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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 carbon
in the presence of a hydrogenation catalyst to
produce hydrocarbons -and oxygenated organic
compounds, More particularly in this aspect the
invention relates to the hydrogenation of carbon
monoxide in the presence of an iron catalyst of
a specific composition under conditions to pro-
duce a relatively high yield of oxygenated com-
pounds. In another aspect this invention relates
to the hydrogenation of carbon monoxide in the
presence of an iron catalyst of g particular com-
position under conditions to produce a relatively
high yield of hydrocarbons useful as motor: fuel.

It has been known for some time that hydrogen
and carbon monoxide may be made to react
exothermically in the presence of catalysts under
specific reaction conditions to form hydrocarbons
and oxygenated compounds having more than
one carbon atom per molecule. In general, the
synthesis of these organic compounds by the hy-
drogenation of carbon monocxide is accomplished
in the presence of a metal or an oxide of a metal
chosen from group VIII cof the periodic table as
a catalyst, at pressures below about 500 pounds
per square inch gage and at temperatures below
about 759° F. for the production of hydrocarbons
and at pressures between about 1,000 and about
10,000 pounds per square inch gage and at tem-
peratures above 750° F. for the production of- 0xy-
genated compounds.

The synthesis feed gas or reaction mixture com-

prises a mixture of about one to two mols of hy-
drogen per mol of carbon monoxide and may be
prepared by the catalytic conversion of natural
gas, steam, and carbon dioxide.

Various methods have been practiced to effect
the reaction of hydrogen and carbon monoxide to
produce organic compounds. Among thése meth-~
ods are those known as fixed-bed catalyst opera-
tions and fluid-bed catalyst operations. The
fixed-bed operation comprises passing a reaction
mixture of hydrogen and carbon monoxide
through a stationary bed of catalyst in a reaction
zone, and the fluid-bed operation comprises pass-
ing a reaction mixture through a finely-divided
catalyst mass suspended in the reaction mlxture
in the reaction zone.

It is an object of this invention to provide a
process for the synthesis of erganic compounds
having more than one carbon atom per molecule.

It is another object of this invention to provide
a3 process for the production of oxygenated com-
pounds in a relatively high yield by the reaction of
carbon monoxide and hydrogen in the presence of
a hydrogenation catalyst.

(CL. 260—449.6) .

10

15

20

25

30

35

40

45

50

‘ 2 .

Another okject of this invention is to provide a
process for the production of hydrocarbons useful
as a motor fuel in relatively high yield by the
reaction of carbon monoxide and hydrogen in the
presence of a hydrogenation catalyst.

Still another .object of this invention is to pro-
vide a novel catalyst for ths hydrogenation of
carbon monoxide.

A further object of this invention is to prov1de
a method for producing g hydrogenation catalyst
useful for the hydrogenation of carbon monoxide.

It is still a further object of this invention to
provide a particular novel catalyst adapted to the
fluidized process for the hydrogenation of carbon
monoxide to produce a particular organic com-
pound.

Yet another object is to provide a brocess for
the synthesis of organic acids.

‘Varlous other objects and advantages will be-
come- apparent to those skilled in the art from
the accompanying description and disclosure.

According to a preferred embodiment of this
invention, ‘I have found that a metal or metal
oxide hydrogenation catalyst containing between
about 0.1 per cent and about 2.5 per cent by
weight of an oxide of potassium is very effective
for the hydrogenation of an oxide of carbon to
produce a high yield of organic compounds having
more than one carbon atom per molecule. For
maximum yields and selectivity, a metallic iron or
iron oxide catalyst containing between about 0.2
and about 2.0 per cent by weight potassium oxide,
K20, is preferred. A potassium oxide content
above about 2.5 weight per cent results in exces~
sive formation of wax on the catalyst, which de-
creases the activity and life of the catalyst; while
a potassium oxide content below about 0.1 weight
per cent results in substantially increased yields
of carbon dioxide, methane, ethane, and other low
molecular weight hydrocarbons.

It has further been found according to this in=
vention that the amount of potassium oxide in the
catalyst is critical with respect to the type of
product produced. Thus, for. the production of
oxygenated compounds, especially the relatively
high molecular weight alcohols and organic acids,
the catalyst must contain at least about 0.8 weight
per cent, and preferably between about 1.0 and
about 1.5 weight per cent potassium oxide. When
it is desired to produce relatively high molecular
weight hydrocarbons accompanied by a minimum
amount. of oxygenated compounds, it has been

 found that the catalyst must contain between
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about 0.2 per cent and about 0.7 per cent potas-
sium oxide. The per cent K20 is based on the
elementary metal content of the catalyst.

A high alkali iron catalyst -containing between
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about 0 8 .per cent and about 1.5 per cent’ Kzo ‘

.+ produces a much larger amount of oxygenated
"1~ compounds than g metallic iron catalyst of lower :

. potassium oxide content under comparable re-

action ‘conditions.. - In fact, in some instances, as

i 'much as four or five times as much oxygenated :
~ .’compounds are produced by such a high alkali |
" catalyst as with a lower-alkali catalyst. Of the !

oxygenated compounds produced. with-the-high-:
10,
““the ultimate catalyst in' a fused condition with

alkali ~catalyst, the normal alcohols, ‘such--as

or it may be merely on the surface of the hy-
drogenation catalyst uncombined therewith. in
any way. For example, a naturally occurring
magnetite may be mixed with -an appropriate

“amourntt” of potassium. hydroxide or - potassium

" carbonate and the resulting mixture-fused. . The

ethanol, propanol; butanol, and pentanol, along -
with-such organic acids as acetic,-propionie; and
butyric -acids comprise the -major-portion of the::™

- are produced. "It has also been noted that with

the high alkali catalyst.of the present invention, .
g, substantial. proportion of the. relatively:.low :
molecular - weight hydrocarbons produced . are
olefinic and are present in the product.in.a rela-
- tively larger- proportmn than in the produet. of :
i the low glkali.catalyst. It is.possible to operate
with the high alkali catalyst at relatively higher :
" temperatures than is- possible.:with:.low. alkali ’
cafalysts without. excess1ve formatmn of coke on

- the catalyst..
On:the:other. hand 1t has “heen. found: that 2

' lovc_r alkali-iron catalyst containing between:about

- In :contrast, with 'a low:
i alkali- catalyst substantially negligible .amounts.
.. of organic acids are produced and generally rela-

" tively smaller amounts of oxygenated compounds-:-
ployed in stationary orfixed-bed condition, as
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0.2-per: cent - and .about: 0.7 per. cent. potassium " -

oxide produees the:maximum yield-of hydrocar=-

‘ ‘In:the hydrogenation of carbon monoxide - :

- ‘with a low alkali:catalyst according to this in-:

: -38
‘high quality boiling .within: the gasoline. range.

are .obtained, . Furthermore, the low. -alkali - iron

vention the maximum. yield of hydrocarbons of

catalyst produces.a hydrocarbon fraetion-useful -
as. a diesel fuel of much higher quality than that -

~produced with: a high alkali catalyst. Relatively
- higher-space.velocities: for; somewhat: lower. tem-
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" peratures may be used with the low alkali eatar -

