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5 Claims.

This invention relates to a continuous catalytic
conversion process such as the hydrogenation of
oxides.of carbon to produce valuable products.

The invention has to do with a continuous
process for catalytically hydrogenating an oxide
of carbon by the action of a solid catalyst in pow-
dered form involving continuous reactivation of
used catalyst in the presence of hydrogen under
elevated temperature, the reactivated catalyst be-
ing returned to the reaction zone.

The invention is particularly applicable to the
hydrogenation of carbon monoxide to produce hy-
drocarbons and oxygenated derivatives thereof.
The hydrogenation reaction is carried out by sub-
Jecting the reactant gases to contact with a cata-
lyst maintained as a powder suspended in the re-
actant gases undergoing conversion. The process
is carried out under substantially continuous fiow
conditions with continuous withdrawal of at least
a portion of the catalyst from the reaction zone,
reactivation of the withdrawn catalyst and re-
turn of the reactivated catalyst to the reaction
zone, .

A feature of the invention involves effecting the
reactivation in the presence of hydrocarbons of
higher molecular weight than naphtha so as to
effect simultaneous reactivation of the catalyst
and cracking of the higher molecular weight hy-
drocarbons, The higher molecular weight hydro-
carbons may be obtained in the process itself or
from an extraneous source. .

In the manufacture of synthetic hydrocarbons
by the process of this invention carbon monoxide
and hydrogen are subjected to intimate contact
with powdered hydrogenation catalyst suspended
within the reactant gases. A stream of hydro-
carbon reaction products is continuously with-
drawn from the reaction zone and, after removal
of entrained catalyst and also water produced in
the reaction, is subjected to fractionation, the
fractionation usually involving separation into
normally gaseous, naphtha and higher boiling hy-
drocarbon fractions. Used catalyst powder con-
taining adsorbed hydrocarbons in the kerosene
and gas oil range and wax is withdrawn from the
reaction zone and passed through a separate re-
activating zone from which it is recycled all or
in part to the reaction zone. .

Relatively heavy hydrocarbons such as gas oil,
paraffin wax or mixtures thereof, or fractions of
predominantly paraffinic character may be passed
to the reactivation zone wherein they are sub-
jected to conversion in the presence of the used
catalyst powder undergoing reactivation therein.
Hydrogen is continuously passed through the re-
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activation zone, which zone is maintained under
elevated temperatures such that cracking of the
hydrocarbons passing through the reactivation
zone occurs, including cracking of hydrocarbons
which are deposited on or contained in the used
catalyst as withdrawn from the reaction zone,
with the production of normally gaseous and nor-

‘mally liquid hydrocarbons including gasoline hy-

drocarbons. )
It is thus contemplated utilizing the catalyst

. to effect “hydrogen cracking” of the hydrocarbon

material adsorbed thereon, as well as the hydro-
carbons separately introduced to the reactivation
zone, : .
The products of the cracking reaction may be
separately fractionated or on the other hand
mixed with the hydrocarbon products from the
synthesis reaction and the resulting mixture frac-
tionated. In any event the higher boiling prod-
ucts of the cracking reaction may be recycled all
or in part to the reactivation zone.

The reactivated catalyst is continuously drawn
off from the reactivation zone and returned to
the synthesis reaction zone.. C

In order to describe the invention in more de-
tail reference will now be made to the accompany-
ing drawing comprising a diaphragm of flow illus<
trating one mode of practicing the process of the
invention. .

Referring to the drawing the numeral 1 desig-
nates a vertical reaction tower adapted for main-
taining the hydrogenation catalyst dispersed in
powdered form throughout the body of reactant
gases undergoing reaction,

Carbon monoxide and hydrogen from g source
not shown are conducted through a pipe 2 and
heater 2a from which the gas passes to g mani-
fold pipe 3 which in turn communicates with a
plurality of branch pipes through which the gas_
may be introduced at a plurality of successive
points in the reactor {. The carbon monoxide

“and hydrogen gas is heated to slightly below the

reaction temperature during passage through the
heater 2a.

