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Thisjinvéntion relates to the synthesels of

hydrocarbons and oxygenated hydrocarbona from the catalytie

‘Interagction of carbon monoxide and hydrogen. More

partlicularly, thle invention relates to a process for
increasing the amount of acids which may be recovered
from such a process.

It is well known in the art that mixtures of
carbon monoxide and hydrogen when brought into intimate
contact with sultable catalyste under sultable reaction
conditlons are convgrted into hydrdca?bons and oxygenated
hydrocarbons. It is also known that the nature of the
producte are in general, a function of the reactlon
conditiona, such as temperature, pressure, contact time,
nature of the catalyst, and the llke. Thus it has been
established that in general; increasing the pressure
increages the formation of oxygenated organlc products,
and also that glkall metal promoted iron type catdlyats
favor oxygenated converslon preoducte aa against cobalt-
type catalyst.

Among the most valuable products resultlng
from this syntheals are the low molecular weight fatty
aclds, malnly acetic, which are found in the aqueous
layer resulting from this syntheels. These acids have
a large market as intermedlates 1ln the manufacture of
cellulose acetates, which are used in large quantlitles
in the manufacture of synthetic fibree, textiles and
plagtics. For this reason, 1t 1s highly deslrable to
increase to the greatest possible extent, the yields
of these aclide in the hydrocarbon aynthesis.

Desirable as 1t is to produce high ylelds of
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fatty aclds in this catalytlc eynthesls process, 11 has
hitherto been found that these ateps and means which
increase the quantlty of acids produced, unfortunately
have the concomitant effect of increessing seriously

the quantity of carbon formed and deposlited on the
catalyst in the course of the reaction. ~Thls carbhon
formation is a serious problem, particularly when the
catalytic synthesls operation is carried out by the
fluld solide technique, which latter, because of better
heat distribution, transfér and control, and because

of the more intimate mixing and contact of the catalyst
with the reactants, is far superior to the fixed bed
processes for effectling the hydrccarbon synthesls
operation. However, two problems that arise 1in
conJjuncilon with the fluld solids type of operatlon

are the fouling and consequent inactivation of the
catalyst by carbon deposition, and the tendency of the
catalyst particles to disintegrate, due probably %b

this carbon formation. Among the factors that favor
carbon formation in the syntehsls are low ratios of
hydrogen to carbon monoxide in the synthesls gas,

low hydrogen partial pressures in the synthesis reactor,
and high ratios of recycle tall gas to fresh feed golng
to the synthesis reactor, and these variables also favor
formation of aclds in the synthesis reactlon. GCarbon
formation and catalyst dieintegratlon not only cut

down on product yleld but evenimally cause poor fluldization
of the catalyst, excegsive finea formation, catalysi

agglomeration and conditions requiring plant shutdown.

It is the principal purpose of the present
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invention to provide an improved process for the converslon
of carbon monoxide and hydrogen to give high ylelds of
fatty acids without forming excesslve amounte of carbon
during the conversion and wlthout exceselve fragmentation
of the catalyst. !

Other and more specific oblects and advantages
of the invention will sppear hereinaftef.

It has now been found that the ylelds of
acids resulting from the hydrocarbon synthesls reaction
are related to the carbon dioxide concentration of the
total feed to the synthesis reactor, the yleld lnereasing,
firat rapidly, then more slowly, with increase in the
carbon dioxide concentration in the total feed to the
reactor. This relationship has been found to hold
generally, irrespective of the nature of the lron-type
hydrocarbon synthesis catalyst and of the reactlon
pressures employed within 200 - 700 psig. Thus when
employlng a sintered KEGO3 promoted red iron oxlde
catalyst in a synthesis reactlon, and an HE/GO ratlo
of 1.7/1, increasing the carbon dioxide content in the
total feed from 12% to 56% increased the acid yield
from 13 to 30 ce/m? of converted B, + CO.

Deslirable as 1%t ise, therefore, to malntaln
high concentrations or partial pressures of carbon
dioxide in the hydrocarbon syntheslas reactlon zone,
it has, hitherto been foupd that these condltlons
favoring high CO, concentrétions in the synthesis
reactor also cause high carbon deposition on the catalyst.
Thus high recycle rates and high ratios of recycle tall

gas to fresh feed, lncrease the CO, concentration in the
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reactor by recycling thereto, the 002 produced by the
gynthesle reactlon. However, as & reault of the dllution
effect and of the interaction of the CO, with the H,
in the synthesis zone to produce CO and H,0, the hydrogen
partial pressure within the reaction zone 1s lowered,
favoring carbon deposltlon. 8imilarly, increasing the
conversion level of synthesis gas increases the COp
content of the reactor, but by decreasing the hydrogen
partial pressure within the reasctor, excesslve carbon
again 1s formed. 8imilarly, low HE/CO ratlios 1n the
total feed to the synthesis reactor ls conduclve both
to the formatlon of relati@ely large quantities of
fatty acids and also large quantitles of carbon.