“lyst: than with the high ‘alkali catalyst for an-

equivalent conversion -of :carbon. monoxide.:
- Although potassium oxide has been found to. ‘be

~ the much preferred activating. compound when
i incorporated with a-hydrogenation: catalyst .com-
.- prising .a-metal ‘and/or metal oxide, other potas- ;
LT sium, compounds and, other ingrganic.compounds
. of. -alkali metals; . and. -alkaline earths, such..as
- sodiumy, barium, and lithium, are capable of being
mcorporated with the hydrogenatmn catalyst in.

fused mixture i3 then pulverized and reduced
with: hydrogen at a temperature between about
900°. F. and..about. 16007 ¥ In this manner of
preparatlon _the. potassium -oxide is present in

“iron.- In another manner of preparatmn in which

the, alkali: is -on the surface of the catalyst un--
eombined with-the iron, naturally occurring mag--

netite. is. fused, pulverized, mixed with potassium

carbonate, and the resulting mixture reduced
'The :catalyst of. this invention may be em- -
well-as.the fluidized or fluid~bed condition; how-
ever; it is much; prelerred to; employ
fiuidized: cond1t1on

taining an; approprlate"amount of‘p'ota sium
et The’

as gases through- t-_e.-reaet1 n-zone; ,under ‘con=
ditions, effective to react-all, or.a portion; of the

: carbon ox1de reactant The-gaseous, mixture-is -

passed upwardly through the mass .of, catalystat
a ; veloeity sufficient -to: suspend or.-entrain -the
catalyst massin the gas stream; Preferably,rthe
velocity of ‘the gas-stream -passing through-the
reaction zone:is sufficiently low to maintain the
catalyst-mass in-a dense, fluidized pseudo-hqmd
condition. However -the velocity may be suffi-
c1ently high:to entram at least a substant1al por-
tion: of -the- ﬁnely-d1v1ded catalyst in the gas
stream to form a continuous catalyst phase which

circulates with -the flowing gas stream, without . )

" -departing’ from the scope of th1s invention... In

45
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 above ranges previously qualified with respect to

‘ ‘K20 when calculated -as.the oxide and based.on

Preferably, such actwatmg com- - p
55 this pseudo-liquid condition-of operation a small

total metal.

“pounds. of alkali metals and alkaline earths con-

tain. oxygen.in the form of the hydroxide,.car-

bonate, sulphate, silicate, :phosphate, aluminate, .

- chromate, nitrate, and. borate Potassium- car~

bonate, nitrate, hydrox1de, and. .chloride. have : ;

the- former condltlon the- catalyst mass may be
sa1d to be suspended in. the gas stream, but.not
entrained therein in-the sense that there is move-

. ment of the catalyst mass- as. such-in the direc-

tion of flow. of the gas stream.. When operating -
with the catalyst in the pseudo-liquid condition

it is preferred to  maintain the upward. velocity

of the . gas stream sufficiently high to maintain

“the: ﬁu1d12ed -catalyst. mass in a highly turbulent

- cond1t1on in. which the catalyst. particles. ¢ircu-
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. 1.very good results; particularly when these .
compounds were incorporated with a hydrogena-:

- tion catalyst.comprising iron in quantities greater . .

than. about. 0.8 weight. per.-cent ‘(calculated as
Kao) hlgh yields. of. oxygenated organige, com-‘
,pounds were: produced. . Mixtures of. these com- .
- pounds may be used as the act1vat1ng material-

late at a high rate in.the pseudo-liquid mass. - In

proportion. of catalyst in the fluidized. mass may

-become. entrained in the.gas stream. emerging
rfrom :the -upper" surface -of the. fluidized. mass

whereby catalyst thus lentramed is.carried away

‘from. the mass. -

. In the present Drocess 1t is- preferred to.employ

-,the hydrogen. .and. carbon: oxide -in. ratios. such

- that there.is an.excess of hydrogen. Theérefore,

65

without, departing: from the scope of: this inven~|: -

tlon, and when mixtures are used the. alkali con-

. tent calculated as the oxide is considered.as’:
" either. ‘the total quantlty of compounds or..the

quan’uty of .any single- compound..

70

‘The actwatmg compound .such .as Kso .may..
be incorpora d,.w1th the hydrogenatlon -catalyst:

,m & sehd sol 1 ibn or.a fused condltlo ;therew1th

“the charging rate in the present process is defined

by»reference to the rate at which-the.carbon 6xide
is.charged, in terms of standard cubic feef, in:the

_gas form; of the carbon oxide, per bour per pound
- of the metal ‘catalyst. in the dense pseudo-liquid -
mass of catalyst in the.reaction. zone.. The. fluid-

ized-process-is preferably operated at a minimum

‘space- veloc1ty equ1valent to: charging rate. of =
about-1.0 standard cubie foot of the carbon oxide -

reaetant -per: heur, ‘per. pound: of. the metal cat-
alyst in the dense catalyst phase A standand"
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eubic foot of the carbon oxide is that quantity
of a normally gaseous carbon oxide which would
occupy one cubic foot at atmospheric pressure at
60° F., or an equivalent quantity of a normally
liquid -carbon. oxide reactant. Generally, with
fluidized dense phase operation and pressures
between 150 and 300 pounds per square inch gage
with the high alkali catalyst, a space velocity be-
tween about 4 and about 10 standard cubic feet
of the carbon oxide reactant, per hour per pound
of the iron catalyst is used. With the low alkali
catalyst a space velocity between about 10 and
about 25 is used. o
The catalyst employed in the present invention
is a finely divided powder comprising a metal
and/or metal oxide containing the appropriate
amount of potassium oxide which is, or becomes

in the reaction zone a catalyst for the reaction,

or a mixture of such metal or metal oxide and
other catalytic materials or noncatalytic mate-
rials. While the catalyst powder consists essen-
tially of such catalytic metal or metal oxide con-
taining potassium oxide it may include also a
minor amount of promoting ingredients, such as
alumina, silica, titania, thoria, manganese oxide,
magnesia, ete.

‘In this specification and claims the catalyst
employed is described by reference to its chemi-
cal condition when first contacted with the react-
ants.

The catalyst is employed in a fine state of sub-
division. Preferably, the powdered catalyst ini-
tially contains no more than a minor proportion
by weight of material whose particle size is greater
than 250 microns. ~Preferably also, - the
greater proportion of the catalyst mass com-
prises material whose particle size is smaller than
100 microns, including at least 25 weight per cent
of the material in particle sizes smaller than 40
microns. - A highly desirable powdered catalyst
comprises at least 75 per cent by weight of ma-
terial smaller than 150 microns in particle size,
and at least 25 per cent by weight smaller than
about 40 microns in particle size.

