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1

The invention herein described and claimed
‘may be manufactured and used by or for the
Government of ‘the United States of America for
governmental purposes without the payment of
royalties thereon-or therefor.

This invention relates to the catalytic con-
version. of mixtures of hydrogen ‘and carbon
monoxide to hydrocarbons and oxygenated or-
:ganic compounds and is pdrticularly concerned
with improvements in the so-called submerged
catalyst-type of operation, wherein the con-
version catalyst is immersed directly in a cool-
ing liquid for removing the heat of reaction from
the reaction zone.

In the conduct of processes involving the pro-
duction of liquid hydroearbons and oxygenated
compounds from mixtures of hydrogen and car-
bon monoxide, in the presence of a conversion
catalyst, it is well known that large quantities
of heat are liberated. In order to remove this
exothermic heat of reaction from the reaction
zone, 2 number of methods have been proposed.
One well known method for accomplishing this is
to immerse the catalyst directly in a cooling
liquid: and to remove the reactich heat by re-
moving. heat from the cooling liquid, usually
by circulating it through a cooler or waste heat
beiler situated outside the reaction zone.. This
invention is concerned with an improvement in
this so-called immersed catalyst type of opera-
tion, the improvement making possible a more
efficient utilization of the synthesis gas, and the
prolongation of the effective life of the catalyst.
Since -the cost of purified synthesis gas (carbon
monoxide and hydrogen) and the cost of the
preparation and regeneration of the synthesis
catalyst are two of the most important items con-
tributing to the direct cost of the synthesis prod-
ucts, any improvements resulting in the con-
servation of either the synthesis gas or the cata-
Iyst will produce significant reduction in the cost
of the final synthesis products.

An important factor in measuring the effi-
ciency of utilization of the synthesis gas is the
H2:CO ussge. ratio, which-is definéd as the ratio
of"moles of hydrogen to carbon monoxide con-
sumed in the syrthesis. The optimum tsage
ratio issuch that Hydfogen and.carbon monozide
are cotisuthed in the synthesis in the same molar
‘ratio in whicli they aré present in the fresh gas
fed to the synthesis. When the usage ratio is
at -its gptium - value, the H>:CO ratio in the
tail’ gas from the' synthesis will be substantially
the same as that in the fresh feed, permitting
vriconvertéd Hy and CO in the tail gas to be
reutilized directly (for example; in a second con-
version stdge)- thug allowing substantially cotn-
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plete utilization -of the synthesis gas. On the
other hand, when the usage ratio rises above; or
falls below, the optimum value, the Hz:CO ratio
in the tail gas becomes different from that in
the fresh feed, the tail.gas being poorer.or richer
in hydrogen depending upon whether the usage
ratio rises above or falls below its optimum
value respectively. In these cases it may not
be practical to reutilize the synthesis gas in the
tail gas directly without-an expensive: reforming:
step to correct its composition. . It is known that
it is possible to improve ‘the usage ratio when,
under the process conditions it inherently falls
below the optimum value by using a high ratio
of recycle gas to fresh feed, for example, 5:1
and higher, but: the cost of recycling such large
quantities of gas is prohibitive. It is also known
that when the usage ratio falls below its.-opti-
mum value, it may usually be increased by de~
creasing the percentage conversion of the fresh
feed, but decreasing the conversion is undesir-
able, naturally, since it decreases. the capacity
of the conversion unit. By means of the present
invention, however, in a process -involving. the
use of a catalyst bed submerged in a cooling liquid
for removing reaction heat, it is possible to.in-
crease the consumption of hydrogen in respect
to the consumption of carbon monoxide under
given process conditions, and thus to increase
the usage ratio closer to-its optimum value when
it falls below the optimum, without resorting to
undesirable expedients such as the use of a high
ratio of recycle gas to fresh feed; or other unde-
sirable means. :

The effective life of the synthesis catalyst
depends chiéfly upon: the temperature of opera-
tion,.and the coricentration; in the reaction zone,
of . substances which -have a deleterious - effect
upon the activity of the catalyst. The lower the
temperature of operation which- will produce 3,
satisfactory conversion of synthesis gas to prod-
ucts, and the smallér the concentration of sub-

stazices in the reaction zone harmful to- catalyst
activity, the longer will be the effective. life of
the catalyst. In addition to improving the usage
ratio, the process of the invention permits lower
temperatures of operation for comparable per-
centage conversions of synthesis gas and at the
same time reduces the concentration of sub-
stances harmful to catalyst activity.

Broadly stated, the improved process of the
invention, which provides the advantages dis~
cussed above, involves the steps of withdraw-
ing a stream of the cooling liquid, i which the
conversion catalyst is immersed, from the re-
action zone, and passing this. stream, free from
catalyst, in' countercurrent contact with s rela-
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tively dry gas stream comprising a mixture of
hydrogen and carbon monoxide suitable for con~
version in the reaction zone, and then recycling
the cooling liquid back to the reaction zone.

