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This. invention relates. to: the synthesis of or-
ganic compounds: In.one aspact this invention
velates t0. the: hydrogenation of an. oxide of car-
bon under conditions such that organic com-~
pounds: having more than one carbon atom per
molecule. are: preduced:. In: another aspect this
invention relates to a. method and apparatus for
thie synthesis of organic compounds. by the. hy-
drogenation: of: carbon.monoxide with a relatively
low ratio of hydrogen to. carbon rmonoxide in
the presence of a: finely-divided. powdered cat-
alyst..

It has:been known-for some:time that hydrogen
and: carbon monoxide may be made to react exo~
thermieally: in the presence of certain catalysis
and under: specific: reaction. conditions to form
hydrocarbons and oxygenated organic com-
pounds having. more than one:carbon.atom. per
molecgle. In general, the synthesis of hydro-
carhons by the hydrogenation of cerbon rmon-
oxide is accomplished in the presence of a.metal
or: an oxide of a metal chosen from group VIII
of the periodic: table as a. eatalyst. at pressures
Ielow about. 500  pounds per square: inch gage
and at temperatures below about 750° F.

Various- methods have: been practiced to.effect
the reaction of hydrogen and earbon monoxide
to produce organic compounds. Among these
methods are those known as fixed-bed. catalyst
operations and fluid-bed. eatalyst operation. The
fixed-bed; operation: comprises passing a.reaction
mixture of hydrogen and carbon. monoxide
through a. stationary bed of catalyst in. a. reac-
tion zone,. and the fluid-bed operation. comprises
passing a reacticn: mixture through. a finely-
adivided: catalyst mass. suspended in the reaction
mixture in the reaction zone. Characteristically,
certain reaction conditions. are necessary for each
of: these processes. and . for the particular. catalyst
used. ‘

The: syathesis feed gas or reaction: mixture
comprises: & mixture: of about: 1 to 2 mols.of hy-
drogen per mol of carbon monoxide. and. may be
prepared by the catalytic. conversion. of natural
gas; steam, and' carbon. dioxide.

Trie most recent development in- the synthesis
of organic compounds from hydrogen and carbon
monoxide has been in' the- fluid-bed type oper-
ation: 'This type of' operation: has had: several
apparent advantages over the fixed-bed oper-
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ation and has yielded organic compounds of high
quality and iu large quantity. Ia such a.fluid-
bed operation at a temperature of about 600° F.
ahd at super-atmospheric pressures. using:a;fluid-
ized iron catalyst, a contraction of- about 41 per
cent to:about 70 per cent and a carbon monoxide
disappearance of ahout 85 per cent to:about 100
per-cent have besn observed. The: selectivity: of
the reacticn indicates that about 25. per-cent to
about 40 per cent of the CO is converted to COg,;
and oil'and water yields of about.100 to 130 cc.
per cubic meter and about 60:t0. 120 cc. per cubic
meter, respectively, are ohtainable:

Even' in view of the relatively good:results ob-

5 tained by the: fiuid-bed type operation: certain

inherent disadvantages have been found: In
such fluid-bed: operations in: which: the catalyst
is. suspended- in the reaction gas; classification
of the: catalyst often. cceurs. There isi also- a
tendency. for the fluid bed to settle after extended
use-of the catalyst. due to wax and carbon.ac-
cumulation on the catalyst. These: tendencies
have: required. certain: design: considerations. in
maintaining: certain distances between the heat
transier surfaces. Furthermore, special’ con-
sideration-must be made for the removal of heat
liberated’ ini- the reaction, and with finid~hed
operation- specially constructed apparatus is
necessary for the removal of such heat with at~
tention: directeg’ to the fiuidized catalyst itself.
It is much to be desired; therefore, to- provide
a process and apparatus whicli overcome these
difficulties, at least partially.

It is an. object of this invention to provide a
process for the synthesis of organic compounds
having more than. one carbon. atom. per mole-
cule.

It is another object of. this invention to pro-
duce - hydrocarbons and. oxygenated corapounds
by-the reaction cf carbon monoxide -and-hydrogen
in-the presence of a. hydrogenation catalyst:

£nother object: of this invention: is: to: provide
an improvement in the synthesis of hydroearbons
in: the presence of a. finely-divided: fluidized
catalyst: in the reaction mixture.

Still. a further objeet. is: to. provide a method
for the synthesis of hydrocarbons using a. rela-
tively low feed ratio:of hydrogen:to carbon mon-
oxide. ‘
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Still another object is to provide a fluidized
process for the hydrogenation of carbon mon-
oxide in which the catalyst life is extended and
prolonged.

Various other objects and advantages will
become apparent to those skilled in the art from
the accompanying description and disclosure.

Much to our surprise, we have found that an
oxide of carbon may be hydrogenated to yield
organic compounds having more than one car-
bon atom per molecule in the presence of a
finely-divided hydrogenation catalyst which is
present in the gaseous reaction mixture in a
much smaller amount than heretofore thought
possible. We have found that a catalyst con-
centration in the gaseous reaction mixture of
less than about 18 pounds per cubic foot of gas
is adequate to carry out the reaction between
hydrogen and carbon monoxide with a com-
parable yield of products to other synthesis proc-
esses using a much larger concentration. Fur-
thermore, the contact time between catalyst and
reactants in the reaction zone is less than 5 sec-
onds per pass, usuaily between about 0.5 and
about 3 seconds. Contact time is defined as the
time of contact of the synthesis gas with catalyst
per pass. To effect the reaction in the presence
of a finely-divided iron catalyst present in the
reaction mixture in the amount heretofore de-
scribed, according to an embodiment of this in-
vention a reaction mixture of hydrogen and car-
bon monoxide is passed upwardly through an
elongated, substantially vertical, reaction zone
at a velocity greater than 8 feet per second and
as high as 40 feet per second, although velocities
as low as 5 or 6 feet per second may be used
under certain conditions without departing from
the scope of this invention.

At such velocities, the finely-divided hydrogen-
ating catalyst, such as iron, is entrained or sus-
pended in the reaction mixture in an amount
between about 1 and about 18 pounds per cubic
foot of gas and forms a continuous catalyst
phase in the reaction zone. In some cases a
concentration as high as 25 pounds per cubic
foot is dssirable but preferably lower concentra-
tions are used. The reaction mixture and the
catalyst which is entrained in the flowing gases
are passed through the elongated reaction zone
and are removed from the upper portion thereof
together after less than about 5 seconds of resi-
dence therein. According to this invention, the
catalyst is entrained in the reaction mixture in
the reaction zone and flows therethrough in the
direction of flow of the gases under conditions
such that the conventional dense, pseudo-liquid
catalyst phase is not formed.

In conventicnal fluid-type operations the cata-
lyst forms a so-called “dense phase catalyst bed”
in the reaction zone and consequently remains
largely in the reaction zone itself until removed.
Actually, two phases are formed in the reaction
zone, g dense catalyst phase in the lower portion
and a dilute phase having only a small amount
of catalyst in the upper portion. The concentra-
tion of catalyst in such a dense phase is at least
25 pounds or 35 pounds per cubic foot of gas
and usually between 50 pounds and 120 pounds
per cubic foot. :

It has been found in operating with a continu-
ous catalyst phase according to this invention
that a hydrogen to carbon monoxide feed ratio
as low as 0.7 to 1 can be used with success. This
ratio will vary from about 0.7 to 1 to about 1.5
to 1 and higher ratios may be used, if desired,.
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4
but in any event the ratio is less than that gen-
erally required in conventional fluid-bed opera-
tions.