In the preferred form of the invention with
the catalyst present in a pseudo-liquid condi-
tion, the powdered catalyst mass is maintained in
a- reactor substantially larger than the volume

occupied by the catalyst mass in the fluidized:

condition. In this operation all but a minor
proportion of the catalyst mass is contained in
the dense fluidized pseudo-liquid mass, which
may be designated as the dense phase of the cat-
alyst. The dense phase of the catalyst occupies
the lower part of the reactor while that part of
the reactor above the dense phase is occupied by
a mixture of gases and powdered catalyst in
which the catalyst concentration is much lower,
and of a different order of magnitude, than the
concentration of the catalyst in the dense phase.
This diffuse phase may be said to be a disengag-
ing zone in which the solids lifted above the dense
phase by the gas stream are disengaged therefrom
and returned to the dense phase to the extent
that such solids are present in the diffuse phase
in excess of the carrying capacity of the gas
stream at the superficial velocity of the gas
stream. The latter is the velocity at which the
gas stream would flow through the reactor in

the absence of catalyst. In the dense phase the

concentration of the catalyst in the gas stream
varies from a maximum near the gas inlet to
a minimum in the upper part of this phase. Like-
wise the concentration of catalyst in the diffuse
phase varies from a maximum near the
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upper surface of the dense phase to & minimum
in the upper part of the reactor. Between the
dense phase of high average concentration and
the diffuse phase of low average concentration
there is a relatively narrow zone in which the
concentration of solids in the gas stream changes
in a short space from the high concentration of
the dense phase to the low concentration of the
diffuse phase. This zone has the appearance of
an interface between two visually distinct phases.

This operation ordinarily involves employment
of catalyst powders and gas velocities such that
a relatively small portion of the dense fluidized
catalyst mass is carried ‘away by entrainment,
and it is necessary, therefore, to provide means.
in the reactor for separating such entrained cata-
lyst and returning it to the dense phase, or to
provide means externally of the gas reactor to
separate entrained catalyst from the gas stream
and return it to the reactor, or otherwise to re-
cover catalyst from the product gas stream..

‘When catalyst is permitted to pass out of.the
reactor by entrainment in the gas stream in either
the. pseudo-liquid operation or the continuous
phase operation, it is necessary to return such
catalyst to the reactor, or replace it with fresh
or revivified catalyst, in order to maintain the
desired volume of fluidized catalyst in the reac-
tion zone. .

The pseudo-liquid operation in which the finely
powdered catalyst is employed in a form con-
sisting of the metallic iron catalyst and contain-
ing at most minor proportions :of -promoting
agents, - other than potassium oxide, provides
very high catalyst concentrations in the reaction
zone. - The employment of the finely powdered
metal catalyst in a fluidized bed with efficient
cooling means also is g factor in permitting the
use of high catalyst concentrations, since it facili-
tates the removal of heat from the relatively
concentrated reaction zone. The pseudo-liquid
operation, employing the finely divided metal
catalyst, results in initial catalyst concentrations
of at least 30 pounds per cubic foot of the fluid-
ized dense catalyst phase, while the preferred
gas velocities result in initial concentrations of
40 to 120, or more, pounds per cubic foot of dense
phase. It will be understood that these figures
refer to the initial average concentration in the
dense phase. The accumulation of reaction
products on the catalyst particles as the opera-
tion proceeds reduces the catalyst density and
increases the bulk of the dense fluidized mass.

With an iron catalyst containing an oxide of
potassium, temperatures in the range of about
350 to about 750° F. are employed. Usually about
30° F. to about 50° ¥, higher temperatures are
necessary with the high alkali catalyst than with
the low alkali catalyst. With the iron catalyst,
pressures between atmospheric pressure and the
maximum pressure at which condensation is
avoided may be employed. It is desirable, how-
ever, to employ pressures of at least 50 p. s. i.
and preferably about 150 to about 500 p. s. i.

In this specification, pressures are expressed as
pounds per square inch gage and gas volumes as
cubic feet measured at 60° F. and atmospheric
pressure. :

The linear velocity of the gas stream passing
upwardly through the dense phase is conven-
iently expressed in terms of the superficial ve-
locity, which is the linear velocity the charge’
gas stream would assume if passed through the
reactor in the absence of catalyst. This super-
ficial velocity takes into account the shrinkage
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‘of cthis: 1nvent1on, ‘a: relatively: Jarge: amount . of -
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incvelume caused by :the reaction:and:is; prefer<
‘ably,imthe:range of from;0:1 to.10 feet:per:sec=
- -‘ond; - ‘When:.operating with:a continuous cata-:
" lyst. phase.in:which: the: catalyst. is.entrained:in:
‘the flowing gaseous mixture, veloc1t1es as hlghas_
40 feet:per:second may beused;:.
- The:regetants-are passed:into: and through the
‘r.eactlon izone::at & space ‘velaeity: equivalent to
‘at: least: 1.0 standard cubic feef of. the:carbon:

‘oxide: per-hour per:pound.of:-metal- catalyst in
In the:hydrogenation -

" the.dense: catalyst-phase::
.of:;carbon: monoxide with:ithe iron-catalyst :it-is

“operating conditions::.

" maiss: of: finely: divided- iren:: 20T

‘This.results from: the:ex«
-capacity: -of the-flyidized:
iron: oxide- B
imizing. car=

celent.  heat: trans

the-effect of eXeess. hydrogen in:

- bon:-formation. - It is:preferred:.to operate: at

whatever: temperature -level,-in: the range-of: 350>

- Py 1o 750° F.; is necessary- to0. ‘effect; high conver

.preferred ‘to: operate at-a space:velocity:equivas

\lent to: at: least’ 2.0-standard -cubic feet-of carbon

" monoxide per-hour. per:pound of: iron: catalyst: in:
.- the:dense; catalyst- phase: . The ‘charging- rate is
- defined: by: reference: toi the .carbon: monoxide re=

'actant; since.the.ratio of-the:hydrogen reactant

‘gas maysvary.within:wide-limits.: - This ratio: of
‘hydrogen:tozcarbon:monoxide is' usually:in-exeess
{of‘about:0.7:1 ‘and. .preferably: at Jeast 1:1 and
'ofténas high: as=10:1..: At:the 1:1 ratio. the pre-
ferred.. chargmg rate: of -hydrogen .andcarbon
monoxide; would, therefore, be: at least 4.0: stand-
ard-cubic:feet:per-hour: per pound-of iron:cata-
‘1yst in the.dense catalyst: phase.. Ata 271 ratio
this: preferred rate: would: be 6:0 standard ‘cubie
feet of hydrogen and carbon monoxide:
-"The-volume: of reactants per: hour:per: volume

he charge rate and glso-upon the concen-
‘of;catalyst in the :dense phase, the latter

trati
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* - of:r@ense:pseudo-liquid: catalyst ‘phase. depends .

being: affected: by: the:condition. of the: catalyst

* and the:gas:velocity. ~At-the:preferred.gas veloci- -
. i tiessmentioned above for the;pseudo,-liquid opera= |
- tion;:-and/‘when: employing an iron:c¢atalyst; the

- minimum-space: velocity - may: be. defined ~as:: 2
i cubic « feetz'of wcarbon - monoxrde per hour per

S pound of:iron-catalyst:

s Aecording toa-.preferred modrﬁcatmn of thls
imventmn ‘s fresh -feed gas having.an: Ha: cO ratio
‘‘higHerithan:the ratio’in: which: these: compounds

. lareuconvertedto oflier ‘compoundsiis employed
. gand theiratio of ‘hydrogen: to: carbon:monoxide
- inv the:echarge-to thelreactor:is-increased-to the

- ‘desiredfigure:by. recyclingia-portion:of the.un~
- converted: gas;. after-removal of partior all:.of
“ the product:liguid
| drogen:is processed under:conditions:effectiveito
*reaetall;or a portion; ofithe:carbon: monoxide;

+ land .portion of.the product. mixture;: afterire-
" mova} of:the; greater part of the:lignid=product,

 ig'recyeled in volumetric: ratios,: to-the fresh: feed
. Since: in-one:embodiment

;gasicontaining excess:hys

35

‘charge:. contalmng more: hydrogen than:
- monoxide, at.:space. veloeities “equivalen

LR apparatus exemphﬁed by-the drawing.