According to the preferred manner of ‘con-
ducting this process, at least a portion of the syn-
thesis gas stream, which has been passed in coun-
tercurrent contact with the stream of cooling
liquid, is first treated for the removal of water
and other condensible products stripped from the
cooling liquid, and is then passed to the reaction
zone to provide synthesis gas feed. Most advan-
tageously, the major portion of all the synthesis
gas fed to the reaction zone, including both fresh.
gas and recycle gas, is first passed in countercur-
rent contact with the liquid coolant, treated for
the removal of water and other normally liquid
products stripped from the cooling liquid and
then conducted to the reaction zone to provide
the major portion of the synthesis gas feed.
Other embodiments and advantageous methods
of operation will be apparent from the descrip-
tion which follows.

To enable a better understanding of the in-
vention, reference is now made to the accom-
panying drawing which illustrates a preferred
embodiment thereof.

The reference numeral | refers to the reaction
vessel which contains the conversion catalyst 2
suspended in a cooling oil which is preferably an
equilibrium mixture comprised essentially of the
higher molecular weight products of the reaction.
Tn the embodiment illustrated, the liquid coolant
is pumped upwardly through the reaction zone by
pump 2 at a velocity such that the catalyst par-
ticles are suspended and agitated in the upwardly
flowing stream of cooling oil, but are not, however,
entrained. The settling rate of the particles is
such that the oil at the top portion of the reactor
'is maintained substantially free of catalyst. The
velocity of cooling oil flowing upwardly through
the reactor which is necessary to maintain the
catalyst bed in an expanded and agitated condi~
tion, but which will not cause entrainment of the
catalyst particles in the oil stream, will depend
chiefly upon the size and density oi the catalyst
particles employed, and can be conveniently de-
“termined by empirical methods for any given
batch of catalyst. It is to be understood that

while the invention is described in reference to a ¢

process employing this type of freely moving ex-
panded catalyst bed, other types of catalyst beds
may be employed, so long as it is possible to sep-
arate the cooling oil from the catalyst before

countercurrent contact with a stream of synthesis 5:

gas in a zone separate from the reaction zone.
From the upper portion of the reactor, cool-
ing oil which is substantially free from cata-
lyst particles is withdrawn by line 4. By way
of circulating pump 5 and line 6 the coolant
is then conducted to the upper portion of
tower 1 suitably packed or otherwise con-
structed for the countercurrent contacting of
gases and liquids. The coolant trickles down-
wardly through the packed tower 7 while a com-
bined stream of fresh gas from line {2 and recycle
gas from line {3 is fed to the bottom portion of
the tower by line 14 and passes upwardly through
the column in countercurrent contact with the
downwardly flowing coolant. After contact with
the synthesis gas stream, the coolant collects
in the bottom of the tower in a sump 9, and the
major portion is recycled to the reactor { by way
‘of line 9, heat exchanger 11, and circulating
pump 3. In the heat exchanger LI, which may
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ke simply a cooler or a waste heat boiler, for ex-
ample, heat produced by the reacticn is removed,
thus maintaining the temperature level of the
cooling liquid, and consequently the temperature
level in the reaction zone within constant limits.
In order to prevent the accumulation of heavy
products in the cooling oil particularly waxes
boiling above 456° C., when relatively high molec-
ular weight products of the reaction are utilized
a5 the coolant, a minor portion of the stream
of coolant fiowing from the sump 8 is continu-
ously withdrawn from the system as an oil proa-
uct by line 34. If desired, this heavy oil prod-
uet may be treated to remove the heavy waxes and
reintroduced to the system to change the proper-
ties of the coolant.

The efiuent gases collecting at the top of the
tower 1 tozether with water and other volatiles
stripped from the coolant in the tower, leave the
tower by line {5 and are conducted to a condenser
i§ where the normally liquid products contained
in the gas stream are condensed, and flow into
vessel 17 by line i8. In vessel {i an aqueous
lower layer and an upper hydrocarbon layer sep-
arates. . The lower aqueous layer, containing
water-soluble oxygenated compounds such as
lower acids, slcohols, aldehydes, and ketones, is
withdrawn by line §8. "The upper hydrocarbon
layer is withdrawn by line 23 and returned to
the tower 1.

Preferably all, or the major portion of the gas
stream leaving the condenser 18 is conducted by
line 2¢ to the reaction vessel where it passes up-
wardly in cocurrent flow with the cooling liquid
in contact with the conversion catalyst, and is
conversed into predominantly liquid hydrocar-
bons with smaller amounts of oxygenated organic
compounds, water, and COs. From the upper por-
tion of the reactor, a gas stream is withdrawn
by line 22 containing unreacted carbon monox-
ide and hydrogen and the products of the reac-
tion including gaseous and liquid hydrocarbons,
oxygenated organic compounds, carbon dioxide,
and water vapor. This product stream is con-
ducted to condenser 23 where all, or the major
portion of the water, and normally liquid hydro-
carbons and oxygenated organic compounds are
separated from the gas stream to form g tail gas
stream containing principally unconverted hy-
drogen and carbon monoxide and a substantial
percentage of carbon dioxide. This tail gas
stream is withdrawn from condenser 23 by line
24, 'The liguid products separated by condenser
23 flow by line 23¢ into the vessel 25. Here, an
aqueous layer containing water soluble oxygen-
ated compounds is withdrawn by line 28. The
upper hydrocarbon layer which separates in the
upper portion of vessel 25 is withdrawn therefrom
by line 27. The major portion of this hydrocar-
bon product is returned to the reactor by line
28, while a minor portion is withdrawn by line 28
as light oil product.

