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The present invention relates to the manufac-
ture of products by processes involving the inter-
reaction of oxides of carbon and hydrogen re-
sulting in the production of substances such as
oxyorganic compounds, for example, methanol
and other alcohols, and liquid hydrocarbons. The
invention is more particularly concerned with the
manufacture of valuable hydrocarbon products
containing more than one carbon atom in the
molecule by the catalytic hydrogenation of ox-
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ides of carbon. The invention is especially con- °

cerned with an improved method for controlling
the amount of high molecular weight products
adsorbed on the catalyst and is to be used in
connection with the so-called fluid-solids tech-
nique wherein during the synthesis of the hydro-
carbons, the catalyst is in the form of powder and
is maintained in g dense suspension in the reac-
tion zone intermixed with the reactants. This
is accomplished by causing the gaseous reactants
to flow upwardly in the reaction zone at a velocity
which is sufficent to maintain the catalyst in &
turbulent condition within the dense suspension
previously referred to. In this type of operation

the products obtained in the synthesis, together :

with any unreacted materials and a small amount

of entrained catalyst, issue from a point at the .

top of the reactor after having passed through
several cyclone separators which serve to remove
most of the catalyst from the gasiform material
by centrifugal action. The catalyst separated
by the cyclones is returned to the reaction zone.

In the course of the synthesis, hydrocarbons
of a wide range of molecular weight may be

formed. The molecular weight varies from that’

of methane to high boiling materials which at
room temperature may exist in solid form and are
sommonly known as waxes.. The operating con-
jitions of temperature and pressure in the reac-
ion zone determine the amount of the heavier
1ydrocarbons which may be removed as gas.with

‘he other gasiform materials leaving the reactor. .

"Under certain conditions of operation the rate of
woduction of the heavier hydrocarbons exceads
he rate of removal with the materials leaving the
eactor.) Condensation occurs and these heavier
ydrocarbons are then adsorbed on the catalyst
.1 the form of liquids. If the quantity of liquid
« ntrained by the catalyst is allowed to build up, a
| ondition is reached at which the catalyst par-
icles begin to stick together, thereby losing true
‘juid characteristics. Furthermore, the small
amount of catalyst which is not removed from
_the gases- leaving the top ‘of the reactor will
also contain liquid materials if such have been
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. deposited thereon in the reactor. The amount of

catalyst plus adsorbed liquid removed in this
fashion may still be insufficient to prevent fur-
ther accumulations of liquid on the catalyst with-
in the reactor without reaching the “sticking”
non-fluid condition, referred to above. Hence it
is necessary to provide for direct removal of cat-
alyst from the reactor, with subsequent removal
of the heavy liquids or waxes contained thereon,
" It is therefore the main object of this inven-
tion to provide a novel process for the removal of
these high boiling materials or waxes from the
catalyst. . '

These and other objects of this invention are
accomplished in general by removing a portion
of the catalyst from the reaction zone to a wash-
ing zone in which a liquefied, normally gaseous
hydrocarbon, such as butane, is circulated
through the catalyst and removed through &
filter to a recovery zone where the hydrocarbon
is flashed off and the liquid products and wax
are recovered as a residue. The liquefied hydro-
carbon is condensed and returned to the washing
zone for further extraction of the catalyst, while
the liquid and wax-free catalyst is ab least par-

_ tially dried and returned to the reaction Zone as

a suspension in the synthesis gas.

This and other objects of this invention, not
at this time more particularly énumerated, will
be understood from the following detailed de-

‘scription and drawing. The feed gases comprise
‘hydrogen and carbon monoxide, and the reaction

is conducted under conditions to produce hydro-
carbon constituents containing more than one
carbon atom in the molecule. Reéferring there-
fore to the drawing, the synthesis gases are in-

‘troduced into the system by means of line |,

compressed in compressor 2, may be mixed with
recycle gases from line 3, and are then mixed
with catalyst from reactor standpipe 4. The mix-

_ ture is -conducted through cooler 5 and iniro-
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duced into reactor 6 through line 1. Fresh make-
up catalyst may be introduced into the catalyst-
synthesis gas mixture from catalyst hopper 8
through line 8. . : )
The catalyst suspension is introduced into the -
lower portion of the reaction vessél and passed
upwardly therethrough. Thus the more dense
catalyst particles will lag behind the less dense -
suspending gases or vapors and the catalyst con-
centration in the reaction zone will therefore ke