The catalyst employed in the present inven-
tion is a finely-divided powdered catalyst of a
metal or metal oxide which is or becomeg in the
reaction zone a catalyst for the hydrogenating
reaction. Finely-divided metallic iron or iron
oxide or a mixture of metallic iron and iron ox-
ide are an example of the catalyst employed in
this invention. Preferably, a metallic iron cata-
iyst is used in the finely-divided form. Other
metals and metallic oxides may he employed
which are effective in catalyzing the hydrogena-
tion of carbon monoxide, such as cobalt, nickel,
and other metals of group VIII of the periodic
table. While the catalyst powder usually consists
of such catalytic metals or their oxides, it may
also include a minor amount of promoting in-
gredients, such as alkalies, aluminag, silica, titania,
thoria, manganese oxide, and magnesia. Also,
the catalyst may be supported on a suitable sup-
port, such as a bentonite type clay, silica gel,
“Super Filtrol” and mixtures of these supports.
In the following description, catalyst powders
consisting of a metal and/or a metal oxide and
containing at most a minor proportion of pro-
moters are referred to as finely-divided metal
catalyst. '

The exact chemical condition of the catalyst in
its most active form is not certain. It may be
that the active form is present when the metal
is at an optimum degree of oxidation and/or car-
burization; consequently, a metallic iron catalyst
which is in a reduced condition when first con-
tacted with the reactants may reach its state
of highest activity through being oxidized and/or
carburized in the reaction zone. Therefore, in
this specification and claims, the catalyst em-
ployed is described by reference to its chemical
composition when first contacted with the re-
actants.

The catalyst is employed in a fine state of
subdivision. Preferably, the powdered catalyst
initially contains no more than a minor propor-
tion by weight of material whose average parti-
cle diameter is greater than 250 microns. The
greater proportion of the catalyst mass, pref-
erably, comprises a material whose average par-
ticle diameter is smaller than 100 microns in-
cluding at least 25 weight per cent of the mate-
rial in a particle size smaller than 40 microns.
An example of a desirable powdered catalyst is
one which comprises at least 75 per cent by
weight of material smaller than 150 microns and
at least 25 per cent by weight of materials smaller
than 40 microns.

The temperature of reaction for the hydro-
genation of carbon monoxide is generally be-
tween about 300° F. and about 750° F. With a
metallic iron catalyst, temperatures between 450°
F. and '750° ¥, are usually employed. With a co-
balt catalyst usually a temperature below 540°
F. is sufficient for the hydrogenating reaction.
Generally, the pressures employed are somewhat
above atmospheric and range from about 10
pounds to as much as 500 pounds per square inch
gage, preferably between about 80 pounds and
about 300 pounds per square inch gage.

In effecting the reaction it may often become
necessary to cool the reaction zone to maintain
a relatively constant temperature. Various
methods of cooling the reaction zone itself, such
as by external cooling means or by injection of
a cooling medium directly into the reaction mix-
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ture, may- be- practiced: without: departing: from:
the scope-of this-invention: Furthermore; ibmay.
often become necessary to preheat the-reaction:
mixture: prier- to- entiy- into: tlie- reaction. zone,
and-also the.catalyst may be:preheated:before:in~
troduction into .the:reaction mixture. However,
the: cocling - and’ preheating: are: factors: which:
will: be- characteristic. oft the:particular apparas=
tus:-being used and:the particular:conditions uns.
derwhich.thereaction:is effected.

Generally, the-reaction: zonme: itself: will: com--
prise: a: single- or: &, multiple: number: of conduits:
or: tubes. of: an: inside: diameter- between. about.
liinchsand:-about 6.inches.. Preferably:the diams.
eter: ofi the reaction-tubes iscbetween about. 1 ineh.
and: about.2:5 inches.. It is Known.that the di-
ameter-of the tube is:of considerable importance:
when. entraining a:cataiyst.in:the reaction mix:.
ture: since: the: wall' efectiof - the: tube:itself; has:
a: considerable: effect on: the: disposition: of: the:
catalyst in the reaction: stream:. Consequently,,
it; has: been. found: that. generally: the: reaction
tube-size:should:be:belowrabout:2:5: inches in:di--
ameter: for -optimum:. operations. However, with:
certain: catalysts: and; with: certain: conditions:
of :operation; tubes:or-reaction zones much:larger:
in; diameter-may, be used;. From the:standpoint

cf: copling: the: reaction: zone,. smaller: tubes:are.

also: desirable. since: they: present: larger heat
transfer- surfaces.

According 1o a .preferred: embodiment: of: this:
invention, & fresh feed gas having a hydrogen to
carbon monoxide: ratio: higher: than the ratio in:
which these:compounds; are: converted: to. other:

compounds-isiemployed-and:theratio. of:hydrogen: o

to:carbon: monoxide: in the: reaction zone itself

may-he:inereased- above the ratio:in tlhie:feed gas:
and:to:a .desired-value:by reeycling: a: porticn - of:
the-unconverted gas:from:-the-reaction zone; after:
removal of: ar.part-or;-all of:the normally:liguid:
product: by: condensation: A.ratio:of- hydrogen

to:carbon monoxide-in:the:fresh feed gas is:used

in:whieh-only a-portion:of:the hydregen is-.con-
verted:to products:of the process: A portion:of-
the: effivent:after removal :of:the:greater:part.of:
the lguid product-is:recycled #o the reaction zone:

i a::volumetric ratio: of recycle: to fresh: feed gas:

ofr-about 0.5:1 to about:10:1, generallyabout 1:1:
to-about:5:1.0r: 6:1:

this process may -be:maintained at-about 1: 1 with~
out detrimental effect on the synthesis reactiomn:.
The-ratio:of hydrogen-to carbon: monoxide in:the
fresh- feed itself:may: be considerably lower than
in. the  reaciion: zone:and: usually.: ranges- ffom
about-0:7:1 te-about: 1:5:1. For very low feed.
ratios of less than-0.8:1 the:ratio in the:-reaction:
zone:itself may-be even-less than-the feed ratio

a3-a: result’ of 'the: consuraption of‘hydrogen rel--

ative .to- carbon monoxide being greater than the
feed ratio.. Once-through operations:without:re=
cycle;-although not ‘generally: used,.are within the:
scope.of this invention:

The linearvelocity-of ‘thie:gaseous reaction mix=.

is:conveniently expressed: in-terms-of superficial"

velooity;: which - is:the :liniear- velocity: the: feed:

stream. would assume-if ‘passed through" the:re-
actor in-the -absence .oficatalyst, and 'takes into
aceount:the: shrinkage-in volume:-caused:by. the:
hydrogenation- reaction. As- previously- stated;

these superficial: velocities are-above-about:8-feet-
per-second,’ preférably- above about-12 féet per-
second; andmay be as high' as-40°feet per second’

The:-ratio.of : hydrogen: to:
carbon:; monoxide inv:thesreaction: zene -itself: is: 50
usually about:1:1:to-about 3:1" ang:according to

5.,
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or-higher without' departing from: the scope of:
this-invention. The-superficial:linear velocity:is-
calculated‘from.the arithmetic average of the gas:
rate at the-bottom and: top of the reaction.zone:
The latter: is: arrived: at by correcting: the: outlet:
gas' volume: for: water and: hydrocarbons.- con-
densed in-thereceivers; with corrections for pres-
sure: and: average: catalyst:temperature. Con-
tact: times are:calculated by dividing the length:
of the reaction zone by the superficial velocity.

Thie: concentration:of the catalyst: inn:the gas-
eous: reaction mixture: in: the: reaction zone: is:
usually léss:than about: 18.pounds: per'cubi¢ foot:
of’ gas,; angd! preferably between: about: 3 pounds.
and’ about’ 12: pounds-per: cubic-foot. The-actual:
concentration reguired in: the-above: range will:
depend to-a- certain:extent-upen the amount of’
inert gaseinthe reaction zone: and also upon: the:
aecumulation:offcarbon:and wax. on>the-catalyst:
particles as-the:operation:proceeds: The aceus-
mulation:of! wax and’ carbon on the catalyst.de=.
creases: the: weighit' of* catalyst per: cubic foot: of
gas thus the above values represent the-extreme:
limitsand'may. vary:in-accordance with this:dis-
cussion.