The powdeéred catalyst is continuously injected
to the bottom of the reactor through a conduit
4 from a source to which reference will he made
later.

Additional hydrogen, if required, may be drawn
from a source not shown and conducted through
& pipe 5 which communicates with branch pipes
6 and 7. Hydrogen passing through the branch
pipe 6 may be heated in a heater not shown and
may be introduced through the manifolding pipe
3 to the reactor I,  Such additional hydrogen may
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- of course be supplied to the pipe 2 for the neces-
sary heating in the heater 2a.

The proportion of hydrogen introduced to the
reactor | will amount to about 2 mols of hy-
drogen to 1 mol of carbon monoxide, although
the exact proportions may be varied depending
upon the catalyst employed and the nature of
the product desired. i

All or a portion of the entering carbon monox-
ide and hydrogen may be introduced through the
" pipe 8 leading to the previously mentioned con-
duit 4 so as to provide a gas jet with which to
propel the powdered catalyst through the conduit
4 into the reactor f.

The velocity of gas flow is adjusted so that the
‘catalyst powder is completely dispersed through-
out the body of gases rising through the reactor (.

An efluent stream of gas, hydrocarbon products

and powder catalyst is continuously drawn off-

from the top of the reactor through a conduit 10
leading to'a separating zone {{ which may com-
prise one or more units adapted to effect removal
of catalyst powder from the gas and vapor mix-
ture leaving the conduit 10, For example, the
efluent stream may pass first through a conven-

“tional dust separator wherein solid particles are
separated by centrifugal action. The effiuent hy-
drocarbon gas stream from the centrifugal sepa-
rator may then pass through an -electrical or
magnetic precipitator wherein remaining par-
ticles of dust are removed from the gas stream.

The gas and hydrocarbon stream from which
the catalyst particles have been separated is
then conducted through a pipe 12 and cooler-
condenser 13 wherein the stream is cooled to ef-
fect condensation of normally liquid products of
reaction. ' : .

The cooled stream then passes through pipe 148

 to a settler 15 wherein gaseous constituents in-

cluding unreacted carbon monoxide and hydro-
gen are released through a pipe 16 leading to an
absorption unit 17 which may be of conventional
type.
_ For example the gases may be passed through
activated charcoal absorbers for the purpose of
removing hydrocarbon gases and vapors and the
like therefrom. The resulting carbon monoxide-
hydrogen mixture substantially free from hydro-
carbons higher than methane and other materi-
als may be recycled to the reactor | to supple-
ment or form part of the carbon monoxide and
hydrogen entering the reactor.

In the settler 15 -separation into two liquid
phases may occur, the lower phase being a water
layer comprising water formed as a product of
the synthesis reaction, This water may be dis-
charged from the system through the pipe 18.

" The other liquid phase will comprise normally
liquid hydrocarbon products of the reaction and
these hydrocarbons are continuously drawn off
through a pipe {9 communicating with a pipe 20
leading to a fractionator 2f.

The fractionator 21 may comprise one or more
fractionating towers through which the hydro-
carbon mixture may flow in succession so as to
separate the hydrocarbon mixture into any de-
‘sired number of fractions of any desired char-
acter.

For example, a gaseous fraction consisting es-
sentially of hydrocarbons having about 3 to 4
carbon atoms per molecule may be drawn off
-through a pipe 22, A light naphtha fraction may
be withdrawn through a pipe 23 and a heavier
naphtha fraction through a pipe 24. A distillate
gas oil fraction may be drawn off through a pipe
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28 and o higher bofling residual fraction may be
removed from the fractionating unit through a
pipe 26. . .

Referring again to the separator I{, the cata-
lyst powder removed from the efluent stream of
reaction products is accumulated in & bin 30 ad-
vantageously surmounting a standpipe 31 in
which the powdered catalyst accumulates.