‘an;: enlarged. conduxt 5. comprising--a- lengt

dlameter of 7.63-inches:

sion-of- carbon::monoxide when: treating :a: gas'

least 2. standazd: .cubic feef. of - carbon: monoxrde
per: hour per- peund of iron: catal; n the-dense
phase. .

The:- invention: will be descnbed further by

- refere‘lce ~to: the: accompan ng-drawing . which

is:.a-view in: elevatlon, partly -in -section;:-of: a
reactor employed - in , carrying :out. the. present

‘invention -by: a-pseudo-liquid: -oneration;

to the-carban: monoxide: reactant. ins the charge - Teference fo-specific examples of: cperations em=

bodying, the.-present. invention: and-ecarried out

is- about 240 1nches long and has m
side - diametets- of 1.95- inches: a1
respectlvely Reactor I is connec‘

8-inich. -extra heavy- steel pipe havmoi a
‘Conical ;section:

conduit 5 constltute an.: enlarged extensxon of
reactor..2. which. - faclhtates -disengagement; - of
’catalyst from the gas stream.after: ~DPassage:: of._
the latter through the: dense catalyst phase SRR

: ?constructed .of porous: matenal whmh

45.

. filter and: the :inner - wall

50

surface of- the. filter.

12/ in a .manper. whereb,

55

‘oxygenated: comoounds are produced; & ‘portion .

' the relatively low bollmg compounds; such:as the
'ketones: and :‘aldehydeés; are-séparated -and ‘re-
| eycled to- the hydrogenation reaction to increase
‘the - yield:-of- oxygenated organic-compounds of
 relatively high boiling point. A similar effect on
. the' production:of: ‘oxygenated: orgamc compounds
 is:-also-accomplished-by: reeyehng ‘unsaturated

- ‘compounds,_such as..olefins; which Have. been

. -of the: oxygenated organic-compounds: comprising -

60

du1ts 'l and 8- contam ﬁlters 9 and !0 W.

able: to, the . gas: and -vapors emergmg, rom the
reactlon zone but 1mpermeable to- the catalyst
particles. carried by : entramment in the - gas
stream. . Filters 9.and (0.are. cyhndrlcal in-shape
and .closed . at, the. bottom: ends:.. They:are.di+
mensioned  in -relation. to: conduzts 1 and-8-to
DI ov1de Q.. substanhal annul; space between the

duit. for the passage of-& 3 )
entrained . catalyst: upwardly about the:- outer
.The upper: ends of ﬁlters
9.and 10, .are. mounted., Jin;.-elosure -means - {{:and
the gases..and- Vapors :
must PAss. through eithen; filter-9- o ﬁlter 10-.to

réach exit. pipes-13..and:- 14 Each of - filters §-
and .10 is. aporox:mately 38, mches long and: 4,

inches in outside. diameter;. the filter walls. bemg

approx1mate1y % .of- an-inech: thick..

-The. greater part-of reactor 1is enelosed dinca

'Jacket 15 which:. extends. from: a. pomt near: the

top-of  reactor. I to- a.. pomt sufficiently.-low. t0

* enclose - the;- 2-inch. length of-conical section:: 2

;separated from. the:efflient of: the hydrogenation - |

“reaction. - ‘Unsaturated “and oxygenated .com-=

- - pounds from:sources: other than the process itself
. may:be: introduced "into the:reaction without de~

| parting:from .the.scope:of:this invention. " =~

-, Fluid : operations: are:earried ‘out: ‘at: tempex—

: }'auure levels which: are:-relatively, high:as: com=

- pared: to:'those  which ; would:+he: permissible::in
fixed::eatalyst bed operations under:comparable

70
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.The ends.of- jacket .15 :are:formed: by clos1

and- approx1matel& 5 inches.of pipe. 8: Jacket
5. comprises-a; length of tra heavy 4- 1nch steel -
pipe ‘having an, inside meter .of ;3,83 1

ends. of . the -4~ineh. pipe i

-as.shown, . Access to, the interior of jacket. 15.is

provided - by an.opening..{§: in the:- top thereof
through a. 2~mch steel pipe acket: 15-is-adapied
tocontam a- body of liguid-for temperature-con-
trol ‘purposes; such:as water-or-Dowthern. ‘The
vapors-which:are: evolved by the heat-of: reactxon




9
are withdrawn at {6, condensed, and returned
to the body of temperature control fluid in jacket
I5. The condensate returned to jacket I5 may
be introduced through line 16, or directly at a
low point, adjacent pipe 3, by an inlet means
not shown. The temperature control fluid in
jacket 15 is maintained under a pressure at
which the liquid boils at the temperature desired
in jacket 15.
vided in connection with jacket 15 to maintain
the temperature control fluid therein at any
desired temperature when it is desired to heat
the contents of reactor 1. e

In order to show all the essential parts of the
reactor and associated catalyst separation means
on 2 single sheet, a large proportion of the ap=
paratus has been eliminated by the breaks at
IT and (8. For a clear understanding of the
relative proportions of the apparatus, reference
may be had to the over-all length of the ap-
paratus, from the bottom of jacket {5 to exit
pipes 13 and {4, which is about 310 inches. In
each of breaks 1T and 18 the portion of the
apparatus eliminated is identical with that por-
tion shown immediately above and below each
break.

In pseudo-liquid operations carried out in this
-apparatus the catalyst recovery means, compris-
ing filtérs 9 and 10, are effective to separate sub-
stantidlly completely entrained catalyst from the
outgoing stream of gases and vapors. The dis-
engagement of solids from the gas stream is pro-
moted by the lowered velocity of the gas stream
in conduit 5 and remaining solids are separated

on the outer surfaces of filters 9 and 10. The .

latter are employed alternatively during the op-
eration so that the stream of gases and vapors
and entrained solids passes from conduit 5
through either the left or right branches of mani-
fold 6 into conduit 7 or conduit 8. During the al-
ternate periods the filter which is not in use is
subjected to a back pressure of gas which is intro~
duced at a rate sufficient to dislodge catalyst
which has accumulated on the outer surface of
the filter during the active period. Such blow-
back gas and dislodged catalyst flows downwardly
in the conduit enclosing the filter and into mani-
fold 6, in which the blow-back gas is combined
with the reaction mixture flowing upwardly from
conduit §. The greater part of the catalyst thus

dislodged settles downwardly into the reactor and

is thus returned for further use.