Althoughithe-invention has been deseribed with:
reférence-to-an upwardly-fiowing ‘gaseous stream:
of‘reactants-and catalyst, it should be understood:
that'the catalyst-andireactants may:fow together:
downwardly, horizontally; or- even: angularly,
through-a- reaction: zone-without: departing: fiom:
the seope of ‘this invention. Important require--
ments-of: this  invention: are: that' the weight' of:
the catalyst per cubic foot of ‘gas and the-contact:
time beswithin the limits previously ‘diseussed. It
has been: found that' by upward flowing: of’ gas-
through ar substantially: vertieal reaction zone the
weight: of “catalystiper-cubic foot-of gas and the:
reaction-time -can Be:controlléd conveniently and’
accurately and' for- one -reason: is the preférable:
method ‘of operation.

In operating a- synthesis:process according ‘to:
this-invention with an-iron-catalyst'and’at a tem--
perature-between:-about'550° F: and- about 6502 F.*
at- relatively low super-atmospheri¢ pressures-a-.
contraetion of about 25°to :about:85 per cent has-
been-observed. The carbon monoxide disappear-
anceis:about 70 per-cent-to about 88 per cent-and:
the-selectivity~ of* the ‘reaction-illustrated by the:
conversion- of”carbon - menoxidé-to-carbon: diox-
ide: is-about- 15 per-cent to:about' 35:per-cent;
Condensed oil’ and water yields of’about:30-to:
about 100 and ‘about 80 to about' 175 ce. percubic:
meter of fresh- feed gas, respectively, are: ob-
tainied" by~ operating - accordinig- to the present:
brocess-and may-contain-appreciable guantities:.
of organic chemicals: .

Certain - particular advantages of the- present:
process: have: beenobserved: One: of 'these ad:
vantages which'is of ‘great-importance is the:fact:
that a relatively low-hydrogen ‘to carbon monox-~-
ide-feed ratio carvbe utilized and-as-a- result:a:
proportionate: decrease:inrthe cost-of ‘the produc-
tion -of ‘hydrogen'is-effécted: . Attheextremely
high velocity: capable of ‘being used By ‘the pres--
ent process-and ‘apparatus much less catalyst is
used and ‘much greater efficiency of heat trans-
fer-is-obtained. Furthermore; temperature con=-
ditions - can: be “easilyand- readily ' controlled  at
such high- velocities  and 'at such“short: contact
times. By the-useof ashort contact time higher:
seléctivity  can be obtained' as- the' result of  de-
creased ‘side reactions, such' ag over-polymeriza~-
tion: Less-than 8 per-cent per-week wax accu~
mulation on the-catalyst has-been-observed with:
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the present method which compares with as
much as 23 per cent per week wax accumulation
with a low velocity fluid-bed type operation. Car-
bon deposits upon the catalyst have also been ob-
served to be much less than those observed in low
velocity operations. A carbon deposit of less than
about 2 per cent per week for the present process
as compared to above about 5 per cent per week
for the low velocity process has also been ob-
served.

As a result of high velocity and increased heat
transfer, it is possible to use much greater tem-
perature gradients between the catalyst and a
cooling medium, if one is used, with the present
process. In the low velocity fluid-bed operation
a temperature difference between coolant and
reaction mixture between 10° F. and 100° F. is
conventional. However, with the present process
a gradient considerably in excess of 100° F. is
possible. Also, relatively cold gas feed may be
employed to the reaction zone. Mixing is so
rapid under such conditions that no deleterious
effect is observed.

The invention will be described further by ref-
erence to the accompanying drawings which are
views in elevation, partly in cross-section, of
suitable apparatus for carrying out the process
of the present invention. Fig. 1 of the drawings
is an elevational view diagrammatically illus-
trating a reaction zone and suitable auxiliary
equipment for carrying out one embodiment oi
the present invention. Figures 2 and 3 of the
drawings are other reaction chambers embody-
ing the essential features of the present inven-
tion and may be substituted for the reaction
chamber shown in Fig. 1 of the drawings.

In Pig. 1 of the drawings 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 ex-
ample, a suitable source of hydrogen and car-
bon monoxide is the conversion of steam, carbon
dioxide, and methane in the presence of a suit-
able catalyst, such ag nickel. The resulting mix-
ture of such a conversion usually contains sul-
phur and sulphur compounds, and the gas is
preferably purified to remove such compounds
therefrom. If @ sulphur resistant catalyst is
used the purification step is unnecessary. After
purification in conventional manner known to
those skilled in the art, the mixture of hydrogen
and carbon monoxide is introduced into the
lower end of a 26 foot length 1 inch diameter
conduit or tubing 8 of Fig. 1. Conduit 8 is a
curved conduit which has a major portion there-
of positioned substantially vertically. Conduit 8
is also lagged. The gaseous reaction mixture is
passed upwardly through conduit & and catalyst
from a standpipe 10 is introduced into the flow-
ing gaseous stream in the lower portion of con-
duit 8, as shown. The velocity of the gas in con-
duit 8 is maintained above about 8 feet per sec-
ond in the vertical section in order to prevent
the formation of a pseudo-liquid dense phase of
catalyst in the vertical section of the conduit,
but instead to form a continuous catalyst phase
of relatively dilute concentration. Usually the
velocity of the gaseous stream in conduit 8 is be-
tween about 12 and about 40 feet per second and
at such velocities the catalyst is entrained in the
gaseous stream and passes overhead into the
upper portion of standpipe 10 with the gaseous
stream itself. Since a continuous catalyst phase
is present in conduit 8, the amount of catalyst
taken overhead into the standpipe is approxi-
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mately equivalent to the amount of catalyst in-
troduced into the lower portion of conduit 8
from standpipe (0.

Standpipe 10 comprises two substantially ver-
tical, concentrie, extra heavy steel pipes; an out-
side pipe [l and an inside tubing {0. The out-
side pipe Il is welded at its ends to the inside
tubing 10 to form an enclosing jacket which may
be filled with a liquid as a cooling or heating
medium. The cooling or heating medium is in-
troduced into the annular space formed by the
two concentric pipes through line (2 and may be
withdrawn therefrom through line 15. In some
instances the cooling or heating medium may be
introduced through line {5 and removed through
line 12, if desired. In another embodiment
where the liquid introduced into the annular
space is evaporated therein and the latent heat
of evaporation is used to cool the catalyst, liquid
is introduced through line 12 and vapors are
removed, also through line (2.

Catalyst passes from conduit 8 into a conical
section 14 which has a larger diameter than con-
duit 8 and thereby the velocity of the gases are
diminished and the catalyst separates from the
gaseous stream and flows downwardly into con-
duit 10. A slide valve 13 in the lower portion of
standpipe regulates the flow of catalyst from
conduit 10 into conduit 8. ‘The upper end of con-

‘duit {0 is connected by means of a conical sec~

tion 14 to an enlarged conduit i6. Conduit i6
facilitates the disengagement of the catalyst
from the gas stream after the passage of the lat-
ter into conical section 14. Conduit 16 is con-
nected by means of manifold 17 with conduits 18
and {9. Conduits 18 and {9 contfain ceramic fil-
ters 20 and 21 which are constructed of porous
material, such as alundum, permeable to the
gases and vapors emerged from conduit 8 but
impermeable to catalyst “fines” entrained in the
gaseous effluent. Filters 20 and 21 are cylindri-
cal and are closed at the bottom ends. A sub-
stantial annular space is provided between the
wall of the filters and the wall of the enclosing
conduit for the passage of gases and vapors and
entrained catalyst upwardly through the annu-
lar space between the filters and conduits 18 and
19. The upper ends of filters 20 and 21 are
mounted inside conduits 18 and i9 by means of
enclosure means 22 and 23. The gases and
vapors must pass through either or both filters
20 and filter 2{ to reach outlet conduits 24
and 26.