If desired a portion of the powdered catalyst
may be conducted from the bottom of the stand-
pipe through a conduit 32 and cooling zone 32a
communicating with the previously mentioned
conduit 4. Although not indicated in the draw-
ing provision may be made for injecting a stream
of gas into the conduit 32 for the purpose of pro-
pelling the catalyst powder into the reactor I.

Preferably, however, all or & portion of the cat-
alyst from the standpipe 31 is propelled through
g conduit 33 which communicates with a conduit
34 leading to the bottom of a reactivator 35.

The reactivator 35 may be somewhat similar to
the reactor I, being adapted to provide intimate
contact between the catalyst powder and the
stream of hydrocarbon and gas vapors passing
through the reactivator.

The catalyst entering the reactivator is con-
taminated with a small amount of heavy paraf-
finic material, usually of a waxy nature,
function of the reactivator is to effect removal of
this paraffinic material from the catayst so that
activity of the catayst is restored,

A stream of hydrogen conducted from the pipe
1 is passed into the reactivator 35. It may be in-
troduced at a plurality of succeeding points and
at least a substantial portion thereof is jetted in-
to the conduit.34 for the purpose of propelling the
used catalyst into the reactivator.

Temperature conditions are maintained within
the reactivator sufficiently high to effect the pre-
viously mentioned “hydrogen cracking” of the
paraffinic material deposited or contained in the
catalyst particles as well as the hydrocarbons
separately introduced. The temperatures pre-
vailing in the reactivator 35 may approximate
those emplayed in the reactor | although the
tex(:)aperature may be in the range about 500 to
800° F. .

The stream of hydrogen flowing through the
pipe T may pass through a suitable heater 36 for
the. purpose of supplying a portion of the heat
required for effecting the reactivating treatment.

The stream of reactivated catalyst and prod-
ucts of the cracking reaction together with ex-
cess hydrogen is drawn off from the top of the re-
activator 35 through a conduit 37 leading to a
separating unit 38 which may be somewhat sim-
ilar to that already described for effecting re-
moval of catalyst powder from the effluent va-
pors and gases.

The efluent gases and vapors are continuously
drawn off through s pipe 39 and cooler 40 to a
settler 41, -

In the settler 41 the separation into gas and
liquid phases is somewhat similar to that occur-
ring in the settler 15. Likewise the gaseous frac-
tion removed in the settler through the pipe 42
may be passed to a suitable absorption or other
recovery unit 43 to effect removal of moisture and
gaseous hydrocarbons from the hydrogen or other
gases. The hydrogen substantially free from
contaminating material may then be recycled to
the pipe 5.

Any water present is discharged from the set-
tler through a pipe 44 while the hydrocarbon layer
is drawn off through & pipe 45 communicating

The '
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with the previously mentioned pipe 20 through
which the cracked hydrocarbons are passed to the
fractionation unit 21.

The reactivated catalyst separated in the sepa-
rating unit 38 accumulates in a bin 50 advan-
tageously surmounting a standpipe 5! which
communicates through a conduit 52 and cooling

zone 52¢ with the previously mentioned conduit .

4. In this way the reactivated catalyst may he
returned all or in part to the reactor {. .

Any make-up catalyst required may be added
to the system from a source not shown through

a pipe 53 leading to the previously mentioned

bin 50.

According to the method of flow thus described
the hydrocarbon products of both the synthesis
reaction and the reactivating treatment are
‘Passed to a common fractionating unit. How-
ever, it is contemplated that separate fractiona-
tion units may be employed if desired.

Any portion of the hydrocarbon products boil=
ing above naphtha may be recycled from the
fractionating unit 21 through a pipe 60 and
heater 61 to the reactivator 35, wherein the re-
cycled higher boiling oil is subjected to cracking
at elevated temperature in the presence of hydro-
gen.

