in the direction of flow of the gases in
said plurality of reaction zones, cooling the first
of said plurality of reaction zones such that the
outlet temperature is below about 600° F., main-
taining the last of said plurality of reaction zones
under substantially adiabatic conditions such that
the average temperature thereof is at least 20
degrees above the outlet temperature in the first
of said plurality of reaction zones, maintaining
a pressure below about 500 pounds per square
inch gage in said plurality of reaction zones, con-
tinuously withdrawing from the last of said plu-
rality of reaction zones an effluent comprising
brganic compounds and entrained catalyst, sepa-
rating entrained catalyst from said effluent, re-
cycling the separated catalyst, and recovering
organic compounds from said efluent as products
of the process.

4. A process for hydrogenating carbon monox-
ide to produce organic compounds having more
than one carbon atom per molecule which com-
prises passing a gaseous mixture comprising hy-
drogen and carbon monoxide upwardly through
a plurality of successive reaction zones under con-
ditions such that organic compounds are produced,
entraining in said gaseous mixture a finely di-
vided metal hydrogenation catalyst, maintaining
the velocity of said upwardly flowing gaseous mix-
ture such that a dense pseudo-liquid phase of
catalyst is not formed and such that finely divided
catalyst continuously moves in the direction of
flow of gases in said plurality of reaction zones,
cooling the first of said plurality of reaction zones
such that the outlet temperature is below about
600° F., maintaining the last of said plurality of
reaction zones under substantially adiabatic con-
ditions such that the average temperature thereof
is at least 25 degrees above the ouflet tempera-
ture in the first of said plurality of reaction zones,
continuously withdrawing from the upper portion
of the last of said plurality of reaction zones an
efluent comprising organic compounds and en-
trained catalyst, separating entrained catalyst
from said efiluent, recycling the separated catalyst,
and recovering organic compounds from said ef-
fluent as products of the process.

5. A process for hydrogenating carbon monoxide
in the presence of a finely divided catalyst to
produce organic compounds having ‘more than-

75 one carbon atom per molecule which comprises




" 2,481,080

’ 15
Passing a gaseous mixture comprising hydrogen
and carbon monoxide in a feed ratio between
about 0.7:1 and about 1.5:1 containing entrained
finely divided metal hydrogenation catalyst com-
prising iron upwardly through two successive re-
action zones at a velocity greater than about 6
feet per second under conditions such that the
concentration of catalys} is between about 1 and
about 25 pounds per cubic foot of gas and organic
compounds are produced, cooling the first reaction
zone sufficiently to maintain the outlet tempera-
ture thereof below ahout 600° F., maintaining the

.pressure in said reaction zones below about 500
pounds per square inch gage, removing an eflluent
containing organic compounds and catalyst from
said second reaction zone, separating catalyst from
said efluent and recycling same to said gaseous
feed mixture, cooling and condensing said efluent
to separate normally liquid products therefrom
and recycling uncondensed vapors of said effluent
to the lower portion of said second reaction zone,
said recycled uncondensed vapors being heated to
such an extent prior to introduction into said sec-
ond reaction zone that the average temperature
of said second reaction zone is increased at least
25 degrees above the outlet temperature of said
first reaction zone. -

6. A process for hydrogenating carbon monox-
ide in the presence of finely divided catalyst to
produce organic compounds having more than
one carbon atom per molecule which comprises
passing a fluid mixture comprising hydrogen and
carbon monoxide containing entrained finely di-
vided hydrogenation catalyst comprising iron up-
wardly through two successive reaction zones at
a velocity greater than about 6 feet per second
under conditions such that the concentration of
catalyst is between about 1 and about 25 pounds
per cubic foot of gas and organic compounds are
produced, vaporizing a liquid by indirect heat
exchange with said first reaction zone under con-
ditions such that the outlet temperature of said
first reaction zone is maintained below about 600°
F., compressing and subsequently condensing the
vapors produced by indirect heat exchange with
said first reaction zone by indirect heat exchange
with said second reaction zone under conditions
such that the average temperature therein is at
least 25 degrees above the outlet temperature of
said first reaction zone, passing condensate from
said second reaction zone in indirect heat ex-
change with said first reaction zone, removing an
efluent from the upper
action zone, and separating catalyst and organic

. products of the process therefrom.