Union of the various conduits in the upper
portion of the standpipe 10 is made by welding.

When using a metallic iron catalyst in a finely-
divided state, usually between about 40 and about
150 microns, the temperature of reaction in con-
duit 8 is between 550° F'. and about 650° F. A pres-
sure of about 80 pounds per square inch gage has
been found to be quite satisfactory. However,
various pressures above and helow this may be
used without departing from the scope of this in-
vention. With a velocity greater than 10 feet per

5 second in conduit 8 the reaction time is less than 3

seconds per pass. Operating at a gas velocity of
about 15 feet per second in conduit 8 a loading of
about 6 pounds of catalyst per cubic foot of gas en-
tering conduit 8 will produce a concentration of
about 12 pounds of catalyst per cubic foot of gas

" in the vertical section of conduit 8. Similarly, if

75

the loading is cut to about 4 pounds per cubic foot
of gas the concentration of eatalyst in the vertical
section of conduit 8 is about 8 pounds per cubic
foot. In all cases the velocity of the gas passing
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through conduit 8 is maintainedabove about 5 or. 6
feet per second in order ‘to prevent a formation
of a dense pseudo-liguid phase of -catalyst and
to assure a continuous phase of catalyst in con-
duit 8. Tn operating at such high velocities the
catalyst is entrained in the gaseous mixture and

flows from the lower portion of conduit 8 to the

upper portion thereof and settles or .separates
from the gaseous mixture in conical section 14
and enlarged conduit 16. The gaseous portion
-of the mixture from conduit 8 flows upwardly
through the filters 20 and 21 and into the respec-
tive outlet conduits 24 and 26. Separated cata-
lyst flows downwardly through conduit 18 and
by the regulation of valve 13 is introduced into
conduit 8 at the desired rate. The density of the
catalyst in conduit 10 is usually about 50 pounds
to 110 pounds per cubic foot of volume.

In some instances, the heat of reaction may be
removed by cooling the catalyst and using the
'sensible heat of the catalyst as a means for cool-
ing the reaction mixture in the reaction zone.
To accomplish this end, the catalyst in this par-
ticular apparatus may be cooled in conduit {0 by

introducing a liquid, such as water or.Dowtherm, 2

through conduit 42 into the annular space be-
tween concentric conduits {0and 1. The evapo-
ration of the water or Dowtherm. in the annular
space removes & large portion of the heat in the
catalyst. The cooled catalyst is then intreduced
into conduit 8 for recycling threugh the reaction
.Zone or conduit'8. Conduit 8 may be cooled di-
rectly itself by indirect ‘heat exchange (not
shown) without departing .from the scope of this
invention. Various other methods known to
those skilled in the art may be used to cool either
the reaction mixture in conduit & or the catalyst
in conduit 10 without departing from the scope
of this invention.

Since the pressure differential between just
below slide valve 43 and the upper portion of
reaction zone 8 may vary to a considerable ex-
tent, it is necessary to control slide valve 13 to
compensate for the pressure -differential in -order
to obtain a constant flow of catalyst from starnd-
pipe {8 into conduit-8. This control of slide valve
13 is obtained by connecting a -differential pres-
sure recorder 28 by means-of -conduits 27-and 29
15 the upper and lower portions of standpipe 19,
‘as shown, and transmitting changes in pressure
differential to slide valve 13 by means-of element
31 so that when the pressure differential is in-
creased valve {3 is closed slightly and when the
pressure differential 'is decreased wvalve 438 is
opened slightly. The concentration of the cata-
lyst per cubic foot of gas in the vertical section
of conduit § may he determined by connecting
a -pressure differential recorder (not shown) -on
the vertical section of conduit -8 and ealibrating
the recorder readings in terms of concentration
of catalyst. The gaseous effluent from either con-
duit 18 or 49 is-passed through filters 20 and 21
into -outlet conduit 24 and 28, respectively.
Usually only cne outlet .conduit is used at a-time.
Thus, for example, the gaseous efluent passes
through outlet conduit 24 to conduit-38, threugh
condenser 34 where the effuent is‘cooled to-about
40° T. at operating pressure -and then passed to
accumulator 38. In accumulator 386, gasecus
components are separated from liquid -eompo-
nents of the cooled efluent. Uncondensed coms-
penents of the efluent, such as hydrogen, carbon
monoxide, methane, propylene, butylene, light
napntha, and organic oxygenated compounds, are

recycled by means -of .conduits 38 and -44 and 2 %
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compressor or blower 45 to the lower portion of
conduit 8 in a ratio of about 1:1 to about 5 or 6:1
of volumes of recycle to volumes of fresh syn-
thesis gas. The amount of unreacted hydrogen
and carbon monoxide in the reeycle gas deter-
mines how much the ratio of carbon monoxide
and hydrogen in the reaction gzone itself will
deviate from the ratio in the original feed. As
shown, the recycle gas is introduced into the
fresh feed before the catalyst is introduced into
the gaseous mixture, however, the recycle may be
introduced into the gaseous mixture after the
catalyst is introduced into the feed stream or
the feed gas may be introduced into the gaseous
mixture after the introduction of the catalyst
without departing from the scope of this inven-
tion. .

After passage of the gaseous efiluent through
filter 28 for a time, the flter becomes coated and
clogged with catalyst fines which have not settled
out from the gaseous efiuent. In order fo re-
move these fines from the catalyst filters so as to

ensure continuous passage of the gaseous effluent

through the filters and so as to recover the cata-

1yst, the course of gaseous effiuent is changed to

flow through filter 21 and conduit 26 and a por-
tion of the uncondensed effitent is passed from
accumulator 36 by means of conduit 38, com-
pressor 41, and conduit 24 to filter 20. The pres-
sure of the gase blows the fines from the filter
into conduit 8. The fines then settle in conduit
I8 to standpipe 18. Other gases than the un-
condensed efiluent may be used to remove the

fines from the filler and may be introduced

through line 42, if desired.

Liquid condensate in accumulator 38 is passed
through conduit 39 to separating means 48, which
may represent various separafing units, such as
distillation columns, aksorption units, extraction
units, and the like. In separating means 48,
waber is separated from organic compounds and
removed through line 49; oxygenated organic
compounds are separated therein and removed

through line 51; and hydrocarbons are separated

and removed through line 52.

Uncondensed gas from accumulator 36 not used
for recycle, ete., is removed from the system
through conduit 48 and passed to oil and chemi-
cal recovery equipment not shown.

Tt has been found that operating a synthesis
process agcording to this invention, in which the
synthesis gas is passed through a reaction zone
at a high velocity, good yields of products are
reglized. Ordinarily one would believe that in-
sufficient catalyst for accomplishing the desired
reaction would be carried by the gas at such high
velocities, but it has bheen found that within the
range indicated sufficient catalyst is carried by
the gas to effect the reaction between hydrogen
If desired, the synthesis
gas entering conduit § may be preheated; but it
has been found that preheating the gas is un-
necessary in most instances and that the contact
of the hot catalyst from standpipe 12 with fresh
Teed gases entering conduit 8 does not cause ball-
ing or agglomeration of the catalyst mass. Tt
hags also been found, as previously mentioned,
that the wax and carbon content of the catalyst
with extended use is much less than that opserved
in the conventional fluid-hed operations, and it
is believed the reason for this is that catalyst
eddy-currents are minimized in high velocity
operations which grestly shortens the contact
time between catalyst and reactants per pass.
Tonger catalyst life may also result from shorter
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contact time per se between reactants and cata-
lysts. The above theory is offered merely as a
possible explanation of the extended life of the
‘catalyst realized in the present invention and is
not considered to unnecessarily limit the inven-
tion.