The powdered catalyst used may comprise about
32% cobalt, 64% diatomaceous earth (Filter Cel)
and about 4% thorium and magnesium oxides.
However, it is contemplated that the catalyst may
be composed of other substances, for example, iron
or nickel may be used instead of cobalt, fuller’s
earth or silica gel in place of Filter Cel and other
promoters in place of thorium oxide as, for ex-
ample, the oxides of magnesium, uranium and
vanadium, '

The temperature maintained within the reac-
tor | will depend in part upon the type of cata-
lyst employed and the products desired. When
producing hydrocarbon products with a catalyst
of the cobalt type the temperature will usually
be in the range about 320 to 420° P, - However, if,
is contemplated that temperaturs ranging from
250 to.750° F. may be employed and likewise the
pressure within the reactor | may vary from
atmospheric to as high as 3000 pounds:

The temperatures prevailing in the reactivator
are on the average approximately equivalent to
or somewhat higher than those prevailing in the
reactor I and may be about 320 to 800° F., the
pressure ranging from about atmospheric to 3000
pounds per square inch gauge. At any rate con-
ditions are maintained within the reactivator
35 so as to effect substantial fragmentation of the
higher boiling hydrocarbons into lower boiling
hydrocarbons. .

If desired, normally gaseous hydrocarbons in-
cluding the C; and C: hydrocarbons discharged
through the pipe 22 may be recycled all or in part
through the reactivator 35. A portion of these
hydrocarbons may be recycled through the re-
actor I. It may be desirable to recycle olefinic
constituents of these normally gaseous hydro-
carbons to the reactor |. Such recycled gases
may be used for propelling the powdered catalyst
streams into the reaction zones.

While mention has been made of recycling
the gas oil fraction of the products of reaction
to the reactivator 35 nevertheless it is contem-
plated that other fractions, for example, heavy
naphtha, kerosene and Diesel oil fractions may
be so recycled.

In connection with the drawing the hydroégena-
tion of carbon monoxide has been specifically
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described. However, it is contemplated that the
feed gas may contain carbon dioxide as well as
carbon monoxide.

The reaction in the reactor | may be carried
out in the presence of other additive materials
besides olefins. For example, paraffin hydro-
carbons, naphthenes, aromatics or mixtures
thereof may be separately introduced to the
reactor { or may be incorporated in the entering
reactant gas stream. ’

It is also contemplated that the method of
operation described may be applied with modifica-
tions so as to produce oxygenated compounds,
as, for example, by employing somewhat higher
temperature and pressure conditions in the reac-
tion, and different catalysts if desired.

It is contemplated that provision will be made
for removing the ‘exothermic heat of the reac-
tion. This can be done by cooling the catalyst
stream prior to its return to the reaction zone
as already indicated.

On the other hand cooling elements may be
provided within the reactor 5 through which a
suitable cooling fluid is circulated. .

The reactor { and the reactivator 35 may be of
any suitable design. For example, they may com-
prise vertical vessels of progressively decreasing

- cross-sectional area so as to maintain a con-

stant up-flow gas velocity therethrough, the re-
duction in cross-sectional area being such as to
compensate for the reduction in volume of flowing
gas due to reaction.

While concurrent upward flow of catalyst
powder and reactant gases is illustrated in the
drawing nevertheless it is contemplated that the
catalyst powder may be introduced to the upper
portion of the reactor while the reactant gascs
are introduced to the lower portion thereof.

The reactor and reactivator may also be ar-
ranged so the catalyst powder. is jetted into the
lower portion thereof and the bulk of the cata-
lyst drawn off from the bottom. )

As previously mentioned, provision may be
made for injecting the gaseous reactants to the
reactor and reactivator at successive points. In
this way the volume of gas injected may be pro-
portioned so as to offset any reduction in volume
of the reaction gases as they advance through
the reaction zone. The previously mentioned
additive materials may likewise be injected at
successive points to aid in maintaining substan-
tially constant gas volume flow through all points
of the vessel.

Obviously many modifications and variations
of the invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof, and therefore only such limita-
tions should be imposed as are. indics ted in the
appended claims.