‘substantially greater than in the suspension of-

catalyst supplied thereto. It is also-generally
preferred to pass the gases and/or vapors up-
wardly through the reaction zone at such a rate
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that the solid catalyst particles and gases and/oy
vapors form & dense phase mass which acts as if
it had a level similar to a boiling liquid. The
catalyst within this mass has a concentration
much more dense than the catalyst in the gas
and/or vapors above the level. In practice there
is a clear line of demarcation between these two
phases which produces the level. However, the
level is not quiescent but is under agitation simi-
lar to the surface of a boiling liquid. The forma-
tion of such a dense phase mass with its pseudo
level occurs whenever the gas velocity is between
0.1 and 5 feet per second, preferably when the
inlet velocity of the gases does not exceed 1.5

feet per second and the outlet velocity is not

less than 0.3 feet per second.

The temperature of the reaction zone 6 may
be controlled by the amount and temperature of
the materials supplied thereto, and/or by heat
exchange means, such as cooling coils within the
reactor. :
the reactions are generally exothermic, and great
increases in temperature in the reaction zone
should be avolded, it is one feature of this inven-
tion to continuously remove a portion of the dense
phase mass of catalyst from.the bottom of the
reaction zone through standpipe 4 where it is
mixed with incoming feed vapors, cooled in ex-
changer 5 and returned to the reaction zone.
Standpipe 4 is 2 long vertical column which is of
sufficient height to provide the desired pressure
for circulating the catalyst in accordance with
the principles explained in greater detail in U. S.

Since in the processes of this invention,
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Patent No. 2,360,787. This pressure is similar .

to the hydraulic or hydrostatic pressure head of a
fluid column, the pressure being a direct func-
tion of the density of the catalyst powder and of
the column height. This device is particularly
effective as a means for circulating the catalyst
and removing excess heat by heat exchange thus
avoiding any apparatus having moving parts from

coming in contact with the catalyst. The lower.

end of column 4 is provided with a suitable valve
10 for regulating the amount of catalyst dis-
charging therefrom.
having an apertured slide which can be adjusted
to regulate the'size of the orifice through which
the powder passes is suitable for this purpose,
although other types of valves may be used. This
valve may be operated manually or automatically.
A drop in pressure across the valve {0 of about 2
to about 5 Ibs. per sq. in. is generally desired in
order to provide adequate control of the flow of
catalyst powder.

The reaction products and catalyst suspended
therein are withdrawn from reaction zone 6 by
line it and pass into catalyst separating zones 12
. and 13. The separators, or cyclones, may be
placed within the reaction vessel if desired. The
gaseous products are withdrawn through line (4
while catalyst separated from the gases and/or

A conventional slide valve
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4
and are subsequently condensed and fractionated
in the usual manner. The oil containing the cat-
alyst washed from the gaseous products leaves -
the scrubber (7T through line 22 and is subsequent-
ly treated as described below.

Returning now to reaction zone 6, under the
usual conditions of temperature and pressure
maintained, the catalyst in the dense phase mass
in the reactor 8 adsorbs some of the heavier hy-
drocarbon products of the reaction which increase
the density of the catalyst and cause it to lose
true fluld characteristics. It is therefore the
main feature of this invention to periodically or
continuously remove a portion of the dense phase
catalyst being recycled via standpipe 4 and line
T and subject it to a treatment whereby these
heavier products are removed. This is accom-
plished according to the present invention by
withdrawing a portion of the dense phase cat-
alyst mass through line 23 into intermediate stor-
age drum 24. Effluent gases and/or vapors are
returned to the reaction zone 6 from this drum
through line 25 while fluidized catalyst is removed
through standpipe 28. This standpipe is simi-

" lar to standpipe 4 and the catalyst falls by grav-

ity flow into wash drum 27 where it is contacted
with a liquefied normally gaseous hydrocarbon,
such as butane, introduced through line 28 from
accumulator 38 into the bottom of wash drum
21. The butane serves to dissolve the liquid and/
or wax adhering to the catalyst particles. Re-
sidual butane is removed from the wax-free cat-
alyst by means of steam coil 28. Dry wax-free
catalyst is withdrawn from the bottom of the
wash drum and introduced into feed line 3 whence
it is passed together with recycled catalyst from
standpipe 4 through cooler § and line 1 1nto re-
actor 6.

Oil from scrubber 17 is also introduced into -
wash drum 27 from line 22. This oil mixes with
the butane and is withdrawn along therewith
through filter 30 which removes any catalyst par-
ticles entrained therein. From the wash drum
21, the mixture of butane and oil is passed by
way of line 31 to reboiler 32 where the butane is
flashed off through line 33, condensed in con-

denser 84 and returned to accumulator 35.