Fig. 2 of the drawings is another arrangement
of apparatus suitable for carrying out this in-
vention. The apparatus shown in Fig. 2 may be
substituted for conduit 8§ and standpipe 18 of Fig.
1. The filter sections of Figures 1 and 2 are the
same. Accordingly, a synthesis gas comprising
hydrogen and carbon monoxide is passed into a
reaction zone 780 through a line 68. Reaction
zone 10 comprises a hundle of substantially ver-
tical tubes Ti through which the gases pass up-
wardly into a cylindrical section 74 of a larger
total cross-sectional area than the total cross-
sectional area of tubes T{. The outer surface of
tubes T are sealed off to form an annular space
12 hetween the inner surface of the outer shell
of reaction zone 70 and the outer surface of tubes
Ti{. A cooling (or heating) fluid may be passed
through annular space 12 to cool (or heat) the
reaction mixture as it passes upwardly through
tubes TI. Tubes T{ correspond to conduit 8 of
Fig. 1. Upon reaching enlarged section T4 the
velocity of the gaseous mixture is decreased to
such an extent that the catalyst settles from the

efffluent and passes down through a standpipe 13 -

into the lower portion of reaction zone 170 where
the catalyst falls or is drawn into a high velocity
gaseous stream passing upwardly into tubes Ti.
The lower portion of reaction zone 70 and tubes
11 are of such a cross-sectional area that the
catalyst is entrained in the gaseous stream.

The cooling medium is introduced into the
annular space 72 through line 76 and is with-
drawn therefrom through line 11.

The reaction effluent from reactor 78 passes
upwardly through conduits 17, 18, and i9 of which
the latter two contain filters as previously dis-
cussed with reference to Fig. 1. Conduits 17, 18,
and 19 are the same as conduits 17, 18, and 19 of
Fig. 1.
duits {8 and 12 through outlet conduits 24 and 26
to conduit 33. The efffluent in conduit 33 of Fig. 2
is condensed and separated according to the de-
seription of Fig. 1 and a portion of the uncon-

densed gases may be recycled (not shown) to con- °

duit 68, if desired.

The cross-sectional area of conduits T{ with
respect to the quantity of gases flowing there-
through is such that the velocity of the gases is
greater than about 8 feet per second, while the
cross-sectional area of enlarged section 74 is such
that the velocity of the gases is below about 5
feet per second so that the catalyst may settle
from the gaseous effuent. In section 14, the
catalyst may form a dense pseudo-liquid catalyst
phase having a concentration of catalyst greater
than about 26 pounds or 25 pounds per cubic foot
of gas. In such a case, reactor 10 has two re-
action sections, tubes 7/ in which the gas flows
at a relatively high velocity and with a relatively
low concentration of catalyst and enlarged sec-
tion 74 in which the gas flows at a relatively low
velocity and with a relatively high concentration
of catalyst. The same effect may be achieved in
the apparatus of Fig. 1 of the drawings by ex-
tending the length of section {6 and adjusting
the cross section thereof such that the velocity of
the gases therein are appropriate for the forma-
tion of a dense pseudo-liquid catalyst phase. In

The gaseous effluent passes from con-
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this manner, a high velocity continuous catalyst
phase will exist in conduit 8 and a dense pseudo-
liquid catalyst phase will exist in section 16.

A moveable valve 69 is provided at the lower
end of standpipe 13 to control the flow and dis-
persion of the catalyst into the gaseous stream.
Valve 89 may cause an aspiration effect by the
deflection of the gases passing by and as a result
of which the catalyst is drawn into the gaseous
stream.

Fig. 3 gives a diagrammatic illustration in ele-
vation of another arrangement of apparatus for
the synthesis of hydrocarbons according to the
present invention. The apparatus in Fig. 3 is
very similar in operation to the apparatus of Fig.
1 and Fig. 2 and thus only a brief discussion of
its operation will be included. A synthesis gas
passes through a conduit 104 to a reaction cham-
ber 106. Reaction chamber 106 comprises a
bundle of reaction tubes (07 surrounded by a shell
108 to form an annular space (09 between the
outside diameter of tubes 10T and shell 108. An-
nular space 1909 is for the circulation of cooling
fluid around reaction tubes 107 in order to main-
tain the temperature of reaction substantially
constant. 'The cooling fiuid, such as Dowtherm,
enters annular space 109 through conduit ii3.
The pressure in annular space {09 is such that
the Dowtherm boils below the desired tempera-
ture of reaction in tubes 107. The vaporized
Dowtherm passes from annular space {09 through
conduit {2 to an accumulator {14. From accu-
mulator { {4 vapors pass through line {15 to a con-
denser 118 in which substantially all of the Dow-
therm vapor is condensed. Condensate from
condenser {6 passes to accumulator 1 (4 through
conduit 1i8. From accumulator 114 liquid Dow-~
therm is recycled to annular space 109 through
conduit 1i3. Any uncondensable vapors are re-
moved from the system through conduit 117.

A reaction efluent comprising reaction prod-
ucts and finely-divided catalyst entrained in the
reaction efluent is passed to a seftling and ac-
cumulation chamber 120 through conduit 1ff.
Chamber 120 comprises an upper settling cham-
ber 121 and a lower accumulation chamber {28.
The cross-sectional area of settling chamber 121
is such that substantially all of the catalyst
separates from the gaseous effluent and flows
downwardly through a funnel-shaped septum 121
into the lower portion of accumulation chamber
128. Gases containing a small amount of fine
catalyst pass upwardly in settling chamber (21
into a cyclone separator 122. Gases from cyclone
separator 122 are removed therefrom by conduit
123 and may be treated in the manner heretofore
described. Separated fine catalyst is removed
from cyclone separator (22 by means of con-
duit 124 and passed to funnel-shaped septum 127,
as shown. Finely-divided catalyst accumulates
in accumulation chamber 128 to a level above
the end of the funnel 121 in order to prevent the
passage of the gaseous effluent downwardly
through funnel 127. An aeration gas, such as
hydrogen or recycle gas, is introduced into the
lower portion of accumulation chamber 128
through conduit 132 and is injected into the ac-
cumulated catalyst therein by means of dispersion
means (33 which may comprise g perforated con-
duit or the like. Accumulator (28 may be
maintained at a substantially higher pressure
than settling chamber 121 by introducing a gas
therein through conduit 13, if desired. By
maintaining the pressure higher in chamber 128
than in chamber 121 passage of gaseous effluent
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into the accumulated catalyst is prevented. Pres-
suring gas and aeration gas may be passed, if de-
sired, from chamber 28 to chamber 121 through
conduit {34. Alternatively, aeration gas may be
passed from chamber {28 through conduit i34 if
that conduit is not heing used for the introduc-
tion of a pressuring gas.

Accumulated catalyst in accumulator.{28. passes
through a standpipe (29 to conduit {04 to be
mixed with fresh feed.

Cyclone separator {22 may be omited and in
its place another type of separating means may be

‘used, such as the filter means of Figures 1.and 2.