A portion of the tail gas stream flowing from
condenser 23 by line 24 is withdrawn for recycle
by line 30. Another portion is bled out of the
system by line 24q, and if desired, conducted to
another synthesis stage for more complete uti-
lization of the synthesis gas. If desired, the car-
bon dioxide in the recycle gas stream may be re-
moved in scrubber 3f. Similarly, if desired, gas-
eous olefins in the recycle gas stream may be re-

‘moved by oil scrubber 32. Any other treatments

or conditioning steps not illustrated or men-
tioned may be performed if desired, on the recycle
gas stream before it is passed by means of re-
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cycle compressor 33,. to line. 13 to. be combined
with the fresh feed:gas from line 12,
“‘Operation:-of :‘the ‘converter - -and: the tower-1
‘i series with: one another: in respect:to the syn-
‘thesis::gas: stream, "as..described. above (that: is,
-operation: in: such- & manner: that substantially
the entire stream: .of ~synthesis gas :passing
‘through.the reaction zonesis first passeéd through
the tower 1), is'the: preferred - manner of opera-
‘tion. particularly when. -g; hydrogen-rich: fresh
feed gas is employed. Many other widely vary-
ing methods: of operation are included within the
purview: of ‘the invention however. For example,
part: of ‘the synthesis :gas stream: leaving: con-
denser~t6:may be diverted:into line:35, and. then
conducted by Iine 30, compressor:38; and:lines: 13
and 4 back to the tower T:for:further:counter-
current: contact: with :the coolant. The propor-
tion: of :the:synthesis:gas-stream:which flows: into
line: 35 for: confinuous.recycle: through the: tower
T, and:the'relative:proportion which flows: by way

of'line 21 to the:converter may be controlled;. for

example,.by proper:adjustment.of valves 35a-and
21a, respectively.

Likewise, other methods of operation not illus-
trated in the drawirig'may be employed. For ex-
ample, instead of introducing fresh feed to the
tower T .with-the reeycle-gas;.the fresh feed:-may
be introduced. directly to-the reaction zone, thus
reducing: the volume of synthesis gas passing
through-the-tower 1, if this:should be found.de-
sirable. -Conversely, if. desired,. only fresh gas
feed:may:be introdueed. to-the tower T, recycle gas
being recycled; directly to-the reaction zone, by-
-passing: the:tower T. By these, and other varia-
tions: pessible - within. the broad purview of the in-
vention; it :is -possible to regulate the propor-
tion: of :synthesis -gas whiech passes through the
. reaction:zone in respect to the proportion pass-
ing:through-the tower T.

Examples

“In -order ‘to illustrate the operation of the
“process'of the invention according to its preferred
-embodimeiit; and-to-demonstrate the advantages
obtained by-such operation as compared to con-
ventional ‘methods' of operation, two separate
runs ‘were -conducted.  Ih ‘the first run (Ex-
ample 1) the process’ was operated substantially
as'shown'in‘the drawing, the tower T being oper-
gted ‘in series -with the converter. Thus, in EX-
ample ¥;-the-entire synthesis gas stream, includ-
“ing: both recyele gas and fresh feed were- first
passed through the-fower inr countercurrent con-
tact with' the-cooling“oil, and the enfire stream
conducted” to-condenser 18 and then tothe con-
verter: “Valve 3%a/on’litie-35.-was closed, valve 2ia
on line 21 being open. In the second run (Ex-
‘ample:2) for the:sake of comparison, the: process
was’ conducted according: to. conventional pro-
‘cedure,. ‘tower: T being :omitted, the: synthesis
-stream ‘being fed -directly to the .converter gs
usual. Other than:this difference; conditions.in,
both runs.werethe'same:

‘I both Examples 1 and 2, a: cylindrical reac-
tion vessel was employed: having: an inside diam-
‘eter-of 8" ‘and: an. overall height of 10" feet; the
cooling oil level-in.the reactor being at 8:feet. In
both examples, the catalyst employed: was. a pro-

moted: iron-type-catalyst: prepared by redueing a "

fused iron oxide synthetic.ammonig-type catalyst
at: 450 C. for:a. period of from. 48 to 72 hours.
Before:reduction the catalyst contained 93.5%
Fei0s,. 4.6% MgQ; and:minor:amounts: of Cr203,
Mn:0x; K20; “and’ ‘Si0Qg, ' while: -after -reduction
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-cluding methyl, ethyl,;:

6

‘about: 95%: of the Fe3Os:was reduced:to metallic

iromn. . In-each:case this:catalyst was:charged to

the converter in a:mesh size-of 6.0 20.mesh, and
tl‘%e catalyst bed ‘depth in: settled condition ‘was
4 feet.