" 1. Apparatus for the synthesis of organic com-
pounds by the hydrogenation of carbon monoxide
in the presence of a fluidized finely divided metal
hydrogenation catalyst which comprises in com-
bination two interconnected successive reaction
chambers, a first conduit communicating with
the lower portion of the first of said reaction
chambers, a catalyst Separation chamber in which
catalyst is separated from a gaseous effluent, a
second conduit communicating between the upper
portion of the second reaction chamber and said
catalyst separation chamber, a standpipe com-
municating between said catalyst separation
chamber and said first conduit, a condenser, an
accumulator, means for passing g gaseous effluent
from said catalyst separation chamber through
said condenser to said accumulator, a branched
conduit communicating between said accumula-
tor and said second reaction chamber and said
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first conduit, and means for heating said branched
conduit, )

8. Apparatus for the synthesis of organic com-
bounds by hydrogenation of carbon monoxide
in the presence of g fluidized finely divided metal
hydrogenation catalyst which comprises in com-
bination two successive interconnected reaction
chambers, means for introducing a gaseous mix-
ture into the lower portion of said first reaction
chamber, means for removing a gaseous effluent
from the upper portion of said second reaction
chamber, means for separating finely divided cat-
alyst from an efluent from said second reaction
chamber, means for recycling said separated cat-
alyst to first reaction chamber, a first heat ex-
change means for indirect heat exchange between
a fluid and the reaction mixture in said first
reaction chamber, a second heat exchange means
for indirect heat exchange between a fluid and
the reaction—mixture In said second reaction
chamber, an accumulator, two conduits communi-
cating between said accumulator and the upper
and lower portions of saild first heat exchange
means, two conduits communicating between said
accumulator and the upper and lower portions
of said second heat exchange means, one of the
aforesaid conduits having a compressor therein
for the transfer of vapors from said accumulator
to said second heat exchange means, a condenser,
means for passing vapors from said accumulator
to said condenser, and means for passing con-
densate from said condenser to said accumulator.

9. A process for hydrogenating a carbon oxide
in the presence of g finely divided catalyst to
produce organic compounds which comprises
passing a fluid mixture comprising hydrogen and
a carbon oxide containing entrained finely di-
vided meta] hydrogenation catalyst through a
plurality of successive reaction zones under con-
ditions such that organic compounds are pro-
duced, maintaining in the first of said plurality
of reaction zones a linear gas velocity sufficiently
high such that the finely divided catalyst does
not form a dense bseudo-liquid phase and is con-
tinuously moved in the direction of flow of the
gases therethrough, maintaining in the last re-
action zone a linear gas velocity sufficiently low
such that a bseudo-liquid dense phase of catalyst
is formed therein, maintaining the average tem-
perature in sald last reaction zone at a value
substantially above the outlet temperature of
said first reaction Zone, removing an effluent con-
taining organic products of the process from said
last reaction zone, and separating organic prod-
ucts of the process from said effluent,

10. A process for hydrogenating g, carbon oxide
in the presence of g, finely divided catalyst to pro-
duce organic compounds which comprises passing
a gaseous mixture comprising hydrogen and a
carbon oxide containing entrained finely divided
metal hydrogenation catalyst through two suc-
cessive reaction zones under conditions such that
organic compounds are produced and at 3 suffi-
ciently high linear gas velocity such that gz
pseudo-liquid dense phase of catalyst is not
formed, cooling the first reaction Zone, removing
an effluent containing organic compounds and

said effluent to said second reaction zone, said
recycled uncondensed vapors being heated to such
an extent prior to introduction into said second
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reaction zone that the average temperature of
said second reaction zone is Increased at least
25° T, above the outlet temperature of sald first
reaction zone.