Various other modifications of Fig. 3 may become
obvious to those gkilled in the art without de-
parting from the seope of this invention.
Assuming a reactor inlet gas volume of 25,000
standard cubic feet per hour, a reactor consisting
of four tubes having an inside diameter of 2
inches would-operate at a maximum linear ve-
locity of 9 feet per second. Using-a tube length
of 36 feet, a velocity of 9 feet per second would
correspond to about.4 seconds of contact time per

‘pass, allowing for contraction. A reactorcapable

of a 40 :feet per second linear velocity and 5 sec-
onds contact time.per pass.would invelve:a flow
path of about 200 feet in length. A single tube
having a 2 inch inside.diameter.might be substi-
tuted for the four tubes having @ 1.inch inside

.Giameter with substantially the same velocity-and

throughput.

Various .modifications and alterations of the
apparatus.and flow shown in Figures 1, 2, and.3
may be practiced. by.those skilled in the art with-

out departing from the scope of this invention. .2

Various coolers, condensers, distillation units,.and
other separating means have not been shown . for
a matter of convenience and simplicity, but their
bresence will be obvious to those skilled:in the
art.

The following example is offered.as a means of

‘better understanding the application.of the pres-

ent invention to .the hydrogenation of carbon
monoxide and the specific recitation.of .certain
limitations therein is not considered unnecessarily
limiting to the present invention.

EXAMPLE

‘In this example an. iron.catalyst was employed,
which iron catalyst was.prepared.by fusing.and
subsequently reducing Alan Wood .ore. The
catalyst contains metallic iron, aluming, titanium
dioxide, and silica, and about 1.2 to about.l.4
weight per.cent potassium caleulated as the oxide.
The potassiim exide is incorporated with .the
catalyst prior fo fusion. The particle. size-of the

-catalyst employed.in the runs.of this example is

shown in Tabkle I below: _
Table I ‘
POWDERED IRON CATALYST PARTICLE SIZE

|
- “Roller Analysis : ;&e?citrlltt
“Microns:

0-10 16,2
1020 17,0
20-40.._. 119;2
40-60..__ 24.0
e 23.6

Recovery, perce 08,8
Density (basis wat 6.8

Having :prepared .a -catalyst of the :desired

_broperties.and-the required size,.the catalyst-was -
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JIntroduced into a conduit, similar to conduit 8 of
Fig. 1 of the drawings, in which a mixture of
hydrogen and carbon monoxide was flowing up-

‘wardly at a relatively high velocity. The condi-

tions of reaction and the analysis of the product is

“shown in Table II below. In substantially all:re~
-spects the apparatus used for obtaining the data

shown in Table IT.was the same as the apparatus
‘of Fig. 1 of the 'drawings. In.obtaining data
various gas velocities.as well as concentrations
of catalyst in the reaction zone: (conduit' 8) were
used to determine their effect on the reaction and
product. -Also it will be noted that the pressures
used.variedfrom 80.t0 150 pounds per.square inch
gage. {In some :runs, especially the :later runs,
the :temperature of the inlet ‘feed gas was de-
creased to a relatively low value to determine
the effect of contact between: relatively hot cata-

‘lyst-and relatively cold-gas and whether tempera-

dure conditions could: be maintained in-the reac~
“The reaction effluent was withdrawn

contact time with the catalyst. The ‘catalyst

sseparated. by -gravity from the efluent-in.an en-

larged section .of the apparatus and passed by
means of a standpipe, such as conduit (8 of Fig. 1,
to the point. of introduction of the catalyst.into
the - synthesis .gas stream. The efluent passed
through filters to separate fine catalyst therefrom.
The -filters .were cleaned .intermittently :or.con-

Jtinuously by flowing recycle .gas back through

them .as previously -explained with reference to
Fig. 1.of the drawing. The.eflluent then passed
through a condenser-at 40° F. and. at operating

.pressure and. uncondensed- gases-were.recycled-to
:a point .just -before the first contact-of icatalyst

and synthesis gas.
Catalyst in the standpipe was maintained at

~about-600° F. by:means.of electrical heatingrele-

ments.wound around the 4.inch.jacket surreund-

:ing.the 2 inch standpipe. Various predetermined

Joadings of the-catalyst into :the.synthesis gos
strsam werse-used and the tendency.for variation
Jn leadings for any particular run caused hy vari-
ation in differential pressure in. the reaction zone
was minimized hy controlling a slide valve on the
bottom of the standpipe by a conventional:giffer-

-ential.pressure recorder responsive.to.the. differ-
-ential pressure between .the fop. and hottom .of
the standpipe. The. differential pressure recorder

was-sebt at various readings:of inches.of water
depending .upon the .catalyst loading desired.
The concentration of catalyst in the reaction zone
or elongated conduit was determined by the.dif-
ferential pressure in.a 15 {oot vertical section of
the .conduit. The overall length of the reaction

.zone was about 25.feet.and 3% inches, i. e., from

‘the point the catalyst was first contacted with
the synthesis gas and the point where the cat-
alyst was separated from the reaction efuent.
"The velocity of the gas stream was so great that
the catalyst was entrained in the synthesis gas
stream “throughout ‘the reaction zone in.a con-
tinuous-phase without the formation of the con-

-ventional dense pseudo-liquid phase of catalyst.

‘Gas ‘bleeds into the instrument lines were used
‘to prevent. catalyst from clogging instrument lines
and instruments. In some ecases recycle gas.was
used as the bleed gas, in other instances hydro-
-gen or.fresh feed gas were used. ‘

"The.catalyst in the standpipe was aerated with
-recycle -gas or combined .inlet .gas in most in-
stances, . however other gasses, sueh .as carbon. di-
.oxide, hydrogen, nitrogen, and steam could have
-been. used .if desired.




- 2,640,844

Table IT
RunNo____ .. ... 1 3 4 5 6 7 9 12 13 14 15 18 19 20 21 24 25
Hours on run.......o__.._.___ 6 6 16 | 18 18 150 12 24 22 6 18 18 24 24| 24 48 24
Operating condltlons
Pressure, p, 8. foeeooao_ 80 80 80 | 80 80 150 | 150 | 150 | 150 | 150 150 { 150 | 150 | 150 | 150 150 | 150
Ratio of reeycle to
freshfeed . .....__.___ 6.0 77| 1.7|1.8 |6.2 [492| 47| 84| 6.5(8.1 6.6! 6.5| 6.4 56|54 6.6 | 5.8
Fresh feed, C. F./H...._. 88 | 143 | 150 | 155 | 191 251 | 224 | 106 | 133 | 105 127 | 135 | 128 | 145 | 148 126 | 171
Gas ratio, Hy:CO—
Freshfeed. - ______.___ 3 3 3 3 3+ 3 2| L4 1.4 1.4 1.4 1.4 1.4 1.4 | 1.4 1.4 1.4
Inlet to reaction
f/0) 1 (SRR RSP (PRSI R, 4.5 14 49 39| 20| 2220 2.2 2.6 2.6 1.7120 2.1 ...
Standpipe:
Temp., ® Fo_.coaeeaas 593 598 | 598 | 596 605 597 | 597 | 596 597 | 601 600 604 | 508 600 | 595 559 | 591
Densﬂ',y, P.C.F.____.... 97 1 100 | 103 | 99 | 102 106 87 87 821 80 78 69 67 67 | 66 55 49
Lin. velocity, ¥. P. S....._| 0.4] 0.4 |0.10 /0.17 (0.18 |0.14}0.13 | 0.11 { 0.11 {0.08 | 0.10 [ 0.10 | 0.09 | 0.09 |0.11 0.10 | 0.12
Reaction zone:
Temp.°F.,inzone._.___. 585 | 595 | 594 1 596 | 603 601 | 600 | 600 | 604 | 604 602 | 602 | 595 | 590 | 585 540 | 602
Gas inlet temp., ° F______ 572 | 616 | 604 | 603 605 576 | 603 | 600 600 | 600 600 550 | 500 450 | 400 150 | 615
Line velocity, ¥. P. S.
(superficial) ... ... ..__ 15 19 7 8 15 14.3 1 13.4 | 10.5 | 10.4 |10.2 10.3 | 10.6 | 9.8 89195 8.5 | 10.1
Catalyst loading (inches
of water)... ... 35 55 53 { 35 49 70 70 70 0% 75 80 59 58 59| 58 87 |-
Concentlatwn of cata-
lyst, PR O, 3.5 59| 3.5 .0 4.9 8.4 80| 87| 9.4110.1 1.2} 82| 84 87180 80| &8
R C](gsntact tlme, {1 1,71 14| 3732+ L7 1.8} L9| 25| 25|25+ 25| 27| 27| 2.9|2.74] 3.1 | 2.6
esu
Contraction, perecent....__|...___ 54 261 23 82 35 37 35 46 { 37 43 46 49 49 | 44 43 62
CO disappearance..._...- 85 79 67 | 54 81 88 67 71 T4 e 83 |eooeafomn g N PR PURSUR U
Observed oil, ce./m.3..____ 20 19 281 31 44 38 41 | 101 80+ 93 80 63 70 69 ... 50 98
Water, ce./md_ . _.____.__| 167 | 105 81} 80 |-em--- 135} 110 | 165 | 142 168 129 | 141 | 160 | 121 {______ 95 | 154
Selectivity—
CO—»COQ, percent-_.-| 12.5 | 14.7 | 22.4 {15.4 |...._. 13.2 1 20.5 | 23.2 | 23.2 |- 111 17.4 1 17.4 | 20.0 (.- 17.9 [--.-
(670 22305 < FSNNIIPRNIPINUUN SIS ARSI (RSN SRR PR I S, 18 [ 14.5 |----.. 17.8 1 12.9 | 12.9 | 7.4 | oo o|oaca|oaos