In:both examples, the cooling oil employed was
an-equilibriam: mixture:consisting: predominantly
of hydrocarbons produced by the:reaction. 'The
process conditions were-.adjusted:so-that the:cool-
ing:oil was substantially nhon-volatile under the
reaction :conditions. .Approximately 35% of the
‘cooling oil mixture beoiled: above 450° C. af atmog-

‘pheric pressure. . This oil, in each ease, was-¢cir-

culated through a regction zone gt 120 to 150

-gallons. per. hour,. corresponding to 'a ‘superficial

linear velocity between 0.1:t0:0.15'feet per second.
This. rate:of: circulation:caused o 20 to 40%: ex~
pansion itv:the catalyst bed, but substantially no

‘entrainment’ of the: catalystparticles, and re-
‘sulted it maintaining: o temperature: differential
of fromx: 3°t0-4° C. betweer the bottom and top
‘gf thecatalyst bed.

‘The 'system. jpressure. in both ‘examples was

maintained:at-300 1. per-square inch gage with'a
3 to74 1b; pressuresdrop-through ‘the converter,
‘In-both ‘cases;. a. synthesis gag containing hydro-

gen and carbon monoxide’in g 1:1 ratio’was em-.

‘ployed as freshifeed, the ratio of recycled:gas to

fresh-feed ‘was. 1:1; and the fresh feed space: ve-

locity was 600 SVH based on: the volume of the

settled:bed.

In Example 1; the tower employed for counter-
currently contacting the cooling. oil with the syn-
‘thesis gag:stream was g column having an inside
diameter of -6 inches;. & total height of 8 feet,. of

-which. 6 .feet: was packed with % inch Raschlg
‘rings.

The type of products obtaified in both Exam-

‘ples L and 2 were substantially the same. Two
‘0il products were ‘obtained, a-light oil product

withdrawn by line 29 from the stream refluxing

-into the reactor through line 27, and a heavy oil
‘produet-withdrawn. from. the reeyéle cooling oil,

gs at line 34, The light oil was:chiefly parafiinic

‘hydrecarbons: and'had an © API gravity of ‘about

62-at 60° " F. and an-A. S, T. M. boiling. range be-
ginning--at 44° C. -with an endpoint at 228° C:
The heavy oil product -was likewise chiefly par-
affinie: hydroearbons- and had an ~APIL gravity
of abouf 41 -8t 60° ¥, and an: A S. T. M. boilirig
range' beginning &t 208° -C., with. 35% boiling
over 450°° €. The: aqueous layers contained vari-
ous oxygenated compounds, chiefly alcohols; in~
; n-propyl and n-butyl, with
some acetic-acid and acetone.

Both ‘Examples I and’' 2 were conducted over
compargble  periods; flie operating conditions

‘during: these periods being  checked at frequent

intervals: "Th the table below: gre:summarized
the -results obtained with: both methods:of oper-
ation.
" Bxampls:t " Example 9
‘b (Tower:7: (Tower7
Ineluded) . Excluded)
Ratio.of recycle-gas. to fresh feed in | A
synthesis gas stream: ... ... ! L. 0-f 1.0
“Hy: CO ratio im fiesh fesdigas. ... } 0| o
F9.:CO.ratio.in tail sas .. — 1.0 1.39
Usage ratio (Ffy: CO). 10 0:87
‘veraga. temperature .
°:C..(top-of bed). .. __..._.. ) 24 248
“Percent conversionrof Hr4-00 in treshi ‘
o HBBA e e e e e i S 70:0 '68:4
Percent. orgamc acld by wex,«zht (as _
suming adetic'acid) in'cooling oil.o. .| 0 0L § 0,03
COy: 85 percentage-of dissolved. gas | L E
(HytCO0+002). e percent.. 25 . 51
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" It will be noted that in Example 1, conduected
according to the invention, the ideal usage ratio
is obtained; the ratio of H2:CO in the fresh
feed is the same as that in the tail gas. In Ex-
ample 2, on the other hand, operated in the
same manner as Example 1 except for the omis-
sion of the step of countercurrently contacting
the cooling liquid with the synthesis gas stream,
a usage ratio of only 0.87 is obtained. As a
result, of course, a hydrogen-rich tail gas is
produced, the Hz2:CO ratio in the tail gas be-
ing 1.39, whereas the Ha2:CO ratio in the fresh
feed was 1.0. TUtilizing the tail gas from the
first stage of an operation according to Ex-
ample 2 in a second stage of conversion, it would
be still more difficult to obtain in the second
stage an optimum usage ratio starting with the
hydrogen-rich tail gas obtained according to
Example 2. The end result is the accumulation

of a gas so rich in hydrogen as o be entirely o

unsuitable in the synthesis. With an optimum
usage ratio, on the other hand, such as that
obtained in Example 1, it is possible to utilize
the tail gas from the first conversion stage in as
many additional consecutive stages as desired
until substantially complete utilization of the
synthesis gas is obtained.

‘In addition to improving the usage ratio, op-
eration according to the invention permitted a
lower temperature of operation for an equiv-
alent percent conversion of synthesis gas, and
at the same time reduced the amount of acids
and carbon dioxide dissolved in the cooling oil,
all of which effects contribute to prolonging the

effective life of the catalyst. As previously ex- ,

plained, the lower the temperature of opera-
tion required to provide a given percent con-
version, the longer will be the effective life of
the catalyst. With the catalyst employed in
these examples, it is ordinarily necessary to in-
crease the operating temperature about 1° C. per
week in order to maintain a 70% conversion.
Thus a difference of only 4° in the average oper-
ating temperature will result in an estimated
prolongation of the effective catalyst life of one
month. Furthermore, the reduction of the con-
centration of organic acids and carbon dioxide
dissolved in the cooling oil resulting from oper-
ation according to the invention, further in-
creases the effective life of the catalyst since

these substances have deleterious oxidative and &

corrosive effects upon most Fischer-Tropsch cat-
alysts.