It hae now been found that high yields of
fatty aclids, mainly acetic acld, may be formed at low
carbon formation rates when a hydrocarbon synthesis
process 1s operated at pressures of about 500 to 700
psig., recycle to fresh feed ratio of 1 to 2/1,
H2/co ratio in the fresh feed of 1.0 - 1.3/1 and a
gynthesls gas conversion level of about 93% is malntained.
Under these conditions a high COp concentratlon of above
304 is maintained in the total feed to the reactor, as
well as a relatively high hydrogen partial pressure of
above 175 pal., favoring low carbon production.
Surprisingly, the low Halco ratios employed ln accordance
with the invention, which ratio ordinarily 1s assoclated
with high carbon production, are under the condltlions
delineated in the present invention, not conducive to
high deposition of carbon on the catalyst.

That these conditlions are critical is attested




10

20

. ol 87

by the fact that by lncreasing the recycle ratio, orF
decreasing the total pressure or increasing the synthesle
gae conversion level, all degrease the hydrogen partial
pressure and thus lncrease the extent of depositlon of
carben on the catalyst. On the other hand, if the
H2/00 ratio 18 increased, the carbon formation rate
18 decreased but so also is the yleld of fatty aclds,
because the €0, content of the recycle gas 18 diminished.
The process of the present invention may be
carried out in any conventional equipment adapted to
fluld catalyst operation. A systemusuingle for thia purposae
ig shown semi-dlagrammatically, 1in the accompanylng
drawing, which is used to descrlbe, 1in greater detall,
the operation of the present invention on one of its
embodimenta.
Referring now to the drawing, 2 represents
a reactor which 1s preferably in the form of a vertical

oylinder having a lower conlcal sectlon end an upper

_ expanded section. A synthegis fresh Teed gas mixture

comprising Hydrogen and carbon monoxide in the ratio

of sbout 1:0 - 1.3 mols H, per mol CO is introduced

into reactor 2 through line 4 and flows upwardly through

a screen or grid 6 to effect good gas distribution.
Within reactor 2, a mass of lron catalyst

guch as sintered reduced red iron oxide or ammonia

synthesis catalyst (fused redué¢ed magnetlte promoted

with potassia and alumina) 18 meintained in the form

of a powder having a particle gize distribution such

that less than 20% of the particles have dlameters

0-20 microns and less than 10% of the partlcles have
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diameters larger then 80 mlcrons. The catalyst may be
promoted with an alkall promoter, puch as 0.5 - L1.5%
HQCOB, and may be supplied to reactor 2 from catalyst
hopper & through line 10.

The linear inlet velocity of the gases to the
reactor 2 1s maintained within the approximate range
of 0.3 - 5.0 feet per second, preferably between O.4 -
1.5 feet per second. Under these conditions the catalyst
in reactor 2 assumes the form of a dense, turbulent mass,
resembling a bolling liquid, with a more or lees well-
defined upper level 12, and an apparent density of
about 25 - 75 lbs./ cu. £t. depending upon the fluidization
condlitlions, the lower apparent denslty being asgsoclated-
with the higher velocities. ' The amount of synthesls gas
pupplied through line % is so controlled that 5 to 50
normal cublc feet of H,+CO enters reactor 2 per 15. iron
catalyst per hour.

Within reactor 2 the total pressure ls ad justed
to about 500 to 700 1lbs./sq. in. The synthesls gas
constltuents which are supplied both as fresh feed and as
recycle tail gas, are supplled and adJusted such that the
absolute hydrogen partisl pressure in the total feed to

reactor 2 is maintained 1n the range of 150 to 300 psl.,

preferably 175 to 250 psi. The ratlo of ‘Hy/HptCO+COp

in the feed is maintained preferably below 0.65.

Also admitted to resctor 2 through lines 1%
and 4, 1s tall gas as described more fully below. Thus
gas from which the bulk of the water formed in
the ‘synthesis has been removed, contalns carbon dloxlde

up to 65 volume %, and is recycled to the synthesis
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step at the rate of 1 %o 2 volumes recycle gas per volume
fresh feed. As a result of the reaction conditlons
enumerated above, and of the velocities and throughput
rates of the synthesls gases, & 002 partlal pressure
of about 150 to 275 psl.; and an Ho+CO converslion level
of about 90 to 93% but no higher than 97%, are malntalned
within reactor 2.