The amount of catalyst charged to the reactor
initially is regulated, with reference to any pre-
liminary treatment of the catalyst in the reactor
and the gas velocity to be employed, whereby the
upper level of the dense phase is substantially
lower than the top of reactor I. During the op-
eration the accumulation of deposited reaction
products on the catalyst particles may cause an
expansion of the dense phase and a rise in the
height of the dense phase.

. In the operation of the apparatus of the draw-
ing the desired quantity of powdered catalyst is
introduced directly into thée reactor through a
suitable connection, not shown, in conduit 5.
After any desired preliminary activation treat-
ment the temperature of the fluid in jacket 15 is
adjusted, by the heating means mentioned above
and by the pressure control means, to the tem-
perature desired in jacket 15 during the reaction.
-After the catalyst mass has reached the reaction
temperature the introduction of the reaction mix-
ture through pipe 3 is initiated. During the re-
action the liquid in jacket 15 is maintained at the

Heating coils, not shown, are pro- .
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desired temperature by controlling its pressure.
The reaction mixture may be preheated approxi-
mately to the reaction temperature prior to its
introduction through pipe 3, or the reactants may
be heated to the reaction temperature through
the passage thereof through that portion of pipe
3 which is enclosed by jacket {5 and by contact
with the hot catalyst. In most of the operations
described hereinafter it was preferred to preheat
the reaction mixture to temperatures of at least
350° B, ‘

Pipe 3 is dimensioned with respect to reactor 1
and the desired superficial velocity whereby the
velocity of the gases passing through pipe 3 is suf-
ficiently high to prevent the passage of solids
downwardly into pipe 8 against the incoming
gas stream. An orifice plate, not shown, is pro-
vided in pipe 3 to prevent solids from passing
downwardly out of the reactor when the gas
stream is not being introduced into pipe 3.

In this apparatus operating runs were made
to test the efficacy of the catalyst of this inven-
tion in the treatment of a gas charge containing
hydrogen and carbon monoxide to convert these
reactants to hydrocarbons and oxygenated com-
pounds. In each operating run the alkali con-
tent of the catalyst was varied to test the effect
of various combinations of catalyst compositions.
The results of each operating run are represented
by the results observed during a stabilized period
of operation under a given combination of oper-
ating conditions. The conditions of operation
and the results obtained in these operating runs
are described below in the following example and
tables. L

EXAMPLE

The catalysts for use in these operations were
brepared from an ammonia synthesis catalyst
which had been prepared by fusion of alumina
and potassium oxide in molten iron oxide to pro-
duce a mixture of iron oxide, alumina, and potas-
sium oxide.. This material consisted principally
of iron oxide and contained about 2.9 per cent
alumina, about 3.4 per cent potassium oxide, and
lesser amounts of titania and silica. 'To prepare
this material for use in this improved process it
was first ground to a 6 to 20 mesh size and then
subjected to leaching with water to remove the
desired amount of potassium oxide, This treat-
ment reduced the potassium oxide content from
about 3.4 per cent to-about 0.3, about 0.6, and
about 1.4 per cent for three separate catalysts
based on Fe. The leached material was then
dried at 210° F. and reduced in a stream of hydro-
gen. ‘

In the reduction treatment a heated stream of
hydrogen was passed through the granular mass
of iron oxide, treated to remove water formed by
the reduction reaction, and then recirculated.
The temperature was raised gradually and the
reduction reaction was initiated at about 600 to
800° F. The temperature of the catalyst mass
was then raised to about 1215° P, in two hours
while continuing the fiow of the hydrogen
stream. During the next 4 hours the tempera-
ture was raised to approximately 1285° F., during
which time the reduction was substantially com-
pleted, as evidenced by the practical cessation. of
water formation. The reduction ig usually car-
ried out at a temperature between about 1200° P.
and about 1400° P, : . )

Each of the reduced catalysts was ground in
an atmosphere of carbon dioxide, first in a hand
grinder and then in a bhall mill, to produce a
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Alkali Content—l’er Cent K20

tively. -The five Tuns illustrated were selected
-as representative.ef the various runs made:in-de-~
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TABLE II
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2 :CO-in Fresh Feed
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. The,xzesults..omained ,with:the wvarious catalysts -
confaining different potasium oxide contents in-
(dicated that the catalysts:containing.the smaller
amounts of alkali--were most.active .in the con~
version. of carbon monoxide. . The: relative.ac-
tivity is seen in the foregomg table in: the fact
that the high alkali catalyst required, a-:higher
temperature and a lower space velocity to obtain
approximately:the same .amount .of CO conver-*
sion.as the lower alkali catalyst.- -

A comparison of the yields: and .of the selec-
tivity of the three catalysts is also found.in the
foregoing table.  No- allowance -has: been..made -
forpossible’ losses in-the-various recovery. systems.
Examination of Table II indicates that the cata-

- lyst contalmng a. h1gher amount of alkall pro- .

: ated compounds as d1d the lower alkah gatalyst
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Generally, the h1gh alkah catalyst had.g. sllghtIY_
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lower hydrocarbon yield than the lower alkali
catalyst. ‘At comparative space velocities, the
high alkali (1.4 percent K20) catalyst produced
slightly more- low boiling hydrocarbons than
did the 0.6 per cent K20 catalyst, but the low boil-
ing hydrocarbons were formed at the expense of a
decrease in yield of 400° F. end point gasoline.

The oxygenated compounds with the low alkali
catalyst were predominantly alcohols and are
‘produced concurrently with the hydrocarbons
and are considered very valuable -products.
With the high alkali catalyst, the acid product
was almost equal to the alcohol product. The
catalyst containing the 1.4 per cent K20 pro-
duced a much larger amount of oxygenated or-
ganic compounds than did the other catalyst.
For example, the operation shown with the 1.4
K20 catalyst resulted in 47 ce./m.2 of oxygenated
compounds as compared with-the 0.6 per cent
K20 catalyst and the 0.3 per cent K20 catalyst
which produced 12 and 8 cc./m.3, respectively.
The high alkali catalyst also produced somewhat
larger proportions of total liquid products than
did the lower alkali catalyst, as is noted in
Table II. The relative CO distribution for the
various catalysts shown in Table IT under “Se-
lectivity” clearly indicates the greater selectivity
exhibited by the 1.4 per cent K20 catalyst where
approximately 55 per cent of the CO was con-
verted to liquid hydrocarbons and chemicals, as
compared with 44.5-53.7 per cent for the other
catalysts. As previously mentioned the yields of
oxygenated compounds were much greater with
the high alkali catalyst than with the low alkali
catalyst. ;

Table III shows a comparison of the distribu-
tion of the oxygenated compounds for the 1.4
per cent K20 catalyst and the 0.6 per cent K20
for operating conditions given in Table II. The
normal straight chain primary alcohols are sub-
stantially the only type of alcohols produced with
either catalyst. 'The most striking difference be-
tween the oxygenated compounds from the two
.catalysts was in the acid content which was
almost negligible with the 0.6 per cent K20
catalyst and was as high as about 34 per cent
of the total oxygenated chemicals with the 1.4
per cent K20 catalyst. It is also noted that there
was a shift toward a substantially larger produc-
tion of high alcohols with the 1.4 per cent K20
catalyst.