Since the effect of operation according to the
invention is to increase the consumption of hy-
drogen in respect to the consumption of carbon
monoxide under a given set of process condi-
tions, the result is an increase in the hydrogen
to carbon monoxide usage ratio. Consequently,
the invention will be most useful in connection
with operations using a feed gas relatively rich
in hydrogen, since with the use of this type of
gas the usage ratio inherently falls below the
optimum value. From experience with the sub-
merged catalyst type of operation, it has been
found that when the hydrogen to carbon mon-
oxide ratio in the feed gas is greater than 0.9,
it is difficult to bring the usage ratio up to its
optimum value without increasing the recycle
vatio (that is, the ratio of tail gas to fresh feed
in the synthesis stream). For example, using
a 1:1 hydrogen to carbon monoxide feed gas,
and operating according to conventional proce-
dure; as in Example 2, it is necessary to use a
2:1 recyecle ratio in order to bring the usage ratio
to its optimum value.
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taining 1.3 H2:1CO the optimum usage ratio
could not be obtained even at a gas recycle ratio
of 6:1, operating according to conventional pro-
cedures. With the use of a carbon monoxide-rich
gas (for example 0.7THz2:1CO) it is generally not
as difficult to obtain the optimum usage ratio.
However, even with a carbon monoxide-rich gas,
the operation according to the invention may be
employed to permit the attainment of an opti-
mum usage ratio in conjunction with extremely
low recycle ratios.

While the invention does not depend on any
particular theory, it is believed that some of the
advantages produced by this method of operation
result from the removal of water from the cool-
ant by countercurrent contact with the relatively
dry synthesis gas stream, coupled with the simul-
taneous saturation of the coolant with carbon
monoxide and hydrogen. Both of these effects
would tend to decrease the partial pressure of
water vapor in the reaction zone. It is probable
that a low Hz2:CO usage ratio results from reac-
tion of carbon monoxide with water according to
the water gas shift reaction:

CO4-H202C02--Ha

with the reaction proceeding predominantly to-
ward the right. A reduction in the partial pres-
sure of water vapor in the reaction zone, conse-
quently, would tend to suppress the water gas
shift equilibrium in the right hand direction and
by increasing the consumption of hydrogen in
respect to carbon monoxide would increase the
usage ratio to a value closer its optimum. It is
also believed that the reduction in the concen-
tration of CO2 in the cooling oil which probably
results from the countercurrent contact of the
synthesis gas with the coolant is at least partly
responsible for the lower temperatures of opera~
tion possible in accordance with the invention.

In operation of the process of the invention,
any type of catalyst bed may be utilized so long
as it is possible to separate the cooling liquid
from the catalyst before the coolant is passed in
countercurrent contact with the synthesis gas
stream. Thus, in addition to the expanded or
moving bed illustrated in the drawing, it is also
possible, for example, to use a fixed catalyst bed,
or even the so-called slurry operation wherein the
catalyst, in very finely divided form, is formed
into a slurry with the cooling liquid, and is cir-
culated through the system in the slurry form.
In the case of the slurry operation, however, it
would be necessary to filter out the fine catalyst
particles from the cooling liquid before passing
it in countercurrent contact with the synthesis
gas stream.

The synthesis gas which is employed to coun-
tercurrently contact the stream of cooling liquid
withdrawn from the reaction zone must be rela-
tively dry with respect the cooling liquid. That
is, the concentration of water vapor in the syn-
thesis gas stream in countercurrent contact with
the coolant must he less than that which would
be found in g gas in equilibrium with the wet
ceoling liquid, and preferably the water vapor
concentration in this gas stream should be less
than 1% by volume.

The cooling liquid employed, of course, should,
among other things, have a suitable boiling range
and be compatible with the catalyst used. Al-
though any suitable cooling oil may be employed
in the process of the invention, it is preferred to

With a fresh feed con- 76 employ one consisting primarily of hydrocarbons
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of suitable boiling range. Most desirably a cool-
ing0il comprised essentially of the higher molec-
ular weight’ products of the reaction itself, that
1is, primarily of products.boiling.above about 50°
C..or higher may be employed.

The tower for countercurrently contacting rel-
-atively dry synthesis gas with coolant may be:a
tower. or a vessel of any type. suitable for the
-~countercurrent contacting of .- gas:and a liquid.
Thus, it may be a packed tower: of the trickling
type with a suitable packing such.-as Raschig
rings or berl saddles, or-it may bhe of the type
equipped with plates and bubble-caps.

