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The present invention relates to hydrocarbon
synthesis processes. The invention is more per-
ticularly concerned with hydrocarbon synthesls
Processes wherein the oxidizing nature of the gas

in the reaction zone Is controlled within desired

limits. The invention is particularly directed to
an improved method of ‘synthesizing hydrocar~

bons having more than one carbon atom in the

molecule from feed gases comprising carbon
monoxide and hydrogen when employing a fluid-
ized bed of a catalyst selected from the group
consisting of iron, cobalt and nickel. In ac-
cordance with the present invention a portion of
the vapors from the lower area of the dense
phase catalytic bed is withdrawn, These vapors
are cooled to atmospheric temperature under
conditions to condense out water. The non-
condensed vapors are then returned with the
feed gases to the bottom of the reaction zone,

It is well known in the art to conduct hydro- ¢

carbon synthesis reactions by contacting hydro-
gen and oxides of carbon with catalysts under
various temperature and pressure conditions.
The catalyst employed Is usually selected from
the iron group metals, as for example, iron, co-
balt and nickel. The catalysis are utilized either.
alone or are employed in conjunction with car-
riers,- such ag kieselguhr, diatomaceous earth,
synthetic gels, silica, and alumina. Promoters,
such as oxides of sodium, potassium, chromium,
zine, aluminum, magnesium, and the rare earth
metals are used with the iron" group metals.
These catalysts are employed In either fixed bed
or fluid catalyst operations. ;

The temperatures employed in the synthesis
reaction vary widely, as for example, in the range
from about 300° I, to about 800° F. and are gen-
erally in the range from about 350° F. to about
750° F. The pressures, likewise, vary consider-
ably and are a function of other operating con-
ditions, such as catalyst employed, activity of
the catalysts, character of the feed gases and the
temperature utilized. Pressures in the range
from -ghout 1 to 100 and higher atmospheres
have been suggested. The character of the feed
gases introduced into the synthesis reaction zone
depends somewhat on the particular tempera-
tures and pressures, and upon the catalyst em-
ployed. For example, when employing cobalt type
catalyst, it Is preferred to use about 1 mol of
carbon monoxide to about 2 mols of hydrogen,
while when an iron catalyst is utilized, mol ratios
from 1/1 to 4/1 of hydrogen and carbon mon-
oxide in the feed synthesis gases are preferred.

The synthesis gases comprising hydrogen. and.
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carbon monoxide are produced by various pro-
cedures. Methane or natural gas may be oxi-
dized with a reducible metal oxide, with pure
oxygen or with gases comprising oxygen. Other
feed stocks may comprise coal, shale and other
hydrocarbons. The reaction may be conducted
in a single or in a plurallty of stages. For ex-
ample, one procedure is to employ a two-stage
reforming process using steam and carbon di-

' oxide to oxidize natural gas or methane for the

production of carbon monoxide and hydrogen.
When employing methane as feed gas and re-
ducing the same with a reducible metal oxide,
the reactiong are generally conducted at tem-
peratures in the range from about 1400° F. to
about 2000° F. When the synthesis gases are
produced, by utliizing oxygen and natural gas,
the temperatures in the reaction zone are usually
in the range from about 2000¢ F. to about 3000° F.

It has, heretofore, been known in the art to
contact gases and solids by passing the gases up-
wardly through an enlarged treating zone, con-
taining a body of finely divided solids to be con-
tacted, at a controlled velocity to maintain the
solids in the treating zone in a quasi-liquid like
state. Under properly controlled conditions, the
subdivided solld particles are not only main-
talned in a highly turbulent, quasi-liquid and
ehullient state, but, there exists a rapid and over-
all circulation of the fluldized sclids throughout
the fluld bed.

Processes of this character, wherein Huidized
solids are contacted with gases, have a number
of inherent and important advantages. PFor ex-
ample, intimate contact between the gases and
the fluid subdivided solids is secured. It is also
possible to maintain a substantially uniform
temperature throughout the bed as a result of
the extremely rapid transfer of heat from one
section of the hed to the other because of the
rapid circulation of the fiuid subdivided solids.
Furthermore, due to the rapid transfer of heat
between the solids under these conditions, it is
possible to readily add or extract heat from the
mass at an extremely rapid rate.