From the above data it is apparent that the
product and results in general compare favor-
ably with fluid-bed operations using a conven-
tional dense phase of catalyst. Itshould be noted
that g considerably lower ratio of hydrogen to
carbon monoxide in the feed gas is used than is
usually practiced in fluid-bed operations. Since
the concentration of catalyst is so small as com-
pared to other type operations, the amount of
catalyst per unit volume of gas throughput is
correspondingly small.

It is assumed that a catalyst slip of about 50
per cent is present in the vertical section of the
reaction zone. Actually, therefore, the catalyst
loading of pounds of catalyst per cubic foot of
gas may be about half the concentration of cata-
lyst in the reaction zone. Thus, for a concen-
tration of 8 pounds per cubic foot of gas, the
catalyst flow was calculated to be about 1000
pounds per hour.

When operating at 1.4 ratio of hydrogen to
carbon monoxide, as in runs 13 to 15 and 16 to
24, with a recycle ratio of about 5:1 to 6:1 the
gas inlet composition (including fresh feed and
recycle gas) was about 18 per cent carbon mon-
oxide and a ratio of H2:CO of about 2:1 to 2.5:1
existed in the reaction zone.

In certain runs, it was found that with a cata-
lyst loading represented by a differential pres-
sure of 80 inches of water the flow of catalyst
in the reaction zone was too great to permit uni-
form settling in the standpipe. However, with
a larger diameter or longer standpipe or bigger
slide valve, loadings higher than that represent-
ed by 80 inches of water could be used satis-
factorily. In run 24 a combined inlet gas tem-
perature of 150° F. was used. When operating
at a combined recycle and fresh feed gas tem-
perature as low as 150° F. it was necessary to
maintain the catalyst temperature at least 560°
F. to ensure 2 sufficiently high reaction tempera-
ture. The catalyst was maintained at about
560° F. in the standpipe by heating the catalyst
electrically, as previously discussed. With the
present equipment, the catalyst could not be
maintained at a high enough temperature to ver-
mit a lower inlet gas temperature. It is be-
lieved that an inlet gas temperature as low as
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100° F. or lower could be used if the catalyst
could be maintained at 600° F. in the standpipe.

In runs Nos. 20 and 21 the selectivity appeared
to be good with 21 per cent CO—-»COz and a small
amount of CO—>CH:. Analysis of the product of
run 20 indicated that about 40 per cent of the
condensed oil comprised oxygenated compounds
of which 15 per cent were acids. The water con-
tained about 14 per cent chemicals, approxi-
mately half of which were acids. A yield of
about 40 cc./m.3 of total oxygenated compounds
was obtained.

Operations at 250 pounds per square inch pres-
sure have proved to be successful with results
somewhat similar to those at lower pressures.

As will be noted, no external cooling of the
reaction system was used during the present set
of runs for the hydrogenation of carbon mon-
oxide by the process of this invention. In fact,
heat was added to the system through the cata-
lyst standpipe by electrical heating coils around
the jacket of the standpipe which contained
Dowtherm under pressure. The reaction zone
was heavily lagged and electrically wound to pro-
duce substantially adiabatic conditions in that
zone. If the entire assembly of apparatus had
been completely adiabatic, and if the reaction
had been carried out on a larger scale, cooling of
the standpipe or the reaction zone would prob-
ably have been necessary. Such cooling could
have been carried out by contact with a cool-
ing medium surrounding the reaction zone, such
as cooling with water or Dowtherm, or by in-
troducing relatively cold feed gas or cold recycle
gas or both.

Prior to run (2 an iron catalyst similar to
that previously described, but which had been
used in conventional dense-phase, fluid-bed op-
eration for about 400 hours, was substituted for
the original catalyst in carrying out the process.
The composition of this catalyst prior to use in
the process is shown in column 1 of Table III.
After the catalyst had been used for a period of
two days, five days, and nine days, analysis of
the catalyst was made to determine the effect of
this type of reaction on the carbon and oil con-
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tent of the catalyst, and-also upon'the catalyst
gsize. This data is shown in. Table III.
Table I11

CATALYST ANALYSIS

Charged |-2 days | § days | 9 days
Chemical Analysis:
Oil4+-Wax oo i 4.0 4.5 5.5 5.2
Carbon...__. e 23.1 23.5 25.4 240
Total Tvon. . ... 65.3 65.2 63. 4 62.0
Weight percent
Roller Analysis:
Microns—
0-10: 0.9 1.0 1.2
10-20 0.9 2.8 2.7
2040 7.5 10,2 12.9
40-80- . 32.4 33.3 38.4
80-4-__. 58.3 | 52.7| 448
Density. . oo 3.4 3.1 3.2

The data of Table II{ indicates only a slight
change in chemical composition and size of the
catalyst from the original material introduced at
the beginning of run 12. The wax content in-
creased about 1.5 per cent and the fixed carbon
content increased about 2.3 per cent. A de-
crease of less than 2 per cent in the total iron
was noted. The particle size analysis indicates
that the catalyst became. slightly finer on use.
From these results the catalyst composition in

the circulating system of the present invention 3

was probably more stable than with the con-
k\;em;ionam] dense-phase operation using a fluid-
ed.

This invention has been described with par-
ticuiar reference to specific apparatus. and to
specific conditions of operation. However, var-
jous modifications of ‘the apparatus and various
operating conditions may be used within the lim-
its disclosed without departing from the scope
of this invention. Hssentially, the apparatus de-
sign itself must permit high velocity :of gases in
at least a portion of the reaction section.