11. A process for hydrogenating a carbon oxide
in the presence of a finely divided catalyst to
produce organic compounds having more than
one carbon atom per molecule which comprises
passing a fluid mixture comprising hydrogen and
a carbon oxide containing entrained finely di-
vided hydrogenation catalysts through two suc-
cessive reaction zones under conditions such that
organic compounds are produced and at a linear
velocity sufficiently high to prevent the formation
of a dense pseudo-liquid phase of catalyst therein,
vaporizing a liquid by indirect heat exchange with
said first reaction zone, compressing and subse-
quently condensing the vapors produced by in-
direct heat exchange with said first reaction zone
by indirect heat exchange with said second reac-
tion zone under conditions such that the average
temperature therein is at least 25° F. above the
outlet temperature of said first reaction zone,
passing condensate from sald second reaction
zone in indirect heat exchange with said first
reaction zone, and removing from said second
reaction zone an effluent comprising organic com-
pounds as products of the process.

12, Apparatus for the synthesis of organic
compounds by the hydrogenation of carbon oxide
in the presence of a fluldized finely divided metal
hydrogenation catalyst which comprises in com-
bination two successive interconnected reaction
chambers, means for introducing a gaseous mix-
ture into the first of said reaction chambers,

means for removing a gaseous effluent from the

second of said reaction chambers, a first heat ex-
change means for indirect heat exchange between
a fluild and the reaction mixture in said first
reaction chamber, a second heat exchange means
for indirect heat exchange between the fluid and
the second reaction chamber, an accumulator,
two conduits communicating between sald ac-
cumulator and the upper and lower portions of
said first heat exchange means, two conduits
communicating between sald accumulator and
the upper and lower portions of said second heat
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exchange means, & condenser, means for passing .

vapors from said accumulator to said condenser,
and means for passing condensate from said con-
denser to said accumulator.

13. A process for hydrogenating a carbon oxide
in the presence of a finely divided metal hydro-
genation catalyst to produce organic compounds
which comprises passing a gaseous mixture of
hydrogen and a carbon oxide containing en-
trained finely divided catalyst therein through =
plurality of successive reaction zones under condi-
tions such that organic compounds are produced,
maintaining the velocity of gases passing through
- the first reaction zone suficiently high such that
s pseudo-liquid dense phase of catalyst is not
formed and such that catalyst continuously moves
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in the direction of flow of the gases therethrough,
and maintaining in one of said reaction zones
subsequent to said first reaction zone an average
temperature at least 25° P. above the outlet tem-
perature of said first reaction zone and a partial
pressure of the organic products produced sub-
stantially lower than in said first reaction zone.

14. A process for hydrogenating a carbon oxide
in the presence of a finely-divided catalyst to
produce organic compounds which comprises
passing a gaseous mixture comprising hydrogen
and a carbon oxide containing finely-divided
hydrogenation catalyst through a plurality of
successive reaction zones under conditions such
that organic compounds are produced and at a
sufficiently high linear gas velocity such that a
pseudo-liquid dense phase of catalyst is not
formed, removing an effluent containing organic
compounds and finely-divided catalyst from the
last reaction zone, recycling a portion of said
effuent to the last reaction zone, said recycled
portion of the efluent being heated to such an
extent prior to introduction into said last reaction
zone that the average temperature of said last
reaction zone is at a value substantially above the
outlet temperature of the prior reaction zone,
and separating catalyst from said efiuent and
recycling same to the first reaction zone.

15. Apparatus for the synthesis of organic com-
pounds by the hydrogenation of a carbon oxide
in the presence of a finely-divided metal hydro-
genation catalyst which comprises in combination
a plurality of interconnected successive reaction
chambers, a first conduit communicating with
the first of said reaction chambers, a catalyst
separation chamber in which catalyst is separated
from vapors, means for passing a vaporous efflu-
ent containing finely-divided catalyst from the
last of sald reaction chambers to said catalyst
separation chamber, means for passing separated
catalyst from said separation chamber to said
first. conduit communicating with said first reac-
tion chamber, 8 condenser, means for passing a
vaporous effiuent from sald catalyst separation
chamber to sald condenser, a branched conduit
communicating between said condenser and said
last reaction chamber and said first conduit com-
municatjng with said first reaction chamber, and
means for heating said branched conduit.

NORMAN L. DICKINSON.
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