In fluidized operations, the catalyst particles
generally comprise particles having particle sizes
in the range from about 0 to 200 microns and
higher. These particles are maintained In a Auid
ebullient state by means of upflowing suspending
gases, the velocity of which 1s in the range from
about 0.1 to. 5 feet per second and higher.

My invention finds specific application in the
synthesis of hydrocarbons. In hydrocarbon syn-
“thesis operations of the character deseribed one -
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disadvantage is that the products of reaction,
are for example, water and carbon dloxide. As
these gases are produced and as hydrogen and
carbon monoxide are consumed the gas atmos=-
phere changes from a reducing atmosphere to
an oxidizing atmosphere. When the gas is oxi-
dizing, the catalysts such as iron catalysts are
oxidized. It is, thus, very desirable to maintain
the catalyst in a reduced condition or to greatly
reduce the rate of oxidation.

I have now discovered that providing & portion
of the vapors are drawn from the lower area of
the reaction zone through a porous filter and
then cooled to condense out water followed by
returning the uncondensed vapors, substantial
improvements in the reaction are secured. The
uncendensed gases are returned to the reaction
zone either alone or in combination with- the
fresh feed. In this manner a lower concenira-
tion of water vapor is secured in the reaction
gone. In accordance with a specific adaptation
of my process, I also propose to remove carbon
dioxide from this portion of the withdrawn
vapors. A second advantage of my process is
realized by operating with a high superficial
velocity in the lower portion of the reactor where
a greater part of the reaction undoubtedly oec-
curs. These conditions are more favorable for
obtaining high heat transfer coefficients. Thus,
lower superficial velocities in the upper portion
of the bed results and catalyst entrainment is
reduced.

Vapors are removed through porous filter
tubes or equivalent means. These means are
kept clean by having two or more outlets and
blowing back alternately. They are also kept
clean by catalyst movement past the surfaces
which thus eliminates the necessity of the blow
back eyecle. =~

The process of my invention may be readily
understood by reference to the attached draw-
ings illustrating embodiments of the same. FPig=-
ure 1 illustrates an adaptation of my invention
wherein a single reaction zone is employed, while
Pigure 2 illustrates an embodiment of my in-
vention whereln two reaction zones are employed
in series.

Referring specifically to Figure 1, synthesis
feed gases are introduced into reaction zone 10
by means of feed line I. The synthesis feed
gases comprise carbon monoxide and hydrogen
in the desired ratio. Temperature and pressure
conditions in reaction zone 70 are likewise regu-
lated to secure the desired synthesis reaction.
For the purpose of illustration it is assumed that
the temperature in reaction zone T0 is in the
range from ahout 350° F. to T750° F., while the
pressure is in the range from about 50 lbs./sq. in.
to 700 Ibs./sq. in. Also, for the purpose of illus-
tration it is assumed that the catalyst comprises
2 fluldized iron catalyst, the particles of which
have the micron size in the range from about
0 to 200 microns and higher. The upper level
of the Auidized bed in zone 10 is maintained at
point A. After a sufficient time of contact the

reaction vapors are removed overhead from re-

action zone 1@ by means of line 2, cooled in
cooler or equivalent means 3 and passed to sepa-
ration zone-4. A heavy oil is withdrawn from
separation zone 4 hy means of line § while un-
condensed vapors are removed overhead by
means of line 6. These overhead vapors are
further coocled in cooling or condensing zone 7
and passed to separation zone 8 wherein uncon-
densed vapors and condensste ‘are separated:-
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The condensate is removed by means of line 8
while the uncondensed vapors are removed by
means of line (0. These streams may be handled
in any desirable manner. The uncondensed
vapors may be withdrawn by means of line I
or recycled to reaction zone 10 by means of line
{2 and compressor 13. The recycled vapors may
be heated to any desired degree in heating zone
{4. The vapors removed .overhead from reac-
tion zone T0 are passed through cyclone sepa-
rator or equivaient means {5 wherein entrained
solid particles are removed from the gases and
returned to the fluid bed.