Having described our invention, we claim:

1. A process for the hydrogenation of an oxide
of carbon to produce organic compounds having
more than one carbon atom per molecule which
comprises introducing g finely-divided metal hy-
drogenating catalyst comprising iron and a gase-
ous mixture comprising hydrogen and an oxide

of carbon into the lower portion of an elongated 5

reaction zone, passing gases upward through said
elongated reaction zone at a linear velocity of at
least about 5 feet per second to suspend said cat-
alyst in the gases such that the concentration of

catalyst in gases is smaller than the concentra- :

tion of the same catalyst when utilized under op-
erating conditions to obiain -a dense phase-cata-
lyst bed and such that finely-divided metal cata-
iyst moves in the direction of flow of the gases
through said elongated reaction zone, maintain~
ing suitable conditions of temperature, pressure
and residence time for the conversion ¢f a major
proportion of said oxide of carbon in said elon-
gated reaction zone, maintaining the temperature
of said reaction zone at at least 550° F. and within
a relatively narrow range of not greater than
100° . by indirect heat exchange with a cooling
medium which is at 2 temperature substantially
lower than the texperature of reaction, passing
from the upper portion of said elongated reaction
Zone a2 gaseous effiuent containing finely-divided
metal hydrogenating catalyst through a confined
passageway to a separation zone in which finely-
divided catalyst is separated from gases, main-
taining the pressure drop in the confined passage-
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way between said reaction zone and said separa~
tion zone not greater than about 80 inches of
water, recovering from said efluent organic com-
pounds having more than one carbon atom per
molecule as products of the process, withdrawing
catalyst from said separation zone, and passing
catalyst thus separated to the lower portion of
said- elongated reaction zone at g temperature
within about 20° F. of the reaction temperature
through a confined passageway. )

2. The process of claim 1 in which the tem-
perature of the cooling medium is at least 100°
F. below the temperature of reaction.

3. A process for the hydrogenation of carbon
monoxide to produce organic compounds having
more than one carbon atom per molecule which
comprises introducing a finely-divided. hydro-
genating catalyst comprising iron and an alkali
as a promoter and a gaseous mixture comprising
hydrogen and carbon monoxide into the lower
portion. of an elongated .reaction zone, passing
gases upward through said reaction zone at-a
linear velocity of at least about 5 feet per second
to suspend said catalyst in the gases such that
the concentration: of catalyst in said gases is
smaller than the concentration of the same cat-
alyst when utilized under operating conditions to
obtain a dense phase catalyst bed and such that
finely-divided catalyst moves in the direction of
flow of said-gases in said elongated reaction zone,
maintaining a temperature of reaction between
about 550 and about 650° F. and a pressure be-
tween about 10.and about 500 pounds per square
inch gage such that a major proportion of the
carbon monoxide is converted, controlling the
temperature.of reaction by indirect heat exchange
with a cooling medium which is at a substantially

Jower temperature than said reaction tempera-

ture, removing from the upper portion of said
clongated reaction zone a gaseous effluent con-
taining finely-divided catalyst and passing same
through an wuntestricted  confined passageway
whereby the pressure drop in said passageway is
not greater than about 80 inches of water to a
separation zone.in which catalyst is separated
from gases, recovering organic compounds having
more than one carbon atom per molecule from the
gaseous effluent as products of the process, with=
drawing catalyst from said separation zone, and
passing -catalyst thus separated directly to the
lower portion of said elongated reaction zone at
s temperature not lower than about 560° F.
through a confined passageway. ‘
4. The process of claim 3 in which the linear
gas velocity ‘is between about 8 and about 40 feet
per second. ‘
5. A process for the hydrogenation of carbon
monoxide to produce organic compounds having
more than one carbon atom per molecule which
comprises introducing a finely-divided raetal hy-
drogenating catalyst comprising iron and a gase-
ous mixture comprising hydrogen and carbon
raonoxide into the lower portion of an elongated
reaction zone, passing gases upward through said
elongated reaction zone at a linear velocity of at
least about 6 feet per second to suspend said cata-
lyst in the gases and such that finely-divided
catalyst continuously moves in the direction of
flow of gases in said elongated reaction zone,
maintaining 2 reaction temperature between
about 550 and about 650° F. and a reaction pres-
sure between about 13 and about 500 pounds per
square inch gage such that a major proportion
of the carbon monoxide is converted, maintain-
ing the reaction temperature within a relatively
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narrow range within the above temperature
range by indirect heat exchange with a cooling
medium which is at a temperature substantially
below the temperature of reaction, removing from
the upper portion of said elongated reaction zone
an effluent containing finely-divided catalyst and
passing same through a confined passageway to
a separation zone in which catalyst is separated
from gases, maintaining the pressure drop in said
confined passageway between said reaction zone
and said separation zone not greater than 80
inches of water, cooling and condensing said ef-
fluent to form a vapor phase and a liquid phase
comprising organic compounds, recovering from
said liquid phase organic compounds as products
of the process, recycling at least a portion of the
vapor phase to the lower portion of said elon-
gated reaction zone in a volumetric ratio of re-
cycle gas to fresh feed gas of about 0.5:1 to about
10:1, withdrawing catalyst from said separation
zone, contacting catalyst thus separated with a
hydrogen-containing gas, returning catalyst thus
separated and contacted with a hydrogen-con-
taining gas to the lower portion of said elongated

reaction zone at a temperature not lower than ,

about 560° F., controlling the rate of return of
said separated catalyst to the lower portion of
said elongated reaction zone such that catalyst
loading rate is at least 4 pounds per cubic foot

of gas and such that the concentration of catalyst ..

into said elongated reaction zone is less than
about 25 pounds per cubic foot.

6. The process of claim 5 in which said hydro-
genating catalyst comprising iron contains an

alkali and the pressure is between about 80 and .

about 300 pounds per square inch gage.

7. The process of claim 5 in which said cat-
alyst concentration is between about 1 and about
18 pounds per cubic foot.

8. A process for the hydrogenation of carbon
monoxide to produce organic compounds having
more than one carbon atom per molecule which
comprises introducing a finely divided hydro-
genating catalyst comprising iron and an alkali
as its promoter containing no more than a minor
proportion by weight of material whose average
particle diameter is greater than 250 microns and
a gaseous mixture comprising hydrogen and car-
bon monoxide into the lower portion of an elon-
gated reaction zone, passing gases upwardly
through said elongated reaction zone at a linear
velocity of at least about 5 feet per second to
suspend said finely divided catalyst in the gases
such that the concentration of catalyst in said
gases is not greater than about 25 pounds per
cubic foot of gas and such that finely divided
catalyst moves in the direction of flow of said
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gases in said elongated reaction zone, main-
taining a temperature of reaction between about
550° F'. and about 650° F. and a pressure between
about 10 and about 500 pounds per square inch
gage such that a major proportion of the car-
bon monoxide is converted, controlling the tem-
perature of reaction by indirect heat exchange
with a cooling medium which is at a substan-
tially lower temperature than the reaction tem-
perature, removing from the upper portion of
said elongated reaction zone a gaseous effluent
containing finely divided catalyst and passing
same through an unrestricted confined passage-
way whereby the pressure drop in said passage-
way is not greater than about 80 inches of wa-
ter to a separation zone in which catalyst is sepa-
rated from gases, recovering organic compounds
having more than one carbon atom per molecule
from the gaseous effluent as products of the proc-
ess, withdrawing catalyst from said separation
zone, stripping catalyst thus withdrawn with a
hydrogen containing gas, and returning catalyst
thus separated and stripped directly to the lower
portion of said elongated reaction zone at a sub-
stantially higher temperature than the gaseous
mixture comprising hydrogen and carbon mon-
oxide introduced into said reaction zone and at
a temperature of at least 560° F.

9. The process of claim 8 in which the linear
velocity of the gases passing upwardly through
said elongated reaction zone is between about 8
and about 40 feet per second and the concen-
tration of catalyst in the gases in said reaction
zone is between about 3 and about 12 pounds per
cubic foot of gas.

HENRY G. McGRATH.
LUTHER R. HILL.
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