TABLEIII

Comparison of high and low alkali catalysts—
oxygenated - compound distribution .

Alkali Content—X,0 percent by weight 1.4 | 0.6

Distribution of Oxygenated Compounds—Vol. Per-

cent:

. Acetaldehyde and Propionaldehyde.........._.__.
Acetone. . .oco.ceuooo.
Methyl Ethyl Ketone..
Miscellaneous Aldehyde:
Methyl Alcohol. ..o e
Ethyl Aleohol.. ..o
Propyl Aleohol. R
Butyl Aleohol___
Amyl Aleohol.._._._ ...
Hexyl Aleohol - R -
Heptyl4-Higher Aleahola. ..o ool .l

=3 >
(GG
NN

sprpoRitooon
O NI @' 00 K9 - W O b

Acetic Acid......_.....
Propionie Aeid.. .. ..
Butyric4+Higher Acids

Total Acid. .o

ESEOIS .o o oo o oo et e e

1 Negligible.
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-.'The comparative olefin contents of the hydro-
carbon fractions obtained with the recovery op-
erations conducted in these runs when employing
the 1.4 per cent'K20 catalyst and the 0.6 per cent
K20 catalyst are found in Table IV. The hydro-

_ -carbons from. the high- alkali catalyst: included

10

40

45

more olefins than those from the low-alkali cata~
lyst. . The  difference is : particularly noticeable
in the low boiling hydrocarbons, i. e.,:from Cz to
Cs+ hydrocarbons.: The. light -gasoline recovered
from the charcoal absorber had approximately
the same olefinic content for each . catalyst but
the heavy oil and wax-for the operation with the
high' alkali catalyst showed much less unsatura-
tion than did the heavy oil and wax for the low
alkali catalyst. This large difference in the-.ole-
finic condition of the heavy oil and wax was prob-
ably caused by the presence of non-hydrocarbons,
such as alcohols and acids, and therefore the ac-
tual values based on the hydrocarbon alone would
probably show much closer agreement;. for ex-
ample, the heavy o0il and wax from the high
alkali catalyst contained 30 to 35 per cent oxy-
genated compounds and on the other hand the
same material from the low alkali catalyst con-
tained about 5 or 6 per cent oxygenated com-
pounds.

TABLE IV

Comparison of high and low alkali catalysts—
olefin content of hydrocarbon fractions

Alkali Content—XKzO per cent by weight. 0.6

Space Velocity C. E./hr./1b. Fe ! .. ...
Olefins—Per cent:
- feccrene SRR e ELE L LR AL R DRt NG NS AR B EELL TS
)P,
Adsorber. Gasoline (Cs~Cio)__ -
Heavy Oil4+-Wax (Cio) cavvcoaeo

1 Based on total fresh feed (CO+Hy)

Since in commercial processes the Cz and the
C: olefins could be polymerized to form polymer
gasoline, the distribution of the liquid hydrocar-
bons after the formation of 10 1b. R. V. P. gaso-

. line with the incorporation of the polymer are

50

55

60

summarized in Table V. The gasoline fraction
for the 1.4 per cent K20 catalyst was an appre-
ciably larger portion of the total liquid hydro-
carbons because of the large amount of polymers
obtained from unsaturated Cs to Cs: fraction. It
should be noted that the high alkali catalyst pro-
duced insufficient Cs hydrocarbons to make 10 Ib.
R. V. P. gasoline after polymerization while on
the other hand the low alkali catalyst produced
an excess amount of light hydrocarbons amply
sufficient for the production of 10 1Ib. R. V. P.
gasoline. :

The 400° F. end point gasoline inspections are
also summarized in Table V. For comparative
space velocity with the 1.4, 0.6, and 0.3 per cent
K20 catalyst the yields of gasoline including poly-
mers was lowest for the 0.3 catalyst and highest
for the 0.6 catalyst. The 400° F. end point gaso-
line yield (Cs3+) with the added polymer was
about 20 cc./m.3 less from the high alkali cata-
lyst than from the lower alkali catalyst. The
large increase in gasoline yield when the cata-
lytic polymer is included was caused by both the
large yield of olefinic hydrocarbons and the large
vield of relatively low boiling hydrocarbons, such
as C3 and C: hydrocarbons. This was particu-
larly the case with the gasoline produced from
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The product water from the high alkali cata~
lyst operation using a 1.4 per cent K20 catalyst
contains a large concentration of organic oxy-
genated chemicals, such as acids, alcohols,
ketones, aldehydes, and esters. Additional wa-~
ter soluble chemicals were dissolved in the heavy
oil and could be removed by water washing.
The oil also contained water insoluble material.
The separation, analysis, and identification of
the oxygenated compounds in the water was ac-
complished primarily by precise fractionation,
sometimes followed by preparation and exami-
nation of derivatives. To simplify the separa-
tion and recovery problem, the acids were first
neutralized with caustic. Below are listed some
of the compounds and azeotropes which were
identified from the distillation curve by their
boiling points and by analogy with previous dis-
tillations.

Acetaldehyde
Acetone—methanol

Methanol

Ethanol-—ethyl acetate
Ethanol—methyl ethyl ketone
Ethanol—water
Propanol—water
Butanol—water

The above compounds and azeotropes collec-

tively aceounted for about 16 per cent of the high °

alkali catalyst water product of which about 7.5
per cent or 47 per cent of the overhead was ethyl
alcohol-water. Less in quantity was the propa-
nol-water alcohol amounting to about 21% per
cent or 16 per cent of the overhead.

An analysis and distribution of the oxygenated

5 .
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Volume
per cent.

Aleohols:
Methanol . 1.2
Ethanol o 25.8
Propanol —— e 5.2
Butanol o 4.0
Pentanol o 17
Hexanol and higher e ._ 71

Acids:

Acetic 9.8
PropioniC .o 4.6
Butyrie ._____..___ ———— 45
Valeric - 2.6
Caproic and higher___________________ 12.0

The average distribution of total oxygenated
compounds was about 60 per cent in the product
water and gas and about 40 per cent in the oil.
Ethanol was the most abundant of the non-acids
produced and of the acids the lighter acids were
most predominant, i. e., acetie, propionic, and bu-
tyric. :

In the operation using the high alkali catalyst
containing 1.4 per cent K20 several catalyst sam-
ples were withdrawn from the reactor during op-
erations to determine changes in analysis of the
catalyst as the catalyst age increased. Oil and
wax deposits were removed from the catalyst by
xylene extraction. A sample of the extracted
catalyst was next burned in a combustion tube in
an atmosphere of oxygen and the resulting COz
measured to determine carbon, Another oil and
wax free sample was used for chemical determi-
nation of iron. Data obtained from these analyt-
ical procedures and size analyses are shown in
Table VIII,