We claim: ’

1. In the continuous catalytic hydrogenation
of an oxide of carbon to form compounds hav-
ing two or more carbon atoms per molecule by
contact with a solid hydrogenation catalyst in
powdered form, the steps which comprise con-
tinuously passing powdered catalyst to a reac-
tion zone, said catalyst having the approximate
composition 64% diatomaceous earth, 32% co-
balt, and 4% thorium and magnesium oxides,
subjecting it therein to contact with an oxide
of carbon and hydrogen under conditions such
that the oxide is hydrogenated to form normally
gaseous and normally liquid compounds, contin-
uously withdrawing reaction products and pow-
dered catalyst from the reaction zone, fraction-
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ating from the products of reaction, a naphtha -

fraction and a gas oil fraction, passing the with-
drawn catalyst to a reactivating zone, passing at
least a portion .of said gas oil fraction to the
reactivation zone, subjecting the catalyst and
gas oil fraction to. elevated temperature in the
‘range about 500 to 800° F. in the presence of
hydrogen in the reactivating zone whereby the
gas oil fraction is subjected to cracking and the
catalyst is reactivated, withdrawing the reacti-
vated catalyst and returning it to the reaction

Zone. o
" 2. The method according to claim 1 in which
the products of the cracking reaction are com-
mingled with the products produced from the
hydrogenation of the oxide prior to fractionation.

3. The method according to claim 1 in which
the oxide of carbon is carbon monoXxide.

4, In the catalytic hydrogenation of carbon
monoxide to form hydrocarbon compounds hav-
ing two or more carbon atoms per molecule by
contact with a solid hydrogenation catalyst in
powdered form, the method which comprises con-
tinuously passing powdered catalyst to a reac-
tion zone, said catalyst having the approximate
composition 64% diatomaceous earth, 32% co-
balt, and 4% thorium and magnesium oxides,
subjecting it therein to. contact with carbon
monoxide and hydrogen under conditions such
that the oxide is hydrogenated to form normally

gaseous hydrocarbons and normally liquid hy-.

drocarbons including naphtha and higher boil-
ing normally liquid hydrocarbons, continuously
withdrawing hydrocarbon reaction products and
powdered catalyst from the reaction zone, sub-
jecting the withdrawn. hydrocarbon products to
fractionation in a fractionating zone  thereby
forming a naphtha fraction and a gas oil frac-
tion, passing the withdrawn catalyst to a reacti-
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vating zone, passing at least a portioa of said gas
oil fraction to the reactivating zone, subjecting
the catalyst and gas oil fraction in the reactivat-
ing zone to elevated temperatures in the range of
about 500 to 800° F. in the presence of hydrogen
such that at least- a portion of the gas oil is
cracked, removing the cracked products, pass-
ing resulting hydrocarbon products of cracking
to the aforesaid fractionating zone, and return-
ing the catalyst from the reactivating zone to
the reaction zone.

5. A continuous process for the manufacture
of naphtha hydrocarbons which comprises re-
acting carbon monoxide and hydrogen with a
synthesis catalyst comprising about 649% diato-
maceous earth, 329 cobalt, and 4% thorium and
magnesium oxides, at a temperature in the range
about 320 to 420° F. so as to form synthetic
normally liquid hydrocarbons boiling in the range
of naphtha and gas oil, passing the synthetic hy-
drocarbons to a fractionating zone, effecting
fractionation therein of said synthetic hydro-
carbons to form a naphtha, fraction and a heavier
fraction comprising gas oil hydrocarbons, sepa-
rately removing said fractions from the frac-
tionating zone, passing said heavier fraction at
least in part to a cracking zone, subjecting it
therein to contact with used synthesis catalyst
of the aforesaid composition at a temperature in .
the range about 500 to 800° F. such that sub-
stantial conversion of said heavier fraction into
lower boiling hydrocarbons occurs, passing re-
sulting hydrocarbon products of cracking to said
fractionating zone, and effecting fractionation
therein of the cracked products in the presence .
of said synthetic hydrocarbons.

EUGENE E. SENSEL,
ROLAND A. BECK.