Scrubbing oil and products dissolved from the
catalyst are removed from reboiler 32 through
line 36.

The reagents, catalysts and operatmg condi-
tions used in the above described process will
naturally be varied according to the nature of
the products desired, these conditions being al-
ready known. For example, in the synthesis of

- hydrocarbons from carbon monoxide and hydro-

vapors in separators 12 and {3 are returned to .

the dense phase in reaction zone 6 through lines.

15 and . 16 respectively. Since gases removed
through line {4 still contain small amounts of
entrained catalyst particles not removed in sepa-
rators 12 and (3, the gaseous products are passed
to scrubber 7 where they are contacted with an
oil intreduced through line 9. This oil may
be a portion of the condensed products of the
reaction or an oil from some source such as gas
oil or a light lubricating oil. Scrubber (1 may

65
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gen, the reaction is preferably conducted at sub-
stantially atmospheric or moderately elevated
pressures with catalyst containing metallic co-
balt, iron, nickel or copper which may be in
admixture with promotors such as oxidés of
chromium, zinc, aluminum, magnesium, and the

rare earth metals and which may be deposited
on carriers such as kieselguhr and pumice and
synthetic gels such as the hydrates of silica
and/or alumina. The gases are préferably sub-
stantially free from sulfur and oxygen and are
supplied in a ratio of about one mol of carbon
monoxide to two mols of hydrogen, the total
gaseous feed containing, for example, above about
24% of carbon monoxide and 48% hydrogen, the

- remainder being nitrogen or other substantially

be cooled by means of coil 28. The oil serves to -

wash entrained catalyst from the gases and
vapors which leave the scrubber through line 214

inert gases. The temperature of reaction may be
maintained between 350° and 430° F. with cata-

78 lysts containing compounds of cobalt and mag-
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nesia; with catalysts containing iron, tempera~
tures of between 550° and 650° F. are used. In
general the operating temperatures will be be-
tween 350° and 700° F\., depending on the catalyst
‘and conditions used.

Although the present invention has been de-
scribed with a certain degree of particularity,
it is understood that the present disclosure has
been made only by way of example and that nu-
merous changes in the details of operation may
be_resorted to without departing from the spirit
and score of the invention as hereinafter
claimed.

The nature and objects of the present inven-
tion having thus been described and illustrated,
what is claimed as new and useful and is desired
to be secured by Letters Patent is:

1. In a process for the preparation of valuable
organic products by the reaction of carbon oxides
and hydrogen in the presence of a finely divided
fluidized solid catalyst in a reaction zone, the
improvement which comprises withdrawing a
portion of said fluidized catalyst downwardly
from said reaction zone under the pseudo-hydro-
static pressure of said catalyst, continuously with-
drawing gaseous and vaporous products and en-
trained catalyst from the top of said reaction
zone, contacting said gases and vapors with oil
to separate enfrained catalyst, contacting said
withdrawn fluidized catalyst with a liquefied nor-
mally gaseous hydrocarbon in a washing zone,
introducing said oil containing catalyst separated
from said gases and vapors into said washing
zone, removing liquid normally gaseous hydro-
carbon and oil from said washing zone, flashing
said liquefied normally gaseous hydrocarbon from
said oil, condensing said flashed hydrocarbon and
returning it to said washing zone, withdrawing
hydrocarbon-free catalyst from said washing
zone and recycling said catalyst to said reaction
zone.

2. In a process for the preparation of valuable
organic products by the reaction of carbon oxides
and hydrogen in the presence of a finely divided
fluidized solid catalyst in a reaction zone, the
improvement which comprises withdrawing a
portion of said fluidized catalyst downwardly
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from said reaction zone under the pseudo-hydro-
static pressure of said catalyst, continuously with-
drawing gaseous and vaporous products and en-
trained catalyst from the top of said reaction
zone, contacting said gases and vapors with oil
to separate entrained catalyst, contacting at least
a portion of said withdrawn fluidized catalyst
with a liquefied normally gaseous hydrocarbon
in a washing zone, introducing at least a portion
of said oil containing catalyst separated from said
gases and vapors into said washing zone, remov-
ing liquid normally gaseous hydrocarbon and oil
from said washing zone, flashing said liquefied
normally gaseous hydrocarbon from said oil, con-

5 densing at least a portion of said flashed hydro-

carbon and returning it to said washing zone,
withdrawing substantially hydrocarbon-iree cat- -
alyst from said washing zone and recycling said
catalyst to said reaction zone. )
LINDSAY I. GRIFFIN, Jr.
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