TABLE VIII
Powdered iron catalyst—1.4% K:0—analyses
Re- Dis-
Run... Fresh charge 1 2 3 4 5 6 charge
Catalyst Age-Hours. ... __......_ 0 3721 545 | 611 721 | 761 | 804 | 882 931
Operating Conditions:
Temperature °F. ... | 580 [ 500 | 586 | 580 | 610 | 633 | 628 630
Pressure—p. 8.i oo f_.o 8-250 | 250 | 250 [ 400 | 250 | 250 | 250 250
Inlet Hp:CO - .. 25 23| 21 25| 23| L9| 2.1 2.8
Analysis: .
Oil+Wax—Per Cent.__....._. 0 14.1)| 9.8126.0(27.3)|12.6|10.1| 6.9 7.6
C 0 . . 5 16.3 3 4| 23.6 24.0
.4 45.0 8 58.0 60.0
.0 5.2 81 2.8 L0

compounds produced with the 1.4 per cent K20
catalyst are shown in Table VII below. )

TABLE VII
Volume
Aldehydes: per cent.
Acetaldehyde oo 1.6
Propionaldehyde .o 0.6
Butyraldehyde and higher____________ 7.1
Ketones:
Acetone e 0.9
Methyl ethyl ketone__________________ 0.5
Pentanone and higher._______________ 2.0
Esters: '
Csester e 1.0
Ca ester c e 1.2
Cs ester and higher e 6.6

60
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" From the data in Table VIII it is evident that
a high alkali catalyst could be operated at rela-
tively high temperatures (630° F.) without ex-
cessive coke formation. A period of very small
change in carbon formation was- attained after
about 400 hours and maintained for an addition-
al 350 hours. With the low alkali catalyst con-
faining 0.6 per cent K20, a similar steady state
was reached after about 450 hours and main-
tained for about 200 hours. This steady state
condition with the low alkali catalyst was about

23 1bs. catalyst/100 lbs. of iron while with the

high alkali catalyst it was about 33 lbs. cata-
lyst/100 lbs. of iron. An estimate of the relative
volumes of original and approximately steady
state catalyst indicated that the latter material
would occupy nearly four times the original vol-
ume,
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ferent alkali contents and 150 pounds per- ‘square
“irich-pressure. Table EX-is very-similar to Table

1 *but-contrary ‘to “Table II ‘the- opera.tmg pres- -

| “stire~was 150-pounds -per square ing]
'950 pounds - per square -inch.:

~“From his data

‘ 'Ta,ble IX is tabulated operating conditions -
gnd yields for the various catalyst having dif-

© presented in Table TX-it is evident that the yield -

| “of oxygenated -compounds” with ‘the high alkali
catalyst is much larger than the low alkali“cat~

‘alyst even-at-low-pressures of -about 150 pounds.
“The -discussion -of Table-II will ‘apply-in- ‘most re- |

_ -résction tempeératiire bétween about: ‘580°-
-gbout 750° F.-ahd ‘a ‘redction pressufe

‘spects -to-:the -analysis-of -the -data in “Table IX ~
and consequently -further -discussion 6f Table IX -

‘is'deemed-unnecessary. It ‘should be nioted, ‘how-
ever,-that the-data -in Table IX- substantiates

“the data in ‘Table II and the discussion in con-"

nection thereWLth The- analy51s of the oxygen-
ated compounds, the- gasolme fractlons -and vari-
ous- other fractlons ‘as dlscussed m connectlon
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' to be quite 51m11ar w1th the’ 150 pound operatlon IS

‘ Y] shown in Table IX below:

TABLE IX
: ;ka‘o;per»cent byweight -~ o 70708 | 104

Operetmg Conchflons E
Hours.on condition . . _to_lliiiiooliio|-iins 34 235
. Pressure—p. s.i_. . 150 | -150 150
-Pemperature °F__ toiz tozzoczf 660 | “69%0 "583.
‘Space: Velomty—v/hr /v.;....-.;_-_.;..-_,—.;-. 416 (21625 |_o__.
CF./hr,/Ib./Fé 21.639.9.| 18.9

Recycle-Ratio- Re/ffz s : ® |18 .

Hg:00: Fresh Feed. ..
© " H3:C0 Inlet.
. Contracetion—Per- Gmt

.~ GO Conversion=Per Cent_ o
Y1elds——Basm Fresh ‘Feed cc’s per cubnc meter H

- Oxygenated C fmmmns
"%otal liquid (hydro ~0xXy. ) .................

; 1
g Selectxvxty Per Gent:
{0050

: "Co—)oxygermted Opds..-..--.-._,;.._;..,_ K
- COCH-Cyz: : feiliiZeacf?
CO—)Ca—l-OA :
CO—> 5+-_..

"1 Cubid’ céntiméters Per cubic’ meter of total fresh feed.
- 2 No recycle.

Although the reduced ferrugmous ‘catalyst of

. fthls ‘examiple "has béen- ¢onsidered -to have an -
- ultimate composition of ‘metallic iron -and K20,

| the actual composmon -of ‘the ca,talyst may con-

%ain eoifsideérable amounts of ‘untéduced.- ox1des; .
.55
‘content._is caleulated: on.the basis that all the

v _ of iron. For ‘convenience - and clarity -the K20
. Pe in the catalyst is present as. metallic iron.:
alyst 1S réported as K20, the- potassmm may be

‘present-in ‘other forms than Ka
Varrous mmor modlﬁcatl

LA process--for hydrogena,ting carbon ‘mon- |

'oxxde awith- g ﬂu1dlzed catalyst »to produce reIa-
b . ’ ergaiiic |

s “which’ compnses contmuously ﬁowmg a
gaseous jrn"' ure compnsmg hydrogen and car-

qngredient only ‘fron -ard -as < “prom

‘between about 0.8 and about 2.0 weight per-Gént -

1S e the 2 pparatus :

o8

180 -

: gz

“tire through ‘said” mass at a ‘velocity sufficienitly
“Jow “to maintain the Mass in a dense, ﬂu1d1zed.
“pseudo-liquid -condition -but ‘sufficiently high to
~produce rapid-circulation:of catalyst particles-in

‘through the derise catalyst miass, and- recovermg
g, -substantial quantity 'of “oXygénated

the ‘Mmass and gt a feed Tate equivalent ‘to at .

“ledst. 1.0 ‘standard “eubié ‘feet of ¢arbon -Monox-
ide- per- Hour-pér »pound of metal catalyst'in‘the
-dénse, fluidized inass ‘of catalyst ‘maintaining ‘a

Poand

sbotit 50 -and about 500 pounds’ per squar

‘gage, w1thdra.wmg an effiugnt from -said rése-

tioh Zone aftér-passage: of said ‘gaSecus mixture

compounds ‘having more -than one ‘éarbon ‘ateim -
per molecule from said eﬂiuent as products of
the process.