When entering the enclarged sectlon of reactor
2, the fluldizing gas veloelty 1s sufficiently decreased
80 that,the’gas will no longer support any substantial
quantity of catalyst, and most of the catalyet particles
entralned in the gas drop back into the fluldized mass.

The reaction temperature may be controlled

by eany convenlent means, such asg cooling colls or Jackets

inside or outside remctor 2. The temperature wlthin the
fluldized mass is kept uniform at about 625 to 675°F.

The volatile reaction products, contalning only

7

~small quantitles of entrained catalyst, are passed through

a gas-gollda separator 16, such as a cyclone, fllter, etec.
This removee all but traces of entralned fines, and the
catalyst and fines thus removed may be returned through
line 18 to the fluldized bed in reactor 2.

Product vapor and gases may.be wilthdrawn cver-
head through line 20, and paseed through cooler 22 to
liquid-gas separator 24, Teil gas 18 passed cverhead
from separator 24 through line 26, and may be passed
to pump 28. From recycle pump 28, the tall gas ls
puﬁped through line 1% to reactor 2 as recycle gas.
Valve 30 18 so adjusted that the ratioc of recycle to

fresh feed ia proportioned as desired, wlthin the
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reactor, preferably in the ratlo of 1-2 volumes recycle
per volume fresh feed. The tail gas; besides containing
preferably %8 to 62% C0,; comprises as well unreacted
H2 and 00 and light gaseous hydrocarbona.

Liquid producte may be withdrawn from
separator 24, via line 32 and passed to settler 34, where
the upper oil layer, containing the bulk of the hydrocarbons
1p separated from the lower aqueous layer, wherelin the
desired acids are found. Ol1 and water layers may be
removed separately from 34-and the respectlve liqulds
processed by -any method known in the art. Thus the aclds
which-1n sccordance with the present invention are fbrmed
in ylelde of about 25-28 cc/m> of converted H,+CO, are
found' predominantly 1n the aqueotus layer, and'ﬁay be
recovered by fractidnal or extraotive distillation,
gsolvent extraction, etc., all in a manner known per 8&é.

The embodiment of the invention as ghown in
the drawing permlts of many modifications: Thus 1t
may be deslrable %o add'extraneous-co2 fron some outslide
source along wlth the recycle'gés to remctor 2. It may
also be deslrable, under certain circumstances, to add
water vapor-to the feed to the synthesis reactor. -If
large quantitles of'coe'are desired; 1t may be advantageous
to pass the tall gas from the synthesis reactor 2 and
separator 24 through a carbon dloxide acrubber, acrub
out 002,'deaorb 002 by any sultable means and pass the
€O, dlrectly as such to the synthesis reactor, rather

than dlluted with unreacted tall gas and with gaseous

"hydrocarbons. By this type of operating 1% 1s poseible -

to employ synthesis gas mixtures wherein the Halco ratios
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4 are higher than the 1.0 - 1.3 %o 1 of the present invention;
such higher ratio gaaes generally are produced by methane
or natural gas reforming and partial combustion of light
hydrocarbons.

The invention may be further 311lustrated by the
following sepcific examples.
EXAMPLE I
To point out the effect of 002 content in the
total feed gas upon the yileld of acids obtainable -

10 from %the hydrocarbon synthesls procesa,-experiments WETE
carried out in which the total pressures varied from
225 - 650 pelg. The temperature was 650°F. and the
Ho/0O ratio of the synthesis gas was 1 to 2 Hy/CO.

_Both ammonia synthesis catalyst and sintered K2003
red iron oxlde catalyst were employed.
ACID PRODUCTION RATE

< Tnorease in Acid Total Acids
% 00, in Total Feed ge/m3 HotCO Converted ce/md HotCO_Converted

0-5 6.0 6-0

20 5-10 5.5 11.5
10-15 5.0 16.5

15-20 3.5 20.0

20-25 2.0 23.0

25-30 2.0 22.0

30-35 1.0 26.0

3540 1.0 27.0

: This table indicates that at about 30% COo
concentration; en actd yleld of about 25 cc/m3 Ho+00
copverted 1s obtalned. Higher concentrations of COp
| .30 give only small increases in-aclid yields, l.ei, about
1 -ccfm’ of converted H,#00 for a 5% increase of COs _
in the total feed.