The process may be operated under the usual
synthesis conditions heretofore .employed ‘in the
submerged catalyst. operation. “Thus, iron, co-
balt, or nickel catalysts. may be-employed in the
Ausual physical forms, for example, precipitated,
supported, fused-or -sintered catalysts. The in-
vention will:give particularly important-improve-
ments-in. connection ‘with the use of iron type
catalysts.. -The type of iron:catalysts prepared
by fusing or heavily sintering an:iren oxide fol~
lowed by reduction -of the oxide,.are particularly
‘desirable. The temperature of operation may be
from-150° to 350° C. and preferably from 180° to
320° C. The reaction pressure may range from
atmospheric pressure t0 over 1000 lbs. per square
inch. The fresh synthesis.gas feed may contain
hydrogen and carbon monoxide ratios ranging
from 1H2:3CO -to 3H2:1CO, and.preferably rang-
ing from 1H2:2C0O o 2H2:1CO. = As previously ex-
-plained, the invention is particularly advanta-
‘geous ‘when.a hydrogen-rich feed gas is employed.
Any -desired recycle -ratio (ratio.of tail gas to
fresh feed) .may be employed from 0 t0.10:1 and
higher, if desired.

It is to be understood that the above descrip-
tion, together with the specific.examples and em-
bodiments described, is intended merely to illus-
trate the invention, and that the invention is not
to be limited thereto, nor in any way except by
the scope of the appended claims.

We claim:

1, In.a process for the.catalytic conversion of
‘mixtures. of hydrogen and. carbon monoxide to
hydroearbons and oxygenated organic compounds
wherein the conversion catalyst is immersed di-
rectly.in a cooling liquid for removing the heat
of reaction from the reaction zone, the steps .of
withdrawing a stream of ‘said cooling liguid from
said reaction zone, passing said withdrawn cool-
ingliquid, free from said catalyst, to a contacting
zone, and therein passing said cooling liguid

countercurrently in contact with-a relatively dry

gas. stream comprising. a mixture of hydrogen
and carbon monoxide, withdrawing said cooling
liquid from one end of said contacting zone for
recycle to said reaction zone, and withdrawing
said gas stream, after countercurrent contact
with said cooling liquid, from the opposite end of
said contacting zone.

2. In a process for the catalytic conversion of
mixtures of hydrogen and carbon monoxide to
hydrocarbons and oxyzenated organic’ com-
pounds wherein the conversion catalyst-is im-
mersed. directly in a cooling liguid for removing
the heat of reaction from the reaction zone, the
steps of withdrawing a stream of  said- cooling
Hquid from said reaction zone, passing said with-

drawn cooling liquid, free from said catalyst, to a

contacting zone, and therein passing said cooling
liquid countercurrently in contact with a rela-
tively dry gas stream comprising a mixture of
‘hydrogen and carbon monoxide, withdrawing
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said cooling liquid from the one end of said cori-
tacting. zone, extracting heat. from:said. cooling
liquid, ‘recycling said.cooling liquid-to said.reac-
tion zone, and withdrawing said.gas stream, after
countercurrent contact with said cooling liquid
fromthe.opposite end of said contacting zone::

3. In a.process for the catalytic conversion:of
mixtures.of hydrogen and:earbon monoxide to
hydrocarbons and' oxygenated organic: com-
pounds'wherein the conversion catalystis.an iron
type:catalyst.andis immersed:directly:in:a cooling
liquid for removing the heat of reaction from the
reaction zone, the steps.of withdrawing a stream
-of: said -cooling: liquid from. said reaction.zone,
passing said:withdrawn cooling liquid; free from
said catalyst, to a -contacting zone, and: therein
passing .said. cooling: liquid, countercurrently.in -
contact. with'a relatively.dry.gas stream compris-
ing s mixture of hydrogen:and.carbon: monoxide,
withdrawing :said:cooling liquid from one end:of
said contacting zone, extracting heat from said
cooling liquid, recycling said:cooling:liquid to’said
reaction.zone, and withdrawing ‘said gas stream,
after .countercurrent contact with said:.cooling
liquid, from the opposite end.of said contacting
zone. o

-4. In a-process for the catalytic conversion of
mixtures: of hydrogen -and. carbon monoxide to
hydrocarbons and: oxygenated: organic: com-
pounds -wherein the conversion: catalyst is im=-
mersed directly. in a.cooling oil .comprised essen~
tially. of ‘the higher molecular weight productsof
the reaction for removing the heat.of reaction
from the reaction zone, the steps of ‘withdrawing
a.stream. of :said -cooling oil from said reaction
zZone, ‘passing’ said  withdrawn -cooling oil, free
from: said catalyst, to.a contacting zone and
therein: passing. said cooling liquid: countercur-
rently:in contact with a relatively dry.gas stream
comprising .a mixture of hydrogen and .carbon
monoxide, withdrawing :said. cooling .liquid.from
one end of said.contacting zone, extracting heat
‘from said:cooling oil, recycling said cooling: oil 1o
said. reaction. zone, and.withdrawing: said:gas
Stream, after countercurrent:contact with:said
cooling oil, from the opposite end.of said: cons
tacting zone. :

5. The -process-according :to: ¢laim -4 -wherein
the conversion catalyst is an iron: type catalyst.

6."In a-process ‘for. the.catalytic. conversion.of
mixtures of hydrogen -and carbon monoxide to
hydrocarbons and .0xygenated ..organic. icom-
pounds, wherein said hydrogen=carbon monoxide
mixtures are -passed:through-a reaction-zone-in
contact with -a - catalyst for the. conversioniand
wherein -the. conversion -catalyst  is immersed
directly in-a cooling-liquid for removing the heat