2. A process ‘for producmg ox, ygenated com-~
pounds by the hydrogenation- of carbon monox-
ide with a fluidized catalyst which’ comprrses con-
tinuously flowing a gaseous mixture  comprising
hydrogen and carbon monoxide in 4 feed ratio
of hydrogen to carbon monoxide between about
0.7:1 and about 10:1 upwardly in a reaction zone
in the presence of a finely-divided iron. catalyst
containing metallic iron as the essential cata-
1yt1ea11y -active 1ngred1enta,n‘dl between about 0.8
flowing sald gaseous ‘mixture upwardly through
said reactmn zone -at a.velocity such that ﬁnely,

- d1v1ded catalyst is. ﬁu1dxzed mamtaming 1n said

2,48

“? and about 750° F. and & pressure between about
- 50 and ‘about 500 pounds per sduare inch gage,

withdrawing an effluent from said reaction zone, .
separating a substantial quantity of oxygenated
compounds having more than one carbon atom

“per. molecule from said effluent. as products of
‘the ‘process, and recycling a. gaseous mixture

comprising- an -unreacted reactant to said re-

_action zone in a recycle to fresh feed volumetric

ratio of about 0.5:1 to about 10:1.
. 3. The process according to claim 2 in which

- -said-recycle comprises oxygenated organic com- -

50

- iAlse,‘although the- potassmm content of the- ca,t- R

‘60

70.

. gage in said:reaction zone, " withdrawitiz” a, gase— .

75

“pounds-and an-unreacted reactant.

4. A process for producing organic acids by -

“the hydrogenation of carbon monoxide with a
-fluidized . eatalyst which comprises continuously
*flowing ‘a gaseous mixture comprising hydrogen.

and carbon monxide Upwardlyk in a reaction zone -

“through'a mass comprising a finely divided iron

catalyst- containing metallic iron as the essen-
tial -eatalytically -active - ingredient and between
about 1.0 and-about 1.5 weight per cent potas- -
sium-oxide: to -suspend- the catalyst-mass in said

‘gaseots m1xture, passmg said Faseous mikture

through said inass &t a vélocity sufficiently low
to maintain the massin-a dense, fluidized pseudo-
liquid condition but suﬁimently high to produce
rapid ¢irculation of the catalyst particles in the

‘masszand at a feed rate equivalent to ‘at léast

1.0 standard cubic feet of -carbon -inohoxide per
hour "per. pound of iron. eatalyst-in -the ‘dense,
fluidized mass-of catalyst; charging€o the' Pprocess

‘2 fresh feed mixture comprising hydrogen -and

carbon monox1de in a hydrogen to carbon mon-.
oxide ratio between about 0.7:1 and about 10:1,
maintaining a tempera,ture between -about- 580°
P. and about 750° F. arid a: pressure between :
about 150 and about 300 bounds per- squaie “fAch

ous effluent from said reactionzohe N
Sage ofsaid-gaseous mxxture through‘sard"dense
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catalyst mass, treating the gaseous effluent to
separate a substantial quantity of organic acids
therefrom as products of the process, and re-
cyecling a mixture comprising unreacted hydro-
gen and carbon monoxide at a volumetric ratio
of recycle to fresh feed of about 0.5:1 to about
10:1.

5. A process for hydrogenating carbon mon-
oxide with a fluidized catalyst to produce a rela-
tively high yield of oxygenated organic com-
pounds having more than one carbon atom per
molecule which comprises contacting a gaseous
mixture comprising hydrogen and carbon mon-
oxide with an iron catalyst containing metallic

iron as the essential catalytically active ingredi- ;

ent thereof and more than about 1.0 and less
than about 2.0 weight per cent of potassium oxide
at a reaction temperature between about 580
and about 630° F. and a pressure between about
50 and about 500 pounds per square inch gage
under conditions such that water, hydrocarbons
and oxygenated organic -compounds having more
than one carbon atom per molecule are produced,
suspending said iron catalyst in a fluidized con-
dition in said gaseous mixture, withdrawing from
the reaction a gaseous effluent containing prod-
ucts of the reaction, cooling and densing said
effluent to form a hydrocarbon phase and a lig-
uid aqueous phase, and treating both the hydro-
carbon phase and the agqueous phase to separate
a substantial guantity of oxygenated organic
compounds having more than one carbon atom
per molecule therefrom as products of the proc-
ess.

6. A process for hydrogenating carbon mon-
oxide with a fluidized catalyst to produce a rel-
atively high yield of oxygenated organic com-
pounds having more than one carbon atom per
molecule which comprises contacting a gaseous
mixture comprising hydrogen and carbon mon-

oxide with an iron catalyst containing metallic’

iron as the essential catalytically active ingred-
ient thereof and more than about 1.0 and less
than about 2.0 weight per cent of an alkali metal
oxide at a reaction temperature between about
580 and about 630° F. and a pressure between
about 50 and about 500 pounds per square inch
gage such that water, hydrocarbons and oxygen-
ated organic compounds having more than one
carbon atom per molecule are produced, sus-
pending said iron catalyst in a fluidized condi-
tion in said gaseous mixture, withdrawing from
said reaction a gaseous effluent containing prod-
ucts of the reaction, cooling and condensing said
reaction effluent to form a hydrocarbon phase and
a liquid aqueous phase, and recovering a sub-
stantial quantity of oxygenated organic com-
pounds having more than one carbon atom per
molecule from said liquid aqueous phase as prod-
ucts of the process. :

7. A process for hydrogenating carbon mon-
oxide with a fluidized catalyst to produce a rel-
atively high yield of organic acids which com-
prises contacting a gaseous mixture comprising
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hydrogen and carbon monoxide with an iron
catalyst containing metallic iron as the essen-
tial catalytically aective -ingredient thereof and
between about 1 and about 1.5 weight per cent
of potassium oxide at a temperature between
about 530 and about 630° F. and a pressure be-
tween about 150 and about 300 pounds per square
inch gage such that acetic, propionic and butyric
acids, water and hydrocarbons are produced, sus-
pending said iron catalyst in a fluidized condition
in said gaseous mixture, withdrawing a gaseous
effluent containing the products of reaction, cool-
ing and condensing said effluent to form a hydro-
carbon phase and a liquid aqueous phase and
thereafter recovering a substantial quantity of
acetic, propionic and butyric acids as products of
the process. .

8. A process for hydrogenating carbon mon-
oxide with a fluidized catalyst to produce a rela-
tively high yield of oxygenated organic com-
pounds having more than one carbon atom per
molecule which comprises flowing a gaseous mix-
ture comprising hydrogen and carbon monoxide
through a reaction zone in the presence of a
finely-divided iron catalyst containing metallic
iron as the essential catalytically active ingredi-
ent and between about 0.8 and about 2.0 weight
per cent of an alkali metal oxide at a velocity
effective to fluidize said finely-divided iron cat-
alyst in the gaseous mixture in said reaction zone
at a reaction temperature between about 580° F.
and about 750° F. and at a pressure between
about 50 and about 500 pounds per square inch
gage to produce oxygenated orgahnic compounds
having more than one carbon atom per molecule,
withdrawing an efluent from said reaction zone
after contact of said gaseous mixture with said
catalyst and recovering a substantial quantity of
oxygenated organiec compounds having more than
one carbon atom per molecule from said effluent
as products of the process.

HENRY G. McGRATH.
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