-EXAMPLE II
To show the high acld ylelds obtalnable when

operating under the conditlons delineated in accordance
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with the invention, dats from e pllot plant run are

_ given in column A. Columne B and C show that operatlng

outslde these limlte decreases acid and/or increases

carbon.

PILOT PLANT DATA
Column A B - C
Catalyst Sintered, 1.2-1.5% K,C0 Promoted Red Iron Oxide
Run Number FSU 2-9D "2"pdy 1-11  FBU 2-2B
‘Catalyst Age, Hrs. hhg_bogs 234246 229-289

Average Catalyst ] ) )
Temp: °F. 647 654 653
Freeh Feed Hg/GO

1.1 2.0 2.0
Fresh Feed V/Hr/W 0 5 13
Pressure, psig. 6 K 400 396
Total Recycle Ratilo 1. 2.8 2.4

Total'Feed Compositlon

; Vol. % 32.0 31.3%
cﬁ Yol. % 2515 - 10:9
00,5 Vol % 27.7 12.
H ?H $C0+C0 0. 38 0.70
Hg Partial ressure, )
psl. eie 130 154
Ho4C0 Conversion Vol% 92 97 96
oyt 011 yiela, cc/m3 ’
of converted H2+GO 165 137 139
Yield of 'Aclids,cc/m3
of converted Hp+CO 25.k 14.7 1h.2
Carbon_Formation
gn/m3 of converted
Ho#CO - - 0.k 1.2 0.9

The above exemples and exemplary operations

help point up the advantages and benefits to be derlved
from operating under the condltions wherein high C0p
concentrations are malntained in the hydrocarbon synthesls
reaction zone, and delineate the variables and define the
limits wherein successful operation is posslible, applylng
the fluld catalyst technique. Thue low H2/00 ratio in the
synthesis gas, relatively low ratlo of recycle to fresh-

feed, relatively high total pressures, and raintalning a
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D, modefate synthesls gas conversion level at about 93%
by regulating the ratio of synthesis gas to catalyset
in the reactor, high ylelds of fatty aclds are
obtalnable without excessive formation of carbon within
the reactlon zone. '
While the foregoing description and exemplary
operétions have gerved to lllustrate specific applicatlons

and results of the 1nvention, other modifications obvious

to those skilled in the art are within 1ts scope.
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. An improved process for producing valuable fatty
acids from CO and H without excessive deposition of solid
carbonaceous material which comprises feeding a synthesis
gas mixture containing Hp and CO in the ratio of about 1.0
to 1.3 volumes of H, per volume of CO into a dense fluidized
bed of finely divided potassium carbonate promoted sintered
reduced red iron oxide catalyst in a reaction zone, maintain-
ing a total pressure of about 500 to 700 p.s.i.g. within
said zone, maintaining a hydrogen partial pressure within
said zone in the range of from about 150 to about 300 p.s.i.,
maintaining a temperature of from about 600° to about 700°F.
within said zone, maintaining a fresh feedgas rate of from
about 5 to about 50 cubic feet per pound of catalyst per
hour to said zone, withdrawing conversion products and
unconverted gases from sald zone, recycling tail. gas to said
sone in the ratio of about 1 to 2 volumes of tail gas per
volume of fresh feed, maintaining an Ha+CO gonversion level
of about 92 to 93% within said zone, maintaining a carbon
dioxide concentration in said feed gas of about 25 to L0% and
recovering a product containing substantial quantities of
fatty acids.

2. An improved process for producing valuable fatty
acids from CO and H2 without excessive deposition of solid
carbonaceous material which comprises feeding a aynthesis
gas mixture contalning H2 and CO in the ratio of about 1.0
to 1,3 volumes of H, per volume CC into a dense fluidized

bed of finely divided iron-containing catalyst in a reaction
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zone, maintaining a total pressure of about 500 to 700
P.8.i.g. within said zone, maintaining a hydrogen partial
pressure within said zone in the range of from about 150
to about 300 p.s.i., maintaining a temperature of from
about 6oo°to ?OOOF. within said zone, maintaining a fresh
feed gas rate of from about 5 to about 50 cubic feet per
pound of catalyst per hour to said zone, maintaining a
moderate H2 to CO conversion level of about 92 to 93%,
withdrawing conversion products and unconverted gases
from said zone, recycling tail gas to said zone in the
ratio of 1 to 2 volumes of tail gas per volume of fresh
feed, maintaining carbon dioxide concentrations in said
feed gas d?'about 25 to 40%, and recovering a product

containing substantial guantities of fatty acids.
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