-of reaction from the reaction zone; tle steps of

withdrawing a-stream of said:cooling liquid from
said reaction-zone, passing said: withdrawn .cool-
ing liquid, free from said-catalyst,to a contacting
zone; and therein- passing said. .cooling liquid
countercurrently in-centact with a relatively dry
gas stream comprising a mixture of‘hydirogen.and
carbon monoxide suitable for conversion in said
reaction zone, withdrawing said cooling.:liquid

from one end’ of said contacting zone, extracting

heat from said-cooling-liquid, recycling said cool=
ing liquid-to said reaction zone; withdrawing said
gas stream; after countercurrent contact:with

“said cooling liquid, from the opposite:end of said

contacting zomne, -treating 'said' gas . stream:to
‘remove water therefrom; and: passing: at-least a
portion of the treated gas stream {o said reaction
zone. - Sr
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7. The process according to claim 6 wherein
the conversion catalyst is an iron type catalyst.

8. In a process for the catalytic conversion of
mixtures of hydrogen and carbon monoxide to
hydrocarbons and oxygenated organic com-
pounds, wherein said hydrogen-carbon monoxide
mixtures are passed through & reaction zone in
contact with a catalyst for the conversion and
wherein the conversion catalyst is immersed
directly in a cooling oil comprised essentially of
the higher molecular weight products of the reac-
tion for removing the heat of reaction from the
reaction zone, the steps of withdrawing a stream
of said cooling oil from said reaction zone, pass-
ing said withdrawn cooling oil, free from said
catalyst, to a contacting zone, and therein pass-
ing said cooling oil countercurrently in contact
with a relatively dry gas stream comprising a
mixture of hydrogen and carbon monoxide suit-
able for conversion in said reaction zone, with-
drawing said cooling oil from one end of said
contacting zone extracting heat from said cooling
oil, recycling said cooling oil to said reaction zone,
withdrawing said gas stream, affer countercur-
rent contact with said cooling oil, from the oppo-
site end of said contacting zone, treating said
gas stream to remove water therefrom, passing
at least a portion of the treated gas stream to
said reaction zone for partial conversion to
hydrocarbons and oxygenated organic com-
pounds, and recycling a portion of the uncon-
verted hydrogen and carbon monoxide to said
reaction zone.

9. The process according to claim 8 wherein
the conversion catalyst is an iron type catalyst.

10. In a process for the catalytic conversion of
mixtures of hydrogen and carbon monoxide to hy-
drocarbons and oxygenated organic compounds,
wherein said hydrogen-carbon monoxide mix-
tures are passed through a reaction zone in con-
tact with a catalyst for the conversion and where-
in the conversion catalyst is immersed directly
in a cooling liquid for removing the heat of reac-
tion from the reaction zone, the steps of with-
drawing a stream of said cooling liguid from
said reaction zone, passing said withdrawn cool-
ing liquid, free from said catalyst, to a contact-
ing zone, and therein passing said cooling liquid
countercurrently in contact with a relatively dry

gas stream comprising a mixture of hydrogen and ;

carbon monoxide suitable for conversion in said
reaction zone, withdrawing said cooling liquid
from one end of said contacting zone, extracting
heat from said cooling liquid, recycling said

cooling liquid to said reaction zone, withdraw- ;

ing said gas stream, after countercurrent contact
with said cooling liquid, from the opposite end
of said contacting zone, treating said gas stream
to remove water therefrom, passing at least a
portion of the treated gas stream to said reaction
zone for partial conversion to hydrocarbons and
oxygenated organic compounds, and recycling a
portion of the unconverted hydrogen and carbon
monoxide to said reaction zone.

11. In a process for the catalytic conversion of
mixtures of hydrogen and carbon monoxide to
hydrocarbons and oxygenated organic com-
pounds, wherein said hydrogen-carbon monoxide
mixtures are passed through a reaction zone in
contact with a catalyst for the conversion and
wherein said eonversion catalyst is immersed di-
rectly in a cooling liquid for removing the heat
of reaction from the reaction zone, the steps of
withdrawing a gas stream from said reaction
zone containing unreacted carbon monoxide and
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hydrogen and products of reaction including wa-
ter, hydrocarbons, and oxygenated organic com-
pounds, separating the major portion of said
water, hydrocarbons, and oxygenated organic
compounds from said gas stream to form a tail
gas stream, withdrawing a portion of said tail
gas stream for recycle to said reaction zone, com-
bining a fresh mixture of hydrogen and carbon
monoxide with the recycle gas stream, with-
drawing a stream of said cecoling liquid from
said reaction zone, passing said withdrawn cool-
ing liquid, free from said catalyst, to a contact-
ing zone, and therein passing said cooling ligquid
countercurrently in contact with the combined
stream of recycle and fresh gas, withdrawing said
cooling liquid from one end of said contacting
zone, extracting heat from said cooling liquid,
recycling said cooling liquid to said reaction zone,
withdrawing said gas stream, afier countercur-
rent contact with said cooling liquid, from the
opposite end of said contacting zone, treating
said combined gas stream to remove water there-
from, and passing at least a portion of the treat-
ed gas stream to said reaction zone.