In accordance with my invention I withdraw
a side stream from the lower area of the fluidized
bed. This side stream is withdrawn t{hrough
porous filter 16 and line (1. This stream is
cooled in cooling or condensing zone 18 and
passed to separation zone {9. The condensate
comprising water is removed from the system by
means of line 20. Uncondensed vapors are re-
moved overhead from zone 19 by means of line
2| and recycled to reaction zone 10 preferably
with the feed gases, said vapors may be heated
to any desired degree in heating zone 22. o

Referring specifically to Figure 2, feed gases
comprising carbon monoxide and hydrogen are
introduced into reaction zone 30 by means of
line 31 and distributing means 32. Reaction
zone 30 is operated under synthesis conditions
and contains a catalyst comprising a fluidized
iron catalyst, the upper level of which is at point
A. The reaction vapors are removed from zone
30 through cyclone separator or equivalent means
33 and withdrawn by means of line 34. These
vapors are introduced into zone 40 which is sim-
{larly maintained under synthesis conditions.
Reaction zone &0 likewise contains a fiuidized
catalyst comprising iron, the upper level of the
bed which is at point B. ‘The vapors intreduced
into zone 40 pass through distributing or equiva-
lent means 41. It is to be understood that pro-
vision is made for introducing and withdrawing
a fluidized catalyst by any suitable means infto
zones 30 and 40 respectively. The reactlon va-
pors are withdrawn from zone 40 by means of
line 42. These vapors are passed through cy-
clone separator or equivalent means 43. .En-
trained solid particles are returned to the catalyst

:bed in zone 30 by means of line 84 and to the

fluldized. bed in zone 40 by means of line 44.
In accordance with my invention I segregate

a portion of the vapors removed overhead from

zone 30 by means of line 34. 'These vapors are

-segregated by means of line 50, passed through

cooling means 51 and intreduced into separation
zone 52 by means of line 53. The condensate
comprising water is removed from zonhe 52 by
means of -line 54 while the uncondensed vapors
are removed overhead from zone 52 by means of .
line §5. Although these vapors may be recycled
directly to the bottom of zone 30 by means of line
66, they are preferably passed to carbon dioxide
rémoval zone 60 by means of line §T. The car-

- hon dioxide is removed from the vapors in zone

60 by any suitable means. The vapors may be
scrubbed with a solvent to remove the carbon
dioxide. The scrubbing medium is introduced
into zone 60 by means of line 81 and withdrawn
by means of line B2. Vapors free of water and
carbon .dioxide are removed overhead from zone
60 by means of line 58 and recycled to zone 30
preferably with feed synthesis gases.

As pointed out heretofore, I am able to main-

tain .the catalyst in a reduced condition or at
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least to greatly reduce the rate of oxidation by
my process. This will materially Improve the
catalyst efficiency and overall activity.

The process of my invention is not to be limited
by any theory as to mode of operation, but only
in and by the following claims in which it is de-
sired to claim all novelty insofar as the prior art
permits.

I claim;

1. In 8 hydrocarbon synthesis process wherein
feed gases comprising carbon monoxide and hy-
drogen are subjected to synthesis conditions in
a synthesis reaction zone in the presence of a
catalyst selected from the group consisting of
iron, cobalt and nickel, wherein oxidation of the
catalyst oceurs, the improvement which com-
prises withdrawing a vaporous stream from said
reaction zone at & point intermediate the point
of introduction of saild feed gases and the point
of withdrawal of synthesized hydrocarbons, eool-
ing said vaporous stream In an initial cooling
zone to remove water, withdrawing said vaporous
stream from said cooling zone and subjecting

sald vaporous stream to conditions adapted to
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remove carbon dioxide therefrom and returning

"said vaporous stream to said reaction zone.

2. Process as defined by claim 1 wherein said
catalyst comprises iron.

3. Process as defined by claim 1 wherein the
temperatute in said reaction zone is maintained
in the range from about 350° ta 750° F. and
wherein said catalyst comprises iron.

JACK C. DART.
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