12. The process according to claim 11 where-
in the conversion catalyst is an iron type catalyst.

-13. In a process for the catalytic conversion of
mixtures of hydrogen and carbon monoxide to
hydrocarbons and oxygenated organic com-
pounds, wherein said hydrogen-carbon monoxide
mixtures are passed through a reaction zone in
contact with a particulate catalyst for the con-
version and wherein the catalyst particles are im-
mersed directly in a cooling liquid for removing
the heat of reaction from the reaction zone, the
steps of withdrawing a gas stream from said re-
action zone containing unreacted carbon monox-
ide and hydrogen and products of reaction in-
cluding water, hydrocarbons, and oxygenated or-
ganic compounds, separating the major portion
of said water, hydrocarbons and oxygenated or-
ganic compounds from said gas stream to form a
tail gas stream, withdrawing a portion of said
tail gas stream for recycle to said reaction zone,
combining a fresh mixture of hydrogen and car-
bon monoxide with the recycle gas stream, cir-
culating said cooling liquid upwardly through
said reaction zone at g velocity adjusted so that
said catalyst particles are suspended and agitat-
ed, but not entrained, in said cooling liquid,
withdrawing a stream of said cooling liquid,
free from said catalyst particles, from the upper
porticn of said reaction zone, passing said cata-
lyst-free cooling liquid to a contacting zone, and
therein passing said cooling liquid countercur-
rently in contact with the combined stream of
recycle and fresh gas, withdrawing said cool-
ing liquid from one end of said contacting zone,
extracting heat from said cooling liquid, recycl-
ing said cooling liquid to said reaction zone,
withdrawing said combined gas stream after
countercurrent contact with said cooling liquid,
from the opposite end of said contacting zone,
treating said combined gas stream to remove wa-
ter therefrom, and passing at least a portion of
the treated gas stream to said reaction zone in
cocurrent flow with said cooling liquid.

14. In a process for the catalytic conversion of
mixtures of hydrogen and carbon monoxide to
hydrocarbons and oxygenated organic com-
pounds, wherein said hydrogen-carbon monoxide
mixtures are passed through a reaction zone in
contact with an iron-type catalyst for the con-
version and wherein said conversion catalyst is
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immersed directly in a4 cooling oil comprised. es-
sentially of the higher molecular weight products
of the reaction for removing the heat of reaction
from the reaction zone, the steps of withdrawing
8 gas stream from said reaction zone containing
unreacted carbon monoxide and hydrogen and
products of reaction including water, hydrocar-
bons, and oxygenated organic compounds, sepa-
rating the major portion of said water, hydrocar-
bons, and oxygenated organic compounds from
s2id gas stream to form a tail gas stream, re-
fluxing a portion of said hydrocarbons to said re-
action zone, and removing a portion thereof as
light oil product, withdrawing a portion of said
tail gas stream for recycle to said reaction zone,
combining a fresh mixture of hydrogen and car-
bon monoxide with the recycle gas stream, with-
drawing a stream of said cooling oil from said re-
action zone, passing said withdrawn cooling oil,
free from said catalyst, countercurrently in con-
tact with the combined recycle and fresh gas
stream, extracting heat from said cocling oil, re-
cycling the major portion of said cooling oil to
said reaction zone while removing a minor por-
tion. thereof as heavy oil product, treating said
combined gas stream after contact. thereof with
said cooling oil to remove water and other read-
Hly condensible products therefrom, and passing
at least a portion of the treated gas stream to said

reaction zone. .
15. In a process for the catalytic conversion of
mixtures of hydrogen and carbon monoxide to hy-
drocarbons and oxygenated organic compounds
~wherein said hydrogen-carbon monoxide mix-
tures are passed through a reaction zone in con-
tact with a catalyst for the conversion and where-
in said conversion catalyst is immersed directly in
a-cooling liquid for removing the heat of reac-
tion from the reaction zone, the steps of with-
drawing a gas stream from said reaction zone
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containing unreacted carbon monoxide and hy-
drogen and products of reaction including water,
carbon dioxide, hydrocarbons and oxygenated or-
ganic compounds, separating the major portion of
said water, hydrocarbons and oxygenated or-
ganic compounds from said gas stream to form a
tail gas stream, withdrawing a portion of said
tail gas stream for recycle to said reaction zone,
removing the major portion of the carbon dioxide
from the recycle gas stream, combining a fresh
mixture of hydrogen and carbon monoxide with
said recycle gas stream, withdrawing a stream of
said cooling liquid from said reaction zone, pass-
ing said withdrawn cooling liquid, free from said
catalyst, to a contacting zone, and therein passing
said cooling liquid countercurrently in contact
with the combined stream of recycle and fresh
gas, withdrawing said cooling liquid from one end
of said contacting zone, extracting heat from said
cooling liquid, recycling said cooling liquid to said
reaction zone, withdrawing said combined gas
stream, after countercurrent contact with said
cooling liquid, from the opposite end of said con-~
tacting zone, treating said combined gas stream
to remove water therefrom, and passing at least a
portion of the treated gas stream to said reaction
zone. :

16. The process according to claim 15 wherein
the conversion catalyst is an iron type catalyst.

JOYCE H. CROWELL.
HOMER E. BENSON.
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